
   

 

Abstract 

Bioretention basins are sustainable and cost-effective stormwater infrastructure systems that 

capture and treat polluted stormwater. Michigan State University designed and constructed the Farm Lane 

bioretention site starting in 2008 to manage stormwater and mitigate flooding on campus, but it currently 

does not operate as intended. This project aims to restore and renovate the bioretention basin’s hydraulic 

and treatment performance. The objectives of this project are to understand elevation issues, estimate the 

basin's remaining lifespan through soil and water testing, and model hydraulic flows in the basin. The 

proposed design solution aims to restore the basin beyond its hydraulic function by increasing the volume 

of the basin utilized and raising the biodiversity index of native wetland species by at least 50%. The team 

completed site visits to collect phosphorus and nitrogen data in the soil and water, elevation data, and 

plant biodiversity. Systems Thinking, Experimental Learning Laboratory with Animation (STELLA) was 

used to model and investigate hydraulic flows to predict the water volume in each block at the surface and 

subsurface levels. Three design alternatives were created, and the proposed design was chosen using a 

decision matrix. The final design considers cost, level of maintenance required, effectiveness of treatment 

through hydraulic performance and pollutant removal, and ecosystem services. The proposed design 

includes replacing a broken connector pipe, replacing the soil media in the main treatment block, 

lowering the elevation of each block within the basin, and specialized plantings to ensure a higher volume 

of water is collected and treated effectively.  
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Background Information 

Treatment of polluted stormwater is a critical component of functional civil infrastructure, as 

inadequate treatment can lead to both human and environmental health effects. Designs that rely on 

sustainable stormwater management offer an opportunity to integrate ecological principles of water 

treatment to protect soils and water from pollutants (Müller et al., 2020). These pollutants have been 

linked to human health issues, including waterborne diseases and cardiovascular, respiratory, and 

inflammatory conditions (Gaffield et al., 2003). They can disrupt ecosystems by inhibiting plant uptake of 

nutrients and water. Michigan State University employs several green stormwater infrastructure 

strategies, including bioretention basins. These basins capture and treat stormwater through interactions 

with soil and vegetation before discharging the treated water into the environment. Standard features of 

these facilities are porous soils, layers of hardwood mulch, and a variety of treatment-specific plant 

species (Davis et al., 2001). 

Farm Lane Bioretention Site 

In 2008, Michigan State University (MSU) designed a bioretention site to treat and manage 

stormwater on campus and completed construction in 2010. The site is located at the northeast corner of 

the Farm Lane and Service Road intersection. Train tracks run along the north side of the basin, and the 

bioretention site serves an essential role to help mitigate flooding of the railroad’s underpass. Importantly, 

the basin does not receive direct runoff due to its placement above the seasonal groundwater tables and is 

fed by three pumps flowing into the inflow pipe at the bottom right of the site. The site’s relative location 

is shown in Figure 1. 

 

Figure 1 Bioretention Site Satellite Image – An aerial view of the Farm Lane Bioretention Basin (shown 

in yellow) on the intersection of Farm Lane and Service Road 

When the site was designed, MSU professors from a variety of disciplines assisted and provided 

suggestions for soil type placements within the site. A sandy loam was recommended consisting of 85% 
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sand with gravel mixed in. These initial suggestions were disregarded, and a base layer of road aggregate 

was used instead, along with a mix of 40% clay topsoil. A fix was later implemented to replace these soil 

types with the correct specifications. Additionally, during initial design, engineers did not account for the 

groundwater seepage. This meant that the total basin volume was underestimated from the actual volume 

needed. 

 The team adopted a breakdown and naming convention based on previous research by 

undergraduate students, which visualized and communicated the basin’s details. Figure 2 breaks the site 

down into four color-coded Blocks, labeled A through D. Blocks B and C have a perforated tile drain 

underneath the soil, and flow to a manhole connected to the main outflow pipe.  

 

Figure 2 Initial Bioretention Site Plan – The initial bioretention site plan with color-coded blocks 

showing naming convention and flow of stormwater. 

 

Intended Flow: 

Inflow Pipe  A  B  C  Tile Drain 

 D  Outflow Pipe 

Problems Within the Site 

Upon a site visit, the team discovered that the pipe connecting Blocks A and B was blocked and 

caved in due to a buildup of both sediment and biomass. It is possible that this broken pipe contributed to 

the flooding of the Farm Lane railroad underpass following a heavy storm event in 2015. Along with the 

stormwater entering the bioretention basin, groundwater levels were elevated, causing excess water to 

flow to the lower elevation of the underpass. Therefore, not only is the inadequate treatment caused by 
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stormwater not circulating the site a concern but flooding in Blocks A and D needs to be addressed in the 

new design. 

