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Abstract 
 The goal of the stormwater management team is to investigate and determine by which 
means the stormwater runoff into the combined sewer can be significantly reduced in Burnet 
Woods, while also maintaining the proper quality of water for its specific purposes of use within 
the park. A main concern when considering different design ideas are their energy and 
environmental impacts. With sustainability in mind, there are three major design aspects that are 
investigated in this report - detention implementation, wetland expansion, and vegetated 
(biofiltration) stream water conveyance. 
 The stream system is capable of conveying and partially treating the water flowing 
through it. The vegetation within the stream bed has the ability to intercept particulates and 
absorb certain pollutants such as heavy metals and nutrients. This ecosystem also provides 
habitat within the park. Utilization of underground detention systems are also implemented 
upstream of the vegetated stream to reduce the flow velocity of the runoff water by capturing it 
and slowly releasing it into the stream system. Aboveground and/or underground retention prior 
to and at the end of the stream will allow for some storage of runoff to reduce the peak flow 
impinging upon the park. By capturing all of the water entering the Burnet Woods watershed and 
detaining it, the sewer system peak flow can be significantly reduced, alleviating the local and 
regional combined sewer overflows. 
 Another design investigation that can significantly reduce the stormwater runoff and 
increase the quality of the water is the expansion of the existing wetland. This design aspect will 
also effectively reduce the overall stormwater runoff and increase the water quality through the 
same means as the vegetated (bioinfiltration) stream, except that wetlands requires even less 
continued maintenance and control as a bioinfiltration system.  
 Comparing the detention size requirements for various storm sizes and the optimization 
with cost and park suitability, it was found that design the system to contain a storm that could 
be expected to occur 4 times per year would be optimal for Burnet Woods. 1, 10, and 25 year 
storms are also considered and detailed in the following report. 
 Educational opportunities were also considered. Utilizing these detention 
implementations not only for in situ stormwater management but also as a learning facility 
enhances the benefit of these implementations. Visiting this system can help connect citizens 
with a major issue the city is facing. This enables citizens to make informed decisions in their 
daily routine based on their engagement with these new park features. These implementations 
can also serve as a research facility. Many cities around the U.S. face a similar problem to Burnet 
Woods. Studying the in place effectiveness of this proposal allows other municipalities to plan 
their own implementations to address stormwater management issues. 
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Introduction 

 Burnet Woods is meant to be the oasis of Cincinnati where people can escape from the 
city life.  Unfortunately, the park does not seem to be meeting this expectation so stakeholders 
are looking into improvement options. Stormwater management is of utmost importance, 
particularly in urban environments like Cincinnati. Burnet Woods could potentially be a leader in 
stormwater best management practices (BMPs) for all of Cincinnati to follow. 
 The Clean Water Act in the 1980s and 90s mandated that cities improve wastewater 
systems to eliminate sanitary sewer overflows (SSOs) and combined sewer overflows (CSOs). 
The Metropolitan Sewer District of Greater Cincinnati agreed to an Interim Partial Consent 
Decree and a Global Consent Decree with the federal government to establish a plan for 
eliminating SSOs and significantly reducing CSOs. A combined sewer pipe runs through Burnet 
Woods, so the city of Cincinnati needs to focus on reducing the load on this pipe. 
 In 2007, the Cincinnati Park Board finalized and published a Master Plan for all of the 
Cincinnati Parks. Regarding the hydrology in Burnet Woods, the plan includes expanding the 
current lake to flow through a new stream into two smaller retention ponds as seen in Figure 1.  
The plan calls for enhancing the stream corridor with stormwater BMPs. 

 
Figure 1. 2007 Master Plan  

(Source: Cincinnati Park Board) 
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This proposal includes general alternatives for how to best address the main goals for 
stormwater management in Burnet Woods: decreasing the load on the combined sewer and 
ensuring appropriate water quality for water reuse. Overall, the design interventions for capturing 
the runoff for reuse are: 

● An expanded wetland 
● Four detention implementations 
● A vegetated stream system. 
 

The four detention implementations include the following features: 
● The existing lake 
● An above surface detention pond 
● An underground detention system in the valley area 
● A final detention system at the end of the stream. 

 
The existing lake can be utilized as a fluctuating level detention basin. An above surface 
detention pond (called Pond A) just west of the lake will be implemented to catch runoff and 
lake overflow. Installing a StormTech underground detention system in the valley area will 
effectively contain hillside runoff to mitigate flooding and prevent overloading of the stream. A 
final detention system at the end of the stream will serve as an outlet into the sewer system that 
runs to Mill Creek. The design interventions can work together to decrease the load on the sewer 
and provide safe water quality. Figure 2, below, shows the overall layout plan: 
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Figure 2. Layout Plan 
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Background: MSD Consent Decree 
 

In the 1980s and 1990s, the federal government stepped in to improve wastewater 
systems throughout the country.  The Clean Water Act was written to address the necessary 
improvements by requiring cities to reduce releases of untreated wastewater into local waterways 
which are the source for city drinking water.  The releases occur when the combined sewer 
and/or the sanitary sewer overflow due to lack of capacity to handle flow from a storm, for 
example.  The Clean Water Act required that SSOs were eliminated and CSOs were significantly 
reduced.  In Cincinnati, these overflows are a common occurrence, so the requirement has severe 
implications for the city’s sewer systems.  Remediation of the CSOs and SSOs is a very 
expensive and long-term project, so the Metropolitan Sewer District of Greater Cincinnati 
(MSD) created a response program with help from the U.S. Environmental Protection Agency 
(EPA), the U.S. Department of Justice (DOJ) and the State of Ohio.  Discussions began in 1997 
and led to the creation of two decrees, the Interim Partial Consent Decree and the Global 
Consent Decree (City of Cincinnati 1).  These two decrees are the plans for how the city of 
Cincinnati will meet the expectations and requirements of the Clean Water Act with support of 
the government, all the while keeping in mind how expenses will affect ratepayers.  

The Interim Partial Consent Decree was approved in February 2002, and outlines the plan 
for eliminating the SSOs as required by the Clean Water Act.  The city evaluated the most active  
SSOs to address these first and make the biggest improvement in the system.  17 of these active  
SSOs were determined to be the first priorities, and a deadline for elimination was set for 2007.   
The next part of the plan details how to address the approximately 73 remaining SSOs with a 
goal of complete elimination by 2022.  A computer-based evaluation and model of MSD’s 
current sewer system, including capacity and demand, is necessary to prepare for future needs.  
This evaluation will help MSD to realize which systems are over capacity and how to increase 
capacity or reroute flow to balance current demand with capacities.  In order to reduce the 
overflows for the largest sanitary sewer, a temporary treatment facility is planned to be 
constructed and maintained until a permanent solution can be implemented (Caster 1).  

The Global Consent Decree outlines a plan to reduce CSOs and implement the Interim  
Partial Consent Decree plan to eliminate SSOs.  As part of the review, town meetings were held 
to let people know how this plan would affect them as ratepayers and allow for questions and 
comments for improvement.  For reduction of the CSOs, 23 projects have been previously 
identified and are first priority in the plan.  MSD has a Long Term Control Plan for the CSOs, 
which will be updated to include the following: water quality testing and modeling, a cost/benefit 
analysis for different solution options, town meetings to review solutions, and a way to move 
forward with implementing the reviewed solutions.  A program must be put together to better 
control the CSOs with efficient response and early public notification.  To fund the local 
environmental projects, $5.3 million dollars will be invested for an enhancement program.  The 
city of Cincinnati owes $1.2 million in fines for past SSO and CSO discharges and will pay these 
back to the appropriate federal and state agencies (Caster 1).  Burnet Woods should be part of the 
solution for how to decrease loads on the combined sewers. 
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Summary of Final Design 
 
  
1.0 Stormwater Analysis 

  
The following storm runoff analysis is based on the SCS (soil conservation service) 

runoff modeling method, but tailored for the specific aims of the design.  In general, runoff 
models seek to estimate the amount of precipitation that will be infiltrated into the soil 
(abstracted) so that the remainder (runoff) is known. The SCS method, in particular, calculates 
runoff with the following relationship: 

  
         Q = (P-0.2S)2/(P+0.8S)     (1) 
  
Where, 
         Q = runoff (in.) 
         P = precipitation (in.) 
         S = storage (in.) 
  
And storage, S, can be determined by: 
  
         S = 1000/CN – 10              (2) 
  
Where, 
         CN = curve number 
  
The curve number of a basin is dependent upon the soil conditions, soil type, and 

antecedent moisture conditions, and carries a direct relationship to the runoff of a particular site. 
It can be observed that the higher the curve number the higher the runoff will be given an amount 
of precipitation. 

The amount of precipitation an area will see will depend on the size of the storm. For the 
sake of risk quantification, then, it is important to have an idea of how often one can expect to 
see a certain amount of rainfall. Historical rainfall data has been analyzed for most locations in 
the United States to deliver the statistical mean rainfall over certain time scales. These time 
scales are called recurrence intervals. For example, a 25-year storm would be one that could be 
expected to happen once every 25 years on average. These values, however, are specific to the 
duration of the storm. In practice, one might use the 25-year 24-hour rainfall to size a detention 
basin. In other words, this is the total precipitation falling over 24-hours that would be expected 
to happen once every 25-years. 

These relationships, in fact, have been calculated and exist in many forms. One 
particularly useful of displaying this data is in what is called an intensity, duration, frequency 
(IDF) curve. This graphically represents the sustained average intensity possible over time for a 
given statistical storm.  An example for Cincinnati is shown below: 
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Figure 3. Cincinnati IDF Curve 

As an example it can be seen that a 25-year storm of 30 min duration can sustain a 
rainfall intensity of 3.45 in/hr over that time period. As would make sense, the maximum 
intensities appear for the shortest storm durations. As time continues fluctuations in rainfall 
intensity reduce the maximum average intensity over that time.

