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Executive Summary 

The objective of this project was to determine an optimal solution for nutrient reduction of the 

treated effluent from the Upper Mill Creek Water Reclamation Facility (UMCWRF). A constructed 

wetland with an accompanying pipe network, pump station, and outlet structure was deemed to 

be the most effective fix. Numerous types of constructed wetlands and outlet structures were 

researched and evaluated. They were ranked on effectiveness, associated maintenance and 

operation, site feasibility, and cost. The criteria were weighted based on the importance of each 

category to the Mill Creek Alliance (MCA). A final score for each option was determined and the 

highest-scoring design was chosen. From this evaluation a surface flow wetland design with an 

outlet structure of a riser and emergency spillway was recommended for optimal nutrient 

removal. During the design process, a pipe network, pump station, vegetation selection, and 

outlet structure were analyzed for the wetland design. The hydraulic parameters needed for 

these structural elements were also determined. These calculations included an ideal flow rate 

of 1-2 million gallons per day, a depth of 8-12 inches, a berm height of 2-4 feet, and a volume of 

8,204.29 cubic meters. The final design has an estimated 94-96% and 96-97% removal rate for 

nitrogen and phosphorus, respectively. Deliverables from the design phase included a proposed 

pipe layout to convey treated effluent from the UMCWRF’s current discharge pipe to the 

constructed wetland, a pump station to create flow through the proposed pipes, and an outlet 

structure to control the water level and discharge rate of the constructed wetland. 
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1.0 Introduction 

1.1 Problem Statement 

Engineered Ecosystems is responding to a request for proposal from the Mill Creek Alliance 

(MCA) regarding an optimized wetland design for the wetland adjacent to the UMCWRF in West 

Chester Township. There currently is a 10.64 acre stormwater control bankfull wetland, the 

Wildermuth Wetland, which was built after an illegal soil harvesting operation was performed to 

infill the 100-year floodplain of the East Fork Mill Creek. However, the wetland was not 

implemented to effectively maintain a retention time that allows the vegetation to uptake excess 

nutrients. The goal of the fall semester’s proposal was to evaluate types of constructed 

wetlands, outlet structures, and vegetation to reduce nutrient concentrations in the Upper Mill 

Creek. After the best alternative was chosen, the goal of the spring semester was to design a 

constructed wetland that incorporated a pipe network, pumping station, outlet structure, and 

optimal vegetation for removing nutrients. This report summarizes the work that was done in the 

fall semester and provides the designs created for the chosen wetland alternatives during the 

spring semester.  

1.2 Site Background 

The Mill Creek was deemed the fourth worst polluted stream in the United States in 1999. The 

ranking prompted the MCA to create the Upper Mill Creek Watershed Action Plan in 2005 

(Scheerhorn and Miller, 2023). The plan included the construction of several bankfull wetlands 

and modified retention/detention ponds to dissipate flood waters along the Mill Creek, which 

included the Wildermuth Wetland site (Figure 1). The implementation of a constructed wetland 

at the Wildermuth site occurred in 2013 when West Chester Township secured funding. The 

Butler County Water and Sewer Department (BCWS) was awarded a Supplemental Section 

319(h) Nonpoint Source Project Grant by the Ohio Environmental Protection Agency (OEPA) 

that provided $100,000 in federal funds for the project (Miller, 2014). It was designed to aid in 

water quality improvement through the biological uptake of nutrients in the bankfull wetland. The 

restoration efforts were completed in 2014. 
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Figure 1: Overview of the Wildermuth Wetland (image taken from Google Earth). 

1.3 Constructed Wetland Overview 

Constructed wetlands serve many water quality purposes. They act as flood control by holding 

water during major rain events, provide habitat for thousands of plants and animals which 

promotes biological diversity, and absorb nutrients such as nitrogen and phosphorus from the 

water. They can even act as a source of recreation for activities like hunting, birdwatching, and 

plant and animal viewing (Lorion, 2001). Bankfull wetlands allow bankfull discharge stage 

events to flood into the wetland where it then retains the water and releases it at a slower rate 

back into the stream. This removes metals and nutrients and reduces turbidity throughout the 

waterway. They can also serve as tertiary treatment of effluent for nitrogen and phosphorus 

removal. These wetlands aim to increase flood storage, improve habitats for wildlife, enhance 

water quality, reduce nonpoint source pollution such as runoff from roads, and decrease in-

stream erosion (Sackenheim, 2013). They typically incorporate multiple design elements 

including water level control structures and native wetland plants to accomplish the desired 

effects. A water level control structure is a permanent structure that provides control of the 

discharge of surface and subsurface drainage. They can use flashboards, gates, valves, risers, 

or pipes to achieve outflow control (“Water Control Structure,” 2012). The Wildermuth site used 

an outlet pipe for the water level control structure. The original construction included planting 

over 400 trees and shrubs, 4,000 herbaceous plugs, and thousands of seeds. The vegetation 

was expected to help with nutrient absorption and erosion control.  
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1.4 Scope of Issue 

The UMCWRF removes nitrogen and phosphorus through their treatment processes so that 

their treated effluent meets secondary activated sludge discharge requirements. However, the 

treated effluent is above the United States Environmental Protection Agency’s (U.S. EPA) 

recommended warm water habitat limits for these nutrients within the East Fork Mill Creek. Data 

provided by the MCA and the UMCWRF to Engineered Ecosystems was analyzed to determine 

the necessary reductions needed to meet downstream limits and to identify the nitrogen and 

phosphorus concentration trends. The data shown in Table 1 labeled “P” demonstrates the total 

phosphorus level the UMCWRF discharges to the stream. It is over the recommended limit for 

total phosphorus recommended by the U.S. EPA seen in Table 2 which initiated the need for this 

project. 

Table 1: Summary of data provided by the UMCWRF (Appendix 5). 

 

Table 2: Nutrient Guidelines for Ecosystem Protection from the U.S. EPA (Miller, 2023). 
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This project aims to fix the issue by pumping effluent to the top of the wetland so it can flow 

through specific vegetation to remove nitrogen and phosphorus. The Wildermuth Wetland would 

be the first constructed treatment wetland in Southwest Ohio. The new layout will be optimized 

to effectively remove total phosphorus and total nitrogen from the UMCWRF’s treated effluent.  

2.0 Alternative Analysis 

2.1 Constructed Wetlands 

The constructed wetland designs evaluated include surface flow wetlands, subsurface flow 

wetlands, and floating wetlands. They were researched and determined to be feasible options 

for the Wildermuth site. This conclusion was based on compatibility with existing site conditions, 

background information on the characteristics of the type of constructed wetlands evaluated, 

and comparable case studies.  

2.1.1 Surface Flow Wetlands 

The first type of constructed wetland evaluated was a surface flow wetland. A surface flow 

wetland is where the surface water flows over the soil from an inlet point to an outlet point 

(Figure 2). They can also be called free water surface treatment wetlands (FWS) or horizontal 

flow wetlands. Surface flow wetlands consist of shallow basins in soil or other media that will 

support plant roots (IWA Specialists Group, 2006). In general, they contain a soil bottom, 

emergent vegetation, and a water surface exposed to the atmosphere. The vegetation is made 

up of plants able to withstand continuously saturated, anaerobic soil conditions. The water 

moves through the wetland above the substrate at low velocities. They promote natural decay 

due to exposure to air and UV rays that allow complex biological and chemical reactions to 

occur, similar to natural marshes. They can also provide an area for public education and 

recreation such as hiking and bird-watching. Constructed surface flow wetlands provide 

suspended solids removal through sedimentation, biodegradation of dissolved organic material 

through microorganisms, and advance nitrogen and phosphorus removal through plant uptake. 
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Figure 2: Surface flow wetland schematic (Tilley, 2014).  

