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Problem Statement 
The Ohio Environmental Protection Agency (OEPA) regulations require the implementation of 
stormwater Best Management Practices (BMPs) into the design of many construction projects for post-
construction runoff control. The Ohio Department of Transportation (ODOT) Location and Design 
Manual, Volume 2, outlines several BMPs that have been approved by the OEPA for use on publicly-
funded transportation projects. Currently, ODOT can only take credit for BMPs that have been 
approved for use by the OEPA.  

The post-construction BMP requirements vary depending on the size and type of construction project. 
For larger projects that add significant impervious area outside of existing right‐of‐way, the most likely 
BMPs that meet the OEPA treatment requirements are detention basins and bioretention cells. While 
these BMPs can be effective at meeting permit requirements, they tend to have a large footprint which 
creates the need to acquire additional right‐of-way area. These BMPs can also pose a safety hazard 
from standing water. For certain construction projects, the footprint and safety concerns can limit 
their feasibility. 

Many ODOT roadway projects have common features (e.g. grassed medians and grassed shoulders) that 
likely contribute to overall volume reduction—through infiltration and evapotranspiration. Runoff that 
infiltrates into the ground is considered "treated" per the requirements of the OEPA Construction 
General National Pollutant Discharge Elimination System (NPDES) Permit; however, BMPs that utilize 
infiltration to treat runoff must be located on Hydrologic Soil Group (HSG) A or B soil types to be 
approved. Most soils that ODOT projects encounter are less conductive HSG C or D soil types. However, 
modifications to the grassed medians and shoulders (such as soil amendments) may increase the 
infiltration capacity of these areas. 

The Assessment of Existing and Potential Volume Reduction for Post Construction Stormwater 
Management research project focuses on developing an approved stormwater volume reduction BMP 
utilizing common features on roadway projects (i.e. grassed shoulders and medians) that are within the 
right-of-way. The intent of these BMPs is to reduce post-construction stormwater runoff by means of 
infiltration and evapotranspiration, in order to meet stormwater quantity management requirements 
per the OEPA’s Construction General Permit. This will benefit ODOT, regulatory agencies, design 
engineers, contractors/developers, and the general public, by providing a space-efficient, cost-
effective, and easy to implement alternative to traditional stormwater volume BMPs. 

 

 

  



 

 

Assessment of Existing and Potential Volume Reduction for  Page 7 of 142 
Post Construction Stormwater Management 

Research Background 
The goal of this research is to develop additional options for post-construction stormwater BMPs 
available to ODOT projects. This will better enable ODOT to meet regulatory requirements for 
construction projects as efficiently as possible. The research was conducted in three distinct phases. 

PHASE 1  
In this phase, the research team developed sampling and soil amendment plans. The work plan for this 
phase included the following tasks: 

1. Identification of sites within ODOT right-of-way that are appropriate for flow monitoring. 

2. Development of a drainage area map with contours for each of site. 

3. Development of site-specific plans to implement soil amendments at each monitoring sites. 
These soil amendment plans included: material types, depths, incorporation methods, re-
establishment of grass over the amended soil, erosion and sediment control measures, and 
maintenance of traffic. These plans were developed with ODOT standard equipment, 
construction specifications, and project scale in mind. For example, manual activities, like 
hand broadcasting of seed, were not included. The soil amendments were optimized to 
improve infiltration while considering roadway safety. 

4. Development of site-specific sampling plans to monitor flow volume exiting the identified sites 
in order to estimate volume reduction that is occurring as a result of the soil amendments. 
Monitoring at the sites included flow monitoring of existing conditions, followed by 
implementation of soil amendments and time for grass growth, then flow monitoring for the 
amended condition. Monitoring parameters included continuous precipitation and continuous 
flow rates at the downstream end of the monitored area. Readings for precipitation intensity 
and flow rate were taken at short enough intervals to estimate the volume generated from 
short and long duration storms. Water quality parameters (e.g. TSS) were not monitored. The 
sampling plans took into consideration the time to implement soil amendments, as well as the 
time for re-establishment of grass following implementation of soil amendments. The sampling 
plans also included safety consideration for researchers working within ODOT right-of-way (e.g. 
flashers on vehicles, safety vests, hard hats, etc.) 

5. Development of a description of all proposed work for each site, including figures, for 
submittal to ODOT district offices for review and comment. 

6. Development of a Phase 1 Interim Report, containing the soil amendment plans and the 
sampling plans, to ODOT.  

PHASE 2 
In this phase, the research team monitored/documented existing site flow conditions. The work plan 
for this phase included the following tasks: 

1. Installed flow monitoring equipment at the selected sites across Ohio per the approved 
sampling plans. 

2. Performed flow monitoring at the selected sites to estimate the following: 

a. Average annual flow volume reduction compared to theoretical runoff coefficient 
calculations. 

b. Flow volume reduction on an event basis compared to theoretical runoff coefficient 
calculations. 

c. Weather factors (temperature, season, precipitation intensity, etc.) affecting volume 
reduction. 

3. Documented the existing conditions monitoring results in an interim report to ODOT. 
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4. Recommended modifications to the soil amendment plans if interpretation of the results from 
the flow monitoring leads to possible plan improvements. 

5. Developed construction plans, consistent with ODOT typical construction plans, for each of the 
amendment sites, including construction details and notes. 

6. Provided a Phase 2 Interim Report, outlining the details from steps 1 through 5 to ODOT. 

PHASE 3 
In this phase, the research team implemented the approved soil amendment designs and 
monitored/documented the impacts on site flow conditions. The work plan for this phase included the 
following tasks: 

1. Installed/constructed the approved soil amendments at the monitoring sites. 

2. After re-establishment of grass, continued monitoring the amended sites to estimate the 
following: 

a. Average annual flow reduction compared to theoretical calculations and existing 
conditions measurements. 

b. Flow volume reduction on an event basis compared to theoretical calculations and 
existing conditions measurements. 

c. Weather factors (temperature, season, precipitation intensity, etc.) affecting volume 
reduction. 

3. Prepared a report documenting the estimated flow volume reduction from existing and 
amended sites. 

4. Recommended language for ODOT's Location and Design Manual, Volume 2 associated with 
post-construction BMPs in order to demonstrate how a designer may take credit for 
incorporation of these features into a project. Presented this language to ODOT. Included 
construction lessons learned during construction of the pilot-scale soil amendments.  

5. Prepared typical notes and design details to show the minimum requirements for each feature 
to be considered as a volume reduction practice in-lieu of currently approved post construction 
BMPs. 

6. Made recommendations for future volume reduction studies that may benefit ODOT in terms of 
meeting post-construction treatment requirements. 

The literature review for this research project included the following sources. A complete literature 
review is included in Appendix A. 

1. Design Guide for Roadside Infiltration Strips in Western Oregon. June 2016. 
Chad Higgins 

2. Enhancements and Application of the Minnesota Dry Swale Calculator. 
April 2016. John S. Gulliver 

3. Pennsylvania Stormwater Best Management Practices Manual. Pennsylvania Department of 
Environmental Protection. December 2006. 

4. The Performance of Grassed Swales as Infiltration and Pollution Prevention Practices, A 
Literature Review. November 2010. P. Weiss, J. Gulliver, and A. Erickson 

5. Soil Compost Amendment. Virginia DEQ Stormwater Design Specification No.4. March 2011. 

6. Using Vegetated Compost Blankets to Achieve Highway Runoff Volume and Pollutant Reduction, 
NCHRP 14-39 (RPF closed 11/15/2016).  
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Research Approach 
1.0 SITE IDENTIFICATION 
The first step of the Assessment of Existing and Potential Volume Reduction for Post Construction 
Stormwater Management research project was to identify sites, located within ODOT right-of-way, that 
are appropriate for soil amendment and flow monitoring. The original intent of the research project 
was to select 10 sites for analysis; however, after discussions with ODOT, the research team decided to 
add two additional monitoring locations to serve as control sites (for a total of 12 sites). 

The control sites were used to provide more accurate monitoring results and data analysis. They were 
not subjected to soil amendment but served as controls to compare rainfall and runoffs from one year 
to the next. This helped the research team identify the impact of varying rainfall pattern and climate 
between pre-amendment and post-amendment monitoring and establish a baseline for runoff 
comparison. 

1.1 Site Selection Criteria 
Coordination between ODOT and the research team led to the development of the following site 
selection criteria. More detailed discussion of these selection criteria is located in Appendix B. 

1. Sites will be a typical grassed shoulder, similar to ODOT’s current vegetated filter strip BMPs 
that drains to a vegetated ditch.  

2. Sites will have safe access to install and maintain flow monitoring equipment at a single 
location in the vegetated ditch, downstream of the grassed shoulder. 

3. Sites will have appropriate width and length of a potential vegetated filter strip to incorporate 
the soil amendments with the purpose of increasing infiltration along the grassed shoulder.  

4. Sites will have a target side slope of 3:1 or shallower, and a longitudinal slope of 1-3%. 

5. Sites will have less than 5 acres draining to the single-flow monitoring point in the vegetated 
ditch.  

6. Sites will be evenly distributed among the various Ohio rainfall intensity zones and be within a 
reasonable travel distance for the research team and maintenance personnel. 

7. Sites will be free of existing utilities that may interfere with installation of monitoring 
equipment or construction of soil amendments. 

8. Sites will not have future scheduled construction projects which could disturb the monitoring 
areas during the research period. 

9. Sites will be approved by ODOT District maintenance staff. 

1.2 Site Selection Process 
The site selection process was comprised of a desktop exercise to identify potential sites and field 
visits to confirm site criteria and suitability. The desktop exercise was performed using Google Earth 
and GIS data analysis. GIS data was obtained through the ODOT Transportation Information Mapping 
System (TIMS), the Ohio Geographically Referenced Information Program (OGRIP), and the United 
States Department of Agriculture (USDA) Natural Resource Conservation Service (NRCS) Geospatial Data 
Gateway. Field visits were conducted with participants from ODOT and the research team. 

1.3 Selected Sites 
After careful consideration and analysis, 12 sites were selected for this research effort. See Figure 1 
for the location of the selected monitoring sites. Amendment sites are numbered one through ten, and 
control sites are denoted by “C”. 
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Figure 1: Monitoring Site Locations 
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2.0 FLOW MONITORING PLAN 
Once monitoring sites were identified, the research team developed a plan to measure rainfall and 
associated runoff. The monitoring plan consisted of equipment installation, data collection, and 
equipment operation and maintenance, as summarized below. Additional details regarding the flow 
monitoring plan can be found in the USGS report ‘Assessment of Runoff Volume Reduction Associated 
with Installation of Soil Amendments in Portions of Highway Median Strip Catchments in Ohio, 2018–
2020, located in Appendix C. 

2.1 Equipment 
The typical equipment at each monitoring site consisted of a tipping bucket rain gauge, H-flume with 
pressure transducer, and outdoor digital camera. The sensors were controlled by a data logger that 
stored data and transit data via a cellular modem. An environmental enclosure housed all electronics 
including the battery and solar regulator.  

2.1.1 Rain gages 
Rain was measured with tipping bucket rain gages with each tip equal to 0.01 of an inch of rain. 
Precipitation and flow data was not collected during winter months, as snow, ice, and frozen ground 
could skew the data. As a result, there was no need for heated rain gages.  

2.1.2 H-Flumes 
Stormwater runoff from the monitoring site was measured using h-flumes with detached stilling wells 
equipped with pressure transducers for measuring water-levels with an accuracy of 0.01 ft. H-flumes 
have a defined range of flows that can be accurately measured. When determining the flume size for 
each site, it was important to establish a balance between capturing the largest possible storm events 
and capturing the statistically more probable, smaller events. While the larger flumes measured 
greater flows, they also had a higher minimum flow threshold and were not as accurate when 
measuring low flows. Flume sizing was based largely on the drainage area, slope, and land cover of the 
proposed monitoring locations, coupled with the knowledge and experience of the research team. 

Three sites were equipped with 0.50-ft flumes and nine of the runoff gages were equipped with 0.75-ft 
flumes. The 0.50-ft flumes have a maximum capacity of 0.331 cubic feet per second (cfs) and the 0.75-
ft flumes have a maximum capacity of 0.957 cfs. The minimum rated flows for 0.50-ft and 0.75-ft 
flumes were 0.0004 cfs and 0.006 cfs, respectively. The flow was assumed to be zero any time the 
measured gage height (stage) was 0.01 ft. or less.  

Shortly after installation, two of the sites were refitted with larger H-flumes. One 0.75-ft H-flume was 
replaced with a 1.00-ft H-flume with a maximum measurable flow rate of 1.92 cfs. One 0.50-ft H-flume 
was replaced with a 0.75-ft flume.  

2.1.3 Outdoor Digital Cameras 
Each site was equipped with an outdoor camera to provide independent checks on the water levels as 
well as to provide information on current conditions at the site. The camera was capable of remote 
panning to look at the flume exit as well as the approach area and had infrared capability for imaging 
during low light levels. 

2.1.4 Power supply 
Power for the station was provided by a combination of battery and solar panel. The battery was a 12 
volt, 110 amp-hour battery. Based upon the power requirements for the pressure transducer, rain gage, 
modem, outdoor camera, and data logger, the battery was recharged by using a 90-watt solar panel. 
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2.1.5 Other Equipment 
Additional equipment at each site consisted of a data logger to store the information, a cellular modem 
to transmit the information, a battery for powering the instrumentation, a solar panel to charge the 
battery, and a solar regulator to ensure the battery does not over-charge. 

Wing walls were installed at each site to ensure that all runoff is directed through the flume. The wing 
walls were constructed to the same height as the top of the flume, and extended laterally until the 
tops of wing walls intersected with the ground at an elevation near the top of the flume. Crest stage 
pipes were also installed to provide accurate peak water levels (stage); in the event the flume were to 
overtop during large runoff events. Knowledge of the peak stage enabled the use of the simplified weir 
equation to calculate flow rates. 

2.2 Equipment installation 
The H-flumes were installed directly to the drainage basin concrete approach pad at each site. Holes 
corresponding to the holes in the feet of each H-flume were drilled into the approach pad. Concrete 
expansion anchors were inserted into the holes for attaching and leveling the H-flumes. Wing walls 
were attached to the H-flume approach section and anchored using fence posts. A detached stilling 
well was connected to the H-flume with PVC piping. The outdoor camera was installed near the 
approach section. A 2-inch pipe was driven into the ground to serve as a mast onto which the 
environmental enclosure, rain gage, solar panel, and modem antennae were attached. The mast was 
installed at a location close to the H-flume that provided an adequate level of safety for servicing 
personnel as well as traffic. 

The monitoring equipment was installed during March of 2018 with the final installation completed on 
March 31, 2018. A few of the gages had some operational malfunctions due to instrumentation failures 
or insufficient wiring installations, but all gages were fully functioning by April 10, 2018. Figure 2 shows 
a typical site, with installed monitoring equipment. 

