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Introduction 
A flood plain is an area of land adjacent to a body of water, a steam or river. Specifically it 

encompasses the area from the banks of its channel to the base of the enclosing valley walls. 

The flood plain will experience flooding during periods of high discharge.  

The proposed route for Wasson Way approaches the Little Miami River near the area of 

Mariemont, Ohio. The river experiences periodic flooding. As such, the goal of this report is to 

provide an overview as to how the flood plain will affect the design of the proposed route, 

summarize the findings, and propose any necessary recommendations. 

More specifically, the goal of this analysis is six fold: 

1. Design a complete path route for the trail in our area of interest.  

2. Provide a complete design of an ideal cross-section of the path in the flood plain. 

3. Create a map identifying the flood 5 year, 10 year, 100 year flood frequency levels, etc. 

4. Identify areas of soil concern within the flood frequency, identify on map, and 
summarize in report how the different soil types will affect construction, maintenance, 
etc. 

5. Consider other ways to alleviate water issues and summarize potential options.  

6. Summarize any necessary permits required for construction in flood plain. 
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Problem Statement 
To identify how the surrounding flood plain will ultimately affect the proposed route and design 

of Wasson Way in the immediate vicinity of the Little Miami River and propose any necessary 

modifications to create an effective and safe route through the flood plain. 
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Assumptions 

Flood Plain 
To complete the design of the proposed route and cross-section, it was necessary to 

understand where the various flood plains lie in vicinity to the Little Miami River. The ten year, 

one hundred year, and five hundred year flood plains were thus identified.  

Originally, the objective was to identify the five year flood plain as well. This turned out to be 

impossible as this data simply does not exist. In the course of researching this topic, FEMA, 

Federal Emergency Management Agency, was contacted in order to obtain their NFIP, or 

National Flood Insurance Policy, maps. From these maps, the five hundred and the one hundred 

year flood plains were obtained. However, FEMA did not have, nor do they keep records based 

on the five or ten year flood plain levels. 

The next step was to contact the Flood Plain administrator for the city of Cincinnati. Through 

speaking a contact at FEMA, the name and number of the Cincinnati Flood Plain Administrator 

was obtained, a Mr. Amit Ghoush. Mr. Ghoush confirmed that five and ten year flood plain 

records are not normally kept. However, he was able to provide a 2011 report done by an 

insurance company which included the ten year flood plain elevation levels. 

Using a combination of the elevation levels provided through both the FEMA NFIP, the flood 

insurance study, and using google maps to identify the corresponding elevation levels in the 

area, the following flood maps were able to be created: 
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Figure 1: Ten Year Flood Plain 

 

Figure 2: One Hundred Year Flood Plain 
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Figure 3: Five Hundred Year Flood Plain 

 

The ten year flood is a flood event that has a 10% probability of occurring in any given year. 

The one hundred year flood is a flood event that has a 1% probability of occurring in any given 

year. The five hundred year flood is a flood event that has a 0.2% probability of occurring in any 

given year. 

 

Soil Types 
To gather more information about the area, a copy of the soil survey for Hamilton County was 

obtained. This was used to identify soil types in the area, specifically within the flood plain, and 

identify if they would have any effect with reference to the flood plain. Three prevalent soils 

types were identified as shown: 
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Figure 4: Soil Types within the Flood Plain 

 

Ju, Go, and BoE were the prevalent types identified in the area and were those most likely to be 

the soil under which the path was situated. Researching these types of soil yielded relevant 

information. Table 1 identifies the recreational development regarding paths and trails for the 

soil types in question. 
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Table 1: Paths and Trails (Soil Survey) 

Soil Type Paths and Trails 

BoE Severe: slope, erodes easily. 

Go Slight 

Ju Slight 

 

 

Table 2iidentifies building site characteristics for the soil types in question. 

Table 2: Local Roads and Streets (Soil Survey) 

Soil Type Local Roads and Streets 

BoE 
Severe: low strength, 

slope, shrink-swell. 

Go Severe: Flooding. 

Ju Severe: Flooding. 
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This information is indicative of several things: as far as paths and trails go, Go and Ju already 

have slight development in the area, indicating that the soil conditions allow for those 

developments. BoE has a severe slope, which is to be expected as that is the transition point 

from the ten and one hundred year flood plains. Ju and Go are also indicative of severe flooding, 

as one would expect from the corresponding flood plain levels. Both the flood plain data and 

the soil type data was used when considering the overall route and design of the Wasson Way 

path. 
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Design Standards and Solutions 

Path Location in the Flood Plain 
One of the issues with building in a flood plain is the proximity to the river; in the case of 

Wasson Way this is the Little Miami River. According to the Ohio EPA the approximate drainage 

area for the Little Miami River watershed is 1,758 square miles. This means the flow of the Little 

Miami River is affected by rainfall in this area and development near the river is subject to flash 

flooding. The Little Miami River experiences flood action somewhat frequently and its presence 

cannot be ignored.  

