
  
 

 
 
  

ENGINEER’S REPORT 
Wade Brown, Katie Debnar, Aaron Leow, Elisabeth Martin, Paul O’Brien 

      

Lake/Hydrology 



i 
 

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 - a bioinfiltration stream system, wetland expansion and roadway 
runoff control techniques. 
 The stream system is capable of reducing the quantity of the stormwater runoff through 
evaporation, evapotranspiration and absorption into the surrounding soils; while also increasing 
the quality of the water by capturing suspended solids in the soils and reducing the phosphorus 
and nitrogen levels through the plant’s root systems. Utilization of underground detention 
systems are also implemented into the stream investigation 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 at the end of the stream will allow for some storage of runoff when the 
inflow of runoff into the system is greater than the rate at which water is “captured” or lost in the 
stream. The retention basin will also serve as a reservoir from where water can be pumped back 
into the stream system in order to have a continuously flowing stream for aesthetics and to 
increase the effectiveness of the bioinfiltration system.  
 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 increase the water quality through the same 
means as the bioinfiltration stream, except that wetlands requires even less continued 
maintenance and control as a bioinfiltration system. Through this investigation, it was discovered 
that daylighting an existing stormwater pipe coming from the nearby University of Cincinnati 
could be an effective way to feed the system and help to effect an even larger amount of 
stormwater outside the limits of the park itself. Once this water is fed through the wetland, future 
investigation will reveal whether the quality is satisfactory for use in the public lake. 
 A major consideration when water quality is of concern is the runoff from the roads that 
are in the park. In order to get rid of the need for an underground stormwater line to run through 
the park, the road runoff must also be routed into the wetland or stream system. This runoff 
carries oil, antifreeze, and host of other contaminants that must be taken out of the water in order 
to meet the EPA’s water quality standards for a public park. Possible solutions include 
permeable pavement, filter catch basins and bioswales along the roadway. Permeable pavement 
is not seen fit as an option for the Cincinnati area due to its clayey soils that clog the pores of the 
granular base to which the water flows through, but filter catch basins and bioswales present 
viable options for helping to increase the quality of the runoff. The bioswales will work in the 
same manner as the bioinfiltration stream in reducing runoff and increasing quality, while filter 
catch basins can be used for the same purpose with less upfront cost, but with more expense in 
maintenance costs. A combination of these two systems are possibly the best solution for Burnet 
Woods. 
 The implementation of these techniques could alleviate the combined sewer of over 155 
million gallons of stormwater per year. The current preliminary cost estimate found that it will 
cost over 2 million dollars in construction costs to implement these techniques, but it is believed 
that their implementation will help for research and feasibility studies for not only Burnet 
Woods, but for the entire Cincinnati region.  
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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) 
 

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 
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ensuring appropriate water quality for water reuse. Overall, the design interventions for capturing 
the runoff for reuse are a stream system, an expanded wetland, and roadway runoff management.  
The stream system is based off of the Cincinnati Park Board Master Plan while the wetland and 
roadway runoff interventions are original ideas. To safely reuse the runoff, the goal is to meet or 
exceed the 2012 Guidelines for Water Reuse as established by the Environmental Protection 
Agency. The design interventions can work together to decrease the load on the sewer and 
provide safe water quality.   

Before moving forward with formal designs, several unknowns need to be determined. 
Currently a combined sewer pipe runs through Burnet Woods, but the plan for repair or 
replacement of the system is unknown. The capacity of this pipe is also unknown.  The area of 
the current lake can be generally determined from maps, but it is unknown what the depth of the 
lake is. Without this information, it is unknown what sort of volume needs to be maintained in 
the lake. The amount of potable water used to fill the lake is unknown. The quality of runoff is 
unknown, so specific treatment systems cannot be decided upon since the contaminants of 
concern are not known. If the University of Cincinnati runoff will be contributing to the runoff, 
then these volumes need to be determined as well. Solving these unknowns will drive the 
decision for which systems are best to manage the stormwater in Burnet Woods. 
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Hydrologic Cycle in an Urban Forest 

 Understanding how water moves is essential for designing appropriate systems to capture 
stormwater in Burnet Woods. The hydrologic cycle describes how water moves between the 
atmosphere, biosphere, and lithosphere. Figure 2, below, illustrates the processes in the cycle of 
water specifically in a forest.  The water that falls on the leaves of the trees will evaporate from 
the sun hitting the leaves through a process known as interception loss.  The amount of rainfall 
that will be lost after interception ranges from about 12-48% depending on climate, tree type, 
and canopy structure (Korhnak 1).  Water can also evaporate from within living plant tissue 
through transpiration.  Transpiration volumes can be so much that the tree must replace the 
moisture by absorbing more water from the soil below.  In the US, transpiration ranges from 30-
60% of precipitation based on similar factors that influence interception (Korhnak 3).  
Interception loss, transpiration, and other evaporative processes can be combined into one 
measurement called evapotranspiration.  As much as 70% of the precipitation in Midwest urban 
forests is returned to the atmosphere through evapotranspiration (Korhnak 4). 