In practice, typically a storm size and time duration is selected off of which to design a 
detention implementation. From an IDF curve it is easy to determine the average intensity of that 
event and thus the precipitation that falls over that time. This then can be utilized in the SCS 
method to determine the runoff that would occur for a certain basin. For the proposed design, 
however, it was decided to determine the runoff and detention sizing for a statistical event, rather 
than restricting the investigation to a certain time period. Selecting a time period can be tricky. If 
one is selected that is too short, it is possible that the rainfall intensity of the storm over a longer 
duration could result in design failure. If a time period is selected that is too long, there is a more 
efficient size that can meet the incoming runoff given a statistical risk goal. By tailoring a 
method that looks only at statistical storm sizes, the design can be optimized, and simultaneously 
the probability of success can be predicted.         

The approach began with a simple mass balance concept: 

dS/dt = I – Q          (3)
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Where, 
dS/dt = change in control volume storage 
I = inflow
Q = outflow 

 So long as the rate of water coming into a detention basin is less than the rate out of our 
detention basin, the volume within that basin will be decreasing. Observing the IDF curve, it was 
observed that the intensity is decreasing over time. Similarly, this implies that our rate of 
incoming runoff of is decreasing over time. To determine the maximum storage, then, the point 
at which the inflow rate equals the outflow rate can be determined to do so. A graphical example 
is shown below:

 
Figure 4. Rate IN vs. Rate OUT curves 

What can also be observed is integrating “Rate IN” up to the point of intersection yields 
the total volume that has come in up to that point. Similarly, integrating “Rate OUT” up to the 
point of intersection yields the total volume that has gone out up to that point. Observing the 
mass balance equation above, subtracting the rate out from the rate in yields the change in 
storage up to this point. Since it is known, however, that the change in storage will only decrease 
after this point of intersection we can see that the total change in storage determined up to this 
point of intersection is the maximum storage required for the detention basin. 
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Determining the “Rate IN vs. Rate OUT” curve above, however, takes some work. The 
first step is to determine the “Rate IN” curve for a given storm event. This is first done by 
integrating the IDF curve to transform it to yield cumulative precipitation over time. These 
precipitation values can then be transformed into runoff values by equation (2) given above. 
Now it should be noted that these runoff values will be given in units of inches per hour. To 
convert these to a specific volumetric flowrate this value must be multiplied by the area of the 
sub-basin and corrected for time.  These cumulative runoff curves are shown in Appendix A. 
Finally, the derivative of this curve can be taken to yield runoff rate over time. This, however, 
only considers runoff. In a system of multiple detention basins, such as the system proposed for 
Burnet Woods, the outlets of some areas are the inlets of others. The “Rate IN” curve for these 
detention basins then, is the curve derived from runoff plus the rate out of the other inputs. These 
final curves (combined with the “Rate OUT” curves) can be found in Appendix D.  The figure 
below shows, in a very pared down image, which implementations are contributing to one 
another. This information is used to add the correct outlet rates to the correct systems. 

 
Figure 5. Detention System Nodes 
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Once these “Rate IN” curves have been determined, the “Rate OUT” curves can begin to 
be delineated. In basic hydraulics, it is known that the outlet flow rate of a structure is dependent 
on the head acting on it. For a submerged inlet control (a culvert) this relationship is given by the 
following: 

Q = CdA(2gH)0.5                  (4) 
 
Where, 

Q = outflow (cfs) 
         Cd = discharge coefficient 

A = area (ft2) 
         g = gravitational acceleration (32.2 ft/s2) 

H = head (ft) 

The head on these outlet structures is determined by the volume within each detention 
basin, and this will be unique for each basin. What must be established, then, is a relationship 
between the volume of the detention basin and the head. An example for Detention basin “A” is 
given below (the calculations for determining these relationships for all detention basins are 
given in Appendix C): 

 
Figure 6. Head vs. Detention “A” Storage Volume Relationship 

The trend line equation is given to allow calculation of this relationship using Microsoft 
Excel software without having to look at the curve to pick off individual values. The usefulness 
of this will be seen below.

Once this relationship is established, time discretization can be used to determine the 
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“Rate OUT” curve. Choosing a sufficiently small time step (5 minutes in our case), the “Rate 
IN” at that time can be multiplied to yield a discrete volume. This volume then can be used to 
calculate the head of the storage basin with the head vs. detention volume relationship curves. 
Knowing the head, the flowrate out can be determined by equation (4).  This rate out can 
similarly be multiplied by the next discrete time step to determine a discrete volume out. 
Subtracting this from our volume in for this time steps yields the change in storage (refer to 
equation (3)). The following equation summarizes this procedure: 

  
         ΔVt = Qin,t*Δt – Qout,t-1*Δt                (5) 
  
Where, 
         ΔVt = discrete change in storage volume 
         Qin,t = rate in at time, t 
         Qout,t-1 = rate out at time, t-1 
  
And, 
         ΔVT = Σ(Qin,t*Δt – Qout,t-1*Δt)                     (6) 
  
Where, 
         ΔVT = change in total storage volume 
  
In other words, by summing this procedure for all time steps, the total change in storage 

can be determine. As mentioned earlier, the maximum storage occurs when the rate out equals 
the rate in. The summation above essentially discretizes the integration mentioned concerning 
Figure 4 above. Similarly, by plotting these rates in and rates out given t, the relationship in 
Figure 4 is essentially built. Quick inspection of these curves will identify the intersection and 
thus the maximum storage volume can be pulled straight from the discretized integration 
procedure at this observed intersection time. This procedure, then, succeeds in both generating 
the “Rate IN” and “Rate OUT” curves necessary for identifying the point of maximum storage as 
well as performing the integration of these curves simultaneously to yield the storage at this 
point of intersection. 

To compare alternatives against cost and park suitability, 0.25, 1, 10, and 25 year 
recurrence intervals were considered. The curves discussed above can be found for each 
detention implementation for each storm size in Appendix D. Utilizing Microsoft Excel software, 
model were created for each of these curves which could be varied simply by changing the outlet 
structure size. By doing so, the optimal outlet structure size to yield a reasonable detention 
volume for each implementation was determined. Keeping Figure 5 in mind, however, it can be 
seen that almost all of the detention implementation enter into our stream. While a larger outlet 
structure may release water faster, thus reducing the required maximum storage, it also increases 
the rate of flow required to be carried by the stream.  To ensure a reasonable size for our stream, 
then, it was necessary to optimize the outlet structures for both detention size and resulting outlet 
flowrate into the stream. The final statistics of our optimization analysis are given in the Table 1 
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below. 
It should be noted that as storm size increases some metrics such as diameter orifice and 

head don’t always increase. This is due to the optimization of the system as a whole. If it is 
optimal to have upstream detention larger for larger storms, this could lead to reduced loads on 
downstream detention. It can also be seen that the StormTech underground implementation is 
split into “West” and “East”. This indicates detention buried to the west of the stream and to the 
east of the stream. This ensures capture of runoff coming down the west and east hillsides. 

          
  

Table 1. Detention Implementation Summary 
  

Storm Size 0.25 1 10 25 

Campus Diameter of Orifice 
(ft.): 4.00 4.00 4.00 4.00 

Max Head: 0.93 2.27 5.74 7.27 

Max Outlet Flowrate 
(cfs): 48.73 75.90 120.79 135.95 

Detention Volume 
Required: 91,526 222,094 562,429 712,487 

Wetland Diameter of Orifice 
(ft.): 1.50 2.00 2.00 2.00 

Number of Pipes 3.00 3.00 5.00 6.00 

Max Head: 3.50 3.76 3.92 3.56 

Max Outlet Flowrate 
(cfs): 39.81 73.34 124.74 142.68 

Detention Volume 
Required: 343,281 368,649 383,894 348,807 

Lake Diameter of Orifice 
(ft.): 2.00 2.00 1.50 1.25 

Max Head: 1.89 5.57 16.37 23.51 

Max Outlet Flowrate 
(cfs): 17.31 29.74 28.69 23.87 
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Detention Volume 
Required: 184,797 545,572 1,604,704 2,303,948 

Detention 
A 

Diameter of Orifice 
(ft.): 0.50 0.50 0.50 1.00 

Max Head: 3.54 5.93 8.83 6.69 

Max Outlet Flowrate 
(cfs): 1.48 1.92 2.34 8.15 

Detention Volume 
Required: 20,286 55,783 134,494 72,233 

StormTech 
West 

Number of Chambers: 50.00 50.00 550.00 900.00 

Diameter of Orifice 
(ft.): 1.00 1.00 1.00 1.00 

Max Head: 0.17 0.95 2.21 2.31 

Max Outlet Flowrate 
(cfs): 1.30 3.07 4.68 4.79 

Detention Volume 
Required: 1,550 1,550 17,050 27,900 

Area Required (ft^2) 1,006 1,006 11,071 18,117 

StormTech 
East 

Number of Chambers: 10.00 10.00 30.00 50.00 

Diameter of Orifice 
(ft.): 1.00 1.00 1.00 1.00 

Max Head: 0.66 2.11 2.22 1.56 

Max Outlet Flowrate 
(cfs): 2.57 4.58 4.69 3.94 

Detention Volume 
Required: 310 310 930 1,550 

Area Required (ft^2) 201 201 604 1,006 

Stream Max Outlet Flowrate 22.66 39.31 40.41 40.76 
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(cfs): 

Channel Width (ft.): 20.00 25.00 25.00 25.00 

Channel Depth (ft.): 2.00 3.00 3.00 3.00 

End 
Detention 

Diameter of Orifice 
(ft.): 1.60 2.50 2.50 2.50 

Max Head: 4.33 2.96 3.27 3.66 

Max Outlet Flowrate 
(cfs): 14.76 33.90 35.61 37.68 

Detention Volume 
Required: 88,866 60,728 67,021 75,011 

As a final commentary to this analysis, the peak flow reduction observable for each of the 
recurrence interval systems were calculated (calculations can be found in Appendix D). This 
gives a quick snapshot of the comparable effectiveness of the implementations. Ultimately, due 
to the significant changes in the lake level required for larger storms, however, it was determined 
that the design for the 0.25 year recurrence interval would yield optimal effectiveness, safety, 
cost, and park suitability. This then is the design we recommend for implementation. A summary 
of the peak flow information is in the Table 2 below: 

Table 2. Peak Flow Summary 
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2.0 Wetland Expansion 
 
2.1 Background 

Natural filtration has been around since the beginning of time. The design and use of 
wetland filtration has become more prominent over the years to bring an aesthetic as well as 
functional appeal to stormwater treatment. The function of a wetland is to treat stormwater in an 
effort to improve source water quality while also minimizing the impact of storm-related flows 
on the aquatic and structural integrity of the riparian ecosystem (“Stormwater Wetland”, 2015). 
Burnet Woods currently has a small wetland area near the South end of the lake, shown in Figure 
7 below. 