 
Figure 2:  Installed Monitoring Equipment 
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2.3 Data collection 
The data collected at each site included precipitation data and H-flume stage as well as digital 
photographs. The stage was converted to discharge through the use of H-flume manufacturer rating 
tables. Data (rainfall, stage) was recorded every 1 minute. Digital images were recorded daily during 
normal operation and more frequent during runoff events. The frequency of image collection was 
determined based on storage capability of the logger and need for quality assurance images.  

Data was collected from March 2018 to December 2018 to monitor the existing conditions runoff. 
Afterwards, the soil was amended, and the grass was allowed to reestablish itself. A second monitoring 
period from May 2019 to September 2020 monitored the post-amendment runoff conditions. Monitoring 
equipment remained in place for the whole post-amendment monitoring period; however, usable data 
was minimal during the winter months. Data was retrieved hourly and processed by USGS into the 
National Water Information System (NWIS). 

Data was retrieved hourly and processed by USGS. After processing, the data was immediately 
displayed on the USGS National Water Information System: Web Interface (NWISWeb) 
(http://waterdata.usgs.gov) where it could be viewed or downloaded by any interested party. This 
data will remain publicly available in perpetuity, and is accessible via searching by Flume Number or 
Rain Gage Number (shown in Table 2). 

The time lag between processing of data and display on NWISWeb typically was less than 2-3 minutes; 
however, the lag between recording of a measurement in the field and display on NWISWeb could be as 
long as an hour (the lag being dependent on the time interval between data retrievals). Each 
monitoring site was identified by a unique site number and location, shown in Table 2. 

Table 2: NWISWeb Site Identification 

Site Flume Number Rain Gage Number Location 

1 400448082452500 400448082452501 SR 161 nr Beech Road nr New Albany OH 

2 400423082353500 400423082353501 SR 37 E of Moots Run nr Alexandria OH 

3 400918082012700 400918082012701 SR 16 nr SR 60 nr Dresden OH 

4 404702081193500 404702081193501 SR 30 nr Trump Avenue nr Canton OH 

5 404527081325100 404527081325101 SR 30 nr 17th Street SW nr Canton OH 

6 404755081531300 404755081531301 SR 30 E of Apple Creek nr Wooster OH 

7 404631081545100 404631081545101 SR 83 near Selby Road nr Wooster OH 

8 404543082490800 404543082490801 SR 30 nr Biddle Road nr Gallion OH 

9 404755082550600 404755082550601 SR 30 nr Twp Rd 13 nr Bucyrus OH 

10 404901083053600 404901083053601 SR 30 nr Twp Rd 1 nr Bucyrus OH 

C1 400423082354100 400423082353501 SR 37 W of Moots Run nr Alexandria OH 

C2 404755081531900 404755081531301 SR 30 W of Apple Creek nr Wooster OH 

2.4 Operation and maintenance 
The sites were visited by USGS personnel at least every 4 weeks to collect back-up data files, perform 
routine maintenance, cleaning, and calibration. Timed manual volumetric checks of flow rates were 
performed when possible to validate the H-flume ratings. Checks on the accuracy of stages measured 
by the pressure transducers were made by comparing manual determinations of stage (digital images or 
crest stage marks) against concurrent values of stage measured with the pressure transducers.  
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The research team continually monitored all equipment during the course of the data collection period 
to ensure satisfactory performance. 

3.0 EXISTING CONDITIONS MONITORING 
Existing conditions monitoring was performed from April 2018 to December 2018. Data collected at all 
12 monitoring sites is summarized below. Additional details regarding the existing conditions 
monitoring results can be found in the USGS report ‘Assessment of Runoff Volume Reduction Associated 
with Installation of Soil Amendments in Portions of Highway Median Strip Catchments in Ohio, 2018–
2020, located in Appendix C. 

3.1 Existing Conditions Results 
A rainfall-runoff event was defined to begin at the time of the first measured rainfall and end when 
rainfall and runoff (if any) ceased and remained ceased for at least 3 hours. The number of events 
measured at each monitoring site during the existing conditions period ranged from 119 to 186 and 
averaged 141. The amount of rainfall measured during a single event in the existing conditions period 
ranged from 0.01 to 4.25-inches, with a median rainfall amount of 0.10-inches. On average, about one 
third (34%) of the existing conditions rainfall events resulted in measurable runoff. 

In order to quantify rainfall to runoff percentages, the amount of rainfall (recorded in 0.01-inch 
increments) was multiplied by the drainage area of each site to obtain a total volume of rain in cubic 
feet. The rainfall was assumed to be uniform over the drainage area for each site. 

The instantaneous flow rates within the H-flumes were measured/recorded every minute, in cubic feet 
per second. Therefore, the runoff volume (cubic feet) was computed by multiplying each instantaneous 
flow rate value by 60 and summing the 1-minute volumes. The runoff percent was calculated by 
dividing the rainfall volume by the runoff volume. A summary of the existing conditions monitoring 
results are presented in Table 3. All data is available on the USGS National Water Information System: 
Web Interface (NWISWeb) (http://waterdata.usgs.gov). 

Table 3: Existing Conditions Monitoring Results 

Site 
Drainage 

Areas 
(acres) 

Number 
of Rain  
Events 

Number of 
Rain Events 
with Runoff 

Percent of 
Rain Events 
with Runoff 

Total 
Rainfall 

(in) 

Total 
Rainfall 
Volume 

(ft3) 

Total 
Runoff 
Volume 

(ft3) 

Runoff 
Percent 

1 2.05 129 55 42.60% 46.60 346,551 162,304 46.80% 

2 1.03 136 54 39.70% 48.90 182,720 87,036 47.60% 

3 0.51 119 50 42.00% 39.40 72,867 27,278 37.40% 

4 1.64 174 64 36.80% 49.70 295,576 64,136 21.70% 

5 1.88 135 49 36.30% 39.00 266,015 80,940 30.40% 

6 0.97 186 42 22.60% 43.50 153,238 13,746 9.00% 

7 1.89 132 61 46.20% 39.70 272,027 129,373 47.60% 

8 0.82 144 24 16.70% 35.30 105,134 8,622 8.20% 

9 0.83 133 39 29.30% 33.00 99,486 17,899 18.00% 

10 1.47 132 61 46.20% 32.90 175,558 41,824 23.80% 

C1 2.42 130 46 35.40% 45.00 395,571 110,692 28.00% 

C2 0.78 146 30 20.50% 36.20 102,412 5,209 5.10% 

  



 

 

Assessment of Existing and Potential Volume Reduction for  Page 15 of 142 
Post Construction Stormwater Management 

3.1.1 Notable Finding 

The research team observed some unexpected runoff characteristics at Site 7. Measureable flow was 
recorded in the H-flume well after precipitation had ended. It took longer for measurable flow to cease 
following precipitation at Site 7, than at any other monitoring site. The research team inspected all 
monitoring equipment at the site and determined that the results were accurate, and not caused by 
equipment malfunction. This abnormality was observed only at Site 7, and occurred throughout existing 
conditions monitoring, leading the research team to conclude that it was most likely caused by 
groundwater influence, due to high water table. As a result, Site 7 experienced the highest runoff 
percent and highest percent of rain events resulting in runoff of any site.  

4.0 SOIL AMENDMENT PLANS 

4.1 Amendment Materials Reviewed 
Soil amendment, for the purpose of this document, is the process of improving the soil porosity, 
texture, and capacity to hold moisture in order to improve the soils long-term capacity for infiltration 
and exfiltration. Soil amendments can also improve plant growth and increase surface roughness, which 
improves the soils ability to retain water and resist erosion. In general, soil amendments allow soils to 
retain more water and then slowly release the moisture.  

Amendment materials researched included natural and manufactured materials. To manage costs and 
constructability, materials that are readily available in Ohio, materials that Ohio highway contractors 
typically deal with, and materials that are not cost prohibitive are desired. The following materials 
were reviewed for this research. Detailed discussion of these materials is located in Appendix D. 

1. Compost: an organic soil amendment, derived from organic waste materials, such as yard 
clippings and wood wastes. 

2. Sand: a granular material composed of finely divided rock and mineral particles 

3. Gravel: a loose aggregation of small water-worn or pounded stones 

4. Gypsum: a soft white or gray mineral consisting of hydrated calcium sulfate.  

5. Expanded Shale: formed when shale is crushed and fired in a rotary kiln. This process causes 
tiny air spaces in the shale to expand. 

6. Biochar: charcoal that is produced by pyrolysis of biomass in the absence of oxygen. 

7. Crumb rubber: recycled rubber produced from automotive and truck scrap tires. 

8. Peat moss: a large absorbent moss that grows in dense masses on boggy ground, where the 
lower parts decay slowly to form peat deposits. 

9. Zeolite: minerals that contain mainly aluminum and silicon compounds 

4.2 Soil Amendment Design 
Based on a variety of factors discussed in Appendix D, including infiltration/exfiltration benefits, 
vegetation benefits, material cost/availability, constructability, previous research efforts, etc., the 
research team selected the following materials for further evaluation and inclusion in the amended soil 
design. 

1. Compost: adding compost will increase the soils ability to infiltrate and exfiltrate water and 
greatly increase its ability to maintain a thicker and more vigorous stand of grass than the 
existing soils. Compost alone is commonly used throughout the U.S. as a soil amendment. 

2. Sand: sand is added to increase soil texture and porosity which will increase the soils ability to 
infiltrate and exfiltrate water. Incorporating sand as a sole amendment has rarely been used. 
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Ohio C and D soils are low in organic content which reduces their ability to maintain vigorous 
stands of grass. Adding sand alone further decreases the organic content of the soils and can 
increase its erodibility. 

3. Expanded Shale: expanded shale is included for the same reason as sand, to increase the soils 
ability to infiltrate and exfiltrate water. Benefits of expanded shale over sand is: expanded 
shale is more porous and has a greater ability to absorb water than sand. However, the 
expanded shale comes at a higher average cost than sand. 

While establishing the composition of the proposed soil amendments, the research team considered 
various quantities/combinations of materials, depth of amendment, and installation/incorporation 
procedure. Emphasis was placed on creating a soil amendment mix that reduced stormwater runoff 
volume, while also maximizing constructability, maintaining vehicle safety (such as a vehicle tire 
catching in loose soil), and overall cost-performance benefit.  

The research team determined that the ideal soil amendment composition should combine the 
organic/nutrient benefits of compost with the soil texture/porosity benefits of sand and expanded 
shale. Organic soil amendments absorb water and store water until the water is infiltrated, 
evaporated, or absorbed by plants. Compost amendments increase water holding and retention, 
improve infiltration and exfiltration, and increase nutrient availability in the existing soil. Sand and 
expanded shale will increase soil texture and infiltration rates by creating larger pore spaces within 
otherwise poorly drained and aerated clayey or compacted soils. It was determined that two mix 
designs would be tested. One with compost and sand, the other with compost and expanded shale to 
allow comparison between the materials. 

When evaluating amendment depth, the research team considered a maximum depth of 12-inches, 
however, amending the existing soil to that depth would need to occur in layers, which affects timing, 
costs, and material stockpiling/removal. Therefore, the amendments were limited to an incorporation 
depth of 6 inches or less. It was determined that two amendment depths would be tested. One at 4-
inches and one at 6-inches, to allow performance comparison between the depths.  

The combination of two varied material mixes and two varied depths resulted in four unique 
amendment designs. Table 4 summarizes the percentages of materials and amendment depths to be 
tested. 

Table 4: Final Recommended Soil Amendment Design 

Mix 
Design 

Incorporation 
Depth (in.) 

Native Soil 
(%) 

Compost 
(%) 

Sand 
(%) 

Expanded 
Shale (%) 

A 4 50 31 19 0 

B 4 50 31 0 19 

C 6 54 29 17 0 

D 6 54 29 0 17 

The target inclusion rate of compost was chosen in an attempt maximize the soils ability to maintain a 
vigorous stand of grass while keeping its ability to withstand traffic loads with limited-to-no rutting. 
The inclusion rate of sand/expanded shale was chosen so that a silty clay would become a clay loam 
after its incorporation into the existing soil. Detailed material specifications and soil amendment 
construction procedure is located in Appendix D. 

4.3 Amendment Locations 
The installation locations for the various soil amendment designs were selected in order to create an 
even distribution of amendment material mixes and depths. 

1. Among sites of varying amendment areas. 

2. Across the different rainfall zones.  
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When possible, different combinations of amendment mixes and depths were located near one another 
in order to provide opportunities for data comparison under similar rainfall conditions. The location of 
each amendment mix to be installed is shown in Figure 3.  

 

 
Figure 3: Soil Amendment Locations 
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5.0 SOIL AMENDMENT INSTALLATION  

5.1 Plans and Specifications 
Construction plans were prepared for the proposed soil amendment installation. These plans contained 
all pertinent information for successful installation of the soil amendment designs, including: site 
location, limits of construction, maintenance of traffic, material specifications, soil amendment 
details, and means of construction. Some minor field modifications were made during construction, as 
recorded on red-lined construction drawings, which are located in Appendix E.  

5.2 ODOT District Coordination and Maintenance of Traffic  
The research team coordinated construction with the local County/City maintenance crews, and 
oversaw maintenance of traffic during construction. All local maintenance crews were notified prior to 
beginning construction in order to avoid any maintenance/construction conflicts. The ODOT county 
maintenance crews also provided maintenance of traffic for sites 1, 2, 3, 5, 6, and 7. The City of 
Canton Street Department performed maintenance of traffic for site 4. The contractor responsible for 
installing the soil amendments, BUDS Inc., provided maintenance of traffic for sites 8, 9, and 10. 

5.3 Construction Schedule  
The construction and installation of the proposed soil amendments began in April 1, 2019. Construction 
and site stabilization was completed by May 23, 2019 so there was time for vegetation to reestablish 
prior to post-amendment flow monitoring to begin. Soil amendments were not installed at the 2 control 
sites. The construction schedule for each site is shown in Table 5.  

Table 5: Soil Amendment Construction Dates 

Site Amendment Mix Construction Start Date Construction End Date 

1 6” Compost + Expanded Shale 04/10/2019 04/19/2019 

2 6” Compost + Sand 04/04/2019 04/10/2019 

3 4” Compost + Sand 04/01/2019 04/02/2019 

4 6” Compost + Sand 05/20/2019 05/23/2019 

5 4” Compost + Sand 05/13/2019 05/21/2019 

6 4” Compost + Expanded Shale 05/08/2019 05/13/2019 

7 6” Compost + Expanded Shale 05/01/2019 05/07/2019 

8 4” Compost + Expanded Shale 04/25/2019 04/30/2019 

9 6” Compost + Expanded Shale 04/24/2019 04/25/2019 

10 6” Compost + Sand 04/22/2019 04/24/2019 

C1 None N/A N/A 

C2 None N/A N/A 

5.4 Vegetation Establishment 
The final step in the construction of the soil amendments was to re-establish a full stand of vegetation 
in order to return the cover condition to pre-construction conditions. Full establishment of vegetation 
is important in order to provide an accurate comparison of existing conditions to post-amendment 
runoff volume. Therefore, it was critical that the sites reach full vegetation/stabilization as quickly as 
possible. However, the research team found that several sites were experiencing issues with the 
grass/vegetation reaching full establishment. 