 

The Little Miami River is most prevalent at the eastern end of Wasson Way where it connects to 

the Little Miami Scenic trail; this will be the area of interest. This Area is shown below in an 

aerial view.

Figure 5: Aerial View of Eastern End of Wasson Way 

All aerial views in this section of the report will be from the 2011 aerial map provided by the 

CAGIS online interactive map. From this map it can be seen that the area for the Wasson way 

trail is relatively narrow; the right-of-way is constricting getting as narrow as 70-feet behind 

Kroger. When considering path location it will be important to give the river its space and to 

give the path space from the current development on Wooster Pike. In order to give the river 

an appropriate amount of space the path will be located with a certain stream buffer in mind. 

Stream buffers are unmowed areas along streams with appropriate streamside vegetation 
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growing, preferably native trees and other plants. This stream buffer is fundamentally 

important for the river and is important for the sustainability of the Wasson Way trail. When 

sizing a stream buffer a number of considerations need to take place, these considerations are 

summarized in the table below: 

Sizing a Stream Buffer: 
Considerations 

- Functions of the Resource 

- Sensitivity of the resource 

- Characteristics of the Buffer 

- Adjacent Land use 

- Watershed Characteristics 

- Flow Pattern 

- Vegetation Type 

- Percent Slope 

- Soil Type 

- Pollutant Type and Dose 

- Precipitation 

Table 3: Stream Buffer Considerations 

By analyzing the area it was determined that the most pertinent considerations were 

surrounding land use and soil type. Upon researching Ohio Department of Natural Resources, 

and some other policies and guide lines, and considering the area of interest it was determined 

that a 50-foot stream buffer would be acceptable. It would be better to have a larger stream 

buffer given some of the soil conditions but the development on Wooster Pike was too 

constricting. 
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In order to create this stream buffer an aerial photo of the area of interest was imported into 

AutoCAD and the edge of the stream was roughly traced. This streamline was then offset by 50-

feet to determine approximately where the stream buffer would be. This created the image 

below: 

Figure 6: Area of Interest with Stream Buffer 

Other stream buffers were tested but it was determined that the 50-foot buffer had the best of 

both design criteria; giving the river space from Wasson Way and giving Wasson Way space 

from Wooster Pike. With the stream buffer in place a path was laid with a width of 17-feet, this 

is shown below:  

 

Figure 7: Wasson Way with Stream Buffer 

A few things need to be discussed regarding the location of the above path. First of all it was 

intentional that the path be as parallel as possible to the Little Miami River; this is partially to 
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obey the stream buffer and partially to make the path aesthetic. Second of all it can be seen 

that the trail goes inside of the stream buffer at two locations, once at the west end of the area 

of interest, and again just after the bend in the river. This first instance is a location where the 

trail will be going under a bridge; this is necessary for the continuity of the trail. The second 

instance is behind a Kroger. If the trail follows the stream buffer through this area there will be 

roughly 3-feet at a maximum in between the trail and the Kroger building. This proximity is an 

issue for the safety of patrons of Wasson Way and subjects this area of Kroger to vandalism. 

Solutions to these problems will be discussed later in this paper. The yellow route above is the 

final design of the path location in the flood plain; it was determined to be the best solution to 

maintaining a stream buffer, acknowledging surrounding land use, and the native soil type. 

Finally, in reference to the flood plain, the proposed route is within the five hundred and one 

hundred year flood plain, but lays just outside of the ten year flood plain. 

 

Figure 8: The Proposed Route with Underlying Flood Plains 
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Wasson Way Cross-Section in the Flood Plain 
As with any design, sustainability is paramount. In the presence of a flood plain more 

considerations are needed to maintain sustainability. One part of this was locating the path so 

that it did not inhibit the surrounding terrain. This next part of this paper will focus on design 

considerations in the cross-section that maintain sustainability. 

 

Figure 9: Typical Wasson Way Cross-Section in Flood Plain 

This cross-section was developed largely by collaboration with the construction-phasing group. 