 
Figure 7. Current wetland in red box. 

(Source: www.google.com/maps) 
 

Expanding the wetland would help capture stormwater from other areas of the park, 
improve water quality, act as an overflow for the lake, and divert stormwater from the combined 
sewer system. For most wetlands, the area of the wetland should be about one percent of the total 
watershed area (“Constructed Wetlands: Stormwater Wetlands”). The watershed being 
considered for Burnet Woods is about 200 acres, therefore the wetland needs to be a minimum of 
2 acres. The area considered for the wetland expansion is roughly 3 acres to extents. The final 
wetland area is 1.88 acres. 
 To begin the design of the wetland, background research into different types of wetlands 
was completed to determine the advantages and limitations for each type. Stormwater wetlands 
can be broken down into three types: incidental, natural, and constructed. An incidental wetland 
is created as a result of previous development or human activity (“Stormwater Technology Fact 
Sheet: Storm Water Wetlands”). Natural wetlands are not typically used for stormwater 
treatment in order to preserve the wetland. Constructed wetlands are broken down into two areas, 
subsurface flow and free water surface. A subsurface flow (SF) constructed wetland has a bed of 
rock or gravel with the water level staying below the top of the bed. A free water surface (FWS) 
constructed wetland has runoff flow through soil-lined basins at shallow depths with emergent 
vegetation. Due to the existing conditions of the wetland and the soil type in the area, a FWS 
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constructed wetland design was chosen.   There are four main types of FWS constructed 
wetlands: shallow marsh, extended detention, pond system, and pocket wetland. 
 Each type of wetland system was researched further to determine the best design for 
Burnet Woods.  Figure 8 shows the profiles for each wetland system.  A shallow marsh system 
requires a large amount of land, which eliminated it from the list right away because the space 
available is only a little more than two acres.  An extended detention wetland is similar to a 
shallow marsh in that the only deep portions are at the forebay and the micropool, but this type 
can treat greater volume in less space.  When a storm hits, the extended detention zone allows for 
ponding above the surface for 12-24 hours.  Since this ponding only occurs when a storm hits, 
the plants in the wetland need to tolerate both wet and dry periods.  The pond/wetland system 
combines having a wet pond before a shallow marsh wetland.  This requires less surface area 
since the pond is about six to eight feet deep.  At first, this seemed like the ideal case for Burnet 
Woods but the lake is after the wetland space which is not how it is intended to be designed.  The 
pond should be first so sediments can be trapped within it and the water velocity will be slowed 
down prior to entry into the wetland.  The last type is a pocket wetland which allows the bottom 
of the wetland to intersect with the groundwater table to maintain a permanent pool 
(“Stormwater Wetland”, 2014).  This type is used when there is no significant drainage area to 
maintain a permanent pool.  Intersecting the groundwater table is risky because of the potential 
to contaminate it so this did not seem like a good option.  After this research, the extended 
detention system was chosen as the best option for Burnet Woods. 

 

 
Figure 8. Comparative Profiles of Four Stormwater Wetland Designs 

(Source: http://water.epa.gov/scitech/wastetech/upload/2007_05_29_mtb_wetlands.pdf) 
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2.1.1 Case Study: The Staten Island Bluebelt 

 An example of creating best management practices for problems with stormwater 
management is seen through the wetland preservation done in the Staten Island Bluebelt. The 
wetlands provide a way to reduce flood risk and improve water quality.  The Bluebelt is made up 
of 16 different watersheds included in the Bluebelt Program which covers over 10,000 acres 
(Gumb et. al, 2007). 

The Program was initiated to improve drainage from old residential septic systems that 
were being overloaded by an increasing population.  The septic systems were failing, polluting 
streams and flooding neighborhoods.  In the Island’s South Richmond region, the watershed was 
contaminated due to lack of adequate separation between sanitary and storm sewers.  Staten 
Island is home to New York City’s largest lasting freshwater wetlands, so the goal was to use the 
natural waterways for stormwater management as a contiguous system of wetlands known as 
“the Bluebelt” (Gumb et. al, 2007). 

The Bluebelt system was designed to manage the stormwater through man made systems 
before allowing it to discharge into the existing natural streams and wetlands. Careful thought 
was put into the best way to reduce the peak flood, reduce the water velocity and improve water 
quality.  Three main best management practices were used throughout the project: constructed 
wetlands, meandering streams and outlet stilling basins.  Each aspect was meant to preserve 
natural riparian areas and improve the ecosystems by paying attention to the function of the 
plants, the maintenance required and making man-made structures appear as natural as possible 
(Gumb et. al, 2007). 

One of the most pertinent best management practices is an extended detention pond in the 
Blue Heron watershed, which is large enough to temporarily store runoff. Half of the volume is 
stored as a permanent pool and the other half is stored in an extended detention pond with an 
outlet structure that releases the volume slowly over 24 hours.  This specific design is meant to 
retain runoff from 90% of all storm events.  The extended detention pond allows for sediments to 
settle and for plants to take up nutrients and organic pollutants in the water.  The plants were 
chosen to be native with the appropriate pollutant removal characteristics while providing 
biodiversity and aesthetic appeal.  The slopes were relatively gentle on the bank of the wetland 
and, by using a flexible outlet structure, the shallow water elevations were kept at optimal depth 
for the plants to thrive (Gumb et. al, 2007).  
 Although no regulations regarding water quality improvements existed at the time of this 
project, the New York City Department of Environmental Protection started a water quality 
monitoring program for the entire Bluebelt. The Blue Heron extended detention pond was 
incredibly successful at improving water quality, specifically in decreasing the nitrogen load 
leaving the pond. The nitrogen content was 88% lower than what entered during dry weather and 
40% lower during storm events. The dry-weather removal of fecal coliform was 90%, 66% for 
the total phosphates, and the wet-weather removal efficiency was 38% for total organic carbon.  
The plants and microbiological species remove the nutrients while the long detention time 
promotes bacterial die-off (Gumb et. al, 2007). 
 This project was so successful that it is the example for creating a Mid-Island Bluebelt 
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with several additional watersheds in New York City.  Programs like this are a new trend in 
environmentalism focused on restoring and enhancing natural features and creating stronger 
ecosystems (Gumb et. al, 2007).  As cities continue to grow, balancing human needs with the 
needs of nature will become a progressively bigger and bigger challenge unless measures similar 
to this are taken.
 
2.1.2 Plants 
 

The first consideration regarding plant selection was soil type. The Soil Survey of 
Hamilton County states that Burnet Woods has loamy clay soil. Replacing the current soil with a 
more appropriate soil type for wetlands was initially considered, but it was quickly discovered 
that this method was not cost effective. Therefore, plants suitable for the existing conditions were 
investigated.  A University of Cincinnati Horticulture class investigated the plants that would 
work best in clay loam. By collaborating with the horticulture students, systematic locations and 
abundance of plants could be determined within the wetland.  
 

Table 3. Plant Locations and Abundance for Wetland 

 

Table 2 lists the plant types to be used in the park, sectioned by zone in which each is 
located. The columns are organized by abundance of each plant in the wetland, with most 
abundant starting at the top of the list. Certain plant species can considered invasive if used too 
often throughout the wetland.  The plants chosen will not only thrive in the existing soil 
conditions, but a new habitat will develop in the park. For instance, the dark green bulrush and 
the monkey flower attract butterflies, specifically the monarch butterflies native to the area. 
Dragonflies are attracted to the cardinal flower, which will add more diversity.

Where there is water, there is life. The strategic placement of water and plants allows 
Mother Nature to take over and allow the wetland to thrive. 
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2.2 Design  

 There were many design elements that came into play when designing an extended 
detention (ED) wetland. The five areas of an ED wetland are the forebay, micropool, low marsh, 
high marsh, and semi-wet. The purpose of a forebay is to slow the flow of the influent as well as 
have the large particles settle out. A micropool has a similar function of a forebay, however, this 
pool is at the end of the system. The low and high marsh areas are created to hold standing water 
with emergent vegetation. These areas should be a majority of the system. The semi-wet zone 
allows for the wetland to hold higher volumes during large storm events. 
 The initial design of the system was focused on the surface areas desired for each area. 
Following the basic topography lines, the preliminary design is shown in Figure 9. The green 
area shows the high marsh area. The white area (within the wetland border) represents the low 
marsh areas. The blue areas are the micropool and forebay areas. When attempting to create a 
profile view of the design, there were several significant elevation drops from the start to finish 
of the wetland. 
 