The team employed mitigation actions, including spot treatment of localized bare patches with 
seeding, hand broadcast, and hydro-seeding for those with significant issues, in an attempt to improve 



 

 

Assessment of Existing and Potential Volume Reduction for  Page 19 of 142 
Post Construction Stormwater Management 

the vegetated condition of the amended sites. These mitigation efforts were moderately effective, but 
many sites did not appear to reach the same density or quality of vegetation as the pre-amendment 
condition. 

5.4.1 Factors Impacting Vegetation 
During construction, the contractor obtained compost from Ohio EPA Class 4 composting facilities, as 
required by the compost specification, but no material testing data was provided to ensure that it met 
the other chemical/physical properties specified in the construction drawings. Near the completion of 
construction, inspectors observed that the compost appeared to differ from what was specified. 
Material samples from each compost supplier were sent to a laboratory for analysis, and the results 
confirmed that the compost did not meet every parameter of the specification. Table 6 summarizes the 
laboratory tests of the two compost sources used for construction, compared to the specification. 

Table 6: Compost Testing Results 

Compost Specification Requirement Sample 1 
(Kurtz Bros., Inc.) 

Sample 2 
(Earth 'n Wood 
Products, Inc.) 

Originate from OEPA Class IV Composting Facility YES YES 
Meet ODOT 659.06 

(nitrogen content 1.4% or greater) 1.15% 0.47% 

100% material pass 1/2 inch screen 100% 100% 

98% material pass 3/4 inch screen 82.5% 93.2% 

pH between 5.5 and 8.5 8.1 8.2 

Inert material less than 1% 0 0 

Organic content between 35% and 65% 37.77 29.60 
Stability = 7 and/or  

Maturity greater than 80% 5* 5* 

Moisture content between 30% and 60% 59.15 42.62 

No visible free water or dust YES YES 
*Solvita Maturity Index calculation was used by the laboratory. 

Although the compost from the two suppliers are similar, neither appear to be at the maturity level 
specified nor do they both meet the parameters for nitrogen content or sieve size. These factors may 
have contributed to the vegetation establishment issues. 

The research team also conducted soil analyses at the amended soil sites to analyze potential 
parameters relating to vegetative growth success. The analysis included field collection of soil samples, 
visual soil profile observations, and laboratory testing. This analysis found that the various soil 
amendment components (native soil, compost, sand/expanded shale) were stratified in many areas and 
not homogenously mixed. The lack of proper incorporation of the soil amendment into the existing soil 
may have also contributed to the vegetation establishment issues.  

Based on the findings of the soil analysis, the research team modified the compost specification and 
construction procedure to improve vegetation establishment. The team also added a requirement for 
contractors to submit compost laboratory test results prior to construction. These modified compost 
specification and construction procedures were not incorporated into the soil amendments at the 
monitoring sites but will be recommended for future applications of the soil amendment BMP. See 
Section 10.0 of this report for the research team’s final recommendations for material specifications 
and construction procedures. 

The complete soil analysis report, located in Appendix F, provides a detailed summary of the data 
collection, analysis, and conclusions/recommendations from the testing. 
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7.0 POST-AMENDMENT FLOW MONITORING 
Post-amendment conditions monitoring was performed from May 2019 to September 2020. Data 
collected at all 12 monitoring sites is summarized below. The project team originally scheduled post-
amendment flow monitoring to conclude by winter of 2019. Due to delays in vegetation establishment, 
the research team decided to extend post-amendment monitoring an additional year. Extending the 
monitoring to the end of 2020 allowed for more post-amendment monitoring, better evaluation of 
vegetation establishment, and increased confidence in the monitoring results.  

Data collected at all 12 monitoring sites is summarized below. The procedures and methodologies from 
the existing conditions monitoring remained the same during post-amendment monitoring. Additional 
details regarding the post-amendment conditions monitoring results can be found in the USGS report 
‘Assessment of Runoff Volume Reduction Associated with Installation of Soil Amendments in Portions of 
Highway Median Strip Catchments in Ohio, 2018–2020’, located in Appendix C. 

7.1 Post-Amendment Conditions Results 
The number of rain events measured at each study site during the post-amendment period ranged from 
166 to 266 and averaged 209. The amount of rainfall measured during an event in the post-BMP period 
ranged from 0.01 to 4.18 inches, with a median rainfall amount of 0.11 inches. About one third (37%) of 
the post-amendment period events had measurable runoff and nearly one quarter (28%) of the post-
amendment events at CNT sites had measurable runoff. A summary of the post-amendment conditions 
monitoring results are presented in Table 7. All data is available on the USGS National Water 
Information System: Web Interface (NWISWeb) (http://waterdata.usgs.gov). 

Table 7: Post-Amendment Conditions Monitoring Results 

Site 
Drainage 

Areas 
(acres) 

Number 
of Rain  
Events 

Number of 
Rain Events 
with Runoff 

Percent of 
Rain Events 
with Runoff 

Total 
Rainfall 

(in) 

Total 
Rainfall 
Volume 

(ft3) 

Total 
Runoff 
Volume 

(ft3) 

Runoff 
Percent 

1 2.05 195 77 39.50% 59.50 442,620 143,100 32.30% 

2 1.03 172 69 40.10% 61.70 230,728 83,197 36.10% 

3 0.51 229 79 34.50% 66.70 123,519 24,206 19.60% 

4 1.64 214 57 26.60% 55.60 330,700 61,869 18.70% 

5 1.88 180 73 40.60% 57.10 389,741 143,568 36.80% 

6 0.97 231 62 26.80% 58.00 204,224 13,255 6.50% 

7 1.89 166 81 48.80% 55.60 381,661 173,975 45.60% 

8 0.82 227 54 23.80% 64.80 192,765 25,340 13.10% 

9 0.83 217 108 49.80% 54.60 164,625 35,649 21.70% 

10 1.47 187 98 52.40% 52.90 282,440 84,972 30.10% 

C1 2.42 223 87 39.00% 63.60 558,071 148,607 26.60% 

C2 0.78 266 48 18.00% 64.30 182,837 5,449 3.00% 
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Research Findings and Conclusions 
The USGS prepared a detailed analysis report that thoroughly breaks down the existing conditions and 
post-amendment monitoring data. This report presents a comprehensive evaluation of variables and 
factors that may impact the monitoring results. Below is a brief summary of the research findings and 
conclusions. The detailed monitoring results analysis can be found in the USGS report ‘Assessment of 
Runoff Volume Reduction Associated with Installation of Soil Amendments in Portions of Highway 
Median Strip Catchments in Ohio, 2018–2020, referenced in Appendix C. 

8.0 RAINFALL CHARACTERISTICS 
Rainfall depth, intensity, durations, etc., have a direct effect on stormwater runoff. Therefore, it was 
important for the research team to have a thorough understanding of the rainfall observed during the 
monitoring period. The rainfall data collected during the existing conditions and the post-amendment 
monitoring periods were compared to determine if there were any appreciable differences from one 
period to the next, that may affect the runoff data.  

The distribution of rainfall amounts associated with events was similar in the existing condition and 
post-amendment monitoring periods. The distribution of rainfall events observed over the course of the 
research project is shown in the boxplot, in Figure 4. This plot shows that rainfall events of similar 
magnitude occurred at a similar frequency during both the existing conditions monitoring period and 
the post-amendment monitoring period. Because the duration of the post-amendment monitoring 
period was greater than the existing condition monitoring period, there are more data points (rainfall 
events) in the post-amendment period. 

 
Figure 4: Rainfall Distribution Plot 
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9.0 RUNOFF CHARACTERISTICS 

9.1 Runoff Percent Comparison 
Runoff percent was calculated as the total volume of runoff during an event expressed as a percentage 
of the total volume of rainfall falling over the catchment area, assuming a spatially uniform 
distribution of rainfall. This runoff percent was computed for each rainfall event, and the values from 
the existing condition monitoring period were compared to the values from the post-amendment 
monitoring period. 

There were appreciable differences between sites in the distribution of runoff percentages, both 
during the existing condition and post-amendment periods. Table 8 shows the aggregated runoff 
percent, for each site, for the entirety of existing and amended condition monitoring periods. Some 
sites experienced a decrease in total runoff percent, while others experienced an increase in runoff 
percent, after the amendments were installed. 

Table 8: Runoff Percent Comparison 

Site Soil Amendment 
Material 

Amendment 
Depth (in) 

Existing 
Condition  

Runoff 
Percent 

Amended 
Condition  

Runoff 
Percent 

Change in 
Runoff 
Percent 

1 Compost + Expanded Shale 6” 46.80% 32.30% -14.50% 

2 Compost + Sand 6” 47.60% 36.10% -11.60% 

3 Compost + Sand 4” 37.40% 19.60% -17.80% 

4 Compost + Sand 6” 21.70% 18.70% -3.00% 

5 Compost + Sand 4” 30.40% 36.80% +6.40% 

6 Compost + Expanded Shale 4” 9.00% 6.50% -2.50% 

7 Compost + Expanded Shale 6” 47.60% 45.60% -2.00% 

8 Compost + Expanded Shale 4” 8.20% 13.10% +4.90% 

9 Compost + Expanded Shale 6” 18.00% 21.70% +3.70% 

10 Compost + Sand 6” 23.80% 30.10% +6.30% 

C1 None N/A 28.00% 26.60% -1.40% 

C2 None N/A 5.10% 3.00% -2.10% 

 

During the existing conditions monitoring period, the average runoff percent for all sites was 
approximately 27%. During the post-amendment monitoring period, the average runoff percent for all 
sites was approximately 24%. When not including control sites, the average runoff percent was 29% 
during the existing conditions period, and 26% during the post-amendment period. 

9.1.1 Groundwater Influence 
As discussed in Existing Conditions Results, Section 3.1.1 of this report, there were suspected 
groundwater influences affecting the flow monitoring results at Site 7. These groundwater influences 
persisted through the post-amendment monitoring period as well. As a result, Site 7 had the highest 
runoff percent of any monitoring site, making it somewhat of an outlier.  

When Site 7 is removed from the monitoring data, the average runoff percent was 25% during the 
existing conditions period, and 22% during the post-amendment period. When not including control 
sites, the average runoff percent was 27% during the existing conditions period, and 24% during the 
post-amendment period.  
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9.2 Event Runoff Percent Comparison 
Event runoff percent differs from volumetric runoff percent in that it does not look at the percent of 
stormwater runoff in volumetric terms, but rather, the percent of rainfall events that resulted in 
runoff, regardless of the measured quantity of runoff. A rainfall-runoff event was defined to begin at 
the time of the first measured rainfall and end when rainfall and runoff (if any) ceased and remained 
ceased for at least 3 hours.  

Table 9 shows a summary of the event runoff percent, for each site, for the entirety of existing and 
amended condition monitoring periods. About 34% of the existing condition rain events resulted in 
measurable runoff whereas about 37% of the post-amendment period events had measurable runoff. 
Only about 28% of the events at control sites had measurable runoff during the existing conditions 
period and during the post-amendment monitoring period. Some sites experienced a decrease in event 
runoff percent, while other experienced an increase in event runoff percent, after the amendments 
were installed. However, in aggregate, the percentage of events with runoff increased slightly from the 
existing condition to the post-amendment period at amended sites and remained about the same at 
control sites.  

Table 9: Event Runoff Percent Comparison 

Site Soil Amendment 
Material 

Amendment 
Depth (in) 

Existing 
Condition 
Percent of 
Rain Events 
with Runoff 

Amended 
Condition 
Percent of 
Rain Events 
with Runoff 

Change in 
Percent of 
Rain Events 
with Runoff 

1 Compost + Expanded Shale 6” 42.60% 39.50% -3.10% 

2 Compost + Sand 6” 39.70% 40.10% +0.40% 

3 Compost + Sand 4” 42.00% 34.50% -7.50% 

4 Compost + Sand 6” 36.80% 26.60% -10.10% 

5 Compost + Sand 4” 36.30% 40.60% +4.30% 

6 Compost + Expanded Shale 4” 22.60% 26.80% +4.30% 

7 Compost + Expanded Shale 6” 46.20% 48.80% +2.60% 

8 Compost + Expanded Shale 4” 16.70% 23.80% +7.10% 

9 Compost + Expanded Shale 6” 29.30% 49.80% +20.40% 

10 Compost + Sand 6” 46.20% 52.40% +6.20% 

C1 None N/A 35.40% 39.00% +3.60% 

C2 None N/A 20.50% 18.00% -2.50% 

9.3 Statistical Analysis 
As part of the comprehensive data analysis, the USGS looked at the statistical significance of each 
variable that may be contributing to stormwater runoff. The intent of this analysis was to determine 
which variables had the greatest correlation with measured runoff. The analysis considered the 
following variables. 

1. Rainfall totals 

2. Antecedent condition (7-day total rainfall preceding a runoff event) 

3. A cross-product term the rainfall total and the 7-day total rainfall preceding a runoff event 

4. Amendment type (compost + sand or compost + expanded shale) 

5. Amendment thickness (4-inch or 6-inch) 

6. Drainage area 
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7. Longitudinal channel slope 

8. Percentage of the drainage area that is paved 

9. Intercept term (the intercept is the value of the dependent variable when the sum of weighted 
contributions of the explanatory variables to the value of the dependent variable is zero.). 

The statistical analysis showed that amendment material (compost + sand vs. compost + expanded 
shale) and amendment depth (4-inches vs. 6-inches) did not have as strong of a correlation with 
measured runoff as other variables did (such as total rainfall and drainage area). A detailed breakdown 
of these variables and their correlation to stormwater runoff is provided in the USGS report located in 
Appendix C. 

Another objective of this analysis was to verify whether any runoff difference between the existing 
conditions monitoring period and the post-amendment monitoring period was substantial enough to be 
considered statistically significant. In simple terms, statistical significance means that the measured 
runoff variation between the monitoring periods is caused by something other than chance or 
coincidence. However, it is important to note that statistical significance of an explanatory factor does 
not necessarily indicate direct causation 

When all rainfall events were analyzed, three sites were found to be statistically significant (BMP02, 
BMP03, and BMP04). The analysis indicated that proportionally, more events had lower runoff 
percentages during the post-amendment period than during the existing condition period, at these 
three sites. However, when only rainfall events that generated measurable runoff were analyzed, sites 
BMP01, BMP02, and BMP03 were found to be statistically significant. The statistical analysis of runoff 
percentage for the other six amended sites and the control sites did not differ enough between the 
existing condition and post-amendment period to be considered statistically different. 

The research team did not find a strong statistical correlation between stormwater runoff volume and 
amendment material (compost + sand vs compost + expanded shale). This is to say that there was little 
statistical difference between the post-amendment runoff results at the sites with compost and sand 
amendments vs. sites with compost and expanded shale amendments. The same statistical relationship 
was present when analyzing the depth of soil amendment (4-inch or 6-inch). There was little statistical 
difference between the post-amendment runoff results at the sites with 4-inch amendments vs. sites 
with 6-inch amendments. 