2.1.2 Subsurface Flow Wetlands 

The second type of constructed wetland evaluated was a subsurface flow wetland. A subsurface 

flow wetland is a wetland with no exposed surface water due to vegetation and soil on top of the 

water (Figure 3). The water flows downward from the planted layer through the substrate and 

out of the wetland through an outlet structure. They help improve water quality through treating 

the water with microorganisms and plants (Camus, 2017). In this type of constructed wetland, 

the microorganisms do most of the work concerning water treatment. Bacteria that are able to 

degrade pollutants can attach themselves to the various surfaces and waste materials in the 

water. They become trapped in the pores and crevices on the media. Subsurface wetlands are 

best to implement at sites with porous soils such as sand or gravel. Sites with highly permeable 

native soils may require a liner in order to retain water in the wetland and prevent the infiltration 

of the waste stream into groundwater. They take up less land but are more technically 

challenging to design, build, and maintain than surface flow wetlands.  

 

Figure 3: Subsurface flow wetland schematic (Tilley, 2014).  
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2.1.3 Floating Wetlands 

The third type of constructed wetland evaluated was a floating wetland. Floating wetlands are 

systems that consist of floating islands of vegetation on the surface of wastewater, greywater, or 

stormwater runoff (Figure 4). The islands act as artificial platforms that allow aquatic emergent 

plants to grow in deeper water. The roots of the plants spread through the floating islands and 

down into the water creating dense columns. The dense root columns provide extensive surface 

area for microorganisms to grow on. The biofilm of microbes is where the majority of nutrient 

uptake and degradation occurs in a floating wetland system (Stanley and Grosshans, 2018). 

The floating mats of vegetation cover the surface of the water which reduces turbulence and 

mixing by wind and other environmental factors. This allows suspended solids to settle by 

providing an added layer of protection. The unique ecosystem that develops creates the 

potential to capture nutrients and transform common pollutants that would otherwise harm 

waterways. Floating wetlands can be implemented in several types of freshwater bodies to 

improve the quality of water.  

 

Figure 4: Floating wetland schematic (Stanley and Grosshans, 2018). 

2.2 Outlet Structure Alternatives 

An outlet structure is necessary with the reconstruction of the Wildermuth Wetland to control 

discharge rates and maintain an optimal water depth. Currently, there is no water being retained 

at the site so outlet structures of a broad-crested weir, riser, siphon, and spillway were analyzed 

to determine if they would be feasible in the final design.  
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2.2.1 Broad-Crested Weirs 

Broad-crested weirs are a type of outlet structure that support and limit the flow of water. These 

designs have a horizontal crest with a specific length. Streamlines of discharge become straight 

and parallel over a broad-crested weir with the critical depth occurring at a point over the crest 

(“Discharge Characteristics of a Broad-crested Weir,” 1957). This type of control structure is 

useful in measuring flow rates of discharge and can be constructed with a variety of materials. 

The structure of broad-crested weirs usually takes the form of a relatively long raised channel, 

and the control section can be different shapes such as triangular, circular, or rectangular 

(Figure 5). A thick wall or flat stop log are examples of this type of outlet structure.  

 

Figure 5: Schematic of a broad-crested weir (“Discharge Characteristics of Broad-Crested Weirs,” 1957). 

2.2.2 Riser 

Risers are used in constructed wetlands to allow part of the stored water to be drawn down at a 

slower rate. This feature allows a wetland to have greater retention periods. A typical riser 

consists of a glory hole at the top (Figure 6). This is designed for flood events causing overflow. 

A riser structure may also be used in conjunction with orifice pipe draining controls. Risers can 

include orifices going vertically down the structure to provide detention heights. Another element 

of risers is an outlet that discharges water through a spillway. Risers provide the best 

distribution of daily water levels, so they are highly considered when evaluating effectiveness for 

water retention and storm events (Somes and Wong, 1998). The structure would need to be 

constructed along with an emergency spillway and embankment. 
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Figure 6: Typical riser structure being used with an emergency spillway ("Bowling Green, KY Official Municipal 

Website,” 2011).  

2.2.3 Siphon 

A siphon is a structure typically used for large dams, irrigation, and river drainage. These 

controls operate near constant discharge and are good for a full range of water levels rather 

than just low depths (Lu et al., 2022). Once a siphon has been primed, it will operate until the 

permanent pool level is reached. At that point, the mechanism will be broken by air entrainment 

into the flow. While a siphon has the best combination of capture and providing an even 

distribution of water levels, it would not be able to account for stormwater events and flooding 

occurrences (Somes and Wong, 1998). 

2.2.4 Earth Spillway 

Principle spillways are a type of outlet structure that are used to regulate wetland water levels, 

manage wetland discharges, and safely convey wetland discharges into a downstream system. 

Vegetated spillways are a possible option in situations where the rate and duration of flow can 

be maintained at a safe velocity to a point downstream. These need to be constructed while 

keeping in mind a design that maintains stability under aged conditions (Figure 7). A minimum of 

10-foot bottom width is required for vegetated spillways (“Vegetated Emergency Spillway”, 

2011), which is achievable with the current conditions of the Wildermuth Wetland.  

Vegetated spillways typically consist of an inlet channel, control section, and an exit channel 

lined with erosion-resistant vegetation. Flow throughout the spillway would be maintained as 

sub-critical in the inlet channel, and either critical or super-critical in the exit channel. In the 

control section, flow would pass through at critical depth. The inlet channel should be designed 

so the cross-sectional area is large in comparison to the flow area of the control section where 

the depth of the channel changes with increased flow rate. The exit channel should be designed 
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to discharge peak flow within the channel while also preventing flow that would produce 

velocities large enough to erode the soil or vegetative cover. 

 

Figure 7: Schematic of general Earth spillway layout (“Vegetated Emergency Spillway,” 2011). 

2.3 Criteria for Analysis 

The criteria that were evaluated for the constructed wetland and outlet structure option analyses 

were effectiveness, maintenance and operation, site feasibility, and cost of implementation. 

According to the research done by Engineered Ecosystems and the priorities of the MCA, it was 

determined these are the most important factors that summarize the overall goals for 

implementation of a new wetland design. Effectiveness was given the greatest weight in the 

analyses (4). This weight was determined because this criterion would be pivotal to ensure 

standards for total nitrogen and phosphorous are met within the effluent. Maintenance and 

operation of the alternatives was weighted second (3). The wetland should be self-sustaining. 

The outlet structure and type of wetland need to be easily maintained for the wetland to properly 

function and remove nutrients to the desired levels. Site feasibility was the next criterion that 

was considered and weighted (2). This factor is important because the Wildermuth Wetland site 

is an existing site that needs to be reconstructed to meet the specifications outlined by the MCA. 

The site has limitations to be considered when looking at how easily the options can be 

implemented and the impact they would have on the existing landscape. Cost was the criterion 

that was given the least weight (1) when analyzing the various options to pursue. The project 

was not given a budget and will eventually be funded by grants. This does not put a specific limit 

on the cost of reconfiguring the wetland.  
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2.4 Alternative Analysis 

The various constructed wetland and outlet structure types were evaluated against the 

aforementioned criteria. Decision matrices were created to summarize the information and then 

the best alternatives were determined. The decided upon options were used in the final design. 

2.4.1 Surface Flow Wetland 

The optimal wetland type for the Wildermuth Wetland site was determined to be a surface flow 

wetland (Table 3). This is because it was ranked best in the maintenance and operation and site 

feasibility categories. A detailed explanation of the weights given in Table 3 to each type of 

wetland for the different categories can be seen in Appendix 6. Surface flow wetlands require 

piping and pumps, but they require less equipment than subsurface flow wetlands. They were 

determined ideal for the existing site because the most critical element of this type of wetland is 

clay soil with low permeability which is already present at Wildermuth. It also was not the worst 

option for any criterion.  