 
Figure 9. Preliminary Wetland Design 

 
 
The design was formalized by recognizing the elevation changes and using it as an 

advantage, which is shown in the first profile section of the wetland in Figure 10. The water will 
enter the wetland system by daylighting the incoming stormwater pipe and allowing it to 
discharge into the wetland. In order to accommodate the pipe, the wetland will start 8 feet below 
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the sidewalk elevation. A retaining wall will be necessary along that side, but by utilizing a green 
wall system the retaining wall can be incorporated into the rest of the park by giving it a more 
natural appearance. The marsh area shown in the plan-view in Figure 9 contains a meandering 
slope. The shape and motion of this section of the wetland is necessary to control the slope 
affected by the sudden elevation changes. Soil erosion can be prevented by covering the bed of 
the meandering slope with plants and large stones. 

 
Figure 10. The First Profile Section of the Wetland 

 
An extended detention wetland is designed to hold some excess water during flooding 

events, typically with a dam or embankment. To release the water from the micropool into the 
lake slowly, there is an outlet pipe at the base of the dam. The initial design required a dam with 
a height of ten feet to accommodate significant flood volumes. Consideration of the aesthetic 
appearance of a ten foot tall dam in Burnet Woods called for a redesign of the dam. A final 
height of four feet was determined with a natural exterior, as seen in Figure 11.  

 
Figure 11. The Second Profile Section of the Wetland 
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An earthen embankment with a vegetated exterior will allow the dam to blend into the 
scenic vision more easily. A spillway is included in the design to provide an exit for water during 
large storm events without overtopping the dam. The spillways will be located one foot down 
from the top of the dam and curve around the dam into the lake. Based on the storm size chosen 
to optimize our entire system design, the wetland design can hold 60% of the water from the 
storm. 
 

2.3 Construction 

2.3.1 Safety and Standards 

When a stream is daylighted - particularly streams that are daylighted from large 
diameter stormwater pipes - there are many safety concerns that must be taken into account 
including: use of safety/trash racks, warning signage, human access into outlet culvert and 
improper design or construction of stormwater outlet structures (including energy dissipaters and 
drop structures).  The increased demand for daylighting in the U.S. has resulted in more 
published information and recommendations to be released, allowing for more educated designs 
to be implemented by engineers and designers. A daylighted pipe would fall under the “visible 
structures” defined in ASCE’s Standard Guidelines for the Operation and Maintenance of Urban 
Subsurface Drainage, Section 5.3, (ASCE/EWRI 14-05), which says that these structures need to 
be inspected regularly for soil erosion which can lead to scour and reduced structural and 
hydraulic performance. Annual inspections are required for an entire site’s subsurface storm 
system in addition to inspections that are added to the program from better understanding 
through experience.  

Volume II, Article V II, Section ST 711(c)(1) 1.03 of the Hamilton County SDS 
Regulations states that a dam does not require a permit if its height is less than 6 feet in height. 
The release structure is to be an ODOT approved catch basin of size CB2-3, CB2-4, CB2-5 or 
CB2-6 and must have steps for a depth greater than 4'-0" according to Section ST 711(j)(1). The 
standard detail of the outlet structure that will be used for the wetland (which provided by 
Section ST 711(l)) is shown in Figure 14 below,  
 
2.3.2 Construction and Cost 

From the EPA Fact Sheet for stormwater wetlands, it was found that an average cost 
estimate for a wetland is $55,000 per acre, and the permitting, design, and contingency are said 
to be approximately 25% of the construction cost of the wetland. This construction estimate 
includes clearing and grubbing, erosion and sediment control, landscaping, grading/staking, 
dam/spillway construction and outlet structure installation. These costs are for an area that is 
relatively flat, whereas our area has 10,000 cubic yards of cut necessary before it is flat enough 
for the standard estimate to apply. This must be considered in the park’s construction estimate. 
The Cut/Fill Design Plan and Proposed Topography Plan can be seen in Appendix G, Figure. 21. 
This large cut into the hill just North of MLK resulted in the necessity of a retaining wall. A pre-
fabricated concrete block wall was chosen due to its strength, relatively simple construction and 
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aesthetic abilities. The wall was designed to allow for plants to drape along the outside of the 
wall in order to blend into the landscape of the wetland. The wall was designed in with free 
Redi-Rock Software (Redi-Rock) to Hamilton County Specifications. The wall’s factor of safety 
was checked against overturning, sliding, and shear. Figure 23 in Appendix G shows a detail of 
the final design of the retaining wall. To see the detailed cost breakdown, please see Table 5 in 
Appendix F. 
 
2.3.3 Maintenance and Cost 

There are many maintenance issues that are included in wetland management relating to 
the following: sediment building up, invasive plants, lost slope stabilizing vegetation, and 
compromised structural integrity of embankments. Several factors contribute to sediment build 
up including: pollutant build up, soil loss from open areas, trash, leaves and tree debris. The 
pollutants settle out in the bottom of the wetland and get mixed into the sediment. Soil erosion 
happens naturally by water flowing over the land. Trash, leaves, and tree debris are the majority 
of the issue. Measuring the depth and determining the volume indicates whether or not the area 
needs to be cleaned of debris. If the water levels become too low, then it is possible for algae 
growth, posing a danger to aquatic life. Cleaning out the bottom helps the vitality and the safety 
of the area. 

The extended detention wetland has a forebay right after the inlet which allows the 
sediment to settle out before entering the rest of the wetland.  The maintenance crew needs 
access to the forebay to perform maintenance every five to seven years.  The wetland vegetation 
needs to be inspected for invasive species and the species need to be removed so the other plants 
can thrive.  Each year the inlet and outlet structures needed to be inspected for damage and 
repaired as necessary.  If a significant portion of the wetland plants have not been established 
then additional plants need to be added to supplement. 

The maintenance issues that are included in the wetland management must be accounted 
for in the maintenance cost. Using the EPA Manual, “Constructed Wetlands Treatment of 
Municipal Wastewaters,” the maintenance cost for a 1.5 acre wetland comes to approximately 
$2,500.  This is an estimate derived from two similarly sized case studies - Ouray, CO and 
Carville, LA. Ouray’s and Carville’s wetlands are 2.2 and 1 acre with operational and 
maintenance costs of $1,350 and $1,015 per acre per year, respectively (Constructed Wetlands-
EPA Manual, 2000). The following costs are accounted for in the maintenance of both of the 
case studies: power for lagoon aerators (~38%), lagoon sludge removal and disposal (~22%), 
miscellaneous supplies (~3%), NPDES tests (~8%) and wages (~29%). 
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3.0 Detention Areas 

3.1 Introduction 

         Under Cincinnati’s 2007 Master Plan road reconfiguration, ¾ of Burnet Woods’ rainfall 
runoff will gather in a single area of the park. A hydrologic analysis of the park, utilizing a 
Hamilton County 2-year storm, predicts approximately 300,000 cu. ft. of runoff will flow into 
this area in a 24-hour period. Additionally, about 80% of this quantity reaches the system outfall 
in a 2-hour period; this is, in large part, due to the steep slopes and clay soils encompassing most 
of this area of the park. Currently, this entire quantity enters Cincinnati’s combined sewer system 
exacerbating the combined sewer overflows of the city. 
         In order to address this issue, we propose a system of implementations aiming to combine 
detention and increased soil infiltration to significantly reduce peak flow exiting the park. Here 
we will provide an overview of the system of ‘Best Management Practices’ that we propose 
followed by detailing of each implementation. As mentioned above, the park largely consists of 
steep slopes, many of which runoff directly into a valley running through the northern area of the 
park. Our first implementation involves a system to intercept runoff and detain the flow for a 
sufficient time period. This water will slowly enter the valley where an infiltration “stream” will 
provide infiltration, evaporation, and transpiration opportunities. The current catch basin serving 
as the outfall for the valley runoff will be replaced by a large dry detention pond. Finally, 
discharge from the existing lake (which will be converted to a wet detention lake), the proposed 
dry detention pond, and the underground detention system will be directed into the biofiltration 
stream where the water will continue to cycle until it is removed from the system with a highly 
reduced flow rate. 
  
3.2 Proposals 
 
3.2.1 Underground Detention 

         The underground detention system will consist of a series of underground detention 
chambers (such as those manufactured by Stormtech) placed in rows. The first location 
investigated for this design was along the slopes on the West side of the valley. As seen in Figure 
12, these underground, open-bottomed containers are placed over gravel beds which allow for 
the slow release of intercepted runoff into the soil. If adequately designed, these detention 
chambers can release captured runoff at a manageable rate for the proceeding bioinfiltration 
stream. 
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Figure 12. Hillside Detention System 

(Source: http://projectgroundwork.org/downloads/ei/ei_interim_summary_12.2011.pdf) 
 

         One of the advantages of such an implementation comes from an educational standpoint. 
Underground detention is one of MSD’s BMPs for stormwater management in Cincinnati. 
Implementing these chambers into Burnet Woods allows for the park visitors to better engage 
with the CSO problem of Cincinnati and experience the effort the city is making to create a safer 
and more sustainable community. Additionally, there is little research available on the use of 
these systems in predominantly clay soils (as are found in Burnet Woods), and this 
implementation offers the opportunity to inform the feasibility of using these systems in similar 
contexts. 
 
3.2.1.1 Case Study: Wyman Woods 
 

An example of the successful use of an underground detention system is Wyman Woods 
Park. Since its origination in 1955, Wyman Woods Park has been a year-round recreational 
destination for the people of Grandview Heights, and many other citizens in the Columbus 
metropolitan area. Located just three miles west of downtown Columbus, Wyman Woods has 
consistently been a key part in the city’s effort to integrate nature into the community. Years of 
wear, however, left the park in need of rehabilitation. In response, the community decided to 
move forward with implementing sustainable infrastructure for the sake of the visitors to the 
park. 