9.4 Cost Benefit Analysis  
In terms of material cost, expanded shale is approximately 67% more expensive than sand, per cubic 
yard ($75 per CY vs. $45 per CY). The additional material, excavation, and installation costs required 
to construct the 6-inch soil amendment is approximately 33% more expensive, per acre, compared to 
the 4-inch soil amendment.  

Based on the monitoring results and statistical analysis, the additional cost associated with expanded 
shale material compared to sand is not warranted, as it does not provide any statistically significant 
volume reduction benefit. Similarly, the additional cost to install/incorporate the soil amendment to a 
depth of 6-inch, compared to 4-inches, was also not found to be cost-beneficial. Therefore, the 4-inch 
compost and sand amendment was the most cost-effective soil amendment alternative without 
sacrificing volume reduction efficacy.  

The research team developed a high level cost estimate for construction/installation of the 4-inch 
compost and sand, soil amendment BMP, as detailed in Table 10.  
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Table 10: Cost to Amend 1 Acre of Soil 

Item Unit Cost Unit Quantity 
(per acre) 

Total Cost 
(per acre) 

Compost $25.00 CY 235 $5,875 

Sand $45.00 CY 101 $4,545 

Excavation  $18.00 CY 269 $4,842 
Incorporation  

(soil ripping/rototilling/compaction) $2.00 SY 4,840 $9,680 

Seeding $1.00 SY 4,840 $4,840 

Erosion Control Mat $2.00 SY 4,840 $9,680 

Total Cost Per Acre    $39,462 

The construction cost for the BMP is estimated to be $39,462 per acre of amended area, which equates 
to approximately $0.91 per square foot. These costs may vary depending on the size/scope of the 
project and quantities of amendment material needed. As a result, this estimate represents a very 
conservative, high-end cost for the soil amendment BMP. However, if the soil amendment BMP were 
included in a large construction project, the costs for some of the items would be greatly reduced or 
eliminated, in relation to the total construction activity.  

For example, the excavation quantity necessary for the soil amendment BMP would likely be minimal 
compared to the overall project excavation quantity. Similarly, the side slopes of a roadway project 
will require seeding and erosion protection regardless of whether the soil amendment BMP is 
constructed there or not. As a result, the costs for these items can be assumed to be negligible for a 
typical large roadway project. If the costs for excavation, seeding, and erosion control mat are 
removed from the cost estimate, the resultant total cost to construct the soil amendment BMP is 
$20,100 per amended acre ($0.46 per square foot). 

In addition to performing cost-benefit analysis to determine the most cost-efficient soil amendment 
BMP design, the research team also analyzed the cost-benefit of the soil amendment BMP compared to 
traditional stormwater volume BMPs. For this analysis the research team compared the 4-inch compost 
and sand soil amendment to various ODOT post-construction water quantity BMPs. Table 11 contains 
high level BMP cost estimates, based on research conducted by ODOT in 2015. These cost estimates 
represent the capital cost to construct the designated BMP in order to treat 1-acre of tributary ODOT 
right-of-way. 

Table 11: ODOT BMP Capital Costs 

BMP Type Capital Cost per Acre 
Treated 

Bioretention Cell $25,000 

Detention Basin $25,000 

Infiltration Basin $25,000 

Infiltration Trench $25,000 

Retention Basin $25,000 

Constructed Wetland $40,000 

Underground Detention $40,000 
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Based on the design criteria of the amended soil BMP, detailed in Section 11.0 of this report, treating 
1-acre of tributary ODOT right-of-way, requires 0.625 acres (27,225 square feet) of amended soil area. 
Using the conservative cost estimate of $0.91 per square foot, calculated above, the cost to construct 
the amended soil BMP to treat 1-acre of tributary ODOT right-of-way, is approximately $24,775. 
However, using the alternative cost estimate of $0.46 per square foot, which assumes significant cost 
savings based on large scale roadway construction projects, the cost to construct the amended soil BMP 
to treat 1-acre of tributary ODOT right-of-way, is approximately $12,524.  

Therefore, assuming the worst case scenario, the cost to treat 1-acre of tributary ODOT right-of-way 
using the soil amendment BMP is less than or equal to the cost of the cheapest stormwater quantity 
BMPs. But for the typical large roadway construction project, the soil amendment BMP can be expected 
to be approximately half the cost of any other ODOT stormwater quantity BMP.  

These costs do not account for any potential right-of-way acquisition, which typically results in a 
significant increase to the cost to construct a traditional ODOT stormwater quantity BMP. While the 
amended soil BMP will require a larger footprint than other stormwater quantity BMP, that amended 
area will likely always be within the project right-of-way limits, eliminating the need for additional 
right-of-way acquisition.  

9.5 Conclusion 
The measured volume of stormwater runoff at the monitoring sites was generally lower than the 
research team expected. This was true for the existing conditions monitoring period and the post-
amendment monitoring period. During the existing conditions monitoring period, the average runoff 
percent (total runoff volume divided by total rainfall volume) was approximately 29% (not including 
control sites). During the post-amendment monitoring period, the average runoff percent was 
approximately 26% (not including control sites). 

When Site 7 is treated as an outlier, and removed from consideration due to the apparent groundwater 
impacts (as discussed in Sections 3.1.1 and 9.1.1 of this report), the average runoff percent in the post-
amendment period is reduced from 26% to less than 24%. In this same scenario, the maximum runoff 
percent recorded at any monitoring site during the post-amendment period is 36.80%. 

While the volume reduction from the existing condition to the amended condition was not as significant 
as the research team anticipated, the actual measured runoff percent generated from any given 
rainfall event was relatively low. This is an encouraging finding and is an overall positive outcome of 
the research. Even without the soil amendment significantly reducing the stormwater runoff volume, it 
does provide a benefit, by fortifying stormwater runoff performance. The installation of the amended 
soils increases the likelihood that the resultant runoff percent will be within an acceptable range, by 
providing consistent soil media within the top layer of soil.  

The soils that ODOT projects commonly encounter are low quality; often times consisting of 
construction fill and low hydrologically conductive HSG C or D soils. These soils generally have poor 
nutrient levels and are low in organic content. The addition of compost, through soil amendment, will 
increase the organic content, nutrient levels, and overall quality of the native soil.  

The typical scope and scale of an ODOT roadway project is well suited for construction of the soil 
amendment BMP. There are a number of cost-sharing activities that result in the BMP requiring very 
little additional effort than what would ordinarily be required for the roadway project alone. And 
unlike traditional ODOT stormwater BMPs, like detention basins and retention basins, the amended soil 
BMP is not expected to require additional right-of-way acquisition, making it an even more attractive 
option from a cost standpoint.   

Based on stormwater runoff performance, soil quality benefits, and overall cost-benefit analysis, the 
research team determined the 4-inch compost and sand soil amendment (with some modification, as 
described in the Recommendations for Implementation Section) to be the most efficient for 
incorporation into the ODOT Locations and Design Manual, as a post-construction stormwater volume 
reducing BMP. The Amended Vegetated Filter Strip (AVFS) BMP should be implemented in a strip, 
parallel with the roadway, so that it can receive sheet flow directly from the paved roadway areas. 
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Recommendations for Implementation 
The research team determined that the 4-inch sand and compost amendment was the most efficient 
stormwater volume reducing soil amendment alternative. However, to ensure the amendment material 
(sand and compost) is thoroughly integrated into the native soil, a 6-inch incorporation depth is 
recommended. Therefore, the quantity of soil amendment material used in the 4-inch soil amendment, 
combined with an incorporation depth of 6-inches is being proposed for the Amended Vegetated Filter 
Strip (AVFS) BMP.  

This equates to the addition/incorporation of 82 LB/SY (0.75-inches) of sand and 43 LB/SY (1.25-
inches) of compost, into the existing soil, per the methods and procedures explained below. The 
resultant amendment material composition, by volume, is: 13% Sand, 21% Compost, and 67% Native 
Soil. Standard construction notes and details for the recommended AVF BMP are located in Appendix G. 

10.0 CONSTRUCTION AND MATERIAL SPECIFICATIONS 

10.1 Material Specifications 
The Amended Vegetated Filter Strip materials should meet the following specifications. 

1. Sand: Meet ODOT CMS 703.02 – Fine Aggregate. 

2. Soil Amendment Compost: 

a. Soil amendment compost shall originate from an Ohio EPA Class IV Composting facility. 

b. 100% of material must pass the ½-inch screen, with 75% passing 1/4-inch screen. 

c. 5.5 < pH < 8.5 

d. Inert Material < 1% 

e. 35% < Organic Content < 65% (dry weight basis determined by Loss on Ignition) 

f. 20% < C:N ratio of < 25% 

g. Maturity > 80% (Solvita Index Value between 7 and 8). Parent material is no longer 
visible. Compost should be stable with regard to oxygen consumption and carbon 
dioxide generation. 

h. < 1,000 MPN/GTS Fecal Coliform and < 3 MPN/GTS Salmonella spp. 

i. 30% < Moisture Content < 60% wet basis 

j. Soil amendment compost samples should be taken from the material stockpiled by the 
supplier within 15 calendar days prior to initial application. Submit laboratory results 
to the Engineer for approval. Soil amendment compost that does not meet the 
specification shall not be used. 

10.2 Construction Procedure 
The Amended Vegetated Filter Strip construction/installation process should abide by the following 
steps. 

1. Soil Ripping: Use a solid-shank ripper with teeth, traversing the area with 2 passes in each 
direction to a depth of 12 inches. Each pass is considered the width of the ripper, with teeth 
spaced no more than 12 inches apart. This may be accomplished with implements mounted to a 
tractor or dozer or use of a grader with appropriate implements (scarifier teeth), but must 
meet the 12-inch depth. If teeth are spaced greater than 12 inches, additional passes are 
required to meet a furrow spacing of 6 inches. Only perform ripping during dry conditions when 
soils are friable. 
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2. Excavation: Remove excess soil (approximately 2-inches), so that after the amendments have 
been incorporated into the existing soil, the existing ground surface profile will not appreciably 
change. This may not always be necessary depending on the site conditions and overall project 
construction sequence. However, it will likely be required for mitigation sites, where the soils 
are being amended, but the existing grade is being maintained. 

3. Amendment Placement and Incorporation: Spread amendments over the ground surface in a 
uniform thickness to the specified amendment depth. Incorporate amendments with a rototiller 
or similar equipment into the soil to a depth of 6 inches. Continue tilling until all soil clods are 
reduced to a maximum size of 1-inch (25 mm) and the mixture is uniform. Incorporation should 
only be performed during dry conditions when soils are friable. Six passes (pass is the width of 
the machine) with a rototiller or similar is anticipated to meet the uniformity requirement. 

4. Fine Grading and Limited Compaction:  Perform fine grading to achieve the slope geometry 
and elevations specified in the plans. To achieve an approximate compaction of 85 to 90% 
maximum density, one pass with a rubber-tired or smooth drum roller is anticipated. 

5. Soil Amendment Compost Blanket: Evenly spread a 0.5-inch thick layer of soil amendment 
compost over the ground surface. 

6. Seeding and Watering: ODOT Class I – Lawn Mixture (ODOT Item 659.09) installed per Item 659. 
Rake seed into soil amendment compost. Contractor is responsible for establishing a minimum 
of 70% permanent vegetation coverage within the project schedule. Watering may be 
necessary. 

7. Fertilizer: Apply the following fertilizer and rates. Follow ODOT Item 659.04 specification for 
application of fertilizer. 

• 1.0 lb./1,000 ft2 potassium 

• 2.5 lb./1,000 ft2 potash 

• 1.0 lb./1,000 ft2 magnesium 

8. Erosion Control Matting: ODOT CMS Item 712 – Type A Temporary Erosion Control Mat. Install 
per ODOT Item 671. Do not run machinery/equipment over the amended soils during 
installation of the erosion control mat.  

11.0 DESIGN CRITERIA AND TREATMENT CREDIT 
In collaboration with ODOT, the research team established the following design criteria and stormwater 
treatment credit methodology for the Amended Vegetated Filter Strip BMP. These criteria are based on 
current ODOT design standards and stormwater treatment requirements; and are proposed to be 
incorporated into the ODOT Location and Design Manual, Volume 2. Appendix H contains example 
scenarios that demonstrate how the stormwater treatment credit for the soil amendment BMP is 
calculated. 

1. The AVFS BMP consists of the grassed portion of the graded shoulder, where the soils have been 
amended per the construction procedures and specification outlined in Section 10.0. 

2. The AVFS can begin a minimum of 2-feet from the edge of the paved shoulder, or at any point 
further down the slope. AVFS must end a minimum of 2-feet above the toe of slope or ditch 
bottom. 

3. The AVFS must be void of erosive gullies or rills. 

4. All runoff must be sheet flow, with no concentrated flows to the AVFS. 

5. Areas such as pavement, graded shoulder, or any grass slope that drain to the AVFS, and the 
AVFS area itself, receive treatment credit at the following rates: 

a. 60% credit for pavement area, graded shoulder area, or any grass slope area that sheet 
flows to AVFS. 
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b. 100% credit for the area of AVFS. 

6. The tributary width draining to the AVFS can be larger than the AVFS width; however, the 
maximum tributary area width given credit is equal to the width of amended vegetated filter 
strip. 

7. The minimum width of the AVFS is 4 feet. 

8. The maximum slope of the AVFS or any area draining to the AVFS is 3:1. 

9. All pervious area draining to the AVFS and the AVFS itself must maintain a minimum of 70% 
grass coverage. 

10. Do not include any ditch bottom areas in the AVFS area since flow is concentrated at the ditch 
bottom. 

12.0 MAINTENANCE 
Minimal maintenance should be necessary to ensure continued functioning of Amended Vegetated Filter 
Strips. Maintenance requirements consist of the following: 

1. Routine mowing. Grass within the filter strip should be maintained at the same rate as 
standard ODOT roadway side slopes. Grass must be kept healthy and free from brush or woody 
vegetation. 

2. Inspect for rills and gullies. If rills and gullies occur, they must be repaired and stabilized with 
soil and seed or sod. Measures must be taken to eliminate any concentrated flow causing 
erosive rills and gullies. 

13.0 POTENTIAL OBSTACLES FOR IMPLEMENTATION 
Following installation of the soil amendments, the research team noted issues with establishment of 
permanent vegetation. Based on extensive analysis and soil sampling (detailed in Section 5.4 and 
Appendix F), the vegetation establishment issue is believed to be attributable to the construction 
procedures at the time of implementation, as well as amendment materials not meeting the required 
specifications.  

The final recommendations of this report have taken these lessons learned into consideration, and the 
recommended construction procedures and material specifications have been revised. The compost 
specification was revised to better ensure that desired chemical and physical properties are met. The 
specification was also revised to require laboratory test results of the compost be submitted prior to 
beginning construction. The construction procedures were modified to triple the number of 
recommended passes with a rototiller, in order to ensure more uniform, homogenous mixing of the 
amendment materials. As a result of these revised material specifications and construction procedures, 
the vegetation issue is not anticipated to be a concern for future implementation of the Amended 
Vegetated Filter Strip BMP, however, vegetation growth should be monitored to ensure proper 
establishment.  