Table 3: Decision matrix used in the alternative analysis of types of constructed wetlands. 

 

2.4.2 Riser with Orifices and Earth Spillway 

The optimal outlet structure type for the Wildermuth Wetland site was determined to be a riser in 

conjunction with an emergency spillway and embankment (Table 4). A detailed explanation of 

the weights given in Table 4 to each type of outlet structure for the different categories can be 

seen in Appendix 6. Risers are the optimal control structure to use since the water level needs 

to be controlled to a specific height while accounting for stormwater and other overflow events. 
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They allow for controlled detention volumes with orifices being included, but can also maintain a 

controlled retention time without them.  An earth spillway and embankment can be used in 

conjunction with a riser to ensure water is being retained at a specific level. The riser maintains 

the water at a specified level whereas the spillway allows excess water to be released from the 

wetland. Risers are typically constructed with concrete and a pipe system, and can function 

without an operator. The construction of a riser would be focused in one area so it would not 

require excessive disturbance to the existing landscape. 

Table 4: Decision matrix used in the alternative analysis of types of outlet structures. 

 

2.4.3 Vegetation  

Wetlands remove nutrients though a combination of physical, chemical, and biological 

processes. These processes absorb, transform, and remove the nutrients as the water flows 

through the wetland. The main biological process is uptake by plants, algae, and bacteria. 

Wetland plants uptake nitrogen and phosphorous through their roots during the spring and 

summer while the plants are in their growth phase. Different varieties of wetland plants were 

evaluated against the existing site conditions and the direction of the wetland design. The 

following species were selected to be planted at the Wildermuth Wetland (Appendix 7). They are 

all emergent wetland species because emergent plants are compatible with a surface flow 

wetland. These plants were selected based on their effectiveness in removing nitrogen and 

phosphorus, and their ability to survive in the conditions present at the Wildermuth Wetland 

including clay rich soil and an optimal water depth of 8-12 inches.  
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2.4.3.1 Peltandra virginica  

Peltandra virginica is an aquatic perennial that is native to eastern and central North America. It 

is typically found in wet areas such as swamps, bogs, and marshes. The Peltandra virginica is 

also known by its common name, green arrow arum. This plant is typically grown in standing 

water and prefers full sun to partial shade. This plant has thick roots and produces glossy green 

leaves that are shaped like an arrowhead. The leaves are roughly 12 inches long and are 

connected to a stem that is 18–24 inches tall. This plant blooms from April to June and produces 

greenish-yellow flowers. (Schultz, n.d.).  

2.4.3.2 Typha latifolia  

Typha latifolia goes by the common name of broadleaf cattail. This species is a perennial herb 

that appears statewide across Ohio. The plant tends to have erect and stout stems, along with 

upright, linear, and succulent-like leaves. Male and female plants can be distinguished by the 

whitish yellow flower of the male and the larger brown flower of the female. The plant fruits a 

large cylindric collection of windborne achenes that help to spread and populate areas. 

Broadleaved cattails usually bloom in May, June, and July and are almost always occurring in 

wetlands under natural conditions. This perennial roots in shallow water and can be found in 

dense clumps with varying heights from 4-10 feet tall. Broadleaf cattails provide a favorable 

habitat for red-winged blackbirds and other marsh birds. (“Plant Database,” 2023). 

2.4.3.3 Carex vulpinoidea  

Carex vulpinoidea, commonly known as fox sedge, is an adaptable native grass and typically 

grows up to 3 feet. Fox sedge grass tends to grow in the Southeast and roots in medium to 

moist clay soils. Carex vulpinoidea ideally is planted for wetland mitigation, stream restoration, 

and constructed wetlands. This sedge grows best in shallow lands with a slight slope similar to 

the characteristics of the Wildermuth Wetland. (“Carex vulpinoidea,” n.d.). 

2.4.3.4 Calamagrostis canadensis  

Calamagrostis canadensis, commonly known as bluejoint grass, is a perennial grass. This 

species is native to North America, preferring clay and loam soils. Bluejoint grass prefers wet 

soil, making it ideal for swamps, marshes, bog gardens, and along ponds. The plant tends to 

grow between 3-5 feet tall, with numerous erect slender stems and many floral plumes. Bluejoint 

grass prefers full to partial sun exposure, and blooms from mid-spring to late fall. 

(“Calamagrostis canadensis (bluejoint grass),” n.d.). 
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2.4.3.5 Glyceria striata  

Glyceria striata, also known as fowl mannagrass, is a perennial grass. It is native and known to 

grow up to 3 feet tall. The plant’s leaf blades grow up to 12 inches long and 7 millimeters across. 

The leaves grow in a wide spread pattern and are typically flat or slightly curved. Each leaf 

blade is medium green to grayish blue. Fowl mannagrass ideally roots in fully sunny to lightly 

shaded areas. The best soil for them to root in is a wet, fertile, loamy soil. This grass requires 

more moisture in sunny areas than when it is growing in shaded habitats. Glyceria striata does 

most of its vegetative growth during the spring and early summer. It commonly grows in mesic 

deciduous woodlands, swamps, damp meadows, prairie swales, marshes, bogs, and ditches. It 

would be a good addition to the Wildermuth site since it can withstand water depths and the site 

is fully open to the sun. It is also known for nutrient uptake such as nitrogen and phosphorus 

adsorption (Hilty, 2020).  

2.4.3.6 Angelica atropurpurea  

Angelica atropurpurea is an herbaceous perennial that grows in the summer and fall. It’s 

common name is purple-stemmed Angelica. It requires partial to full sun exposure. Purple-

stemmed Angelica can grow 3-10 feet tall and spread 2-6 feet wide. It can be accommodated in 

clay, chalk, and loam soils. Angelica atropurpurea does best in wet to moist soil. It is adaptable 

to acidic, alkaline, and neutral soils. This plant grows dry seedlike fruits. The flowers are tiny, 

and they’re greenish in color. The stems are smooth, dark purple, and hollow. Purple-stemmed 

Angelica is typically planted to provide height and structure to a landscape. It is native to central 

and eastern North America (“Angelica atropurpurea (American Angelica),” n.d.). 

3.0 Design  

3.1 Flow Rate 

The current sources of water into the Wildermuth Wetland are precipitation and runoff. After the 

construction of our design, wastewater inflow will also be included. Water losses in the 

Wildermuth Wetland come from the outlet, evapotranspiration, and infiltration. The wetland 

water balance contains many variables: wetland surface area, evapotranspiration rate, 

groundwater infiltration rate, precipitation rate, berm loss rate, catchment runoff rate, 

wastewater inflow rate, wetland outflow rate, and snowmelt rate (Figure 8). The wetland surface 

area was determined by measuring the edge of the property on Google Maps. The total area 

was found to be approximately 10.64 acres or 43,070.7 square meters.  
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Figure 8: Mathematical representation of a wetland water balance (U.S. EPA, 2000). 

The evapotranspiration rate is the water loss attributed to surface evaporation and vegetation 

transpiration. Evapotranspiration can affect the wetland by increasing hydraulic retention time 

and concentrating pollutants due to the loss of water. For fully vegetated wetlands, the 

evapotranspiration rate is typically equal to 70-80% of the Class A pan evaporation rate. By 

comparing the varying water balance, it was shown that changing the percentage of pan 

evaporation does not have a significant influence on the final calculation. A median value of 74% 

pan evaporation was used.  

Groundwater infiltration is the loss of water due to the soil at the floor of the wetland. Infiltration 

can cause a decrease in water retention time and potential for pollutant loss. The infiltration rate 

was tested at nine points throughout the wetland for both unsaturated and saturated infiltration. 