Perhaps of utmost importance to the Wyman Woods rehabilitation was flood control 
during storm events.  Likely exacerbated by a past reconstruction of an interstate on-ramp, the 
park’s multi-purpose field became an unusable pond during minor rain events. Obviously, this 
inhibits most public activity in one of the parks most popular areas. At Wyman Woods, the so-
called Lake Wyman is a large, shallow, compacted surface depression, collecting any water that 
precipitates or runs off into it. 

In response, the designers of the Wyman Woods rehabilitation decided to implement an 
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underground detention system that would remove the water from the surface, while imitating 
natural infiltration. The solution involves installation of plastic chambers on top of a gravel bed, 
which is then covered by soil. 

 
Figure 13. Underground Detention Design 

(Source: http://bedientconstruction.com/wp-content/uploads/2012/03/Detention-8-125x125.jpg)
 

Essentially, water is collected by a surface grate and directed into “n” shaped plastic 
chambers. The first chamber in the series is installed with a fabric liner at the bottom to collect 
debris and small particles; this keeps the gravel bed from clogging in the proceeding chambers. 
Water then flows to the following chambers where it will seep into the gravel and finally to the 
soil beneath. From an environmental perspective, this system has many advantages. First, it 
reduces stormwater sewer volumes.  This is great for cities with combined sewers. Second, it 
supports natural water purification. Soil surface properties and microbes within the soil remove 
contaminants that would otherwise be sent straight to receiving waters.  Finally, it enhances 
groundwater recharge. Water is allowed to percolate near where it falls rather than being 
transported to some other location. 
 As a result of this implementation, Lake Wyman was successfully removed and the 
multi-purpose field remains open during storm events. These systems are effective at removing 
large quantities of water without overflowing when designed properly. This concept of 
underground detention is proven to work and is worth pursuing in Burnet Woods. 
 
3.2.1.2 Safety and Standards  
 

When considering what types of underground retention to use, there are 3 main materials 
from which to choose: concrete, plastic (HDPE) and steel and aluminum (CMP). Each of these 
must be handled differently and require different installation techniques. Concrete and Steel and 
Aluminum (CMP) systems are often installed through the use of cranes or long-reach excavators, 
which has almost completely ruled them out for use in Burnet Woods. The current prospective 
location for the installation of the underground detention systems are on the downhill slopes of 
the wooded hills in Burnet Woods. These are inaccessible for a large excavator to maneuver due 
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to the density of the vegetation, and too steep for an appropriate crane to set up on. This has 
narrowed our selection down to the plastic underground system, such as the StormTech system 
as described in the previous Wyman Woods case study.  These are able to be carried by hand, 
making for an easier installation, and they can fit into awkwardly shaped holes as may be 
required on the slopes with trees and plants around the area. 

Due to the high amount of sediment and suspended solids that will settle out of the 
stormwater into the underground detention systems, they must be inspected and occasionally 
cleaned. The frequency of these cleanings can vary substantially depending on the erosion 
control effort during construction and the specific sub-basin area. The cost and performance of 
these inspections must be considered before an installation begins. This operation cannot be 
simply performed without taking into account that all persons entering underground conduits or 
other confined spaces are required to conform to OSHA regulations as published in the Federal 
Register, Volume 58, Number 9/Thursday, January 14, 1993/Rules and Regulations for entry 
into confined spaces. 

OSHA standard 1926 Subpart P App B presents the required slopes in order to maintain a 
safe excavation and install area of the system. These slopes are only required when the 
excavation is over 5 feet deep or when the on-site competent person recognizes that the material 
is otherwise insecure. The type of soils typically found in the Cincinnati region can typically be 
defined as Type B, which means that the sloping will be 1:1 (1 horizontal foot to 1 vertical foot). 
This must be taken into account due to the rigorous construction environment that the slope 
creates when an estimate is being formed for installation and for design purposes. 

 
3.2.1.3 Cost 
 

Average material pricing for these underground retention techniques can be hard to attain 
because they are sold on a per-quote basis. It also makes it more difficult that pipe and structures 
are treated like a commodity in that their pricing varies daily depending on the economy and 
industry concerns. To find a ballpark number, Diggit Excavating (a local contractor in Lebanon, 
Ohio), allowed us to access some of their data from awarded jobs and determine an average 
charge for an underground StormTech (plastic) detention system of $67.5 per cubic yard; which 
includes the material, excavation and installation of the system. Both were installed on flat 
surfaces and in Type B soil. The StormTech cost was based off of a 1000 CY system. 
Maintenance costs included the following: maintenance/inspection time, safety equipment, 
pumper truck, and jetting - estimated to be approximately $3,000 per year minimum. Please see 
Table 4 and 5 to see the cost breakdown for the different iterations of the design considered. 

A cost estimate for an underground StormTrap (Concrete) retention system was based off 
a 2500 cubic yard system also installed by the local contractor, Diggit Excavating Incorporated.  
Construction was priced around $30 per cubic yard and includes the material, excavation and 
installation of the system. In order to cross-check the number used by Diggit Excavating, a 
preliminary cost estimate for a concrete system can be given by the following equation, 
(Wiegand et al., 1986): 
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C = 38.1 (V / 0.02832)0.6816 
 

Here, C stands for the construction cost estimate (1995 dollars) and V is the volume of storage 
(cubic meters) for the maximum design event frequency. For the current 7400 CY system being 
proposed, the cost would be $243,000 total or $33 per CY in today’s dollar values. Because the 
unit price from Diggit ($30) and the unit price from the Wiegand equation ($33) are so similar, 
the estimation for this report will utilize the Wiegand equation estimate due to the fact that is a 
more standard estimate utilized by the industry. Identical to the StormTech system, maintenance 
costs include maintenance/inspection time, safety equipment, pumper truck, and jetting. The cost 
of maintenance of the system is estimated at a minimum of $3,000 per year. A summary of these 
construction and maintenance costs is included in Appendix A. 

Like the underground StormTech system discussed in the Hillside Detention, StormTrap 
retention systems must follow the OSHA standard 1926 Subpart P App B for construction, which 
defines and illustrates the required sloping/shoring techniques for any given soil type. Because 
StormTrap is a concrete system and therefore is too heavy to maneuver and construct by hand, 
there are more safety considerations that must be taken into account. OSHA standard 1926.1425 
says that no employees shall stand directly under the load and that only employees needed to 
receive or guide the load shall be within the fall zone. It is also required that a qualified rigger be 
the one to attach and send loads during construction of the system.  A full list of the OSHA crane 
construction requirements can be found in standard 1926 Subpart CC (OSHA 2014). 

 
 

3.2.1.4 Further Investigation 
 

In order to conclude the feasibility of constructing underground detention systems along 
the slopes that surround the valley in Burnet Woods, a local site engineer familiar with the soils 
in Cincinnati was consulted. The location was determined to be too much of a social and 
constructability risk to proceed with. This decision was made due to the old forest’s high density 
of trees that would have to be cleared and the excavation of clay material susceptible to erosion, 
especially after cuts into a 3:1 to 4:1 sloped hillside. The thick vegetation and the degree of the 
slopes make installation much more difficult than site layouts investigated in the case studies. It 
is noted that a rule of thumb by the EPA for the minimum safe distance for excavation away 
from a tree is the width of the given tree’s canopy. It is also noted that the minimum use of heavy 
equipment should be exercised under the canopy of the trees so that excessive compaction of the 
soils around the roots does not occur, which can prevent water from making its way to the root 
system of the tree (Benson 48). Keeping in mind that tree demolition may not be in the best 
interest of the park and the local residents, and knowing that there is a high tree density along the 
proposed slope locations, the flat valley floor was looked at as a better location for the 
underground detention. This would require that underground detention would be placed on both 
the west and the east sides of the stream in order to detain the runoff from both sides of the 
stream before it enters the stream itself.  
 For the water to be able to make its way into the underground chambers, an underdrain 
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system must be implemented in order to direct the water into the underground chambers. French 
drains are seen at the best fit for the park, and also fits what the park has already utilized in the 
valley to a small extent. The recommended design for the French drains in the valley are shown 
below in Figure 13. It is also important to wrap the gravel in geotextile fabric in the clayey soil 
because it will prevent the tiny clay particles from infiltrating the drain and clogging the entire 
system. 

 
Figure 14. French Drain Design 

(Source: http://www.lifetimeguttercompany.com/wp-content/uploads/2012/06/ar123259864286435.png) 
 
3.2.2 Bioinfiltration Stream 

The biofiltration stream will meander through the valley in the northern central area of 
the park. As a whole, the system will consist of a stream bed of high infiltration soils, planted 
with native vegetation that will effectively remove storm runoff through infiltration and 
transpiration. More specifically, the streambed is typically excavated and filled with a mix of 
sand, clay, and organic matter. 6 to 9 inches are left unfilled to operate as a pooling/stream flow 
zone. Within this recession, deep-rooted native plants can be placed to improve infiltration into 
surrounding soils with their tunneling root systems. These plants also facilitate transpiration of 
pooling/flowing waters.  The plants are listed below in Table 3.  
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Table 4. Plant Location and Abundance for Stream

 
 

The stormwater removal rate of this implementation must be sufficient to empty the 
retention and detention volumes of the whole system before the next storm to avoid an increase 
in capacity requirements or overflow into the sewer system. A rule of thumb for bioretention is 
to design the system to release its detained water within 2 days to limit the likelihood of 
overflows by consecutive storm events. A brief glance at the park, using infiltration data 
provided by Pitt et al., indicates that a bioretention stream traversing the valley area could 
infiltrate roughly 360,000 cu. ft. in a 48-hour period (see calculations in Appendix B) (Pitt et al., 
2002). This considers a fully saturated non-compacted clay soil; while this may require 
amendments to the current soils, it indicates that the proposed system can operate within the 
realm of possibility. Therefore, we propose to provide sizing requirements for the case of 
complete removal, partial removal, and additional removal in the event that additional storm 
water is routed to Burnet Woods in an effort to further reduce combined sewer inflows.   
         From an educational standpoint, this implementation has a few advantages. First, it 
allows the community to be closely involved in eliminating the combined sewer overflow issues 
of the city. It also serves as a resource for environmental education and stormwater best 
management practices.  Finally, relatively little research exists on biofiltration systems in clay 
soils such as those found in Burnet Woods.  From this standpoint, Burnet Woods provides 
valuable data for future implementations in similar contexts. 
 