14.0 EXPECTED BENEFITS 
The Amended Vegetated Filter Strip BMP will benefit ODOT, regulatory agencies, design engineers, 
contractors, developers, and the general public, by providing a space-efficient, cost-effective, and 
easy to implement alternative to traditional stormwater volume reduction BMPs. The Amended 
Vegetated Filter Strip BMP will also reduce standing water adjacent to the roadway, eliminating a 
common safety hazard associated with typical stormwater detaining BMPs (e.g. detention basins). 

The Amended Vegetated Filter Strip BMP will better allow for post-construction stormwater quantity 
requirements to be met, without the need for excessive right-of-way acquisition that may be required 
for detention basins and bioretention cells. This is beneficial for linear transportation projects, which 
do not have wide right-of-ways. It could present a significant cost savings to projects, as right-of-way is 
typically expensive to acquire.  



 

 

Assessment of Existing and Potential Volume Reduction for  Page 30 of 142 
Post Construction Stormwater Management 

The Amended Vegetated Filter Strip BMP is also uniquely suited to linear roadway projects due to 
limitations in stormwater conveyance. There are a variety of project constraints that can make it 
difficult to capture and convey stormwater to a centralized stormwater BMP (project budget, existing 
topography, etc.). The ability for stormwater runoff to sheet flow from the roadway directly to the 
BMP is a significant benefit of the soil amendment BMP.  

Compared to traditional stormwater quantity BMPs, the AVFS will be relatively easy to design and 
construct. It does not require any type of stormwater conveyance system, outlet structure, or complex 
grading plans, nor does it require any specialty installation equipment. The amendment materials are 
affordable and readily available in Ohio. Maintenance requirements will also be significantly less than 
traditional stormwater quantity BMPs. There is no special requirement to clean out accumulated 
sediment or maintain an outlet structure.  

Lastly, incorporation of the AVFS as a standard BMP will allow transportation post-construction BMPs to 
focus more on “Green Infrastructure” which has been an expressed goal of Ohio EPA.  By promoting 
infiltration near the location of runoff production, the BMP mitigates potential impact from pollution 
and increases in flows better that other already used post-construction BMPs. 

This research project resulted in the largest data collection effort of its kind in the state of Ohio. In 
addition to the development of the Amended Vegetated Filter Strip BMP, the data collected during this 
project is a benefit in and of itself. The regulatory and engineering communities will both benefit 
greatly from the rainfall data, runoff flow monitoring data, and extensive data analysis performed by 
the research team.  

15.0 RECOMMENDATIONS FOR FUTURE RESEARCH 
Given the vegetation issues experienced during this project, the research team recommends that 
additional research be conducted on various seeding and mulching practices. This would include 
analysis and comparison of proprietary rolled erosion control products, generic straw/mulch blankets, 
and hydroseeding. It is important to know how these methods hold up to typical ODOT site conditions, 
whether they can adequately protect the bare earth from erosive forces, and how well they allow 
permanent grass to grow. These products/practices could be performance tested under varying flow 
rates and slopes to simulate typical ODOT ditches and roadway slopes.  
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Appendix A: Literature Review 
Below is the summary of literature review based on recent research and reports conducted for 
determining the post construction stormwater volume and quantity control benefits from practices 
across the country. 

Design Guide for Roadside Infiltration Strips in Western Oregon. June 2016. Chad Higgins 
This report from the Department of Biological and Ecological Engineering at Oregon State University 
examines the performance of roadside vegetated filter strips. Data was gathered through a 2-year 
research effort, where vegetated filter strip performance was measured and recorded. Using 
dimensional analysis of the results, a design equation was produced to model performance of vegetated 
filter strips and simplify the design process. 

Enhancements and Application of the Minnesota Dry Swale Calculator. April 2016. 
John S. Gulliver 
This research from the Minnesota Department of Transportation Research Services Library analyzes the 
infiltration performance of roadside swales. The study examines numerous parameters, including: 
infiltration capacity of the soil, initial soil moisture content, ratio of impervious drainage area-swale 
area, length, and width of the vegetated area, slope, type of flow down the side slope of the swale 
(spread or concentrated flow), and total depth and intensity of precipitation. These parameters were 
analyzed to determine their impacts on volume reduction performance of roadside swales by 
infiltration. 

Pennsylvania Stormwater Best Management Practices Manual. Pennsylvania Department of 
Environmental Protection. December 2006. 
Section 6.7.3: Soil Amendment & Restoration discusses improving disturbed soils and low organic soils 
by restoring soil porosity and/or adding a soil amendment, such as compost, for the purpose of 
reestablishing the soil’s long term capacity for infiltration and pollution removal. 

The Performance of Grassed Swales as Infiltration and Pollution Prevention Practices, A Literature 
Review. November 2010. P. Weiss, J. Gulliver, and A. Erickson 
This review discusses Low Impact Development (LID) practices, such as vegetated filter strips and 
grassed swales, to reduce stormwater runoff quantity and improve stormwater runoff quality. Swale 
performance is analyzed to determine infiltration capacity, suspended solids removal, resuspension of 
suspended solids, and removal of other contaminants and dissolved nutrients. Various types of natural 
soils, composts and soil additives are also analyzed to compare performance. 

Soil Compost Amendment. Virginia DEQ Stormwater Design Specification No.4. March 2011. 
This section from the Virginia DEQ Stormwater Design Specification discusses the practice of soil 
restoration and soil amendment. It discusses soil performance, physical feasibility, design applications, 
and design criteria. 

Using Vegetated Compost Blankets to Achieve Highway Runoff Volume and Pollutant Reduction, 
NCHRP 14-39 (RPF closed 11/15/2016). 
NCHRP 14-39 is a pending three-phase research project to identify the hydrologic and water quality 
benefits of vegetated compost blankets (VCBs), as well as evaluate their effectiveness, when applied 
along roadway embankments in place of traditional vegetated filter strips. Pollutant removal capacity, 
the ability to detain and retain runoff, and the effect of climate, soils, compost composition, compost 
blanket thickness, and other parameters will be evaluated to judge performance. 
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Appendix B: Site Selection Criteria 
B.1 SAFETY 
Safety was of the highest priority in determining the monitoring locations. Maximizing safety in regard 
to monitoring equipment installation, soil amendment installation, maintenance crews, and vehicular 
traffic were all taken into account. Preferred sites have areas to install the monitoring equipment 
where it will be protected by a physical barrier, such as guardrail, concrete barrier, or bridge 
approach. This will not only provide protection for the flow monitoring equipment and minimize the 
chance of vehicular collision with the equipment, but also protect maintenance crews who will be 
servicing the equipment. Sites where physical barriers are not present must be adequately wide that 
there is enough clear space to the roadway that all parties feel safe. 

B.2 RAINFALL INTENSITY DISTRIBUTION 
The selected monitoring sites were evenly distributed among the various Ohio rainfall intensity zones, 
with the exception of Zone D. Zone D covers a small area and is not representative of the majority of 
the state, so it was excluded. Even distribution among the rainfall intensity zones is intended to insure 
that the proposed amended filter strip BMP will be functional and effective throughout the state, and 
under a wide variety of environmental settings and rainfall conditions. Distributing the monitoring 
locations will also help ensure that measurable rainfalls are recorded at all sites and minimizes the 
potential for localized rainfalls to skew the monitoring results. Figure B1, shows the Rainfall Intensity 
Zones for the state of Ohio, as illustrated in Figure 1101-3 of the ODOT Location and Design Manual, 
Volume 2.  

 

Figure B5: ODOT Rainfall Intensity Zone Map Throughout Ohio 
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B.3 SLOPE 
The vegetated filter strips both longitudinal and side slopes are important factors for proper flow 
monitoring and for determining the effectiveness of soil amendment as a volume reduction BMP.  

Research sources indicate that filter strips are not successful on lateral slopes greater than 30%, with 
most design manuals citing less than 20% slopes. A target side slope of 3:1 or shallower was established 
to ensure that the stormwater runoff from the roadway will sheet flow over the amended area at an 
appropriate rate. This prescribed side slope will minimize slope-stability issues and erosion and 
sediment loss during or after soil-amendment installation, and allow for improved re-establishment of 
vegetation.  

The ODOT L&D manual recommends a relative minimum longitudinal slope of 0.50% for roadway 
drainage ditches, with an absolute recommended minimum longitudinal slope of 0.25%. Through field 
observations, the research team determined that a longitudinal slope of 1-3% provides the best flow 
characteristics and is most likely to provide accurate monitoring results. Selected monitoring sites were 
preferred to have longitudinal slopes of 1-3%. 

B.4 DRAINAGE AREA 
For the purposes of this research effort, monitoring sites with drainage areas of 5 acres or less were 
required. Sites with drainage areas of 1 acre or less were most desirable. This acreage requirement is 
consistent with the general recommended drainage area for vegetated filter strip BMPs.  

In addition to the overall size of the drainage area, the breakdown of each drainage area and the 
percent impervious vs. percent amended was very important. It was determined that at least 30% of 
the total drainage area of each monitoring site should be amendable. This amendable area is the 
portion of pervious, grassed slope, in which the soil amendment mix is to be installed. Table B1, shows 
the area breakdown of each selected monitoring site. Amendment sites are numbered one through 10, 
and control sites are denoted by “C”.  

Table B12: Monitoring Site Area Breakdown 

Site 
Total 

Drainage 
Area (Ac) 

Amendable 
Area (Ac) 

Impervious 
Area (Ac) 

Percent 
Amendable 

(%) 

Percent 
Impervious 

(%) 
1 2.05 1.07 0.66 52% 32% 

2 1.03 0.56 0.33 54% 33% 

3 0.51 0.25 0.13 49% 25% 

4 1.64 0.72 0.59 44% 36% 

5 1.88 0.93 0.69 49% 37% 

6 0.97 0.53 0.30 55% 31% 

7 1.89 0.93 0.85 49% 45% 

8 0.82 0.40 0.32 49% 39% 

9 0.83 0.26 0.29 31% 35% 

10 1.47 0.35 0.59 24% 40% 

C1 2.42 N/A 0.85 0% 35% 

C2 0.78 N/A 0.31 0% 40% 
 

B.5 EXISTING UTILITIES/UNDERDRAINS 
In selecting monitoring sites and amendment areas, existing utilities were investigated to ensure there 
would be no conflicts or interference with the installation of the soil amendment or the monitoring 
equipment. The location of existing utilities was requested from the Ohio Utilities Protection Service 
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(OUPS). OUPS requests were performed for each proposed amendment site. Record drawings for the 
roadways were also provided by ODOT in order to verify existing utility locations. 

ODOT record drawings were used to identify the location of roadway underdrains. Based on the 
experience of the research team, it was determined that the presence of underdrains would not have 
an impact on the accuracy of the monitoring results. While underdrains will not have an impact on 
results, it was important to note their location in order to insure they will not be damaged or disturbed 
during the installation of the proposed soil amendments.  

B.6 SURVEY 
Each proposed amendment location was surveyed to: 

• Verify drainage areas 

• Identify the location of existing visible utilities 

• Locate at-grade and above grade features (catch basin, guardrail, edge of pavement, etc.) 

The topographic survey revealed the preliminary drainage areas, calculated through GIS analysis, to be 
acceptably accurate. Therefore, the preliminary drainage areas were used for site selection and flume 
sizing. Survey information was used to develop construction plans for amendment installation. The 
exact drainage areas calculated through survey was also be critical during flow monitoring and data 
analysis. 

B.7 CURRENT/FUTURE CONSTRUCTION PROJECTS 
In order to obtain the most accurate and useful flow monitoring results, the amendment site conditions 
must be kept as consistent as possible between pre-amendment and post-amendment monitoring. The 
only acceptable disturbance should be the designated soil amendment installation. Therefore, in order 
to minimize unwanted disturbance, each site was analyzed to determine if there are/will be any 
construction activities in the vicinity during the research project duration.  No sites were selected in 
which active construction was scheduled to occur and which could disturb the monitoring areas during 
the monitoring period. Current and proposed construction projects were obtained through ODOT’s TIMS 
database, as well as requests made to the ODOT regional districts.  

B.8 ODOT DISTRICT COORDINATION 
Coordination and communication between the research team and ODOT Districts is essential to the 
research project’s success. Individual meetings were held with each local District to discuss the 
research project’s goals, objectives, and expectations. District staffs were briefed on the anticipated 
flow monitoring equipment, duration of flow monitoring, and maintenance requirements for monitoring 
sites. All proposed monitoring sites were approved by the regional districts and verified to have no 
scheduled construction or maintenance conflicts.  
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Appendix C: USGS Flow Monitoring Report 

Assessment of Runoff Volume Reduction Associated with Soil Amendments Added to Portions of 
Highway Median-Strip Catchments in Ohio, 2018–2020 

This report is available online at: https://pubs.er.usgs.gov/publication/sir20215114 

First posted October 27, 2021 

For additional information, contact: 

Director, Ohio-Kentucky-Indiana Water Science Center 
U.S. Geological Survey 
6460 Busch Blvd. 
Ste 100 
Columbus, OH 43229–1737
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Appendix D: Soil Amendment Plan Development 
D.1 STORMWATER RUNOFF FACTORS 
The volume of stormwater runoff is primarily controlled by the amount of precipitation received and 
the infiltration capacity of the underlying soil. There is a positive correlation between runoff intensity 
and rainfall intensity, slope, and initial soil water content. There is a negative relationship between 
the stormwater runoff rate and amount of vegetative cover. Thus, key components affecting 
stormwater runoff include: 

D.1.1 Soils 
Stormwater infiltration is controlled by percolation (entry of water through the soil/grass surface); 
movement through the vadose (unsaturated) zone; and pore-space availability. Soil parameters that 
can affect stormwater runoff/infiltration include: 

1. Porosity: the small voids between particles of soil. 

2. Hydraulic conductivity: a measure of how easily water can pass through soil or rock: high values 
indicate permeable material through which water can pass easily; low values indicate that the 
material is less permeable 

3. Grain size: the diameter of individual grains of sediment, or the lithified particles in clastic 
rocks 

4. Soil moisture: the water content of the soil. 

Soils in grassed roadway median areas of Ohio are mostly in the U.S. Soil Conservation Service (SCS) 
hydrologic soil group classification of C or D. These soils are generally defined as: 

C = Moderately high runoff potential, with low infiltration rates. Consists mainly of soils with a 
layer that impedes downward water movement. Soils are finer grained with low rate of water 
transmission (0.05 to 0.15 in/hr.). 

D = High runoff potential, with low infiltration rates. Consists mainly of clay soils with high-
swelling potential. Water transmission rate of 0 to 0.05 in/hr. 

D.1.2 Rainfall 
Rainfall parameters include: 

1. Intensity: the rate at which precipitation falls. 

2. Duration: the time period over which precipitation falls. 

D.1.3 Site Condition 
Stormwater runoff can be affected by: 

1. The size of the contributing drainage area.  

2. Slope: mild slopes are preferred to reduce the potential for concentrated flows and reduce the 
likelihood of erosion. A slight slope is needed to reduce the potential for ponding. 