 

 
Figure 2. Water Cycle in a Forest  

(Source: Korhnak) 
 

The remainder of precipitation will fall through the tree canopy and either infiltrate the soil or 
run off into a body of water.  The amount of infiltration depends on how porous the soil is, as 
seen in Figure 3, as well as the forest floor vegetation. 
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Figure 3. Infiltration of Water through Soil  

(Source: Korhnak) 
 

Infiltration capacity can be as high as 75mm/hr in coarse soils, and the more vegetation, the 
slower the surface flow will be leading to higher infiltration rates.  The water that infiltrates will 
percolate through the soil until it hits clay or rock and will then move laterally towards streams 
or aquifers.   When the volume of through-fall exceeds the capacity of infiltration, water will run 
off the surface (Korhnak 5). The runoff can pick up chemicals from roads or other sources and 
pollute a water body.  This form of pollution is known as nonpoint source pollution and is a 
leading water quality problem for the US (Korhnak 1).  Non-point sources contribute significant 
amounts to the total pollution load. Specifically, 90% of nitrogen, 90% of fecal coliform bacteria, 
70% of oxygen demand, 70% of oil, 70% of zinc, 66% of phosphorus, 57% of lead, and 50% of 
chromium (Korhnak 9-10). 
 Quantities of runoff can be greatly exacerbated by urbanization.  Urbanization of forests 
means increasing impervious surface areas leading to less water evaporating or infiltrating and 
more water that runs off the landscape.  Not only will impervious surfaces lead to more runoff, 
but compacting soil for agricultural or other purposes means decreasing the ability for water to 
infiltrate between soil particles.  Again, this will lead to more runoff.  Forests have the lowest 
chance for runoff compared to urban or agricultural environments as seen in Figure 4.  Forests 
have the natural conditions for storing water and slowing down the hydrologic cycle. 

 
Figure 4. Discharge vs. Time for Different Environments  

(Source: Korhnak) 
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In order to restore the hydrologic cycle and improve the functioning of aquatic 
ecosystems, tree canopy coverage must be increased and maintained in order to act as a riparian 
forest buffer for water bodies.  Riparian forest buffers have three different zones to provide the 
best water quantity and quality benefits described by Figure 5 below.  Zone three slows the 
velocity of the urban sheet flow, zone two allows for contact time for pollutant removal, and 
zone one controls the physical, chemical, and trophic status of the stream (Korhnak 15). 

 
Figure 5. Riparian Forest Buffer Systems Explained  

(Source: Korhnak) 
 

When designing how to manage stormwater in Burnet Woods, the natural movement of 
water in a forest environment must be kept in mind.  Since the canopy is heavy in most areas of 
the park, much of the rainfall will not be as likely to reach the soil due to evapotranspiration 
processes.  The lake and the stream proposed by the 2007 Master Plan are not covered by canopy 
so these areas will allow for more infiltration.  The soil type will also affect the infiltration rates.  
This information serves as background for understanding general water movement and 
percentages likely to infiltrate the soil.  
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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. 
 
  



7 
 

 
Comprehensive Study and Master Plan for Burnet Woods (1972) 

 In 1972, a master plan was created for improving Burnet Woods. It was approximately 91 
acres at the time even though it began as 165 acres when created in 1881.  The brief background 
given describes the park as a “passive recreational area lending itself to the function of rest and 
relaxation…” (Savage, et al 2).  The park had been developed to include a street system, a 
sanitary sewer system, a water supply system, and an underground electric system.  At the time, 
an archaic brick sanitary sewer was running adjacent to the existing lake and needed to be 
replaced by the Metropolitan Sewer District.   
 The study lists characteristics, assets, liabilities, and existing facilities that influenced the 
plan for the park, and inform our current proposal.  The topography of Burnet Woods is hilly 
with elevations ranging from 650 to 795 feet, and greatly affects the movement of water in the 
park (Savage, et al 6).  At the time it was decided that the lake volume could not be maintained 
with natural stormwater runoff because the water quality could not be controlled, so the lake was 
to be filled with municipal water (Savage, et al 7).  The lake overflowed to a waterfall, which 
was continuously operating, to the combined sewer system which ran parallel to the lake.  No 
apparent drainage structure could be located so draining the lake had to be done by pumping 
across the road into the sewer (Savage, et al 10-11). 
 The plan then outlines the changes for the lake with the highest priority being to install a 
new sanitary and storm sewer system running along Lakeside Drive.  The first step to this 
installation was to drain the lake.  It was proposed that construction would begin to expand the 
lake into an unused depression to the south as seen in Figure 6 while the lake was drained for 
sewer installation.  A water supply facility was to be relocated and installed as a fountain with a 
recirculating flow.  Lights underwater were to be installed under the fountains for aesthetics.  For 
the overflow into the waterfall and sewer, the plan was to create a lower pool below to serve as a 
catch basin so that the water would flow through rock structures before entering the sewer shown 
in Figure 7.  In order to drain the lake more easily in the future, a valve chamber and pipe lateral 
to the sewer was to be installed so that pumps would not be necessary (Savage, et al 19).   

In addition to plans for lake improvements, the study also discusses opportunities for 
additional recreational activities like ice skating and boat rental.  They proposed an ice skating 
rink requiring the waterfall to be constructed in a way that allows for lowering the water level to 
an elevation of 694 feet to permit freezing at a safe depth.  This elevation change is shown below 
in Figure 7.  The expansion of the lake would create a better opportunity for leisurely boating 
rentals as well.  A private contractor could operate a boat rental stand or a small lock system 
could be installed for boats and would operate without an attendant (Savage, et al 32).    
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Figure 6. Proposed Lake Extension 

(Source: “Comprehensive Study and Master Plan for Burnet Woods”) 
 

 

 
Figure 7. Overflow Structure. 