 After the flooding incident, a short-circuit pipe was installed connecting Blocks A and D. In the 

scenario of another flooding event, water would be able to leave more directly, and additional 

groundwater recharge could be prevented. However, this only offered a solution to the flooding and did 

not properly address the concerns with the treatment of stormwater. The current path of flow is written 

below.  

Current Flow: 

Inflow Pipe  A  Short-Circuit  D  Outflow Pipe 

 

Problem Statement 

The Farm Lane Bioretention site was designed to treat and manage stormwater on Michigan State 

University’s (MSU) campus; however, the basin does not currently operate at its intended level, as only 

an estimated 65% of the site receives intended flow. 

Project and Design Objectives 

 The team has designed multiple options to restore the bioretention basin to its original purpose 

and magnitude of water management and pollutant treatment with guidance of MSU’s Infrastructure 

Planning and Facilities (IPF) and faculty advisors. The project objectives are to:  

• Understand elevation of the present-day site by conducting a topographic survey 

• Estimate the current lifespan of the bioretention basin using soil tests that measure various 

soil nutrients and pollution. Maximums for heavy metals range from 8,000 – 40,000 ppm and 

phosphorus maximums are between 100 and 200 ppm 

• Assess the current plant biodiversity at the site 

• Model the hydrologic flows of the site using STELLA software for multiple design 

alternatives  

 

The design will include replacing the broken pipe to ensure proper flow goes from Block A to B. 

Additional design goals are to:  

• Restore the basin to a hydraulically functional condition by returning drawdown 

requirements, hydraulic residence time (HRT), and a minimum treatment values in-line with 

the initial levels found in 2008 plans 
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• Raise the biodiversity index of native wetland species by a minimum of 50% from an initial 

assessment of biodiversity.  

Constraints 

 Constraints for data collection and design of the bioretention basin solutions included seasonal 

dependencies. The bioretention basin was affected by frigid winter temperatures, limiting the team's 

ability to collect all soil and water samples before freezing occurred. Additionally, the team was provided 

with a $1,000 budget for project expenditures, which primarily consisted of testing costs.  

The main constraint on the project’s implementation is the limited funding available to MSU IPF 

for proposed site improvements. As a result, the design will focus on minimizing costs to encourage 

implementation and ensuring that the design offers long-term economic and environmental benefits. This 

may direct proposed designs to include options for university-directed construction, while also focusing 

on plantings with the lowest cost-benefit ratio and the least upkeep and maintenance for MSU IPF.  

Standards and Regulations 

The design alternatives required an appropriate industry standard for bioretention systems. 

Regulation for the site fell under the Municipal Separate Storm Sewer System (MS4) permit held by 

Michigan State University and issued by the Michigan Department of Environment, Great Lakes, and 

Energy (Michigan Department of Environment, Great Lakes, and Energy [EGLE], n.d.). Best 

management practices for bioretention systems were considered as standards governing all design 

alternatives to maintain MS4 permit status as it currently stands (U.S. Environmental Protection Agency 

[EPA], 2021). Additionally, MSU’s Stormwater Management Program was followed to ensure regulated 

discharge conditions are met (<80 mg/l TSS from up to 1 in of rainfall) (Michigan State University, 

2024). 

Safety and Construction Phasing 

Safety concerns of the site include minimum control measures (MCMs) that MSU must follow to 

maintain its permit status for any site alterations. The MCMs require erosion control for all construction 

activity, long-term stormwater treatment, maintenance of infiltration, and inspection of the basin for 

sediment buildup, vegetation health, and hydraulic function (EGLE, 2003). This ensured proper site 

function and the safety of those who interact with it. As the design alternative requires excavation, 

temporary shoring or sloping to maintain stability and protect workers will be required. Appropriate 

traffic control measures (signage, barricades, lane delineation) will only be implemented when debris is 

being hauled away. Existing underground utilities will be located and marked prior to all excavation 
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activities. These measures help reduce construction-phase risks and maintain safe site access throughout 

the project’s duration. 

Preliminary Data and Technical Justification 

 Preliminary collection of survey data, soil nutrient data, and water nutrient data was necessary to 

achieve the objectives and to aid in the development of design alternatives. A hydrologic model of the 

bioretention site using STELLA addressed another objective and justified the major design principle of 

replacing the pipe between Block A and Block B. 

Surveying 

 The initial site topography determined during the 2008 design (shown in Figure 1 previously) 

served as a baseline for current elevations. Table 1 shows the average elevation of each block relative to 

the initial elevations. Based on 2008 data, Blocks A through C showed increases of nearly 2 inches, and 

Block D had the largest increase of 3.53 inches. Additional data regarding the area of each Block is 

located in Appendix A1. 