3. Depth to water table: a shallower groundwater table reduces the potential for infiltration. An 
unsaturated zone of at least 4 to 5 feet is desired. Soil moisture content also affects 
infiltration, with a lower infiltration resulting when soil moisture is higher. 

4. Depth to bedrock. A depth of at least 4 feet is desired. 

5. Presence of wetlands, seeps, and floodplains. 

6. Vegetation density. 
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D.2 MATERIAL SPECIFICATIONS 
The research team conducted a thorough literature review of various materials that could be used for 
soil amendment. This literature review included physical/chemical properties, known applications and 
benefits, material availability, etc. This literature review was used to select which materials would be 
installed at the soil amendment monitoring sites. The soil amendments installed during at the 
monitoring sites during this research, and the final material recommendations of this research project 
may differ from the what is discussed in this appendix. 

D.2.1 Compost 
Compost is an organic soil amendment, derived from organic waste materials, such as yard clippings 
and wood wastes. Organic soil amendments absorb water and store water until the water is infiltrated, 
evaporated, or absorbed by plants. Compost amendments increase water holding and retention, 
improve infiltration and exfiltration, and increase nutrient availability in the soil. Studies have shown 
water-holding capacity of soil to double with a 2:1 (compost:soil) amendment and infiltration rates 
increasing by 1.5 to 10.5 times after amending soils with compost. 

One of the most important benefits of compost as a soil amendment is its ability to enhance the growth 
of vegetation. Given the low organic content of the existing soils, the addition of compost should 
greatly increase the existing soils ability to maintain a vigorous stand of grass. Increasing the 
quantity/thickness of the grass will increase water infiltration and exfiltration. Typical compost 
amendment inclusion rates appear to range between 25% and 33%, with depths of incorporation ranging 
between 3 and 24 inches. 

Facilities providing compost are available throughout Ohio. Facilities that are economical and are 
anticipated to maintain availability of compost near the project area include, but are not limited to: 

• Kurtz Bros. of central Ohio 

• Earth’n Wood Products Inc. of North Canton, Ohio 

• Miller’s Landscaping Materials of Navarre, Ohio 

Most sources cited specifying the use of compost products that are certified by the U.S. Composting 
Council’s Seal of Testing (STA) Program (www.compostingcouncil.org). Further investigation 
determined that compost products containing this certification were not readily available for central 
Ohio and therefore considered infeasible. ODOT CMS 659.06 Compost specification lists either OEPA 
rated Class IV compost, biosolids compost, or an approved equal. An OEPA Class IV Composting Facility 
is a facility that produces compost using only yard wastes as feedstock. 

Stability as it relates to compost indicates the level of microbial activity. Unstable compost can create 
objectionable odors. Compost should be stable with regard to oxygen consumption and carbon dioxide 
generation, with no visible free water or dust produced when handling the material. Compost should 
also be sufficiently mature to ensure maximum nutrient availability in the soil. Metrics for maturity 
include carbon:nitrogen ratio, germination rates, and oxygen consumption. 

D.2.2 Sand 
The incorporation of sand within soil amendments has been shown to increase soil texture and 
infiltration rates by creating larger pore spaces within otherwise poorly drained and aerated clayey or 
compacted soils. Sand is often used in gardening as an amendment, often referred to as “builders 
sand.” Facilities providing sand are available throughout Ohio.  

Incorporating sand as a sole amendment has rarely been used. Ohio C and D soils are low in organic 
content, which reduces their ability to maintain vigorous stands of grass. Adding sand alone further 
decreases the organic content of the soils and can increase its erodibility. 
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D.2.3 Gravel 
Sharp-edged gravel (not rounded) has a rough texture allowing the creation of more air voids. 
However, increasing surface area and pore space within the soil amendment can be better achieved 
with the addition of other researched amendments, such as sand. Additionally, the use of gravel in 
bioretention facilities is typically combined with the implementation of underdrains. Thus, no further 
research on this amendment was performed. 

D.2.4 Gypsum 
The addition of gypsum was found to be more applicable to preventing soil erosion than increasing 
water infiltration rates, and thus no further research on this amendment was performed. 

D.2.5 Expanded Shale 
Expanded shale is shale that has been kiln fired causing it to expand, resulting in a very porous and 
lightweight material which is capable of retaining moisture. Expanded shale can be crushed into a 
desired aggregate size. Expanded shale has beneficial properties as a soil amendment including, but 
not limited to, increased insulation, increased soil porosity, no pH effects, increased drainage and 
aeration, non-toxic, 100% inert, not chemically reactive, and easy to handle. Dr. Steve George of Texas 
A&M studied the use and success of expanded shale within the top 6 inches of soil. The expanded shale 
provided an immediate improvement to the soils drainage and aeration properties. 

At the time of the literature review, suppliers for expanded shale in Ohio were limited. DiGeronimo 
Aggregates LLC (Cleveland, Ohio) was a supplier of expanded shale (under the commercial name 
“Haydite”). However, DiGeronimo Aggregates stopped supplying expanded shale prior to construction. 
Outside of Ohio, the following suppliers were identified: 

• Trinity Lightweight Expanded Shale & Clay – Brooklyn, Indiana 

• Stalite Rotary Kiln Expanded Shale Lightweight Aggregate – Gold Hill, North Carolina 

D.2.6 Biochar 
Recent and ongoing studies have demonstrated that using biochar as a soil amendment in highway soils 
can increase infiltration and decrease runoff discharges by approximately 50% to 60%. Biochar functions 
like compost and provides similar benefits, especially an increase in soil macropores. 

Biochar is the product of heating biomass in an oxygen limited environment, often referred to as a 
“carbon sponge”. However, if biochar is not produced optimally, potentially hazardous chemicals can 
be produced. Given this, the International Biochar Initiative (IBI) and the European Biochar Certificate 
have developed quality protocols to assure that there are no critical amounts of hazardous materials 
within the biochar product. Currently, there only two IBI certified manufacturers listed in the United 
States, located in Colorado and California. There are several non-certified manufacturers as well, 
however no local supplier or producer could be identified feasibly near the proposed Ohio study sites. 
Since biochar amended soils have already proven successful in stormwater runoff reductions and is not 
readily available in Ohio, biochar was not researched further for this limited variable study. 

D.2.7 Other 
Crumb rubber has been applied in soil amendments as an economically and environmentally conscious 
alternative in promoting the physical properties of soils. Though the addition of crumb rubber has been 
shown to increase soil durability, there are no consistent or significant results on its ability to increase 
infiltration. Other organic media, such as peat moss and zeolite have also been used, but are generally 
less available and not as cost-effective as compost. 
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D.3 MATERIAL SPECIFICATIONS 
The research team conducted a thorough literature review of various materials that could be used for 
soil amendment. This literature review included physical/chemical properties, known applications and 
benefits, material availability, etc. This literature review was used to select which materials would be 
installed at the soil amendment monitoring sites. The final material recommendations of this research 
project (Section 10.0) may differ from the what is discussed in this appendix. 

D.3.1 Compost 
Compost shall: 

1. Originate from an Ohio EPA Class IV Composting Facility and meet the requirements of ODOT CMS 
659.06. 

2. 100% of material must pass the 1/2-inch screen with 98% passing ¾-inch screen 
3. 5.5 < PH < 8.5 
4. Inert material < 1% 
5. 35% < Organic content < 65% 
6. Stability ≤7 and/or Maturity > 80% 
7. 30% <Moisture Content <60%, wet weight basis 
8. Compost should be stable with regard to oxygen consumption and carbon dioxide generation, 

with no visible free water or dust produced when handling the material. 

D.3.2 Sand 
ODOT CMS Specification 703.02 

D.3.3 Expanded Shale 
The expanded shale material should meet ASTM C330/C330M, Standard Specification for Lightweight 
Aggregates for Structural Concrete and ASTM D5883, Standard Guide for Use of Rotary Kiln Produced 
Expanded Shale, Clay or Slate (ESCS) as a Mineral Amendment in Topsoil Used for Landscaping and 
Related Purposes. Expanded shale shall conform to the gradation described in Table D2. 

Table D13: Expanded shale gradation 

Sieve 
Size % Passing 

1/2“ 100 

3/8” 80-100 

#4 5-40 

#8 0-20 

#16 0-10 

#200 0-10 

D.3.4 Seed Mix 
ODOT Class 1 – Lawn Mixture (ODOT CMS 659) 

D.3.5 Fertilizer 
ODOT CMS Item 659.04 
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D.4 CONSTRUCTION PROCEDURE 
The construction procedure for implementing the soil amendments during the research project 
includes: ripping the subgrade, distributing the amendment, incorporating the amendments into the 
subsoil, light compaction, installation of a compost blanket, seed, and erosion control matting. The 
intent was to fully incorporate the amended soil mix into the existing soil and return the site back to 
existing grade. Note: this procedure was used to install the soil amendments at the monitoring sites 
during the research and may differ from the final soil amendment recommendations at the conclusion 
of this report. The procedure listed here deviated from the originally intended construction procedure 
for the test sites, due to minor field modification that were made during construction of the soil 
amendments. These field modifications were documented in the red-lined construction plans, located 
in Appendix E. 

1. Excavate: the top layer of existing soil was excavated and removed from the site. The 
thickness of the layer removed was based on the final grade, so that—after the amendments 
have been incorporated into the existing soil—the profile will not appreciably change.  

2. Soil Ripping: the soil was ripped to a depth of 12-inches. This was accomplished by making 
several passes with a solid-shank ripper or similar implements, mounted to a tractor, dozer, or 
grader. The soil was then rototilled to a depth of 6-inches to further loosen the native 
material. A tractor or skidsteer-mounted rototiller or similar implement was used to perform 
rototilling. 

3. Amendment Incorporation: the amendments were spread over the ground in a uniform 
thickness, via a slinger, except for one site was end-dumped by trucks (which was found to be 
inefficient). Once the amendment material was spread, it was incorporated into the soil via 
two passed of rototilling.  

4. Fine Grading and Limited Compaction: the slope geometry and general elevations remained the 
same as pre-amendment installation. To achieve an approximate compaction of 85% to 90% 
maximum density, one pass with a rubber-tired or smooth drum roller was performed. 

5. Compost Blanket and Stabilization: A 0.5-inch thick compost blanket was spread over the 
surface, followed by seeding being installed. Erosion control matting was then installed to 
minimize the chance of erosion and to enhance the rapid creation of a thick stand of grass. 

6. Construction Timing: The soil amendments were installed at a time of the year when 
vegetative growth was most likely without regular irrigation. The OEPA Rainwater and Land 
Development Manual specifies that permanent seeding should be done March 1 to May 31 or 
August 1 to September 30.  If seeding occurs outside of the specified dates, additional mulch 
and irrigation may be required to ensure a minimum of 80% germination. 

7. Erosion Control: Based on the type of construction and the short duration of construction 
(about five days) for each site, erosion control measures consisted of: inlet protection and 
installation of erosion control matting. The inlet protection was removed once the vegetation 
had established 70% coverage. 

8. Traffic Control: Based on site locations within roadway medians, traffic control during 
construction consisted of closing the lane adjacent to the work being performed. Since the soils 
were amended on both sides of the median, single lane closures took place on both sides of the 
median. 
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Appendix E: Soil Amendment Construction Drawings
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Appendix F: Soil Analysis Report
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1 OVERVIEW 
It is understood that vegetative growth has not been considered successful on several of the 
amended soil sites as part of the stormwater volume reduction research project. At least four of 
the ten sites have not reached the 70% established growth as expected per Ohio Department of 
Transportation (ODOT) Items 659 and 832. The remainder (6 sites) have met the minimum 
requirements. Some potential contributors to poor vegetative growth include the compost used, 
homogeneity of the amended soils, lack of nutrients, soil pH, and soil texture as well as other 
environmental factors.  The following report discusses the parameters evaluated and soil testing 
performed in an effort to define the cause(s) of the poor grass growth. 

2 BACKGROUND 
 

2.1 Research Data 
ms consultants, inc. provided the following information to Stone Environmental Engineering & 
Science, Inc. (STONE) on April 20, 2021 
 

Site % Veg. Coverage 
(04-15-2021) Amendment Type Hydroseeded in 

Summer 2019 
Pre-BMP Runoff 

Percentage 
Post-BMP Runoff 

Percentage 

1 >70% Expanded Shale  46.8 32.3 
2 ~60% Sand  47.6 36.1 
3 ~70% Sand  37.4 19.6 
4 >70%* Sand Hydroseeded 21.7 18.7 
5 ~10%* Sand Hydroseeded 30.4 36.8 
6 >70%* Expanded Shale Hydroseeded 9.0 6.5 
7 ~50%* Expanded Shale Hydroseeded 47.6 45.6 
8 ~50% Expanded Shale  8.2 13.1 
9 ~50% Expanded Shale  18.0 21.7 
10 ~70%* Sand Hydroseeded 23.8 30.1 

 
Also provided were photographs at each amendment site taken by ODOT in April 2021 of the 
grass coverage/growth, comparing amended soil areas to adjacent non-amended areas.  In 
addition to poorer coverage of grass, ODOT noted that some sites also appeared to contain more 
clover or weedy species as opposed to grass.  
 
Higher post-BMP runoff percentages were found for Sites 5, 8, 9 and 10, taking into account the 
second round of seeding for sites 5 and 10. STONE was requested to evaluate the potential 
causes for poor grass growth, and review the amendment formula intended to be used by ODOT 
in the future for stormwater runoff reduction. 

2.2 General 
The following table summarizes some of the features of each of the 10 sites, in an effort to 
evaluate potential grass growth factors. 
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Sites 4, 5, 6, 7, and 10 were overseeded twice following construction completion. STONE 
personnel overseeded by hand broadcasting 100 pounds of Class 1 Lawn seed mix across these 
sites on June 18, 2019. These same sites were also overseeded on July 25, 2019 by application of 
hydroseed. The hydroseed mixture applied to the sites included Class 1 Lawn Mixture, Annual 
Rye, 15-30-15 Fertilizer, and Liquid Lime Plus. The sites were watered twice within two weeks 
after hydroseeding. 
 

TABLE 2.2 – OVERVIEW OF SITE DATA 
Soil Amendment /Poor Grass Growth Analysis 

Site % Veg. 
Coverage Amendment Type Reseeded Fertilizer 

Added 
Rainfall 

Zone Mapped Soil Type Construction 
Timing 

1 >70% 6” Expanded Shale   C Silt Loam 4/10 to 4/19 
2 ~60% 6” Sand   C Silt Loam 4/4 to 4/10 
3 ~70% 4” Sand   B Silt Loam 4/1 to 4/2 
4 >70%* 6” Sand Yes Yes A Silt Loam 5/20 to 5/23 
5 ~10%* 4” Sand Yes Yes A Silt Loam 5/13 to 5/21 
6 >70%* 4” Expanded Shale Yes Yes A Silt Loam 5/8 to 5/13 
7 ~50%* 6” Expanded Shale Yes Yes A Silt Loam 5/1 to 5/7 
8 ~50% 4” Expanded Shale   C Silt Loam/ Silty Clay 

Loam 4/25 to 4/30 

9 ~50% 6” Expanded Shale   B Silt Loam/ Silty Clay 
Loam 4/24 to 4/25 

10 ~70%* 6” Sand Yes Yes B Silt Loam/ Silty Clay Loam 4/22 to 4/24 
*Hydroseeded 
Bolded are sites considered to have the poorest grass growth. 
 