The average unsaturated infiltration rate was found to be 5,160.36 cm/day. The average 

saturated infiltration rate is 217.04 cm/day. A summary of the methods used and data collected 

can be seen in Appendix 11. 

The precipitation rate was calculated through finding the total precipitation for each month in 

Butler County (Figure 9). The rain gauge for Butler County is located at the Butler County 

Regional Airport (39.36° N, 84.52° W). The current wetland consists of built-up soil berms along 

its edges resulting in the soil infiltration rate accounting for the berm loss rate. The Wildermuth 

Wetland is located in a large watershed, nearly 62 square miles (Appendix 11). Due to the 

proposed berm layout and expected final area, the catchment runoff rate was disregarded. This 
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is because negligible amounts of water from the total catchment area will runoff into the 

wetland. The snowmelt rate accounts for water entering the wetland due to a snow event. In 

2023, January received one snow day, leading to the snowmelt rate only being necessary for 

that month. 

 

Figure 9: 2023 Monthly Precipitation Amounts for West Chester, OH (“West Chester (45069) Annual Weather 

Averages,” n.d.). 

The water budget was found by computing the ideal volume of the wetland and computing the 

rise of the water level from different inflow rates (Table 5). The depth recommended in the case 

studies reviewed by Engineered Ecosystems ranged from 8 to 12 inches. For an optimal 

wetland height of 0.19 meters (7.49 inches), the volume of the water would be 8,204.29 cubic 

meters. According to the calculations, the ideal inflow is 1 million gallons per day (MGD) into the 

wetland. By bringing 1 MGD into the wetland, the water depth would increase from 0.19 to 0.28 

meters (10.96 inches). This enables the wetland to stay within the ideal height of 8-12 inches.  

Table 5: Water Depth from Varying Inflows 

Influent Water Volume 

Increase (meters3) 

Water Depth 

Increase (meters) 

Water Depth 

Increase (inches) 

1 MGD 3785.41 0.0879 3.46 

2 MGD 7570.82 0.1758 6.92 

5 MGD 18927.05 0.4394 17.30 

10 MGD 37854.1 0.8788 34.60 
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3.2 Dike 

The wetland design will include a dike, or a berm, going around the entire perimeter of the 

Wildermuth site. A dike is typically an embankment designed to prevent water overflow. The 

purpose of this dike is to retain the water within the wetland, as well as keep out the water from 

the runoff of the subcatchment area. This will be an earth-material dike that requires the 

purchase of soils for construction since there is little excavation occurring in the design. The soil 

used for the dike should consist of at least 35% clay or other low permeability soils to prevent 

water loss. According to the United States Department of Agriculture, the berm needed at the 

Wildermuth Wetland is considered Class IV.  A Class IV dike has a required freeboard height of 

6 inches, a minimum top width of 4 feet, and a minimum slope of 3:1 (horizontal to vertical) 

(United States Department of Agriculture, 2022). The full list of dike classifications and 

construction standards can be seen in Appendix 10.  

There will be 1-2 MGD pumped into the wetland resulting in an optimal water depth of 8-12 

inches. The heights and dike requirements result in the majority of the dike being 2 feet tall. The 

bottom of the wetland holds more water so the dike will increase to 4 feet tall along the southern 

end of the project area. A drawing of these designs can be seen in Figures 10 and 11. The 

overall length of 2 feet tall dike is 3,475 feet (1059 meters) and the overall length of 4 feet tall 

dike is 799 feet (244 meters), with a 6 feet long transition in between. The layout of the dikes at 

the Wildermuth site can be seen in Figure 12. 

 

Figure 10: Design for the two feet tall dike. Note: the design is not to scale, (National Engineering Handbook, n.d.). 

 

Figure 11: Design for the four feet tall dike. Note: the design is not to scale, (National Engineering Handbook, n.d.). 
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Figure 12: Dike layout for the Wildermuth Wetland. The blue and yellow lines represent 2 and 4 feet, respectively. 

3.3 Pipe Network 

Engineered Ecosystems started the pipe network design process by consulting UMCWRF and 

BCWS personnel to determine the optimal layout. A pipe network is needed in the redesign of 

the Wildermuth Wetland because some of the treated effluent from the UMCWRF’s current 

discharge needs to be transferred to the wetland area. The discharge pipe present at the 

UMCWRF can be seen in Appendix 9. The piping will direct a portion of the flow from the 60-

inch concrete discharge pipe to a pump station. The pump station will then move the 

wastewater effluent through additional piping to the desired area of the Wildermuth site. This 

means the pipe network will be a pressurized system since the effluent will be pumped under 

continuous pressure flow. The first design element of the pipe network determined was the pipe 

material. Butler County’s standard specifications for sewer projects is to use ductile iron 

(“Section 3210 - Ductile Iron Sewer Force Main,” 2006). Ductile iron is a typical pipe material 

due to its ability to withstand frigid temperatures and erosion from pollutants in effluent 

wastewater. The size of the pipe was the second aspect designed. It was determined that an 8-
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inch diameter pipe would be used. This was calculated with an online pipe sizing tool. The pipe 

sizing calculator was based on Bernoulli’s and Hazen Williams equations (“Calculator: Pipe 

sizing by pressure loss for water,” 2024). 

The chosen pipe layout was determined based on the hydrology of the wetland and layout of the 

UMCWRF. The UMCWRF is in the final design phase of an equalization (EQ) basin construction 

project. The EQ basin will be constructed west of the existing clarifiers and oxidation ditch 

(Appendix 9). The chosen pipe layout avoids that project area. Another benefit is that it requires 

few bends, which makes it less expensive and cause less hydraulic head loss. The final design 

also closely aligns with the recommendations found in the Butler County specifications for 

ductile iron sewer pipe installation (“Section 3210 - Ductile Iron Sewer Force Main,” 2006). 

Lastly, it was determined the best alternative because the pipe installation will create minor 

disruptions to the wetland and nearby ecosystems, following Environmental Protection Agency 

standards for installing piping in a protected wetland area (USEPA, 2000).  

The pipe from the pump station to the northern perimeter of the Wildermuth site will be ductile 

iron and installed underground. The 8-inch ductile iron pipe will then connect to an 8-inch 

perforated polyvinyl chloride (PVC) pipe. The perforated PVC pipe is flexible so it will bend 

upwards and surface at the ground elevation of the wetland. This layout can be seen in 

Appendix 2. A HARCO Fittings 8-inch Ductile Iron Transition Adapter (Figure 13) will connect the 

two pipe materials. This fitting was chosen because it doesn’t incorporate rubber couplings that 

could shear or mechanical joint sleeves that allow gaps between the pipe ends which could 

catch debris (“HARCO Fittings - Ductile Iron Transition Adapters for ASTM D3034 to DI-OD,” 

n.d.). It also aligns with the Butler County specifications for restrained joints on ductile iron 

sewer force mains (“Section 3230 - Restrained Joint Ductile Iron Sewer Force Main,” 2006). The 

perforated PVC pipe allows for an even dispersal of treated effluent over the wetland's surface 

area at the outlet of the pipe network. The pipe system is pressurized so the effluent will be 

propelled out of the perforations to enter the wetland. In order to account for the force of the 

water being greater at the beginning of the PVC pipe, the perforations will have varying sizes. 

The size of perforations typically vary from 
3

8
 -inch to  

7

8
 -inch (“Perforated Pipe,” 2024). The PVC 

pipe will be about 130 feet long. The first 65 feet of pipe starting from the western end of the 

wetland area will have  
3

8
 -inch holes. The perforations will then switch to  

7

8
 -inch holes for the 

remaining 65 feet to the eastern end of the wetland area. The Houghton Lake case study had a 
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similar pipe layout connected to pumps and had success following these design parameters (US 

EPA, 1993).  