(Source: “Comprehensive Study and Master Plan for Burnet Woods”) 
 

The cost estimate for the lake expansion in 1972, including recreational activities, is 
included in Figure 8 and sums to $325,000.  Some of the costs could be compensated by the 
federal government through the Outdoor Recreation and Park Development Federal Aid Program 
(Savage, et al 34).  To develop the lake with all the same amenities as planned in 1972 would 
cost nearly $2 million today. 
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Figure 8. Cost Estimate for Lake Expansion in 1972. 

(Source: “Comprehensive Study and Master Plan for Burnet Woods”) 
 

The plan from 1972 gives some preliminary ideas for how the lake has developed over 
the years.  It is, however, not known if the old brick sewer in need of replacement in 1972 was 
actually replaced. Additionally, it is not known if any of the proposed designs were ever 
implemented in the park. Via conversations with the Cincinnati Parks Board, we know that the 
lake is currently filled with municipal water, as recommended in this plan, but there is no real 
evidence for why this is happening except the possibility that runoff quantity and quality are not 
adequate. 

The Metropolitan Sewer District will be contacted next semester to determine what the 
current conditions and future plans are for any sewer pipes running through Burnet Woods.  For 
lake expansion, Figure 8 gives potential deliverables.  These include providing drawings for the 
following: sizing of an appropriate drainage structure for the lake outlet, sizing for two 
waterfalls, sizing and location of walkway extension, sizing and capacity of fountain, new 
location for water supply building, and locations of lighting.  These deliverables, however, are 
out of the scope for next semester and will not be pursued any further.  The information is to be 
used merely for historical context rather than for design. 
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1.0 Stream System 
 
1.1 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 into the combined 
sewer system. Here we will provide an overview of the system followed by detailing each 
implementation. As mentioned above, the park largely consists of steep slopes, many of which 
direct runoff into a valley running through the northern area of the park. Our first implementation 
involves a system to intercept runoff as it moves down the slopes 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 retention system. The contained 
water will then be pumped to the current lake in Burnet Woods. Finally, overflows from the lake 
will be directed to the biofiltration stream where the water will continue to cycle until it is 
removed from the system. 
  
1.2 Proposal 
 
1.2.1 Hillside Detention 

         The hillside detention system will consist of a series of underground detention chambers 
(such as those manufactured by Stormtech) placed in rows proceeding downhill toward the 
valley as can be seen in Figure 9 below. This design implementation was used by Cincinnati 
State College to reduce peak flows of their campus runoff. As seen in the figure, these 
underground, open-bottomed containers are place over gravel beds which allow for 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 biofiltration stream to remove. 
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Figure 9. Hillside Detention System 
(Source: “Enable Impact Program”) 

 
         One of the advantages of such an implementation comes from an educational standpoint. 
Hillside detention is one of MSDs 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. 
 
1.2.1.1 Case Study: Wyman Woods 
 

An example of the successful use of the StormTech 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 a 
system by StormTech that would remove the water from the surface, while imitating natural 
infiltration. The StormTech solution involves installation of plastic chambers on top of a gravel 
bed, which is then covered by soil as shown in Figure 10. 
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Figure 10. StormTech Solution. 

(Source: stormtech.com/engineers.html) 
 

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. 
 
1.2.1.2 Hillside Detention 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 
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. The rest of the design considerations 
can be found in Figure 11. 

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 
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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 when an estimate is being formed for installation and for design 
purposes. 

 
1.2.1.3 Hillside Detention 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.  

 
1.2.1.4 Hillside Detention Further Investigation 
 

It should be noted that further site investigation needs to be conducted in order to 
conclude the feasibility of the construction of the underground retention systems along the slope 
in Burnet Woods. The thick vegetation and the degree of the slopes will make installation more 
difficult than site layouts investigated in the case studies. It is noted, however, 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 know that there is a high tree density along the proposed slope locations, 
it is probable that an alternate method or location will be required for the underground detention 
system so that trees and other vegetation will not be disturbed during construction efforts. 
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Figure 11. Comparison of Design Considerations for Construction Materials for Underground Storm Water 

Retention/Detention Systems 
(Source: “Storm Water Technology Fact Sheet On-Site Underground Retention/Detention”) 

 
1.2.2 Infiltration 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 bead of high infiltration soils, 
potentially planted with native vegetation to 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, 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 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 
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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. 
 
1.2.2.1 Bioinfiltration Stream 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. By looking at Christ Hospital’s costs, 
we can find that a bioinfiltration system can be estimated at approximately $600,000 per acre 
(Enabled Impact Program, 2011). 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. 
 
1.2.3 Retention System 

         A retention system will be placed at the end of the biofiltration stream to catch water not 
yet infiltrated into the soil by the infiltration stream. By temporarily holding the water during the 
storm event the high peak runoff flows can be eliminated from entering the storm sewer system 
and exacerbating the combined sewer overflows. As mentioned previously, the capacity of this 
design implementation will work in conjunction with the hillside detention system. The more 
volume that the hillside detention system is able to hold, the lower the capacity the end of stream 
retention system will need to be to keep the remainder of the storm runoff volume from entering 
the sewer system. For the entire system to keep runoff from entering the sewer system, the 
combined volume of the hillside detention system and the retention system must be equal to or 
greater than the runoff entering this area of the park, assuming negligible runoff removals during 
the storm event. 
 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 
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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. 