No overseeding was applied to sites 8 and 9 as their initial growth success did not indicate 
additional seeding would be needed, however they are listed as two of the four sites with poor 
vegetative cover in 2021. Sites 5 and 7 were overseeded and have been identified as two of the 
four sites with poor vegetative cover in 2021. Sites 4, 6, and 10 were overseeded and have been 
identified to have ~70% vegetative cover by ODOT in 2021.  

3 FIELD SOIL SAMPLE COLLECTION 
On June 15, and June 16, 2021 STONE collected soil samples at six sites to further analyze the 
potential contributing factors to the poor vegetative growth. 

3.1 Site Selection 
STONE sampled six of the ten amended sites (Sites 3, 4, 5, 7, 8, and 9) as agreed upon with the 
research team. The following Table 3.1 summarizes various site features.  
 
The following items (environmental conditions as well as amendment designs) were considered 
as potential factors contributing to the poor grass performance: 
 

• Amendment Formula 
• Native Soils 
• Location 
• Time of Construction/Seeding 
• Compost 
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• Rainfall Events 
• Seed Type/Mix 
• Fertilizer and Lime 
• Homogenous Incorporation 
 

TABLE 3.1 – SITE SELECTION SUMMARY 
Soil Amendment /Poor Grass Growth Analysis 

 

Site % Veg. 
Coverage 

Total 
Drainage 
Area (Ac) 

Amended 
Area (Ac) Amendment Depth 

(in) 
Compost 
Depth (in) ODOT Note 

1 >70% 2.26 1.07 Expanded 
Shale 1.0 1.75  

2 ~60% 1.17 0.56 Sand 1.0 1.75 mostly clover 
3 ~70% 0.57 0.25 Sand 0.75 1.25 Sandy, loose 
4 >70%* 1.92 0.72 Sand 1.0 1.75  
5 ~10%* 1.85 0.93 Sand 0.75 1.25 Sandy, loose 

6 >70%* 1.2 0.53 Expanded 
Shale 0.75 1.25 Weedy, clover, 

dandelions 

7 ~50%* 2.11 0.93 Expanded 
Shale 1.0 1.75  

8 ~50% 0.78 0.4 Expanded 
Shale 0.75 1.25 Grass, with large 

bare spots 

9 ~50% 0.92 0.26 6” Expanded 
Shale 1.0 1.75 

North side 20% 
coverage, south 60 
to 70% coverage 

10 ~70%* 1.43 0.35 6” Sand 1.0 1.75 
North side 60% 
coverage, south 

80%, 
heterogeneous 

Bold indicates sampled Site. 

3.2 Sample Locations 
For each site, five soil samples were collected. The five samples consisted of: 

• Two soil samples from “good” grass growth areas within the amended area 
• Two soil samples from “poor” grass growth areas within the amended area 
• One sample from the native soils in a good grass growth area outside of the amended 

area. This is also referred to as the “native” sample. 
 
Samples were identified using the following format:  

• Site Number (e.g., 3) 
• North “N” or South “S” side of the site  
• Type of area “G” for good grass and “B” for poor grass 
• Sample number. Samples 1 through 4 were in the amended areas. Sample 5 was taken 

from the native area. 
 
For example, the sample from Site 3 on the north side in the area of poor grass growth, which 
was the second sample collected, was labelled 3NB2. 
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It is noted that Site 7 was the only site that did not have a north and a south side but rather an 
east and a west side. To maintain labelling consistency, the west side samples were labelled “N” 
and the East side samples were labelled “S”. 
  
Figures in Appendix A illustrate the sample collection locations. 

3.3 Soil Sample Collection Procedure 
A hand sampling kit was used for sample collection. The kit consisted of a slide hammer, anvil, 
rods, and sample barrel. A two-foot long PVC liner was placed in the sample barrel used to 
collect the samples. The barrel was driven with the slide hammer 18-inches to 24-inches in 
depth, or until refusal. The blow counts with the slide hammer were recorded to document the 
differences at six-inch intervals. The sampler was then removed from the ground, requiring the 
use of a jack at times, and the PVC liners were extracted and capped for visual assessment to 
take place at the office.  
 
After the core samples were collected, additional material was collected by hand shovel 
immediately adjacent to the core sample location. The shovel (bulk) sample was approximately 
6-inches by 6-inches with a depth of 8-inches. This material was collected, labelled, and sealed 
in plastic bags. The soil cores collected in the liners were utilized for visual profile observation, 
while the bulk soil samples collected in the plastic bags provided the needed quantity for 
laboratory analysis.  
 
For each site a total of five samples, four samples in the amended area and one in a non-amended 
area was collected. The non-amended sample was collected for general comparison. Each sample 
location was recorded with a hand-held GPS unit (locations are illustrated on the figures in 
Appendix A). The sites were visually assessed to identify areas of good growth and poor growth. 
The good growth samples collected on Sites 5, 7 and 9 are relative to those sites. Good growth 
areas on these sites were challenging to identify and may be considered poor growth on other 
sites. Photographs of the vegetation condition at each sample location are depicted in the Photo 
Log in Appendix B. 
 
Table 3.3 (following page) summarizes the samples collected and the blow counts recorded. 
 

3.4 Soil Sample Selection 
Five samples were collected at each site, but only three from each site were sent for lab analysis. 
All sites had the native soil sample from the non-amended area (e.g., XEG5) sent for analysis. 
The cores were then visually assessed to identify the representative “good growth” and “poor 
growth” sample from each site’s amended areas to send for lab analysis. For example, between 
two “poor growth” cores, if one showed a much higher concentration/obvious layer of sand, that 
sample was chosen for analysis. 
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TABLE 3.3 – FIELD OBSERVATION 
Soil Amendment /Poor Grass Growth Analysis 

Sample 
ID Location 0 to 6" 6" to 12" 12" to 18" Field Notes Observed Root 

Depth (in) 

3NG1 Amended NA NA NA 70 blow count. Refusal at 13" 2.5 
3NB2 Amended 10 57 68 Very rocky. Refusal at 13" 0 
3SG3 Amended 4 33 54 Refusal at 13" 2 
3SB4 Amended 2 22 55 Very sandy / loose. Refusal at 15" 0 
3EG5 Existing NA NA NA Blow count estimated at 90 at refusal 0.5 
4NG1 Amended 13 25 50 Blow count to 24" depth 5 
4NB2 Amended 4 14 31  4 

4SG3 Amended 8 15 23  2.5 

4SB4 Amended 3 9 18 Very sandy. 18 strikes to 18". 1 

4EG5 Existing 8 19 34 Good looking.60 strikes to 24" depth 3 
5NG1 Amended 5 12 28 The "goods" are still bad 1.5 
5NB2 Amended 3 10 25 Loose, easy to remove. 0 
5SG3 Amended 5 13 25 "Good" is still bad. 2.5 
5SB4 Amended 5 11 21  0 
5EG5 Existing 5 11 15 Existing soil not good vegetation either 2 

7NG1 Amended 5 14 53 Not well mixed.  Not really "good 
growth". 4 

7NB2 Amended 6 14 31  0 

7SG3 Amended 5 10 24  2.5 

7SB4 Amended 4 16 33 Not well mixed. 2 

7EG5 Existing 16 48 83 Rocky pebbles. 4 
8NG1 Amended 6 13 17  3 
8NB2 Amended 3 7 14  0 
8SG3 Amended 4 9 17 Lots of expanded shale. 3 

8SB4 Amended 3 7 14 Loose.  Heavy on compost. 0 

8EG5 Existing 11 23 31  7 

9NG1 Amended 7 17 26  2.5 

9NB2 Amended 5 23 44  -- 

9SG3 Amended 5 17 27  3 

9SB4 Amended 5 10 22  0.5 

9EG5 Existing 7 13 21  4 
NA – data not recorded 
Bold indicates sample was selected for laboratory analyses.  
Shaded indicates non-amended sample. 
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4 SOIL PROFILE OBSERVATION 
Soil profile samples were brought back to the office for further visual review. After cutting open 
the plastic sleeves containing the core sample, visual observations, measurements, and 
photographs were taken. Photographs of the cores are included in the Photo Log in Appendix B. 
Visual observations of the core included: 

• Grass root depth  
• Soil profile and materials 
• Unconfined strength (for cohesive soils using a hand penetrometer) 

Figures illustrating the general soil profile are included in Appendix A. Root depths are 
summarized in Table 3.3. Root depths were measured with a tape based on obvious evidence of 
root structure. In general, the existing soils had deeper roots, with the better performing 
amendment soil samples also having deeper roots. 

4.1 Site 3 
Amendment mix was 0.75-inches of sand and 1.25-inches of compost. Weathered shale appeared 
to be the parent material, and was as shallow as 6 inches below the ground surface. With the 
exception of sample 3NB2, soils appeared to consist of the compost/mulch/soil underlain with 
fine sand or clayey silt with fine sand, underlain by weathered shale. Refusal was encountered 
during sample collection around 13 inches below the ground surface, and soil was noted as “very 
rocky” in 3NB2. 

4.2 Site 4 
Amendment mix was 1.0-inches of sand and 1.75-inches of compost. Of the sites sampled, this 
site was the best vegetated. All amended soil samples appeared to have compost and sand 
intermixed to a depth of 4 to 6 inches. For samples 4NG1 and 4SB4, blow counts were low (as 
compared to other sample locations) to a depth of 18 inches. Parent material consisted of very-
stiff to hard clayey silt. 

4.3 Site 5 
Amendment mix was 0.75-inches of sand and 1.25-inches of compost. The “good” samples 
(5NG1, 5SG3) appeared to have a mixture of compost to a depth of about 5 inches. It is noted 
that the “good” samples were observed to have poor vegetative growth as compared to other 
sites. The two “bad” (5NB2, 5SB4) samples appeared to lack the top compost layer, and was 
predominantly composed of sand to a depth of about 6 inches. During sample collection, the 
material at 5NB2 was described as “very loose”. Parent material was generally stiff to very stiff 
cohesive soils, however in 5NG1, fine sand was encountered to a depth of 15 inches. 

4.4 Site 7 
Amendment mix was 1.0-inches of expanded shale and 1.75-inches of compost. The “good” 
samples (7NG1, 7SG3) appeared to have a top layer of mulch/compost/soil underlain by 
cohesive soils. In the field, 7NG1 was noted as not being well mixed, and growth was still poor. 
7NG3 had a thin layer of fine gravel between the rototilled soil and native soil. The two “bad” 
(7NB2, 7SB4) samples appeared to lack the top compost layer, and was predominantly fine 
gravel (suspected to be the expanded shale) for the top 1 to 2 inches. Parent material was shale  
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in 7NG1 and in the non-amended area sample, and was hard clayey silt in the remaining samples. 

4.5 Site 8 
Amendment mix was 0.75-inches of expanded shale and 1.25-inches of compost. The “good” 
samples (8NG1, 8SG3) appeared to have a mixture of compost and fine gravel (fine gravel 
presumed to be the expanded shale) to a depth of 6 inches. In the field, sample 8SG3 was noted 
as having a lot of expanded shale. The two “bad” (8NB2, 8SB4) samples differed in their 
composition. 8NB2 lacked compost and appeared to consist of a top layer of 2.0-inches of fine 
gravel (expanded shale) underlain by silty clay. 8SB4 had 2.5-inches of mulch/compost/soil 
followed by cohesive soil mixed with compost to a depth of 6.0-inches. In the field sample 8SB4 
was noted as being heavy on compost and material was loose. Parent material generally 
consisted of very-stiff to hard clayey silt or silty clay. 

4.6 Site 9 
Amendment mix was 1.0-inches of expanded shale and 1.75-inches of compost. The “good” 
samples (9NG1) appeared to have a mixture of mulch/compost/soil to 2.5-inches followed by 
1.5-inches of fine gravel mixed with cohesive soil to a depth of 4-inches. 9SGS consisted of 3-
inches of mulch/compost/soil underlain by cohesive soils. The two “bad” (9NB2, 9SB4) samples 
appeared to lack the top compost layer, and was predominantly fine gravel (suspected to be the 
expanded shale) mixed with cohesive soil for the top 3-inches. Parent material was hard clayey 
silt. 

5 LABORATORY ANALYSIS 
Soil samples were delivered to Holmes Laboratory Inc. in Millersburg, Ohio on June 21, 2021.  
Laboratory analyses was performed on two amended area samples and one non-amended area 
sample from each site (18 samples total). Laboratory analysis included: 

• Soil pH  
• % Organic Matter 
• Phosphorus (P), Potassium (K), Magnesium (Mg), Calcium (Ca), and Sodium (Na)  
• Soil texture (% sand, clay, silt) 
• Moisture Content % (As Sampled, Dried & Sieved) 
• Laboratory Additive recommendations (based on the laboratory results) 

Copies of the laboratory analytical results are included in Appendix C. Table C – Summary of 
Laboratory Results is included in Appendix C and provides a summary of all the analytical 
results. The following sections provide a summary of the laboratory testing. 

5.1 pH 
Soil pH preferences vary depending on the types of vegetation, but typically the ideal soil pH is 
close to neutral, and neutral soils fall within a range from 6.5 to 7.5. Soil pH results of the samples 
ranged between 7.2 and 8.5. With the exception of Site 8, the amended soils generally had a higher 
pH than the native sample. Samples from the native non-amended soils ranged from 7.2 to 8.4 
(mean 7.87), while samples from the amended areas ranged from 7.6 to 8.4 (mean 8.04). pH effects 
the availability of nutrients to plants.  
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5.2 Organic Content 
The organic matter content ranged from 2% to 18.4%. The mean organic content in native soils 
was 3.88%, and the mean in amended soils was 7.19%. In general, the amended soils had a higher 
organic content than the native soil.  

5.3 P, K, Mg, Ca, and Na 
• Phosphorous is often added to improve vegetative growth. Phosphorous content ranged 

from 4 to 312 lb./acre. The average for the B sites was at 52 while for the G sites it was 
162, with the native soils averaging 13. 

• Potassium ranged from 82 to 372 lb./acre. The average for the B sites was at 196 while for 
the G sites it was 237, with the native soils averaging 172. 

• Magnesium ranged from 6.7 to 14.4 lb./acre. The average for the B sites was at 390 while 
for the G sites it was 480, with the native soils averaging 418. 

• Calcium ranged from 2,305 to 9,858 lb./acre. The average for the B sites was at 5,711 while 
for the G sites it was 5,960, with the native soils averaging 4,249. 