 

Figure 13: Diagram of HARCO Fittings 8-inch Ductile Iron Transition Adapter (“HARCO Fittings - Ductile Iron 

Transition Adapters for ASTM D3034 to DI-OD,” n.d.). 

3.4 Pump Station 

After the pipe network was designed, Engineered Ecosystems had to ensure that the treated 

effluent had the correct hydraulics to flow through the pipes and into the Wildermuth site. The 

calculations showed that a pump station was needed in order to propel the wastewater effluent 

to the north end of the wetland. The team decided that including a premanufactured pump 

station package into the final design would be optimal. Several different manufacturers were 

researched, but ultimately the No-Vault 3 Pump Station Package from Excel Fluid Group, LLC. 

was chosen. It encompasses all the necessary equipment and reduces maintenance and 

operation efforts. This pump station “minimizes risk by providing a well-designed, safe pump 

station where maintenance can be performed without entering the wet well and eliminates the 

below grade valve vault,” (“No Vault 3 (NV3) Sewage Lift Station: Excel Fluid Group,” 2021). 

The pump station package includes: a precast concrete wet well, a polymer concrete top with 

access hatches to the wet well, an enclosure with an arc-sentry control panel, ductile iron piping 

and valves, level controls, and two submersible pumps (Figure 14). Electric utilities will need to 

be connected to the pump station. The extra electricity the pumps require is reflected in the cost 

estimate. The location of the pump station at the UMCWRF can be seen in Appendix 2. 
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Figure 14: Diagram of No-Vault 3 pump station package (“No-Vault Package Pump Stations,” 2018). 

The inlet and outlet pipes need to be 8-inch to accommodate the flow leaving the UMCWRF and 

entering the Wildermuth Wetland as determined when the pipe network was designed. This pipe 

size is cohesive with the chosen pump station package. The wet well of the pump station will 

include 2 submersible, 7.5 HP pumps. The pump power required was determined through 

communication with the Excel Fluid Group team. Excel Fluid Group has a sizing calculator they 

use for projects that inputs the project specific pipe length, pipe material, expected flow rate, 

and pipe diameter to determine the pump capacity needed. They have consulted on numerous 

similar projects, used the same calculation methods, and produced successful systems. Excel 

Fluid Group’s case studies are detailed in Appendix 8 on the product brochure. The team 

confirmed the pump size using an online pump sizing calculator from a different manufacturer, 

Pentair (“Pump Calculator,” 2022). The Pentair calculator is based on Bernoulli’s equation.  

The level controls included in the pump station package will alert if the water level in the wet 

well is higher or lower than expected. If this occurs, the pump flow rate can be adjusted. This 

allows for controlled operation of the pumps and ensures that the optimal amount of water is 

entering the wetland. 
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3.5 Outlet Structure 

The wetland has a natural downward slope that leads water towards the south end of the site. In 

order to retain water long enough for pollutant removal, a berm and riser outlet structure will be 

constructed to maintain a consistent water height. The structure will have an 8-inch diameter 

orifice with its center point at the optimal depth of 8 inches. This diameter was determined based 

off having an equal sized discharge pipe that allows a total flow of 1-2 MGD. The discharge pipe 

will be ductile iron material which can be made at an 8-inch diameter. The orifice and outflow 

pipe will allow for discharge at 1.41 cubic feet per second (cfs), approximately 1 MGD, when it is 

half full, and 2.82 cfs, approximately 2MGD, when it is completely full. These discharges are 

based on calculations using Equation 1 (Myburgh, 2016); 

                                                                     (Eq. 1) 

where Q represents discharge, Cw represents the coefficient for partially full orifices, Lw 

represents weir length, and hi represents head relative to the orifice invert. Since the orifice 

center will be at the optimal depth, the orifice will only be half full when 1 million gallons of water 

are pumped into the wetland each day. Equations 2 through 4 (Myburgh, 2016) can be used to 

incorporate cross sectional area of the orifice, head, and diameter to calculate Lw. 

                                                                (Eq. 2) 

                                                      (Eq. 3) 

                                                                  (Eq. 4) 

The cross-sectional flow area is based on circular geometry and angle of flow which are outlined 

in the equations above and in Figure 15. 
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Figure 15: Cross section of circular orifice (Myburgh, 2016). 

In order to account for potential storms, a glory hole opening will be featured at the top of the 

riser structure. The data within Table 6 outlines the precipitation falling in three different locations 

around the Wildermuth Wetland. The data was gathered from the National Oceanic and 

Atmospheric Administration’s (NOAA) website. The website lists the annual maximum 

precipitations at different gauges based on a 90% confidence interval. For the purpose of 

considering potential maximums, the upper confidence interval values were used. The first 

location analyzed was the Wildermuth Wetland. There was precipitation data associated with the 

wetland address, but no gauge was present at the site so two other gauge locations were also 

analyzed. Averages were taken from the two gauge locations and the data allocated for the 

address of the Wildermuth Wetland.  

 

Table 6: Precipitation Intensity at Various Stations Around Wildermuth Wetland 

  Intensity/Exceedance probability 

Location 

Storm 

Duration 2-year 5-year 10-year 25-year 50-year 100-year 

Wildermuth Wetland 

6055 Centre Park 

Dr. 24-hr 

2.86 

(inches) 3.70 4.27 4.99 5.55 6.10 

West Fork Mill 

Creek D Station (33-

8960) 24-hr 2.86 3.70 4.26 4.98 5.52 6.07 

Kings Mills Station 

(33-4238) 24-hr 2.84 3.69 4.27 5.01 5.59 6.18 

Average 24-hr 2.85 3.70 4.27 4.99 5.55 6.12 
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According to the data, the average maximum precipitation the wetland will receive in a 24-hour 

duration would be 6.12 inches. These potential storm events were accounted for with the 

opening at the top of the riser structure set at a minimum of 6 inches above the top of the orifice. 

This makes the outlet structure a total of 18 inches tall where any water flow above that height 

will be discharged through the glory hole opening and out into the spillway.  

The riser will contain one orifice with a diameter of 8 inches to allow for equal discharge rates 

when flow rates into the wetland are at 1 million and 2 million gallons per day. The orifice should 

be placed so the center is at the optimal height of 8 inches. The discharge orifice and pipe at the 

back of the structure should also be 8 inches to match the pipe size the effluent is being 

pumped in through. There will be a discharge pipe made of ductile iron going underneath the 

berm into the spillway leading to where the wetland discharges into the East Fork Mill Creek. 

The final design can be seen in Figure 16 and the location it will be implemented at the site can 

be seen in Appendix 2. 

 

 Figure 16: Proposed riser structure designed by Engineered Ecosystems. 

The glory hole opening at the top of the structure will be 18 inches above the wetland base. This 

will allow for any water above this point to be discharged to the spillway through the riser 

structure. The opening will be about 225 square inches, so it is recommended to include a trash 

rack on the top to keep large debris from impacting the flow. The top of the structure will have 
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sides with widths of 3 inches that slope down by 2 inches. This will assist in directing the flow 

downwards into the riser. 

A spillway will be included in conjunction with the outlet structure and berm on the south end of 

the wetland. If there are large flood events, the spillway will be utilized to direct the excess flow 

(“Division of Water Resources Ohio dam safety laws,” 2019) to the discharge point into the East 

Fork Mill Creek. The crest of the spillway will range from 18 inches at the lowest point, up to the 

top of the berm at 48 inches. Using the ratio for a 4-foot dike as discussed in Section 3.2 of this 

report, the sides of the spillway will have a width of 90 inches (7.5 feet) and raise 30 inches (2.5 

feet) to meet the stability ratio of 3:1. The spillway will start in the southeast corner of the 

wetland and will be designed as pictured in Figure 17. The spillway will then run along the south 

end of the wetland for roughly 265 feet until it reaches the discharge point into the East Fork Mill 

Creek. There will still be a dike required along the south end of the wetland to maintain water 

levels within the area.  