3.2.2.1 Case Study: Lick Run 
 

In researching best management practices for the implementation of the stream within 
Burnet Woods we took a look at the Lick Run project. As a part of the decent decree Cincinnati, 
is taking on the Lick Run Watershed project as a way to further reduce CSO overflow into the 
City’s waterways and water treatment plants. Much like the proposed system for Burnet Woods, 
the Lick Run project is not simply a stream. In order to reduce more than 370 billion gallons of 
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CSOs, the Metropolitan Sewer District (MSD) is proposing a massive project that includes 
bioinfiltration, bioswales, detention systems and stream restoration (“Lick Run Project”). 
 Given that streams are not the only solution to reducing CSO overflow, looking at a 
stream restoration project that was more than just a stream is ideal. In looking at the Lick Run 
project one will see that the combination of filtration, detention and conveyance are used in order 
to properly manage the stormwater of the Lick Run Watershed. In order to apply the best 
practices of Lick Run to Burnet Woods we have decided to take elements of the whole project in 
order to apply them to our stream and our system as a whole. Using only a stream does not help 
in filtering or conveying the Burnet Watershed, which is why we have combined the stream with 
a wetland, detention and other stormwater management practices.  
 The stream within the Lick Run watershed functions similar to the one we are proposing 
within Burnet woods. The main goal of the stream is to move water through our system, however 
filtration must be accomplished prior to entering the stream. This is why the Lick Run project 
serves as a case study for Burnet Woods. Our stormwater management system is more than a 
stream. Being able to pull and learn from the Lick Run project will only benefit the stormwater 
management of Burnet Woods.  
 
3.2.2.2 Costs 
 
  Bioinfiltration is a best management practice that is beginning to catch on in more cities, 
but it still not a very consistently practiced stormwater management technique; therefore, 
bioinfiltration streams have not made their way into standard estimating cost manuals like RS 
Means. There are, however, relevant case studies that can be used to estimate costs of a new 
bioinfiltration system. The Christ Hospital in Cincinnati, Ohio (less than 3 miles from Burnet 
Woods) has built a bioinfiltration system that can be used to figure relative cost and annual 
captured volumes that can be expected at Burnet Woods. The maintenance cost of a 
bioinfiltration can be assumed to be “comparable to that of typical landscaping required for a 
site” (EPA Bioretention Fact Sheet, 1999) due to the fact that the most attention must be given to 
the plants and soils in the system. For operational and maintenance costs, RS Means was used in 
order to find the approximate costs for shrub pruning, fertilizer, and weed killing.  Shrub pruning 
will be $5.05 per square yard annually, fertilizing will be $12.50 per square foot, and weed killer 
will be $9.45 per square foot (Fee; RS Means, 2014). These costs can be assumed to be applied 
twice a year (or bi-annually) for a spring and fall trimming.   
 Because bioinfiltration systems are often built to slowly release water in a storm event, 
they can often be filled with a large amount of water. This means that these systems must also 
use the safety measures and design standards listed in the retention system section below. 
 
3.2.3 Dry Detention Ponds 

         Once it was realized that the system could not fully evaporate or infiltrate the amount of 
water that would be flowing into the park, detaining the water for as long as possible in order to 
reduce the peak flow exiting the park become the goal. This meant looking at the park to see 
where detention was a possibility, and where it would fit best in the park. Three locations were 
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chosen as possible placements for a dry detention pond.  
The first location inspected for a dry detention pond (Pond A) is located in a lightly 

wooded area west of the existing lake across the intersection of Burnet Woods Drive and 
Brookline Avenue (refer to Figure 2 for the location of the proposed location.) The existing 
paved roads create a damn at the Northeast end of the area. This area’s vegetation is smaller in 
size with maximum tree sizes between 6” to 12,” possibly due to the area having poor drainage 
and being overly saturated with the current outlet design. The slopes are between 2:1 and 3:1 
along the perimeter of the pond. It was recommended to us by a local site engineer that the 
maximum side slope of a pond in the clayey soils of the park be at a 4:1 slope for at least 5 feet 
away from the highwater mark. Clearing and grubbing of the site, regrading of the slope to 4:1 
and proper erosion control/landscaping of the area will be necessary. By installing an outlet 
structure and plugging/removing the buried drain pipe that is currently draining the subbasin, this 
area will create a dry detention pond with a maximum surface area of 10,300 sq. ft., which would 
allow for 151,700 gallons of water to be detained. The shape of the landscape is also naturally 
congruent to a detention area because of the varying depth throughout the pond. This allows for 
an active forebay (shallow) area at the southwest end of the pond where sediment can settle out 
before entering the main cell at the northeast end of the detention basin. The forebay area is 
beneficial for the demucking operations (as further discussed in the maintenance/cost section for 
detention ponds). 

The second dry detention pond location considered (Pond B) is located across Burnet 
Woods Drive which is adjacent to the northwest corner of the existing lake, and is just South of 
the park’s Nature Center. It is located in a heavily wooded area where the intersection of the 
existing paved roads of Burnet Woods Drive and the abandoned portion of Brookline Avenue 
create a dam on the south and east sides of the pond. This location is a heavily wooded and 
would be required to be cleared and grubbed of the trees and plants in the area. This would 
include the taking down of several 1’ to 2’ diameter trees. On its west face is the toe of a long 
slope of 2:1. This pond will also require regrading in order to achieve a 4:1 slope. This location 
will also require the construction of a dam in order to have any detention capacity. The dam 
location was chosen to be just south of where the existing lake empties under the bridge of 
Brookline Avenue in the grotto so that there would be no interference and saturation of the toe 
slope of the dam. This recommended location is shown in Figure. 2. This location allows for a 
3.5 ft. diameter tree to remain in place just north of the toe of the proposed dam, and allows for 
the grotto area to remain unmodified and within view. A second option that was considered for 
the dam placement would be just south of the nature center. Although this option would force the 
removal of more mature trees, the water volume detained would be much higher than the first 
option. However, after analyzing the pond in context of the entire system, it was seen that it 
would provide little benefit in detention, but would require high financial and aesthetic cost. For 
this reason, Pond B is not included in the final design. 

Pond C is designed to be an optional detention or retention pond. It is located at the 
Northeast corner of the park. The low density of trees, and the natural bowl shape that is created 
by Clifton Avenue means that there is minimal invasiveness to the parks natural topography and 
landscape. The side slopes are also between 4:1 and 5:1 which means that regrading of the pond 
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perimeter would be unnecessary.  This pond could also be designed as a wet detention pond, like 
the existing lake in the park. A wet detention pond design (where the pond has a permanent pool 
of water, but also acts like a detention system) could provide some much needed fill soil for the 
proposed dam for Pond B, but digging a retention pond will not allow for a very substantial 
change in the available detention volume due to the topography and the elevation of where the 
outlet pipe leaves the park. By installing an outlet structure and an outlet pipe in the dam, the 
pond C location is capable of creating a pond with a maximum depth of 3.7 ft., which would 
allow for 568,400 gallons of water to be detained.  
 To optimize the sizes of these two systems in combination, the costs of each can be taken 
into consideration. As can be seen in the cost tables below, a hillside detention system costs 
about $67.50/CY of runoff volume. And aboveground and underground retention system cost 
about $41 and $36 / CY respectively. Knowing these data for both aboveground and 
underground retention systems allows for flexibility in aesthetic preferences of stakeholders. 
Keeping in mind the peak flow limitations of the infiltration stream, a minimum volume for the 
hillside detention can be set. From this point the sizing of each implementation can be optimized 
to meet both cost and runoff retention requirements. With further investigation, design 
alternatives of cost versus runoff removal can be provided. Additionally, possible alternatives for 
this system include varying levels of treatment within the reservoir to insure quality of the lake 
water. We propose to provide details of varying treatment solutions to meet requirements for 
varying uses of the lake and their associated costs. 

With the design of runoff containment being addressed, complete runoff removal must 
now be considered. As mentioned above, the infiltration stream bed has the capability of 
removing the runoff flowing through Burnet Woods. So the water contained in the retention 
system must somehow enter the infiltration stream for this to occur. We propose to pump the 
water from the retention system into the lake in Burnet Woods. Currently, the lake overflows 
into the storm sewer system. To enable water to be removed by other means, the lake overflow 
can be rerouted to the beginning of the infiltration stream. This would allow a cycle of water to 
move through the stream, into the retention system, into the lake, and back through the stream. 
This enables the system to continue cycling water through the infiltration bed until it is removed 
from the system. 