 
1.2.3.1 Retention System 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 there are dangerous 
bacteria flourishing in the water, these 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 having water constantly flow 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 that are 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 order to prevent injury or death due the high water velocities into 
the pipe, pond outlet racks have been specified by the Urban Drainage and Flood Control District 
(UDFCD) in Denver, Colorado. Figure 12 displays a minimum design guidance for the area 
created by the rack based on the outlet diameter of the pipe and the total area of the pond (Jones 
15). A few different designs recommended by the Natural Resources Conservation Services 
(NRCS) are shown in Figure 13 (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 than 
retention (wet) pond outlet structures and designs - which are limited due to surfaces weirs, 
outlet pipes, and other simple overflow devices. Design guidelines for wet ponds include a turf 
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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.  

 

 
 

Figure 12. Minimum Trash Rack Open Area – Extended Range 
(Source: Jones 15) 
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Figure 13. Various trash racks and baffles used by the SCS (NRCS). 

(Source: SCS 1982). 
 
Perhaps the most common topic when it comes to pond safety and performance is the 

steepness and the 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 
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).  
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1.2.3.2 Retention System Costs 

 
Aboveground retention construction costs are generally less expensive than an 

underground retention system. The EPA has wet pond construction cost at a minimum of 
(accounting for inflation) $23.5 per cubic yard of storage and a maximum of $47 per cubic yard 
of storage (EPA 1999). A preliminary square foot estimate performed by our team had 
approximately $38 per cubic yard of retention area for the current proposed sized pond of 
roughly 7,400 cubic yards - which is within the range of expected values from the EPA. This 
comes out to approximately $300,000 total construction cost. Approximate maintenance costs for 
aboveground can be considered to be 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). At a minimum, maintenance costs will be approximately $9,000 per year. 

A cost estimate for an underground StormTrap (Concrete) retention system was based off 
of a 2500 CY 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): 

 
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 including: maintenance/inspection time, safety equipment, pumper truck, and jetting are 
estimated to be approximately $3,000 per year minimum. A summary of these construction and 
maintenance costs is be 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). 
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1.3 Deliverables 
To make these ideas possible, we will need to gather some additional information. We 

currently have a rough estimate of the stormwater runoff through the park by using the program 
AutoDesk Storm and Sanitary analysis alongside the topography of the area as mentioned above. 
By, utilizing MSD sewer system data, and through further park investigation we will be able to 
provide more accurate runoff estimates through the park, and the areas in which they are 
applicable. Once we have accurate runoff estimates, we will provide the size requirements of the 
hillside detention system, the infiltration stream, and the retention system, to contain and remove 
different percentages of the total runoff. We will provide different alternatives detailing the size, 
location, and cost of each implementation to address different stakeholder preferences. 
Optimization of the implementations working as a system will be considered to provide a holistic 
assessment of the design idea instead of simply the best case scenario of each implementation on 
its own.   
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2.0 Wetland Expansion 
 
2.1 Introduction 

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”). Burnet 
Woods currently has a small wetland area near the South end of the lake, shown in Figure 14 
below. 

 
Figure 14. Current wetland in red box. 

(Source: www.google.com/maps) 
 

2.2 Proposal 

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. There are several options for a potential wetland expansion based on the volume 
of the water available. A potential low flow option would be to expand the current wetland closer 
to Martin Luther King Drive and add a wetland overflow area for the west side of the lake. This 
would act as a lakeside filtration system from the roadway and surrounding park runoff. As 
shown in the Master Plan (Figure 15), there is a desire to create a waterway system. One option 
for that waterway would be to create a wetland environment instead a stream. If the volume of 
the flow from the filtered park runoff is too low, there is a pipe running beneath Burnet Woods 
that is a part of the combined sewer system in need of repair. The water from that pipe could be 
daylighted, or brought to the surface, and entered into the proposed system. If the volume of 
water is still too low to sustain the lake and the system, stormwater runoff from UC could be 
intercepted and routed into the system.  

http://www.google.com/maps
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Figure 15. Desired Waterways. 

(Source: Master Plan) 
 

2.2.1 Case Study: Saylor’s Grove 

The Philadelphia Water Department did a similar project in 2006 in the Fairmount Park 
system. Saylor’s Grove is a 3.25-acre park and the terminus of a 156-acre urbanized watershed. 
According to the Temple-Villanova Stormwater Initiative, the PWD implemented a 0.70 acre 
stormwater treatment wetland design that filters a large portion of the approximate annual 
stormwater of 70 million gallons. Figure 16 below is from Gary Austin’s article about 
stormwater wetlands and shows the basic outline of the design. 
 