 

Figure 17: Typical emergency spillway (“Open channel spillways”, 2024) 

3.6 Nutrient Removal 

The research and design of the Wildermuth Wetland was based off two similar constructed 

wetlands in comparable climates. The Houghton Lake, Michigan Wetland was created in 1978. 

It is a surface flow wetland located near a wastewater treatment plant. This wetland contains 

various species of sedges, willows, leatherleaf, and cattail. The water discharges 2.6 MGD and 

has an average depth of roughly 8 inches. The water quality of the Houghton Lake wetland was 

recorded from 1978-1991 and the data shows an average removal efficiency for nitrogen and 

phosphorous to be 96 and 97%, respectively (US EPA, 1993). The Vermontville, Michigan 
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Wetland was created in 1972 and consists of a series of lagoons and wetlands. This wetland is 

full of cattail, duckweed, grassland, and willow. The water discharges at 0.1 MGD and has an 

average depth of 6 inches. The water quality was tested six years after the construction of the 

wetland, and it was found to have a nutrient removal efficiency for nitrogen and phosphorous of 

94 and 96% respectively (US EPA, 1993). The Wildermuth Wetland design is similar to both of 

these case studies in terms of optimal water depth, vegetation present, and climate. Due to all 

these similarities, the Wildermuth Wetland is expected to have a nutrient removal rate of 94-

96% for nitrogen and 96-97% for phosphorous.  

4.0 Cost 

For this project, the team designed several constructed wetland elements that included pipes, 

pumps, concrete, earthwork, and vegetation. The costs of the design’s associated materials and 

construction activities were estimated. Each deliverable was broken down into categories and 

calculated by unit following the project design specifications shown in Table 7.  

Table 7: Estimated Cost Parameters of the Project 

 



29 
 

4.1 Construction  

The installation of the pump station and 2,240 feet of ductile iron sewer pipe will require 

excavation and clearing of trees to fit construction equipment in the area. The team utilized 

Google Earth Pro to examine the project site’s aerial view to determine areas of clearing. 

Research was conducted on the average costs of land clearing and excavation services in 

Cincinnati, Ohio. The cost of clearing was estimated at approximately $1,685 per acre 

(“Cincinnati Land Clearing Costs & Prices,” 2024). Excavation was estimated to cost around 

$950 for every 100 linear feet (Greenberg, E.,2024).  

4.2 Vegetation  

The vegetation prices were estimated by researching nurseries located in and near Butler 

County, Ohio. Each species was priced differently for a number of plugs, seeds, and pots. In the 

original design for the Wildermuth Wetland there were around 4,000 specimens planted 

(OhioEPA, n.d.). To determine the cost per species, the total number of plants to be included in 

the final design (4,000) was divided by the number of species listed for the new design (6 

different species). The fraction calculated was multiplied by the cost per flat, seedlings, and/or 

pot given from each nursery to receive an estimated total cost for the purchasing of all plant 

species selected for this design.  

4.3 Outlet Structure  

The riser and spillway design will be constructed using recycled concrete to fill the structure. 

The estimated cost for this material was referenced from a case study where they priced the 

used concrete at $69.10 per cubic meter (Cao et al., 2021). Calculating the volume of both 

structures seen in Appendix 10, fit to the design specifications, the total cost for recycled 

concrete required is approximately $18,700.  

4.4 Piping  

The piping prices were estimated by reaching out to several manufacturers. However, the team 

did not hear back from any with quotes for the pipe layout. Therefore, a past bid sheet listing the 

cost per foot for several different ductile iron pipe diameters was referenced to estimate the 

costs of materials at $24 per foot (“Fairfax Water IFB 20-07 Ductile Iron Pipe and Accessories 

Price List,” 2021). The cost of the perforated PVC pipe was listed as $50 per foot (“Standard 

Prices for Cost Estimating,” 2010). 
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4.5 Pump Station 

The team requested a quote from Excel Fluid Group, LLC. on the No-Vault 3 Pump Station 

Package. The price varies depending on how the customer needs to alter the package for their 

site conditions. The quote given to the team was $150,000-$200,000.  

4.6 Earthwork  

The design includes implementing berms over approximately 120,888 square feet of the 

wetland to control water levels. The average cost for structural fill dirt for construction projects 

costs between $10-$30 per cubic yard (Yalkezian, 2024). The estimated total cost to fill the 

berms can be significantly reduced by utilizing the existing soil from excavation to fill a 

percentage of the berms.  

4.7 Electricity  

There will be approximately two million gallons of treated effluent pumped daily from the 

UMCWRF to the top of the wetland. The pump selected runs at 7.5 HP (5.6 kWh). The 

UMCWRF provided the team with past Duke Energy statements that included the electricity 

rates for the facility. These prices were used to estimate the annual electric cost associated with 

pumping treated effluent through the Wildermuth Wetland. 

4.8 Grants  

The team researched three grants that the Wildermuth Wetland is eligible to apply for to get 

funding for this project: the H2Ohio statewide wetland grant, OEPA 319A grant, and OEPA 

Water Resource Restoration Sponsorship Program (WRRSP). H2Ohio is a reimbursement grant 

program that can provide up to 100 percent funding for eligible projects. Their minimum 

requested amount of grant money is $50,000 and there is no funding cap (DeWine et al., 2024). 

Wetland creation and hydraulic restoration/enhancement of wetlands are eligible project types 

for this grant program. Non-profit organizations, like the MCA, can qualify for funding through 

H2Ohio. The grants cover costs incurred after the ODNR contract has been signed. Applications 

for this funding can be sent in starting on May 1, 2024 (ODNR, 2023).  

The 319 Grant Program is a funding program for nonpoint source pollution projects. It’s 

applicable to projects intended to correct impairments to aquatic life use. OEPA receives annual 

Section 319 grants to correct pollution that caused impairments to surface and ground water 

resources (“Ohio NPSMP: Clean Water Act, Section 319 Grant Program”, 2005). These grant 

funds prioritize reaching Ohio water quality goals. One of the main requirements for the grant is 
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to provide quarterly fiscal status reports on the project throughout its duration. The 2024 

application deadline has already passed, and the 2025 deadline is yet to be announced.  

WRRSP grants can be applied to projects that help counter the loss of biological diversity in 

targeted waterways (“Ohio 2016 Integrated Water Quality Monitoring”, 2024). The project must 

also result in the full protection and/or restoration of a waterway. This project qualifies because it 

targets the restoration of the Mill Creek and it’s biological diversity. The grant request must be 

submitted by July 15, 2024. Implementers under these grants can be any nonprofit organization, 

like the MCA. Any water pollution control loan fund can sponsor a WRRSP project. WRRSP 

projects usually operate under a 2-year schedule where the first year is meant for planning and 

the second year is meant for executing the design.  

Engineered Ecosystems recommends that the MCA applies for at least the H2Ohio grant. The 

H2Ohio grant is the most likely to be awarded since wetland creation is one of the qualifying 

projects for the grant. It also qualifies non-profit organizations like the MCA, and the application 

window opens immediately after this project design is completed.  

5.0 Conclusion 

Engineered Ecosystems was tasked with determining an optimal solution for nutrient reduction 

of the treated effluent from the UMCWRF into the East Fork Mill Creek, performing an 

alternative analysis of constructed wetland design options, creating preliminary drawings of the 

recommended wetland design and accompanying structures, and preparing a preliminary 

construction cost estimate. The three researched wetland types and four researched outlet 

structures all have the capability to reduce nutrient concentrations in the Mill Creek. Surface 

flow, subsurface flow, and floating wetlands all improve water quality by slowing flow velocity 

and enabling nutrient uptake through plants and microorganisms. Broad-crested weirs, risers, 

siphons, and earth spillways all offer a controlled way to allow flow to exit the wetland area. 