 
3.2.3.1 Case Study: Pinellas County, FL 
 
 Pinellas County in Florida examined the effectiveness of detention ponds at removing 
chemical and physical pollutants from urban stormwater runoff.  Originally, the flow of the Saint 
Joe Creek experienced contamination from polluted stormwater runoff.  The solution for this was 
tested by installing detention basins for the water to pool and provide time for the contaminants 
to be removed by biofiltration.  This study is highly relatable to the proposed system in Burnet 
Woods because of the largely urban watershed area that was considered for Burnet Woods.  In an 
urban environment, the contaminants in stormwater can have many harmful chemicals that can 
be hard to predict.  This study examined stormwater contaminants such as various heavy metals, 
major ions, nutrients, and total suspended solids.  The process for measuring the removal 
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effectiveness of the detention ponds was to take samples at the inlet during water addition and by 
taking samples at the outflow after the detention time.  The detention pond was effective at 
removing heavy metals, as well as a few other constituents.  The data from this case study served 
as a basis for our detention pond design. 
 
3.2.3.2 Safety and Standards 
 

Bodies of water are often an inviting source of entertainment, business and relaxation. 
But where there is water there will also be health and safety concerns. Whether there are 
unsuitable railings by a steep drop-off, high entrance velocities at an entrance pipe, or dangerous 
bacteria flourishing in the water, risks must be accounted for and weighed during the design and 
construction of such places. Much of this responsibility falls into the hands of the engineer, and 
so it is particularly important that the best practices are considered before construction actually 
begins. 

In order to avoid a constant flow of water over the dam or spillway, outlet structures are 
often utilized both in detention and retention ponds. During a stormwater event, these outlet 
structures often cause very high inflow velocities capable of pinning people underwater. Because 
of this, it is imperative that outlets for detention ponds be protected by a trash rack (ASCE/EWRI 
12-05, 6.6.2). 

In Denver, Colorado, pond outlet racks have been specified by the Urban Drainage and 
Flood Control District (UDFCD) for the purpose of preventing injury or death due to the high 
water velocities of pond water entering a pipe.. A few different designs recommended by the 
Natural Resources Conservation Services (NRCS) are shown in Figure 14 (SCS 1982). These 
racks not only prevent people from passing through, but they will also prevent trash and debris 
from inhibiting operation of the stormwater system. For quality standards and guidelines, refer to 
the water quality section that references the EPA’s and ASCE’s water quality guidelines. 

The Natural Resources Conservation Services (NRCS) (SCS 1982) has prepared a design 
manual that is specifically addressed to enhance overall pond performance. Detention (dry) 
ponds require much more specific design, whereas retention (wet) pond outlet structures and 
designs are limited to surfaces weirs, outlet pipes, and other simple overflow devices. Design 
guidelines for wet ponds include a turf covered embankment with a trapezoidal cross-section, an 
outlet pipe passing through the embankment, a metal riser with a trash rack at the upstream 
position, and an emergency spillway.  

For outlet structure design standards followed for the detention pond, please see the 
specifications and Figure in section 2.3.1 in the wetland safety and standards section. 
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Figure 15. Various trash racks and baffles used by the SCS (NRCS). 

(Source: http://rpitt.eng.ua.edu/Class/Erosioncontrol/Module6/Module6_files/image002.gif). 
 
Perhaps the most common topics when it comes to pond safety and performance are the 

steepness and layout of the shoreline and side slopes. Jones and Jones (1982) consider the 
landscaping around a wet pond (retention pond) to play a crucial role in its overall safety, 
whereas, fences can often have an adverse effect.  Fences catch debris, require significant 
maintenance, are usually unsightly, impede/delay access in case of an emergency and are often 
simply looked at as a challenge to youth and people who are looking to break the established 
rules. Except in cases where there is a shear slope into a pond, such as where an underwater 
retaining wall is located, fences can be replaced with vegetation along the waterline of a pond, 
which discourages the entrance and activity along the water’s edge. Schueler (1986) 
recommends that a minimum of 1:20 (one vertical to 20 horizontal feet) side slope be used to 
allow for proper drainage, and a maximum of 1:4 to 1:10 of side slope needs to be used in order 
for proper grass cutting and erosion prevention. In the water, there should be a slope of 1:4 for 
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the first vertical foot underneath the water to allow for proper drawdown after a storm event. 
After this it is recommended by the Metropolitan Washington Council of Governments in 
Washington D.C. that there be a flat shelf several feet wide approximately one foot below the 
normal water level that allows people to regain their footing in the case of a fall or slip into the 
water (Schueler 1986).  

 
3.2.3.3 Costs 

 
Aboveground retention construction costs are generally less expensive than an 

underground retention system. The EPA has wet pond construction cost (with consideration to 
inflation) at a minimum of $23.5 per cubic yard of storage and a maximum of $47 per cubic yard 
of storage (EPA 1999). From a preliminary square foot of the current proposed size pond of 
roughly 7,400 cubic yards, the cost is approximately $38 per cubic yard of retention area - which 
is within the range of expected values from the EPA. As discussed before, the proposed locations 
for the detention ponds all utilize the natural landscape of the park for their detention. In order to 
find a true cost estimate of the ponds, a detailed cost estimate was performed. Please see the 
detailed cost estimate summarized in Appendix F, Table 8. 

Approximate maintenance costs for aboveground can be considered 3 to 5 percent of the 
construction cost, (Schueler, 1992) which accounts for “regular inspections of the pond 
embankments, grass mowing, nuisance control, debris and litter removal, inlet and outlet 
maintenance and inspection, and sediment removal and disposal.” If an on-site disposal location 
is utilized with proper erosion control techniques during construction, it may decrease sediment 
removal costs up to 50% (SEWRPC, 1991).  

 
4.0 Educational Aspects 
 

With the growth in environmental concern throughout cities, education behind these 
emerging fields in both engineering and planning is becoming increasingly important. In recent 
years, stormwater management has developed into a priority for many cities. Now dealing with 
old infrastructure and past mistakes cities like Cincinnati must look at innovative and new ideas 
to manage the water of their city. This presents an opportunity to educate the public on current, 
old and new practices in regards to stormwater and the urban water cycle.  
 Burnet Woods has a unique opportunity being surrounded by several educational 
institutions as well numerous communities that all play a role in the future of Burnet. The 
proposed stormwater management system for Burnet is one that has various different aspects of 
water filtration, detention and conveyance. Starting at the wetland and ending in the detention 
pond there exist opportunities for both research and education that should be taken advantage of. 
In order to take full advantage of the proposed stormwater management system there should be 
two areas of focus: education and research partnerships.  
 The first area of focus, education, is relatively easy to implement. The proposed system 
within Burnet, in conjunction with other groups, has a trail system that follows the stormwater 
system from start to finish. Starting in the wetland, there would be educational stops explaining 
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the process of filtration through the wetland and then would continue down to the lake where the 
wetland outlet is. From there, the trail would follow the lake to the stream outlet having stops 
that would explain both the detention areas and the stream function. The educational trail would 
end where the system ends, in the detention area at the intersection of Ludlow and Clifton. The 
educational trail would benefit students and community members alike. To further make 
implementation easier, it would be best to use the existing nature center as a resource for more 
information or as a meeting place for guided hikes.  
 The second area of focus is even more important to the furthered success of Burnet. 
Research is the only way to perfect stormwater management practices. As the field of stormwater 
management is relatively new, the opportunities for research are crucial to developing best 
management practices for Cincinnati and other cities facing similar issues. Within walking 
distance of Burnet exist two universities and the Environmental Protection Agency, all of which 
could benefit from monitoring the successes of water filtration and CSO reduction. In order to 
ensure that proper implementation of stormwater management the success of the system within 
Burnet must be monitored. This opens up research opportunities for students, professors and 
government employees to ensure that pollutant levels are controlled and that the overall goal of 
the stormwater system is met.  
 Education is only viable if key partnerships are made between the universities, 
communities and government agencies surrounding Burnet Woods. To prevent the same 
mistakes from happening in the future, the public must be educated on the benefits of proper 
stormwater management. At the same time, the ability to research the success of the proposed 
system will also allow for the development of best management practices for cities across the 
country to use.  
 
5.0 Conclusion 

 
 At the beginning of the project, goals were set high, the main goal was to manage the 
entire watershed of Burnet Woods. To some extent, this can be accomplished. Several storm 
sizes were considered, but the most effective storm to plan for within Burnet Woods is one that 
occurs relatively four times a year. In planning for this, conclusions can be drawn on the success 
of the proposed stormwater system within Burnet.  

In planning for the above mentioned storm size, peak flows during a storm can be 
reduced by over 80 cfs. Also, this is storm size that was designed for in Burnet Woods would be 
able to detain over a million gallons of stormwater at peak storm events. These are just a few of 
the measurable numbers that highlight the success of the proposed management system. The 
final design for Burnet came out of realizing the size of planning for larger storm events such as 
a 25 year storm. The size and topography of Burnet do not allow for the design of managing 
larger storms. This conclusion has helped determine the size of the proposed system and was 
considered throughout the whole process.  
 There are also aspects of the proposed design that cannot be measured without 
implementation. The creation of habitats and the filtration of water are benchmarks that can be 
measured, and should be if implemented. Proper monitoring of the success of the system in 
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Burnet is crucial to determining the full success of the proposed design. Through both research 
and implementation, one will find that this proposal is truly the best practice for Burnet Woods.  
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
39 

 



References 

American Society of Civil Engineers and Water Environment Federation. 1992. Design and 
Construction of Urban Stormwater Management Systems. ASCE Manuals and Reports 
of Engineering Practice No. 77; WEF Manual of Practice FD-20. New York: ASCE.  
 
Austin, Gary. "Stormwater Wetlands." Water Conservation Technologies. Web. 29 Nov. 2014. 
<http://webpages.uidaho.edu/larc380/new380/pages/stormWetland.html>. 
 