• Sodium ranged from 332 to 2,066 lb./acre. The average for the B sites was at 678 while for 
the G sites it was 982, with the native soils averaging 812. At the XNB2 sites, there was a 
substantial decrease in sodium (%). 

5.4 Particle Sizes 
• Sand content ranged from 2% to 49%. The average for the B sites was at 25% while for the 

G sites it was 26%, with the native soils averaging 14%. 
• Silt content ranged from 13% to 41 %. The average for the B sites was at 23% while for 

the G sites it was 25%, with the native soils averaging 30%. 
• Clay content ranged from 38% to 70%. The average for the B sites was at 51% while for 

the G sites it was 48%, with the native soils averaging 55%. 
 

6 EVALUATION 
Comparing the native versus amended soils at each site, the largest consistent differences were 
increases in:  

• phosphorous 
• % sand 
• % organic matter 
• calcium, and 
• cation exchange capacity. 

 
This confirms the intent of the design (to increase permeability and organic content, as well 
as increase the nutrient content within the amended soils) was successful.  
 
It was noted that Sites 5 and 7, which visually appeared the poorest in vegetative growth, both 
had native soil with higher sand content. The sand content in the amended soils decreased in both 
the G and B amendment samples at Site 7 and G samples at Site 5, but increased greatly in the B 
samples from Site 5.  
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6.1 Compost Soil Amendment 
The use of compost was recommended because it can increase water holding and retention, 
improve infiltration and exfiltration, and increase nutrient availability in the soil. Two mulch 
suppliers were used on the project: Earth’n Wood compost was utilized on Sites 4, 5, 6 and 7 and 
the Kurtz Bros. was utilized on Sites 1, 2, 3, 8, 9, and 10.  

Results show that the organic matter levels are mostly at acceptable ratios now (at least 3% 
organic matter is desired for good grass growth) – considering the material has degraded further 
in the two years since it was placed. However, that organic matter was not necessarily available 
as nutrients to the grass seed when it was installed since the compost wasn’t matured.  

Compost did not meet the maturity level, nitrogen content, or sieve size specifications, and was 
at or below the minimum organic content specification. The maturity level of the mulch is an 
indication of the breakdown of material, and if not to a finished state, can be detrimental to 
plants.  

6.2 Compost Soil Blanket 
Following the amendment of the soils, 0.5-inches of compost was to be placed followed with 
seeding per ODOT Item 659, and topped with erosion control matting (ODOT Item 671).  The 
organic content of the seed bed is one of the primary contributing factors to the growth and 
establishment success of the vegetation. A compost blanket also helps hold moisture. 
Common issues with using compost blankets for construction projects on relatively flat slopes, 
that may have also been experienced during this project include: 

• Applying compost too thick can bury seed too deep, or hold seed too far from soil. 
• Compost can dry out more quickly than soil. 
• Seeded area is damaged due to runoff. 

6.3 Sand Content / Particle Size 
The ideal soil is a loam, with relatively the same percentage of sand, silt and clay (33% each). 
Both the G and B samples had an average sand content around 25% and clay at 50%. The 
average sand content in the native soils was 14% and clay at 55%.  

6.4 Lime / Fertilizer 
pH plays a vital role in vegetation establishment because it effects the nutrient availability. The 
soils within Ohio typically have a low pH value. Adding lime makes pH higher. It is common 
practice to add lime without testing since Ohio soils are typically more acidic. A pH range of 6.5 
to 7.5 is ideal for grass growth. However, we now know that the pH levels were already high 
enough in the native and amended soils, and almost too high per the analytical results. Therefore, 
the addition of lime is not recommended. 

Fertilizer recommendations were provided by the laboratory, and were generally consistent 
between the G and B samples. Therefore, the addition of the following fertilizer mix is 
recommended: 
 

• 1 lb./1,000 ft2 Potassium 
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• 2.5 lb./1,000 ft2 potash 
• 1 lb./1,000 ft2 magnesium 

6.5 Homogenous Incorporation 
Soil profiles indicate varying thicknesses of amendment material, with B samples generally 
lacking compost or having a high sand content/expanded shale layer. Incorporation can be 
influenced by both the amount of mixing, as well as the proper amount of amendment being 
applied in the area. Amendments were placed with a “slinger” machine, although for at least one 
site (Site 3), the material was removed from the truck with an excavator bucket, placed in piles, 
and then spread to the desired thickness.  
 
Applying the amendments with the “slinger” or blower machine is more likely to achieve an 
even thickness throughout the amendment area. Additional incorporation of the amendments 
(through additional passes with the rototiller) should aid in a more uniform mixture.  

6.6 Environmental Considerations 
Based on our research, common failures of the seed to grow, during construction projects in 
general, are: 

• Erosion of seedbed soils before plants becomes established because soils were not 
stabilized prior to germination. 

• Seeding outside of the optimum growing season. Seeding late in either the spring or fall 
seeding window may result in poor seed growing conditions. The OEPA Rainwater and 
Land Development Manual specifies that permanent seeding should be done March 1 to 
May 31 or August 1 to September 30.  

• Improper selection of seed, using the wrong seeding method for the site. 
• Inadequate application of seed or insufficient coverage of mulch and tackifier. 
• Erosion of seeded areas without immediate repair. 

7 CONCLUSIONS AND RECOMMENDATIONS 
STONE was requested to evaluate the potential causes for poor grass growth, and review the 
amendment formula intended to be used by ODOT in the future for stormwater runoff reduction. 
It is understood that the desire is to have one set formula that will be used throughout Ohio.   

7.1 Causes of Vegetation Issues 
No single/constant factor was determined to be solely responsible for the vegetation issues, 
however, there were several factors that are believed to have contributed to the insufficient 
vegetation establishment. 

• The compost used during construction did not meet the specification required in the 
construction plans for maturity, nitrogen content, or sieve size. This occurred because the 
contractor did not provide laboratory testing results for the compost, prior to construction.  

• The various soil amendment components (native soil, compost, sand/expanded shale) 
were stratified in many areas and not homogenously mixed.  

• Significant rainfall was received immediately after seeding was performed, that may have 
washed away the seed. 
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• Corrective actions (hand broadcasting of seed and hydroseeding) were performed to 
mitigate the poor grass growth, however, it was performed outside the permanent seeding 
timeframe recommended by the OEPA. 

7.2 Construction Procedure 
The construction procedures used to install the amended soil at the research sites was amended in 
response to the vegetation issues. The following procedure was developed to ensure successful soil 
amendment construction. Soil amendment includes:  
 

1) Deep ripping of the subgrade,  
2) evenly distributing the amendments,  
3) fully incorporating the amendment materials into the subsoil,  
4) ensuring only light compaction is applied to the site,  
5) install a layer of soil amendment compost,  
6) seed and fertilize,  
7) install erosion control matting. 

 
The following amendment mix formula and related specification is being proposed for use by 
ODOT, resulting mix of 17% sand; 29% compost; 54% native soil. 
 

• Addition of 1-inch of sand.  
• Addition of 1.75-inches of soil amendment compost 

7.3 Construction and Material Specifications 

The construction/material specifications used to install the amended soil at the research sites was 
amended in response to the vegetation issues. The following specifications were developed to 
ensure successful soil amendment construction.  

Sand Amendment  
Meet ODOT CMS 703.02 – Fine Aggregate.  

Soil Amendment Compost  
1. Compost shall be very mature, originating from an Ohio EPA Class IV Composting facility.  
2. 100% of material must pass the ½-inch screen, with 75% passing 1/4-inch screen.  
3. 5.5 < pH < 8.5  
4. Inert Material < 1% 
5. 35% < Organic Content< 65% (dry weight basis determined by Loss on Ignition) 
6. 25% <C:N ratio of <30% 
7. Maturity> 80% (Solvita Index Value between 7 and 8). Parent material is no longer visible. 

Compost should be stable with regard to oxygen consumption and carbon dioxide generation. 
8. <1,000 MPN/GTS Fecal Coliform and <3 MPN/GTS Salmonella spp.  
9. 30% < Moisture Content < 60% wet basis  

Test samples of compost taken from the material stockpiled by the supplier for project use. 
Within 15 calendar days prior to initial application the laboratory test report, submit laboratory 



Soil Amendment /Poor Grass Growth Analysis 
ODOT Stormwater Reduction Research Sites 

July 27, 2021 
 

 12  

results to the Engineer for approval. Compost that does not meet the specification shall not be 
used. 

Soil Ripping 
Use a solid-shank ripper with teeth, traversing the area with 2 passes in each direction to a depth 
of 12 inches. Each pass is considered the width of the ripper, with teeth spaced no more than 12-
inches apart. This may be accomplished with implements mounted to a tractor or dozer or use of 
a grade with appropriate implements (scarifier teeth), but must meet the 12-inch depth. If teeth are 
spaced greater than 12-inches, additional passes are required to meet a furrow spacing of 6 inches. 
Only perform ripping during dry conditions when soils are friable. 

Amendment Placement and Incorporation  
Spread amendments over the ground surface in a uniform thickness to the specified amendment 
depth. Incorporate amendments with a rototiller or similar equipment into the soil to a depth of 6 
inches. Continue tilling until all soil clods are reduced to a maximum size of 1 inch (25 mm) and 
the mixture is uniform. Incorporation should only be performed during dry conditions when soils 
are friable. Six passes (pass is the width of the machine) with a rototiller or similar is anticipated 
to meet the uniformity requirement.  

Prior to amendment placement, but following ripping, remove excess soil, so that after the 
amendments have been incorporated into the existing soil the ground surface profile will not 
appreciably change.  

Fine Grading and Limited Compaction  
Maintain the same slope geometry and general elevations as pre-amendment installation. To 
achieve an approximate compaction of 85 to 90% maximum density, one pass with a rubber-tired 
or smooth drum roller is anticipated.  
 
Compost Blanket  
Evenly spread a 0.5-inch thick layer of soil amendment compost over the ground surface.  
 
Seeding and Watering 
ODOT Class I – Lawn Mixture (ODOT Item 659.09) installed per Item 659. Rake seed into soil 
amendment compost. Contractor is responsible for establishing a minimum of 70% permanent 
vegetation coverage within the project schedule. Watering may be necessary.  
 
Fertilizer 
Apply the following fertilizer and rates. Follow ODOT Item 659.04 specification for application 
of fertilizer. 

• 1 lb./1,000 ft2 potassium 
• 2.5 lb./1,000 ft2 potash 
• 1 lb./1,000 ft2 magnesium 

 
Erosion Control Matting 
ODOT CMS Item 712 – Type A Temporary Erosion Control Mat. Install per ODOT Item 671. Do 
not run machinery/equipment over the amended soils during installation. 
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TABLE C - SUMMARY OF LABORATORY SOIL ANALYSIS RESULTS 

SAMPLE ID 3EG5 3NG1 3NB2 4EG5 4NG1 4NB2 5EG5 5NB2 5SG3 7EG5 7NG1 7NB2 8EG5 8NB2 8NG1 9EG5 9NB2 9SG3 
pH 7.2 8.1 8.1 7.4 7.6 7.8 8.4 8.5 7.8 8 8.3 8.4 8.3 8 8.1 7.9 7.7 8.1 

Organic Matter (%) 2 7.7 5.5 5.2 4.8 5.1 4.3 4.6 4.3 3.8 2.8 6.4 3.9 4.9 17.7 4.1 4.1 18.4 
Phosphorus (lb./a) 11 151 90 10 23 32 4 61 312 4 28 31 33 50 276 19 53 186 
Potassium (lb./a) 128 321 194 82 128 143 128 97 199 102 158 117 372 337 372 224 291 245 

Magnesium (lb./a) 367 541 408 214 265 347 311 219 439 332 311 270 571 638 770 714 459 556 
Calcium (lb./a) 3004 5161 5044 2305 3381 4162 3478 4427 4447 3177 3601 4718 6921 7553 8976 6610 9858 8701 
Sodium (lb./a) 648 332 372 852 1005 602 423 423 546 867 2066 1066 1025 928 1015 1061 678 933 

Cation Exchange 
Capacity 

(meq/100g) 

 
10.6 

 
16.3 

 
15.4 

 
8.6 

 
11.9 

 
13.3 

 
11.1 

 
13 

 
14.4 

 
11.3 

 
15 

 
15.4 

 
22.4 

 
24 

 
28.3 

 
22.1 

 
28.4 

 
26.4 

Base Saturation (%) 100 100 100 100 100 100 100 100 100 100 99 100 100 100 100 100 100 100 
Potassium 

(%) 1.5 2.5 1.6 1.2 1.4 1.4 1.5 1 1.8 1.2 1.4 1 2.1 1.8 1.7 1.3 1.3 1.2 

Magnesium 
(%) 14.4 13.8 11.1 10.4 9.3 10.8 11.7 7 12.7 12.2 8.6 7.3 10.6 11.1 11.3 13.5 6.7 8.8 

Calcium (%) 70.8 79.2 82 66.9 71 78 78.5 85 77.3 70 60.1 76.6 77.3 78.7 79.2 74.8 86.8 82.4 
Sodium (%) 13 4.3 5.1 21.1 18 9.6 8.1 6.9 8.1 16.3 29.3 14.7 9.7 8.2 7.6 10.2 5.1 7.5 

Ca to Mg Ratio 4.9 5.7 7.4 6.5 7.7 7.2 6.7 12.1 6.1 5.7 6.9 10.5 7.3 7.1 7 5.6 12.9 9.4 
Mg to K Ratio 9.3 5.5 6.8 8.5 6.7 7.9 7.9 7.3 7.2 10.6 6.4 7.5 5 6.2 6.7 10.4 5.1 7.4 
Particle Size 

Analysis:                   

Sand % 5 31 29 9 23 31 29 49 23 31 21 30 5 2 29 7 11 29 
Silt % 35 25 21 41 29 25 23 13 25 21 29 22 27 28 23 33 29 21 
Clay% 60 44 50 50 48 44 48 38 52 48 50 48 68 70 48 60 60 50 

Lime Test Index 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 
Lime 

Recommendation 
(lb./1000 sqft) 

 
0 

 
0 

 
0 

 
5 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

  
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

Gypsum 
Recommendation 

(lb./1000 sqft) 
           

18 
       

Fertilizer 
Recommendation:                   

Nitrogen 
(lb./1000 sqft) 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Phosphate 
(lb./1000 sqft) 3 0 1 3 3 2 3 2 0 3 3 3 2 2 0 3 2 0 

Potash 
(lb./1000 sqft) 3 2 2 3 3 3 3 3 2 3 3 3 1 2 2 3 2 3 

Magnesium 
(lb./1000 sqft) 0 0 1 1 2 1 0 4 0 0 3 4 2 1 1 0 8 5 

Moisture Content                   

As Sampled 15.55 14.19 16.40 20.02 13.74 14.95 17.94 16.16 16.35 8.09 13.63 37.99 11.40 21.53 17.61 13.10 8.35 19.20 
Dried and 

Sieved 1.74 2.57 2.89 3.54 2.47 2.67 1.99 2.26 2.93 2.06 2.78 3.43 3.40 3.99 6.15 3.26 2.09 6.40 
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