 
Figure 16. Saylor’s Grove Wetland Design 

(Source: http://webpages.uidaho.edu/larc380/new380/pages/stormWetland.html) 

http://webpages.uidaho.edu/larc380/new380/pages/stormWetland.html
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The numbers on the figure identify key points in the system. Point 1 is a stormwater 
diversion chamber that takes the daylighted water and routes it into the system through Point 2, 
the energy dissipater.  From here, the water enters the wetland from the stormwater inlet, Point 3.  
This is similar to the daylighted wetland option from above. Point 4 is an overlook with 
educational panels for the community to learn about the created wetland. As shown on the 
Master Plan, the Cincinnati Park Board had integrated interactive learning spots along the trails; 
Figure 17 below is one of the panels from the Saylor’s Grove outlook. Point 5 identifies 
permanent pools with an entry micro pool, Pool 1, and exit micro pool, Pool 2. The main 
permanent pool in Burnet Woods would be the preexisting lake. If more pools are needed, they 
could be designed in the outflow path. Point 6 shows the overflow outlet structure for water that 
goes two feet above the permanent pool elevation. The overflow structure along the outflow path 
would be determined after more analysis on the flow volume. 
 

 
Figure 17. Educational Panel in Saylor’s Grove Park. 

(Source: http://webpages.uidaho.edu/larc380/new380/pages/stormWetland.htm) 
 

2.3 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. 

 
2.4 Cost 

It was found that a 1.5 acre wetland would cost roughly $900,000. This was found 
through the use of the EPA guidelines (Constructed Wetlands-EPA Manual; Table 7-10, 2000) 
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on how to find a preliminary cost for the construction of a wetland. The costs accounted for in 
the total cost estimate provided by the EPA for a Vegetated Submerged Bed (VSB) wetland 
includes: survey/geotechnical (~1.3%), clear and grub (~3.0%), earthwork (~7.3%), liner 
(~27.5), media (48.5%), plants and planting (~4.2%), control structures (~3.9%), and plumbing 
and fencing (4.2%).   

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 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%). 

The installation of a wetland system improves water quality and improves aesthetic 
appeal of the area. Wetlands increase the biodiversity of an area and create a habitat for animals. 
In Figure 18 below, the difference before the installation in Saylor’s Grove and after is huge. 

  

 
Figure 18. Before and After Pictures of Wetland Installation. 

(Source: http://webpages.uidaho.edu/larc380/new380/pages/stormWetland.htm) 
 
 

2.5 Deliverables  

To determine the proper sizing and layout of the proposed wetland areas, we will use the 
total stormwater runoff estimate discussed in the stream system section. Using this runoff 
estimate, we will be able to present a preliminary design of the lower volume wetland areas. 
Combining this estimate and the information from MSD about the future plans for the sewer 
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pipes beneath Burnet Woods, we will be able to determine the volume of stormwater in the park 
with the daylighted pipe. If that data is not available, then we will assume that those pipes will be 
repaired and the water will stay within the sewer system. Using case studies, such as Saylor’s 
Grove, with similar area conditions and stormwater capacity, we will be able to determine 
preliminary designs of expanding the current wetland area and a potential wetland waterway. If it 
is possible to obtain a recent University of Cincinnati stormwater report done, then we create 
another total stormwater runoff estimate. Based on this increased estimate, we will do further 
research to find comparable sized wetlands. If a recent UC stormwater report cannot be provided, 
then we will use the initial data to formulate our designs. 
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3.0 Roadway Runoff 
 
3.1 Introduction 

Roadway runoff management is a huge component to managing stormwater.  If not 
handled correctly, there is a chance that the pollutants from the roadways could contaminate our 
soils.  However, this design problem can be solved by using different green infrastructure ideas, 
typically deemed as stormwater best management practices by the EPA.  We would like to 
examine different stormwater BMPs for road runoff management in Burnet Woods.  We looked 
at Brandon Park in Lancaster, PA as a case study for an example in green infrastructure.  The 
city of Lancaster, PA experienced similar runoff issues with Brandon Park. Like Cincinnati, they 
treat city wastewater through a combined sewer system (CSS).  So, to help minimize the runoff 
to the combined sewer system, the city of Lancaster installed various different green 
infrastructure methods much similar to those proposed herein for Burnet Woods. 

 
3.2 Proposal 

 Installing multiple different stormwater BMPs will help manage the road runoff to the 
combined sewer system and hopefully reduce the combined sewer overflows.  We are proposing 
three different design ideas to reduce the roadway runoff in Burnet Woods: Permeable pavement, 
filter catch basins, and bioswales.  If permeable pavement is selected as an attractive option for 
managing the road stormwater runoff, then the filter catch basins and bioswales would not be 
needed.  Filter catch basins and bioswales work well in conjunction with each other. 
 
3.2.1 Permeable Pavement 

Permeable pavement is a not-so-new technology that is getting some new attention. The 
design idea of permeable pavement can be accomplished multiple ways, including porous asphalt 
and permeable concrete pavers.  According to the National Asphalt Pavement Association 
(NAPA), the composition of porous asphalt or concrete contains a much higher air-void 
percentage than regular asphalt or concrete. This helps with its natural drainage properties, but 
yields less compressive strength than standard asphalt.  For this reason, porous pavement is not 
recommended in high traffic areas.  Permeable concrete pavers can be another option that allows 
for water to drain through the gaps between interconnecting concrete blocks.  A cross section 
example of permeable pavement can be seen in Figure 19.  Below the permeable layer are 
multiple layers of different aggregate bases that provide drainage and filtration to the water.  The 
most important aspect to the success of the permeable pavement is that its gravel base and 
subgrade work to deliver the water into the pipe system as described in the ASCE Standard 
Guidelines for the Design of Urban Subsurface Drainage section 4.4.3.1. Below all of the gravel 
is the native soil, which absorbs the water as it drains.  Permeable pavement is recognized by the 
EPA as best management practices for stormwater management. 
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Figure 19. Permeable Pavement Cross Section 

(Source: http://www.vwrrc.vt.edu/swc/NonPBMPSpecsMarch11/VASWMBMPSpec7 
PERMEABLEPAVEMENT_clip_image006.jpg) 

 
The proposed design idea is to install permeable pavement on all of the roads of the park.  