Benson, Peter. "THE IDEA OF CONSIDERATION." The University of Toronto Law Journal 
61.2, UNDERSTANDING LAW ON ITS OWN TERMS: ESSAYS ON THE OCCASION OF 
ERNEST WEINRIB'S KILLAM PRIZE (2011): 241-78. EPA. Web. 6 Dec. 2014. 
 
Caster, Arthur D. “Metropolitan Sewer District of Greater Cincinnati Global Consent Decree 
Fact Sheet.” Journal (Water Pollution Control Federation) 43.3, Part I (1971): 372-80. 16 Oct. 
04. Web. 10 Nov. 2014. 
<https://msdgc.org/downloads/consent_decree/consent_decree_fact_sheet.pdf> 
 
"Catch Basin Inserts." Home. U.S. Environmental Protection Agency. Web. 09 Dec. 2014. 
 
City of Cincinnati. “Consent Decree.” Consent Decree Information. Metropolitan Sewer District 
of Greater Cincinnati. Web. 10 Nov. 2014 <https://msdgc.org/consent_decree/>. 
 
“Constructed Wetlands: Stormwater Wetlands.” Minnesota Urban Small Sites BMP Manual. 
http://www.sswm.info/sites/default/files/reference_attachments/METROCOUNCIL%20ny%20Sto
rmwater%20Wetlands.pdf 

 
"Current Standard Drawings - Catch Basins." Current Standard Drawings - Catch Basins. Ohio 
Department of Transportation. Web. 09 Dec. 2014. 
 
Deb, D., Gumb, D., Henn, B., Mehrotra, S., and Rossi, J. (2007). “The Staten Island Bluebelt: A 
case study in urban stormwater management,” NOVATECH, pp. 19-26. 
 
Environmental and Water Resources Institute (U.S.), American Society of Civil Engineers. 
Urban Drainage Standards Committee, American Society of Civil Engineers. ASCE Standard, 
ASCE/EWRI 12-05, ASCE/EWRI 13-05, ASCE/EWRI 14-05: Standard Guidelines for the 
Design of Urban Subsurface Drainage, ASCE/EWRI 12-05; Standard Guidelines for the 
Installation of Urban Subsurface Drainage, ASCE/EWRI 13-05; Standard Guidelines for the 
Operation and Maintenance of Urban Subsurface Drainage, ASCE/EWRI 14-05. Reston, VA: 
American Society of Civil Engineers, 2006. Web. 2 Dec. 2014. 
 
Fee, Sylvia Hollman. Landscape Estimating Methods. Kingston, MA: RSMeans, 2007. Web. 9 
Dec. 2014 

40 

 



 
"Interim Summary Report." Enabled Impact Program (2011). 
http://projectgroundwork.org/downloads/ei/ei_interim_summary_12.2011.pdf. Enabled Impact 
Program, Dec. 2011. Web. 9 Dec. 2014. 
 
Jones, J. E. and D. E. Jones, “Interfacing considerations in urban detention ponding.” 
Proceedings of the Conference on Stormwater Detention Facilities, Planning, Design, Operation, 
and Maintenance, Henniker, New Hampshire, Edited by W. DeGroot, published by the American 
Society of Civil Engineers, New York, August 1982. 
 
Jones, Jonathan E., P.E., James Guo, Ph.D., P.E., Ben Urbonas, P.E., and Rachel Pittinger. 
"Essential Safety Considerations for Urban Stormwater Retention and Detention Ponds." 
Stormwater Magazine Jan. 2006: 1-18. Web. 26 Nov. 2014. 
 
Kantrowitz, I. H., and W. M. Woodham. "Efficiency of a Stormwater Detention Pond in 
Reducing Loads of Chemical and Physical Constituents in Urban Streamflow, Pinellas County, 
Florida." Web. 
 
“Lick Run Project.” Project Groundwork. 
http://www.projectgroundwork.org/projects/lowermillcreek/sustainable/lickrun/index.htm 
 
"On-Site Underground Detention/Retention." Water.epa.gov. U.S. Environmental Protection 
Agency, 1 Sept. 2001. Web. 8 Dec. 2014. 
 
Pine Hall Brick. "Permeable Pavement Maintenance." PHB TechBullet #16 (2011). Web. 
 
Pitt, R., Chen, S., and Clark, S. (2002) Compacted Urban Soils Effects on Infiltration and 
Bioretention Stormwater Control Designs. Global Solutions for Urban Drainage: pp. 1-21. 
 
Savage, Chappelear, Schulte and Associates, Inc. "Comprehensive Study and Master Plan for 
Burnet Woods." UC Urban Database. University of Cincinnati, Dec. 1972. Web. 12 Nov. 2014. 
 
Schueler, T.R., 1992. A Current Assessment of Urban Best Management Practices. 
Metropolitan Washington Council of Governments. 
 
Schueler, T. R. New Guidebook Review Paper No. 2, Wet Pond BMP Design. Metropolitan 
Washington Council of Governments, Washington, D.C., 1986. 
 
SCS (now NRCS) (U.S. Soil Conservation Service). Computer Program for Project Formulation, 
Hydrology. Technical Release Number 20 (TR-20). U.S. Dept. of Agriculture, 1982. 
 
“Soil Survey of Hamilton County Ohio”. Soil Conservation Service. 
http://www.nrcs.usda.gov/Internet/FSE_MANUSCRIPTS/ohio/OH061/0/hamilton.pdf 

41 

 



 
Southeastern Wisconsin Regional Planning Commission, 1991. Costs for Urban 
Nonpoint Source Water Pollution Control Measures. Technical Report No. 31. 
 
Storm Water Technology Fact Sheet Bioretention. Washington, D.C.: U.S. Environmental 
Protection Agency, Office of Water, 1999.Water.epa.gov. U.S. Environmental Protection 
Agency, Sept. 1999. Web. 9 Dec. 2014. 
 
Storm Water Technology Fact Sheet Storm Water Wetlands. Washington, D.C.: U.S. 
Environmental Protection Agency, Office of Water, 1999. Water.epa.gov. U.S. Environmental 
Protection Agency, Sept. 1999. Web. 
 
Storm Water Technology Fact Sheet Wet Detention Pond. Washington, D.C.: U.S. 
Environmental Protection Agency, Office of Water, 1999.Water.epa.gov. U.S. Environmental 
Protection Agency, Sept. 1999. Web. 8 Dec. 2014. 
 
Storm Water Technology Fact Sheet On-Site Underground Retention/Detention. Washington, 
D.C.: U.S. Environmental Protection Agency, Office of Water, 2001.Water.epa.gov. U.S. 
Environmental Protection Agency, Sept. 1999. Web. 8 Dec. 2014. 
 
“Stormwater Wetland.” Water: Best Management Practices. EPA. 2014. Web. 
http://water.epa.gov/polwaste/npdes/swbmp/Stormwater-Wetland.cfm 
 
"Stormwater Wetland." What's On Tap. Philadelphia Water Department. 2015. Web. 29 Nov. 
2014. 
<http://www.phillywatersheds.org/what_were_doing/green_infrastructure/tools/stormwater_wetl
and>. 
 
"UNITED STATES DEPARTMENT OF LABOR." Occupational Safety and Health 
Administration. Web. 06 Dec. 2014. 
 
United States. Environmental Protection Agency. Office of Research and Development, National 
Risk Management Research Laboratory (U.S.). Manual: Constructed Wetlands Treatment of 
Municipal Wastewaters. Cincinnati, OH: National Risk Management Research Laboratory, 
Office of Research and Development, U.S. Environmental Protection Agency, 2000. Web. 8 
Dec. 2014. 
 
Upstate Forever. "BIORETENTION." LID Fact Sheet (2005). Web. 
 
Walters, Dwight, and William Frost. Evaluation of the Performance of Four Catch Basin Inserts 
in Delaware Urban Applications. Web. 
 
Wiegand, C., T. Schueler, W. Chittenden, and D. Jellick. 1986. Cost of Urban Runoff Quality 

42 

 



Controls. In Urban Runoff Quality - Impact and Quality Enhancement Technology, ed. B. 
Urbonas and L.A. Roesner, p.366-382. American Society of Civil Engineers, New York, NY. 
 
"Redi-Rock Wall Analysis Software." Free Retaining Wall Engineering Analysis Software. 
Redi-Rock. Web. 27 Apr. 2015. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

43 

 



 
Contributions of Individual Group Members 
 
Andrew 

● Case Studies 
● Rough draft Site Plans 
● Poster Layout 

 
Wade 

● Cost Estimates 
● Construction safety and standards 
● Maintenance considerations 
● Demo plan 
● Cut/Fill drawing 
● Compiled PowerPoint 

 
Katie 

● Wetland Research 
● Assisted with Wetland Design 
● Designed dam and spillway 
● PowerPoint for second half of wetland 
● Compiled PowerPoint 

 
Kyle 

● GIS Analysis  
● Wetland Topography Design 
● Site Plan 
● Overall CAD Design (group effort) 
● Section Cuts 
● Watershed Graphics  
● Paper: Lick Run, Educational Aspects, Conclusion  

 
Aaron 

● Stormwater Runoff Analysis 
● Detention, Stream, and Wetland Sizing Analysis 
● Report: Abstract, Stormwater Analysis, Appendices A - E, General Editing 

 
Elisabeth 

● Wetland Research 
● Assisted with Wetland Design 
● PowerPoint for first half of wetland 
● Compiled technical report 

44 

 



 
Paul 

● Stream plant research 
● Aboveground detention research 
● Bioinfiltration research 

 
Bernadette 

● Plant information 
 
Kelly 

● Underground and hillside detention 
● Raingarden and Bioswale research 
● Report editing 

 
 
  
  
 
 

45 

 