Table 1 Comparative Elevation Data – The average results of each block’s sections from a site survey of 

present topography compared to 2008 estimated elevation data and the resulting difference from 

accumulated sediment 

Block 2025 Average Elevation (ft) 2008 Estimated Elevation (ft) Difference (in) 

A 855.2 855.0 1.97 

B & C 854.2 854.0 1.93 

D 854.3 854.0 3.53 

 

Nutrient Sampling 

To estimate the current lifespan of the Farm Lane bioretention basin, soil tests were conducted to 

measure concentrations of key nutrients and pollutant levels, specifically nitrogen and phosphorus, in the 

existing soil media. This included both the surface layer and the engineered bioretention soil beneath it. 

These results provided critical insight into the condition of the vegetation and the underlying soil media. 

The accumulation of nitrogen and phosphorus in soil can influence the behavior of other nutrients, 

thereby affecting the long-term performance and treatment efficiency of the basin (Mitchell Ayers & 

Kangas, 2018). When combined with evaluations of the nutrient export and water retention over multiple 

years, these tests helped estimate when media replacement or restoration may be necessary (Zhou et al., 

2023). The team used this data to develop long-term management plans that will optimize vegetation 

growth and minimize nutrient loss. This can extend the site's lifespan to optimize its functionality.  
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In addition, water nutrient samples were collected to determine the site's efficacy as it currently 

operates. Results showed an average increase in outflow phosphorus concentration of 43.3% and in 

outflow nitrate concentration of 37.1%. This implies that the site is adding nutrients to the surface water 

flow exiting the site, indicating the current soil medial and/or plant detritus is acting as a source of 

nutrients. 

Modeling 

STELLA (Systems Thinking, Experimental Learning Laboratory with Animation) was used to 

model the current site scenario and the potential hydraulic effects of replacing the obstructed and broken 

pipe between Blocks A and B. Modeling was driven by the components of the water balance equation 

(Lisenbee et al., 2021). The designed STELLA model was able to take recorded precipitation, potential 

evapotranspiration, and pump data from the site and predict the volume of water in each block at the 

surface and subsurface levels. This was developed with the important assumptions of minimal runoff 

entering the site, relative to the quantities of water being pumped in, and the absence of groundwater 

seepage into the site's subsurface media. These assumptions are based on the site's original design. Sixty 

days of data from April and May of 2025 were selected to estimate the peak conditions at the site. This 

coincides with the peak rainy season in Michigan and also includes a major rain event that exceeded 2 

inches over a 24-hour period. 

Hydraulic Functionality  

The hydraulic performance of the Farm Lane bioretention site was evaluated to assess and 

identify any limitations affecting stormwater treatment efficiency. To be as effective as possible, the site 

required a controlled hydraulic loading rate (HLR) and uniform flow distribution to support pollutant 

removal (U.S. Environmental Protection Agency, 2021; Michigan Department of Environment, Great 

Lakes, and Energy, 2021). Using a basin footprint of 2,500 square feet and an active storage volume of 

11,016 gallons per 3 feet pump down based on client-provided information, hydraulic performance was 

evaluated using pump data from November 2021. The system has an average HLR of 5.92 in/day, with 

ranges of 5.15-11.37 in/day. Field observations identified a blocked pipe between Blocks A and B, 

resulting in flow bypass and direct short-circuiting to Block D. This reduces effective treatment volume 

and limits residence time within Blocks B and C, impairing hydraulic performance and overall treatment 

efficiency. These findings directly informed the design selection, prioritizing alternatives that restore flow 

distribution, increase effective treatment volume, and improve residence time, thereby enhancing overall 

system functionality. 
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Biodiversity Index 

Stormwater ponds and bioretention basins have been shown to enhance taxonomic richness and 

offer opportunities for urban biodiversity conservation (Ferzoco & McCauley, 2024). Incorporating 

biodiversity can improve site functionality, as older systems often rely on a mix of tap-rooted and fibrous-

rooted plants to maintain performance (Le Coustumer et al., 2012). The team mapped the current plant 

species in Blocks B and C to calculate a biodiversity index looking at the percentage of the basin 

occupied by each species. The blocks were broken into smaller subsections for ease of recording data. 

Species are categorized into permanent grasses, forbs, and weeds. The permanent grasses have fibrous 

roots while forbs typically have either root system. Weeds include any species deemed to be invasive and 

a harm to the native and beneficial plants within the basin. Results for Blocks B and C were categorized 

in Table 2, and percentages were weighed based on the acreage of each block. 58% of the two Blocks are 

weeds, meaning replacement of the plants within the basin is critical for the design. 

Table 2 Comparative Biodiversity Data – The number of unique species within the basin and the weighted 

percentage of Blocks B and C for each category: Permanent Grasses, Forbs, and Weeds. 