However, they had different strengths and weaknesses concerning associated costs, 

maintenance and operation, nutrient removal, and site feasibility. Ultimately, a surface flow 

wetland design that incorporates a riser and adjacent spillway was determined the optimal 

method for nutrient reduction.  

The team designed the constructed surface flow wetland for the UMCWRF based on 

construction drawings of the site and site data from Google Earth Pro. The pipes and pumps 

were sized through consultation with industry experts and standard equations. Approximately 
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2,240 feet of new ductile iron pipe will be added to transfer the flow from the current discharge 

through the pump station to the northern point of the wetland area. A pump station will be added 

to the site that utilizes two submersible pumps to create flow throughout the pipe network. An 

outlet structure will also be constructed to control the water levels and discharge rates exiting 

the wetland. The entire constructed wetland design can be seen in Appendix 2. Altogether, the 

total estimated cost of reconfiguring the existing Wildermuth Wetland is $482,286. Engineered 

Ecosystems is confident that a surface flow wetland with an accompanying pump station and 

riser outlet structure is the best option to reduce nutrient concentrations in the East Fork Mill 

Creek. 
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Appendix 3 - Engineered Ecosystems 

 

Vision Statement: 

“We innovate solutions that further the life of watersheds, work with natural wetlands, 

and implement safety, efficiency, and sustainability principles.” 

 

Organizational Chart: 
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• Implemented first green career fair through communicating with companies and expanding awareness of 

sustainability positions 

 

HONORS & AWARDS 
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Appendix 5 – UMCWRF Daily Effluent 

Daily Effluent (MDG) of the UMCWRF provided by the UMCWRF. 
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Appendix 6 – Decision Matrices 

Constructed Wetland Type 

The three types of constructed wetlands were evaluated based on how effectively they’re known 

to remove nutrients from water. Subsurface wetlands are optimal for nutrient removal due to the 

media providing more small surfaces, pores, and crevices where treatment can occur. The least 

efficient wetland is a floating wetland due to the fact that the plants need to be routinely 

harvested in order to remove nutrients completely from the wetland. If the plants are not 

physically removed then they can get reintroduced to the wetland’s nutrient cycle. 

The next criteria the types of constructed wetlands were analyzed against was their associated 

operation and maintenance schedules. The floating wetland was ranked last in this category 

similar to the reasoning for its efficiency ranking. Floating wetlands requires regular weeding 

and vegetation maintenance which is time-consuming and costly. Subsurface flow wetlands 

require pumps or blowers to push the water being treated beneath the porous soil. The extra 

equipment means that they require more maintenance than surface flow and floating wetland 

types. Surface flow is also less intensive in terms of operation and maintenance comparatively 

because surface flow wetlands tend to involve less piping. This is because subsurface flow 

wetlands need to pump water down and throughout the wetland area as opposed to just 

throughout. 

Site feasibility was the third criterion considered for the types of wetlands being evaluated. This 

considered how well the construction and design of the new wetland fits with the existing site 

conditions. Surface flow wetlands were determined optimal for this since the most critical 

element of these wetlands is the thick soil which is already present at the Wildermuth site. 

Floating wetlands were determined to be the least compatible with the existing site hydrology 

because the floating vegetation needs large water depths to operate fully. The large water 

depths allow the vegetation to float and have room for the biofilm to form. The existing wetland 

basin is approximately 6 inches deep which is not adequate to accommodate a floating wetland. 

Therefore, if a floating wetland were to be implemented excavation would need to occur.  

The last category the types of constructed wetlands were evaluated against was cost. The 

floating wetlands are known to be the least expensive to initially construct. This is because they 

don’t require a specific ground-lining or excavation if the site is compatible. Subsurface flow 

wetlands are typically more costly than the surface flow wetlands due to the reasoning 

discussed when evaluating associated maintenance. Subsurface flow constructed wetlands 



52 
 

require more equipment, such as blowers, and larger amounts of piping making them more 

expensive than surface flow wetlands.  

The rankings were weighted based on what Engineered Ecosystems deemed appropriate 

following the MCA’s priorities, background research, and case study review. The optimal 

wetland type for the Wildermuth Wetland site was determined to be a surface flow wetland  

 

Outlet Structure Type Results 

Three different types of outlet control structures were evaluated for the reconfiguration of the 

Wildermuth Wetland. The first criterion they were analyzed for was effectiveness. Risers are the 

optimal control structure to use in the scenario since the water level needs to be controlled to a 

specific height while accounting for stormwater and other overflow events. Risers can allow for 

controlled detention rates with orifices being included but can also maintain a controlled 

retention time without them.  An earth spillway and embankment can be used in conjunction with 

a riser to ensure water is being retained at a specified level. However, earth spillways are 

typically used to release excess water. This is a feasible option but would not be able to support 

a consistent volume of water within the wetland as desired. Siphons could also be effectively 

used to achieve a desired volume but would not be ideal for the long term since they break once 

the desired water level is achieved. Broad-crested weirs were the third structure analyzed. They 

would be effective in maintaining a water level but would not be able to account for overflow 

events. 

The structures were also evaluated based on the amount of maintenance and operation that 

would be required. The wetland is planned to be long lasting and self-sustaining which requires 

minimal maintenance. If constructed correctly, risers would be optimal. Risers are typically 
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constructed with concrete and a pipe system and can function without an operator. Broad-

crested weirs would be the next easiest to maintain. If the structure is constructed properly, 

there should be little to no maintenance required. The weir would act as a dam made of erosion 

resistant material such as bentonite and function to let water flow above the crest. The 

maintenance could become important if the bentonite mixture begins to decay or shows signs of 

erosion. A siphon was ranked lowest for this category based on the maintenance that is required 

when air entertainment occurs and breaks the system. 

Site feasibility was evaluated for the structures as well. The most feasible structure to construct 

would be a riser. Each structure will require reconstruction of the outlet area of the wetland. This 

could entail excavation and fill material. A riser would require concrete and other materials but 

would be focused in one area that would not require excessive disturbance to the wetland. 

Siphons were ranked next because they would require the same materials and space as a riser. 

However, the pipe system is more complex and would require precise placement to ensure it 

functions properly. To construct a broad-crested weir at the site, movement of soil and 

compaction would be the first steps. The structure would need to be constructed at a height to 

contain the water within the wetland and compacted to a point where a bentonite mixture would 

be laid over the ground to control potential erosion. The structure will need to be created in a 

form that forces the excess water to flow over the weir-crest at the desired elevation and point 

along the length. The crest would need to be shaped to allow flow but also should not be the 

same height as the barriers and top of the structure. 

To create a more erosion-resistant spillway, vegetation or other features could be added to the 

structure to ensure stability. An emergency spillway is considered with each of these control 

structures and their site feasibility. 

Cost is the final factor that is necessary to consider when analyzing outlet control structures. An 

earth constructed spillway would be the least expensive because the expenses would only 

require what is necessary to excavate and repurpose the land that already exists in the wetland. 

Additional costs could be considered for more effective erosion control techniques, but it is not a 

necessity if vegetation can serve the same purpose. A broad-crested weir would be the least 

expensive structure based on costs for the repurposing of the existing material, additional 

material to build up a berm to maintain an elevation level, material to use in a bentonite-mixture 

for erosion control, and possibly other material, like concrete or gravel, to ensure the strength of 

the structure. A siphon would cost more than a weir in the scenario since it would require the 

same excavation for repurposing the land and creating a berm or wall feature and a piping 
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system to go with it. A riser would be the most expensive structure because it would need to be 

constructed with concrete and include a pipe system.  