This drainage would remove the need for catch basins that drain into the combined sewer system, 
thus helping to reduce the combined sewer overflows.   

The main concern for permeable pavement is the potential for the pores to be clogged by 
sand and other soils prone to high runoff.  This can be a possible issue for Burnet Woods, due to 
the soil being mostly clay in the area.  If not properly maintained, the pores will get clogged, 
resulting in the road functioning as standard asphalt, except with less compressive strength, and 
thus defeating the purpose of permeable pavement.  In order to avoid this, it would be mandatory 
to have the pores cleaned with an industrial vacuum twice a year.  When maintained properly, 
however, permeable pavement can be a great stormwater management practice.  Permeable 
pavement was installed in Brandon Park, in Lancaster, PA.  After its installation, they found that 
the permeable pavement had reduced the total runoff by 26%.  

 
3.2.2 Filter Catch Basins 

Filter catch basins are another stormwater best management practice, deemed so by the 
EPA.  They operate just like any catch basin along the side of the road, except they can have a 
variety of different filters in them.  The filters allow for the filtration of contaminants from 
stormwater before the water hits the sewers.  A perfect example of what could be installed along 
the roads of Burnet Woods is the figure below; the Hydrokleen, by UltraTech (shown in Figure 
20).  KCI Technologies studied the effectiveness of these systems along roadways with high 
sediment runoff.  They concluded that after 9 months of service, the once white filters had 
blackened from the usage.  The manufacturer recommends that the filters be changed every 4 to 
6 months in particularly high runoff areas.   
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Figure 20. HydroKleen System 

 (Source: http://www.spillcontainment.com/sites/default/files/ hydrokleen-illust_0.JPG) 
 

 The catch basins require filter replacement and vacuum truck maintenance to be 
performed every 6 months which cost approximately $100 dollars and $150 (or $200 and $300 
annually), respectively. The overall cost of a filter catch basin can vary anywhere between $400 
and $10,000 depending on the complexity and intended function of the design (Catch Basin; 
EPA). Installation costs can also vary, but using 2013 data from multiple local projects provided 
by Diggit Excavating, it can be found that a base estimate for catch basin installation is 
approximately $2,000.  
 Some filters, such as shown in Figure 20, are simple “drop-in” filters which can fit into 
any 2-2B and other various-sized catch basins, but others are complete filter structures that are 
poured monolithically. They come in various sizes, but there will usually be a similarly-sized 
catch basins used by the state. When filter catch basins are created for street use, they will 
typically be required to fall under the State of Ohio Department of Transportation's (ODOT) 
Supplement 1073 (Precast Concrete Certification Program) which regulates which basins meet 
the strength standards required on roadways. Detailed drawings for installment of various sized 
catch basins can be found online in the ODOT standard drawings (Current Standard Drawings, 
ODOT).  

 
3.2.3 Bioretention 

In addition to filter catch basins, bioretention is a fairly standard stormwater best 
management practice.  Bioretention is an attractive option for diverting stormwater from the 
sewers because it uses a temporary detention of water in a bio swale.  The water in detention 
filters its way through the ground as the plants in the swale remove sediment and other 
contaminates from the water.  Once the water reaches the underdrain pipe, it flows to its next 
destination: typically the city sewer. 
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Figure 21. Bioswale Cross Section 

(Source: http://upstateforever.org/pdfs/other/ CAW_LIDFact_Bioretention.pdf) 
 

The design idea that is applicable to Burnet Woods is to run the underdrain pipes to the 
lake, allowing for the filtered water to fill the lake.  It is important to note, however, that the 
groundwater table must be below the bottom of the retention zone, or else untreated water could 
flow across the filter fabric into the retention zone.  The bioswales installed in Brandon Park 
accounted for approximately 56% of their total runoff reduction, reinforcing the reason why 
bioretention cells are so widely used. 

Bioretention poses many similar risks that can be found in detention ponds, but it also 
poses a few risks all to its own. In order to drain water slowly from such a basin, there is usually 
a small diameter outlet hole that is used in an orifice plate against a storm structure. This hole 
can often be plugged by trash and/or debris which leads to pooling of shallow, stagnant water 
that provides an ideal environment for mosquitoes to breed and pose a threat of the West Nile 
virus to the local visitors and population. Luckily, steps can be taken in order to reduce risk both 
in the planning and management phases of the basin. 
 Bioswales will follow the same costing and standards as are described in the 
bioinfiltration stream section. 
 