The trail is to 17-feet wide, 12-feet of asphalt and 5-feet of a rubberized running path. This 

cross-section will be typical for everywhere in the area of interest with the exception of the trail 

under the railway bridge and the trail behind Kroger. Earlier in the design process it was 

proposed to be a concrete path, but in the mindset of making the trail as homogenous as 

possible the asphalt surface was chosen. Although the asphalt is not well suited for the flood 

plain, with good drainage it should not be overbearing to maintain the asphalt; approximately 

$2,168 per ¼ mile. In order to ensure this good drainage it was determined that the trail would 

have a 2% cross slope, this will cause water to run off the path and not along it, this also 

satisfies standards for the Americans with Disabilities Act.  
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Since the trail in the flood plain is subject to the poor soil quality sub-base will need to be 

sturdier. This can be achieved in a number of ways, the easiest being to just have a thicker sub-

base however this will increase the environmental impact of installation. A better option will be 

alterations of the minimum 6-inch sub-base including lime stabilization or geogrid 

reinforcement.  

 

Another important characteristic of this cross-section is the reforestation. Reforestation is 

important for a number of reasons; it is the most cost effective way to increase water quality, 

increase infiltration, and naturally maintain the flood plain. In order to install the trail a majority 

of the native vegetation will need to be removed; this is an issue as vegetation is very important 

to the flood plain. Anywhere there is room trees should be replanted, with the following 

exceptions: trees are not to be within 6-feet of the bike trail and for every inch of diameter in 

the tree’s trunk it is to be that many feet away from the trail. This practice will keep roots and 

branches off the trail. Another best management practice is to install root guards, but this 

should be avoided when possible to lower the environmental impact. Some lesser vegetation 

should also be planted around the trail, especially in the swale. Below is a table containing 

species that are native to Cincinnati and thrive in riparian areas. 

Acceptable Trees 

-Red Maple 

-Speckled Alder 

-Pagoda Dogwood 

-Water Tupelo 

-River Birch 

-Pin Oak 

Table 4: Wasson Way Trees 
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The next important aspect of the cross-section is the vegetated swale. The swale will be on the 

uphill side of the trail. The cross slope of the trail will be going in both directions. The water 

flowing off the downhill side will flow down into the Little Miami River; this is the natural 

drainage of the area. The water that drains to the uphill side will pool unless it is given 

somewhere to go. This is where the swale will come in. The swale will be sloped to a few 

locations. Currently there are two culverts diverting urban runoff into the Little Miami River, for 

the most part the swales will be draining into these two tributaries. There will also be instances 

when the closest place to divert runoff is under the boardwalk, this will be acceptable because 

any runoff that gets to the boardwalk will simply go downhill which as mentioned earlier is the 

natural drainage of the area. It is important that the swales are vegetated, as the vegetation 

will cause sedimentation of contaminants in the water. The depth of the swale will depend on 

what design storm you use; it is typical to design for a 10-year storm. Below is the typical swale 

elevation: 

Figure 10: Swale Elevation 
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Water Alleviation Methods 
For the path to have a long life span, preventative actions need to be done to mitigate the 

deterioration of the path.  Water is very powerful and in turn will slowly ruin the path if certain 

precautions are not taken.  The area around the Little Miami River is an area of flooding if the 

river rises.  There is concern with the location of the path with its proximity to the floodway.  

Particularly there are two areas of interest that flooding may cause a problem.  The first is the 

area behind Kroger which allows little right-of-way for the path because of its proximity to the 

river.  The other area of interest is the path under the rail line due to its ground elevation.  

These are two points where special safety measures will have to be made to allow for durability 

and safety for this path section.  There are numerous different ways to mitigate or reroute 

water to prevent flooding and below are techniques that were considered for the two areas of 

interest. 

Retention walls are a possible way to prevent water on the trail along with providing needed 

foundation to have a path on.  Retention walls usually are built to prevent soils and water from 

eroding the structural integrity of the area.  They are essentially used to improve the 

foundation along with dividing the structural soil away from water and slopes.  A retaining wall 

could be used between the path and the river to allow prevent the water level rising and 

flooding the path.  It would also allow for better structural integrity along the path.  Negatives 

would be the case where the water rises to a substantial level creating a passive force in the 

wall making the wall deform to this new loading.   

Culverts are a great opportunity to alleviate water from the trail and in the Little Miami area 

there are two culverts that are nearby.  A culvert is a structure that allows for water to flow 

under a bridge or road and is usually made of pipe or concrete.  To alleviate water from the trail, 

slight slopes can be developed to allow for drainage into these culverts and therefore 

alleviating the amount of water on or near the trail.  Water can be redirected towards Walton 

Creek and therefore will mitigate the water along the trail.  This is a probable scenario that will 

mitigate the water along the path, but might not be applicable to the area behind Kroger.  The 
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slopes to the culverts would not be able to mitigate enough water to allow proper drainage, but 

instead pool and saturate the ground behind Kroger.  