The rankings were weighted based on what Engineered Ecosystems deemed appropriate 

considering the MCA’s priorities, background research, and case study review. The optimal 

outlet structure type for the Wildermuth Wetland site was determined to be a riser in conjunction 

with an emergency spillway and embankment.  
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Appendix 7 - Vegetation 

Table summarizing the vegetation Engineered Ecosystems deemed optimal for the Wildermuth project.  
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Appendix 8 - Specifications 
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Appendix 9 – Construction Drawings of UMCWRF 

Depiction of UMCWRF’s current discharge pipe.  
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Depiction of UMCWRF’s future EQ basin.  
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Appendix 10 – Dikes and Outlet Structure 

The classification and construction standards for dikes (United States Department of Agriculture, 2022). 

 



75 
 

 

Side view of the outlet structure showing dimensions. 

 

Front view of the outlet structure showing orifice dimensions. 
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Top view of outlet structure showing dimensions. 

 

Orthogonal view of the outlet structure. 
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Volume calculations for riser and spillway structure. 
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Appendix 11 – Water Budget Calculations  

 

Map of the watershed and the Wildermuth Wetland (image generated using GIS). 

 

Map of the Wildermuth Wetland elevation profile (image generated using GIS). Note: The elevations are recorded in 

meters.  
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Table of precipitation for Butler County in 2023. 

 

 

 

Infiltration Rate Determination Protocol  

1. Gather materials. 

a. 4” PVC pipe 

b. Piece of plywood 

c. Hammer 

d. Water 

e. Timer 

2. Determine the dose of volume required for 1” of water to be standing in the PVC pipe. 

V = (area)*(depth) = (
𝜋

4
∗ 𝐷2) ∗ 𝑑 , where D = pipe diameter and d = depth 

= (
𝜋

4
∗ 42) ∗ 1 =  12.56 cubic inches or 206 mL 

3. Measure 206 mL of water in a graduated cylinder. 

4. Pour the measured water into a 500 mL amber bottle and mark the height for 206 mL. 

a. This allows for the accurate amount of water to be measured in the field. 

5. Once in the field, drive pipe 4” into the ground using the piece of plywood and hammer. 

6. Pour the 206 mL on top of the soil within the PVC pipe. 

7. Time how long it takes for the water to flow through the soil. 

8. Repeat steps 6 and 7 either 2 or 3 times. 

a. The first time is an “unsaturated soil” infiltration rate. 

b. The second and third times are “saturated soil rates.” 
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c. If the test is taking more than 35 minutes, measure the remaining water in the 

PVC pipe and use that volume and time to calculate the rate. 

9. Repeats steps 5-8 at 9 different sites throughout the wetland to get an accurate 

representation of soil type. 

 

Table of unsaturated versus saturated soil infiltration rate for Wildermuth Wetland 

 Unsaturated Saturated 

Average Infiltration Rate 
(mm/min) 

35.83582 1.507209 

Average Infiltration Rate 
(cm/day) 

5160.36 217.04 
 

 

Elevation Transect Measurement Protocol 

1. Gather Materials. 

a. 15-foot transect pole 

b. Tape measures 

c. Optical tripod with magnifier lens 

d. Compass with latitude and longitude capabilities 

2. Start by choosing base points along the wetland to record the depth of elevation at every 

5m. 

3. Starting at the first base point, the optical tripod is set up by one operator while another 

team member walks a tape measure from the baseline on the left-hand side of the 

wetland across the width of the area to the end of the wetland (140 m).  

4. Next, two team members walk a 15’ transect pole to each 5 m point across the width 

while the operator records the elevation data at each point using the magnifier to 

approximate depth on the transect pole.  

5. Steps 3-4 are repeated at 3 base points along the left-hand side of the wetland site. 
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Graph of the lowest point (depth) of Transect Path 1 taken on site. 

 

Graph of the lowest point (depth) of Transect Path 2 taken on site. 

 

Graph of the lowest point (depth) of Transect Path 3 taken on site. 
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Appendix 12 – RFP  

UC Environmental Engineering Senior Capstone Project  

RFP Wetland Nutrient Reduction of Treated Effluent in the Upper Mill Creek 

Sponsor: Mill Creek Alliance 

Introduction 

The nonprofit 501 (c)3 Mill Creek Alliance (MCA) works on the Mill Creek Watershed in 

two counties to reverse centuries of abuse to the stream. Past issues include hydraulic 

constrictions, bank erosion, bank encroachment, 80 brownfield sites along its 27-mile length, 

barriers and dams that prevent fish movement much of the year, channelization, and channel 

hardening. The MCA has been highly effective in mitigating 11 fish barriers with rock riffles. Only 

three barriers remain, which are planned to be removed in the next two years. Nutrients have 

been reduced phenomenology since 2000 by improvement in the 10 MGD Upper Mill Creek 

Water Reclamation Facility (UMCWRF) in Butler County (Figure 1), but they are still stubbornly 

higher than is acceptable for a TMDL (Total Maximum Daily Load) to meet the Clean Water Act’s 

Warm Water Standard in Ohio. 

 

Figure 1. Site map for UMCWRF and Wildermuth Constructed Wetland. 
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Project Description 

Nutrient standards for Warm Water Habitat from Ohio EPA are exceeded in the Mill 

Creek below the effluent from the UMCWRF. Next to the treatment plant there is an 11-acre 

Wildermuth Wetland that was built after an illegal soil harvesting operation was performed to 

infill the 100- year floodplain of the East Fork of the Mill Creek (Figure 1). The wetland was 

developed to primarily remove silt from upstream flood waters and return flow to the river 

downstream of the wetland. However, it is mostly dry throughout the year and thus does not act 

as a wetland with few aquatic species present.  

The purpose of this project is to determine if and how much treated effluent from the 

UMCWRF may be processed to remove total phosphorus (TP) and nitrate-N (NO3-N) by 

pumping effluent to the top of the wetland and letting it pass at an appropriate rate to remove TP 

and denitrify NO3-N to N2 gas under lightly reductive conditions. This would be the first such 

treatment wetland in SW Ohio and if operating properly would greatly improve the water quality 

of the recovering Mill Creek. UMCWRF already does an excellent job in removing TP and N 

from its waste stream and meets secondary activated sludge discharge requirements. However 

the receiving water still does not meet nutrient standards for warm water habitats in Ohio.  

The project would utilize an existing constructed wetland adjacent to the UMCWRF 

(Figure 2). This wetland has a conservation easement that would have to be modified for 

permitting. The effluent from the UMCWRF would have to be pumped several hundred yards to 

the top of the wetland. It is anticipated that the pumping and piping from the treatment plant to 

the wetland would be the greatest cost of this project. 

 

Figure 2. Picture of the constructed wetland adjacent to the UMCWRF. 



84 
 

• Determine the volume at each depth in the wetland to estimate the flooded acreage. 

• Compute the retention time in the wetland at the water level sustained by 1, 2, 3, 5 and 

10 MGD of treated effluent. 

• Examine options to optimize N and P removal for treating the most effluent possible by 

modification of the downstream wetland dam, by dividing the wetland into upper and 

lower sections, or by recirculating the wastewater wholly or partially 2, 3 or 4 times. 

• Determine the pump size and pipe diameter required to generate the appropriate 

retention time in the wetland for N and P removal. 

• Generate cost estimates of each of the options to help make the project affordable with a 

grant from Green Ohio Fund, 319 a funds, WRSP interest fund in Ohio, or a tax rate 

millage. 

1. Prepare a final report that includes the design specifications, recommended 

modifications to the existing wetland, and expected cost via an economic analysis.  

2. Provide an oral presentation on key findings at the end of the semester. 

Contacts 

• Dr. Michael C. Miller, Professor Emeritus from UC Biological Science and Environmental 

Studies mmmillermc@gmail.com (phone: 513-675-0293) 

• David Schmitt, Director of Mill Creek Alliance, Board Member of American River 