3.3 Deliverables 

After analyzing the three design ideas for road stormwater management and comparing 
the information obtained from the Brandon Park case study, it was determined that permeable 
pavement would likely fail in Burnet Woods. Background research of the Burnet Woods has 
indicated that the natural soil type is clay, which has a high risk to clog the pores of porous 
pavement or permeable pavers.  Also, based on the construction cost per gallon filtered 
calculation, the permeable pavement was determined to be highly cost inefficient when 
compared to the other methods researched.  The bioretention cells and filter catch basins, 
however, appear to be promising methods of treating the stormwater runoff from the roads.  
Once we can calculate a runoff estimate for the roads in the park, we can provide a design plan 
for these different road stormwater management systems.  This design plan would include the 
location of the systems along the road, the number of systems needed, as well as the 
recommended size of each system.    
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4.0 Quality of Stormwater Runoff 
 
4.1 Introduction 

Quality is necessary to maintain in all the above design interventions, so that the park 
visitors can participate safely in water recreational activities. The water quality of runoff into the 
lake is questionable according to the 1972 Burnet Woods Study.  Since the amount of runoff was 
not considered enough to supply the lake with safe water, the lake was filled with potable water 
(Savage, et al 7).  This practice still remains today for filling Burnet Woods Lake.  The EPA 
created the “2012 Guidelines for Water Reuse” to ensure acceptable water quality of reused 
water in urban, agricultural, environmental, and industrial settings.  The EPA defines 
environmental reuse as “the use of reclaimed water to create, enhance, sustain, or augment water 
bodies including wetlands, aquatic habitats, or stream flow” (EPA 40).  This applies to the design 
interventions for expansion of the stream and wetland.  For filling the lake, however, the 
guidelines for unrestricted urban runoff may be more applicable.  Unrestricted urban runoff is 
defined as “the use of reclaimed water for nonpotable applications in municipal settings where 
public access is not restricted” (EPA 40).  The unrestricted urban runoff guidelines are stricter, 
so they will govern.  If the runoff from the proposed design options does not meet the guidelines, 
then further treatment will be required.  The following is a proposal for potential chemical 
treatment if necessary. 
 
4.2 Proposal 

The water quality of runoff in Burnet Woods needs to be tested to ensure it is acceptable 
according to the guidelines to be able to reuse it for filling the lake, potentially sustaining the 
stream, or enhancing the wetland while also reducing the load to the combined sewer.  The EPA 
has set guidelines for the necessary treatment of unrestricted urban runoff reuse to achieve a 
specific quality, which needs to be monitored.  The table from the “2012 Guidelines for Water 
Reuse” is seen below in Figure 22.  For Burnet Woods lake, the treatments suggested are 
secondary, filtration, and disinfection to achieve a pH of 6.0-9.0, less than 10 mg/L BOD, less 
than 2 nephelometric turbidity units (NTU), 1 mg/L chlorine residual, and no detectable fecal 
coliform per 100 mL.  Monitoring this quality includes weekly pH and BOD readings, 
continuous turbidity and chlorine residual readings, and daily fecal coliform readings (EPA 131).    
After measuring the water quality in Burnet Woods runoff, systems can be designed, if 
necessary, to achieve the necessary quality outlined by the EPA guidelines. 
 

 
Figure 22. EPA Guidelines for Unrestricted Urban Runoff Reuse. 

(Source: http://nepis.epa.gov/Adobe/PDF/P100FS7K.pdf) 
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 Lake Ella is in Tallahassee, Florida, shown in Figure 23, is a 13 acre lake with a 57 acre 
watershed and provides an example of how to maintain an urban lake with treated runoff.  Burnet 
Woods Lake by comparison is about 2 acres with a watershed of 15-20 acres, so the lakes are 
reasonably similar for the purposes of treatment systems.  Flooding and poor water quality 
became a problem for Lake Ella in the late 1970s, so a study was conducted to discover how to 
improve the lake quality.  The necessary renovations included sediment removal, adjusting the 
shoreline, reducing stormwater inflow pipes, and adding an automatic alum treatment system.  
Removing sediment, adjusting the shoreline and reducing stormwater inflow pipes helps to 
reduce the flooding because the load from the storm system is more controlled and the holding 
volume is increased in the lake.   
 

 
Figure 23. Map of Lake Ella, Florida  

(Source: Google Maps) 
 

For managing quality, stormwater treatment technologies like retention basins were 
considered, but lack of land for construction of treatment facilities led to considering chemical 
treatment methods for Lake Ella. The quality is improved by the automatic alum treatment 
system which doses the lake with alum at six different locations (City of Tallahassee).  The 
amount of alum injected depends on the volume of stormwater entering the lake.  Alum is 
generally stored in a large tank and is pumped to each dosage point.  A central facility houses the 
tank, pump, controls, etc. to run this system.  The dosage points can be up to 3000 feet from the 
facility (Harper, et al 3).  Alum is a flocculent so any contaminants will stick together and settle 
to the bottom of the lake.  Water quality was tested prior to installing the system and after 
installation and is listed in Figure 24 below (Harper, et al 4). 

 



32 
 

   
Figure 24. Water Quality Analysis for Lake Ella, Florida 

(Source: Harper, et al) 
 

The EPA recommends a pH level between 6 and 9, and Lake Ella was able to maintain 
this with the chemical treatment.  The alum system reduced biological oxygen demand to a level 
of 3 mg/L which is well below the EPA guideline of 10 mg/L.  Alum treats for total suspended 
solids, turbidity, and fecal coliform, which are all contaminants of concern according to the EPA 
guidelines.  The system cost was $200,400 and the time to start-up was 15 months (Harper, et al 
8).  This system treats 50-100 million gallons of stormwater in a typical year (City of 
Tallahassee).   