Swales are a design option that can be used with culverts to divert water off the path.  

Essentially, swales are ditches that run parallel to the trail that would collect water and in turn 

mitigate the water on the path.  The path around the Little Miami River (aside from the areas of 

interest) will consist of swales to help mitigate the water from the path.  The swales will be 

rendered ineffective due to the path being in the buffer zone of the river.  The swales will 

become saturated and will overflow onto the path. 

The last method of water mitigation that was analyzed is an elevated concrete boardwalk 

system.  The elevated boardwalks are made of long concrete beams that span across the 

boardwalk with concrete piers that are placed as foundation into the surrounding soil.  This 

system would allow for water to flow under in situations keeping the runoff away from the 

elevated path.  Due to the boardwalk being concrete it allows for minimal maintenance and 

also increases the life of the walkway.  Although this option is expensive the boardwalk may be 

the best option in the long run due to its durability. 

Our proposed design for the path behind Kroger, and the path under the railway bridge is the 

concrete boardwalk system.  This was chosen because of the benefits of water mitigation along 

with the lack of maintenance required.  Water would be allowed to flow under so not to 

impede on current flow conditions while also providing an aesthetically pleasing boardwalk 

system with a naturalistic view of the river.  According to Permatrak’s website the pricing for 

the elevated boardwalk varies depending on the type of foundation used.  For the design, the 

cost for cast in place footings would be around $50/square foot.  Estimates for the two areas of 

interest can be found in the table below. 

 

 

Area Width (ft) Length (ft) Total Cost 
Boardwalk Behind Kroger 17 370 $314,500.00 
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Path Under Railway Bridge 17 50 $42,500.00 
  Total  $357,000.00 

Table 5: Concrete Boardwalk Cost Estimate 

  

To ensure proper choice of the boardwalk design research of case studies was done to ensure 

maximum durability and function.  Permatrak is a leading concrete boardwalk company that 

has many case studies to date.  A particular case study that can be applied to our section of 

path is the Glastonbury multi-use path in Connecticut.  This path is in a current wetland area 

and was going to be used as a bike pathway.  They found that the cast-in-place concrete piles 

was the best option for the wetland area.  They also used a dusted finish on the concrete 

beams to allow for maximum traction for bikes and runners.   

Floodplain Permits 
Floodplains are sensitive to the structures that are in it because the water flow and level 

change drastically with new construction within the floodplain.  For this reason, floodplain 

permitting is required for the city or township to monitor what is in the floodplain and what 

might inhibit the flow of water.  There were two types of permitting available from the 

township that are required for construction in a flood plain, general floodplain development 

permit(GFDP), and individual floodplain development permit(IFDP).   

The GFDP is required in areas that are deemed Special Flood Hazard Areas (SFHA) which is 

decided by the Federal Emergency Management Agency (FEMA).  Fortunately our proposed 

design areas do not fall within one of these areas.  Although not in the SFHA this permit is 

required for construction to notify the city to allow them to verify the requirements of the 

community’s floodplain ordinance.  The GFDP can be acquired readily through the Village of 

Mariemont town hall permitting office.   

The individual floodplain development permit is very similar to the general, but it is required for 

any type of grading filling or dredging within a floodplain.  With the current design all three will 

most likely occur to place the concrete boardwalk foundation.  This is especially true for the 

area beneath the railway where low elevations occur and, depending on the water level, 
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dredging may be needed.  As before with the general permit, the permit can be acquired via the 

Village of Mariemont’s town hall. 
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Conclusion 
While it is important to take the flood plain considerations into effect, the current flood plain is 

not a derailment for Wasson Way. By taking into account the flood plains, stream buffer and 

soil types, the potential problems can be identified and taken into account Wasson Way is in 

place, and even before construction begins.  

Overall, the objectives that were set out to be accomplished in this report were successful. The 

relevant flood plains (ten year, one hundred year and five hundred year) were identified. The 

relevant soil types were also identified within the flood plain. 

Based on this underlying information as well as the relevant design standards within the field, a 

proposed route was identified and mapped. A proposed cross-section for the path within the 

flood plain was modeled and identified specifically to accommodate the special problems 

frequent flooding might present. 

Other potential water alleviation methods were considered. Based on the research, several 

proposals for helping to alleviate water at certain points in the path were identified. Some were 

found to be less efficient than others and based upon that, an elevated concrete boardwalk was 

recommended for a specific section of the path. Finally, a list of relevant permits for building 

within the flood plain was summarized. 
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