 
4.3 Safety and Standards  

In ASCE’s Standard Guidelines for the Operation and Maintenance of Urban Subsurface 
Drainage, Section 4.3, (ASCE/EWRI 14-05) it is stated that the local government generally has 
their own list of standards, but that “these standards can be used as a basis for evaluating water 
quality.” The suggested list of parameters for analysis include, as a minimum, temperature, color, 
odor, pH, dissolved oxygen, total suspended solids, and turbidity. Considerations include 
inorganic chemicals, heavy metals, corrosivity, organic chemicals (pesticides/herbicides), and 
microbiological and radioactive materials. Sampling points and frequency can best be 
determined in the field.  Publishing information that the lake is safe could encourage further 
community use of the lake for fishing or any other potential recreational activities.   

 
4.4 Cost 
 

It is unclear how much potable water is used in Burnet Wood’s lake each year.  The 
amount of water used to refill the lake depends on evaporation rates and potential leaks in the 
concrete bottom of the lake.  Burnet Woods Lake is about 2 acres or about 100,000 sq. ft. and 
assuming the depth of water to refill the lake each month is 1 foot then the total volume to 
maintain the water level is 100,000 cubic feet per month or 1,200,000 cubic feet per year.  
Assuming the cost of potable water is $3.50/CCF then the total cost to maintain the lake for a 
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year is $42,000.  The alum treatment system used in Lake Ella cost $200,400, so it would take 
about five years to receive a return on the initial investment if a similar system is used in Burnet 
Woods lake.   

 
4.5 Deliverables 

For Burnet Woods, the feasibility of alum treatment would be determined next semester 
through extensive laboratory testing.  Representative runoff samples would need to be taken and 
evaluated in a series of laboratory jar tests.  Samples can be collected and tested in the University 
of Cincinnati’s Water Lab for pH, total suspended solids, and chemical oxygen demand.  Aaron 
Leow, a member of our team, works in this laboratory and can easily run these tests.  We will 
compare these levels to the EPA guidelines to determine if treatment is necessary.  If the levels 
exceed the guidelines, then we will compare the level of contamination of our samples to case 
studies like Lake Ella and to EPA Guidelines to determine the alum dose, pump size, pump rate, 
mixing intensity and duration for floc settling basin.  Based on the sizing of the pump and the 
necessary alum dose, we will decide if alum treatment is reasonable in the land space available 
since the pump and alum storage tank will require a facility space.  We will also compare the 
cost of the alum treatment system and the cost to the utility for continuing to fill the lake with 
potable water to see which is more cost effective. 
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Appendix A. Estimated Costs 
Construction Costs 

 Size Unit Price Construction 
Cost 

Annual 
Capture 
Volume 

Annual 
Incremental 
Cost per 
Captured 
Gallon 

Estimated From: 

Wetland 1.5 
acres 

$600,000/a
cre 

$900,000 150,000,000 
Gal. 

< $0.01 EPA Wetland 
Construction 

Manual 

Bioinfiltration 0.92 
acres 

$0.08 $550,000 6,700,000 
Gal. 

$0.08 Comparison to 
Christ Hospital 

Filter Catch 
Basins 
(2-2B Drop-in 
Type) 

2-4 
Basins 

$15,000 / 
Basin 

$45,000 Negligible Negligible Rough Estimate 
from Filter CB 

Fact Sheet 

Retention Ponds 7400 
CY 

$36/CY $300,000 Negligible Negligible EPA Guideline 
Calculation  

Underground 
Retention 

7400 
CY 

$33/CY $243,000 Negligible Negligible Wiegand Equation 

Underground 
Detention 

7400 
CY 

$67.5/CY $500,000 Negligible Negligible Local Contractor 
Data 

Totals   *$2,295,000 
 

156,700,00 
Gal. 
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Maintenance Costs 

 Size Annual Maintenance 
Cost 

Estimate From: 

Wetland 1.5 acres $2,500 EPA Wetland Design 
Manual (Case Studies) 

Bioinfiltration 0.92 acres $1,000 EPA Bioinfiltration Fact 
Sheet 

Filter Catch Basins 
(2-2B Drop-in Type) 

2-4 Basins $8,460 Manufacturer Pricing 
and Personal Estimate 

Retention Ponds 7400 CY $9,000 EPA Pond Fact Sheet 

Underground 
Retention 

7400 CY $3,000 Personal Estimate 

Underground 
Detention 

7400 CY $3,000 Personal Estimate 

Totals  $23,960  
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Appendix B. Infiltration Calculations 

  
Pitt et al. have suggested that a non-compacted clay soil can achieve a steady-state infiltration 
rate of approximately 3 in/hr. 
  
Utilizing a streambed 15 ft. wide by 2000 ft. long, 
  
         15 ft. x 2000 ft. = 30,000 ft^2 
  
At an infiltration rate of 3 in/hr, 
  
         30,000 ft^2 x 3 in/hr x (1 ft/12 in) = 7,500 cu. ft./hr 
  
Over a 48 hr period (suggested maximum water retention time (Texas A&M), 
  
         7,500 cu. ft. /hr x 48 hrs. = 360,000 cu. ft. 
  
Note that this is greater than the estimated 300,000 cu. ft. of runoff through this section of the 
park. 
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