Category Permanent Grasses Forbs Weeds 

# of Unique Species 3 12 28 

% of Blocks B and C 2.4% 39.7% 58.0% 

 

Based on this evaluation, a recommended planting list was developed to increase native wetland 

species and ensure diversity of root structures. 

Design Alternatives 

 All three design options address the first objective of replacing the obstructed pipe between 

Blocks A and B. Using the STELLA model, a comparison was developed to justify the efficacy of the 

pipe replacement under on-site conditions. Figure 3 provides the results for water volumes over the 

chosen sixty-day period from April to May for the surface basin of Block D and the subsurface media of 

Blocks B and C (combined due to their proximity).
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Figure 3 STELLA Results Comparison – The chosen plots display the effect on volume from the current 

site conditions compared to a scenario where the pipe between Blocks A and B is replaced, and all Blocks 

are deepened to account for improved storage requirements 

The results initially showed saturation in Block D due to a persistent quantity of fluctuating water 

on its surface (Figure 3, Plot 1). Additionally, it becomes clear that little water reaches the subsurface 

media of Blocks B and C (Figure 3, Plot 2), which, under the site’s current operation, receive water only 

through direct precipitation. Following the reestablishment of pipe flow between Blocks A and B there is 

a potential key shift in the quantity of water over time found on the surface region of Block D. With water 

flowing to Blocks B and C as intended and evidenced by the water volume in the subsurface region of 

these blocks (Figure 3, Plot 2), Block D only experiences occasionally persistent water volumes in the 

period and maintains the necessary drawdown time of 24-48 hours. Block D is used as an overflow pond 

during major storm events, as intended, rather than as a storage pond. In the model, water is consistently 

present in the subsurface media of Blocks B and C, indicating improved stormwater treatment at the site 

(Figure 3, Plot 1). Returning flow to Blocks B and C increase their contribution to hydraulic residence 

time by routing water back through the primary treatment media rather than allowing a bypass through 

Block D.  

As this pipe was initially made from a weak plastic that deteriorated over time, HDPE was 

selected as a stronger alternative. Considering the initial storm structure design, a 12 in. pipe replacement 

was determined to be the most straightforward and cost-effective solution for the required pipe diameter. 

However, the sensitivity of the site’s conditions based on the diameter of the pipe was considered as an 

additional step, as detailed in Figure 4.  

 

Figure 4 STELLA Pipe Sizing Sensitivity – The volumes across time for the surface of Block D and the 

subsurface of Blocks B and C for two potential pipe diameters: a 12 in. replacement that aligns with the 

current storm structure sizing and an alternative 16 in. replacement  

 It is evident that there is no major effect on the amount of treatment conducted in the subsurface 

of blocks B and C, regardless of a potential moderate increase in pipe diameter. Additionally, the benefits 

of faster drawdown times observed at the surface of Block D with the larger pipe diameter do not 

outweigh the costs of replacing the existing storm structure, which is still functional, because in both 
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cases, a 24-48 hour drawdown is achieved. A modified set of Manning’s Equations for partial flow was 

used in the STELLA model to determine the pipe flow rates based on the changing angle, 𝜃, subtended by 

the water surface, as given in Equations 1 and 2.  

                                                    𝜃 = 2 cos−1(1 −
2𝑦

𝐷
)                               (1) 

𝑄 = (
1.49

𝑛
) ∙ (

𝐷2

8
(𝜃 − 𝑠𝑖𝑛 𝜃) ) ∙ (

𝐷

4
(

𝜃−𝑠𝑖𝑛 𝜃

𝜃
))

2/3

𝑆1/2             (2) 

 

D = diameter (inch) Q = flow rate (cubic feet/second) 

n = Manning’s roughness coefficient S = pipe slope (foot/foot) 

𝜃 = half the central angle subtended by the water 

surface (radians) 

 

 

The pipe replacement will enable the hydraulic restoration of the site’s original treatment volume and add 

to its pollution removal capabilities. The short-circuit pipe will remain in place to function as a last-resort 

solution for extreme flooding events. 

 Each design does not affect the site’s ability to maintain compliance with applicable regulations 

and standards. Designs were evaluated based on criteria that include the cost (15%), effectiveness of 

treatment (two subsections; hydraulic performance (30%) and pollutant removal (25%), both totaling 

55%), level of maintenance (15%), and ecosystem services (15%), A scale of 1-10 was used, with 1 being 

the worst rating and 10 being the best. Amore detailed breakdown is in Table 3. 

Table 3 Decision Matrix Scoring – numerical rating for the decision matrix based on requirements met 

Score 1-2 3-4 5-6 7-8 9-10 

Description Fails to meet 

requirements. 

Major concerns 

that cannot be 

corrected 

Falls short of 

requirements. 

Significant 

concerns that 

require 

substantial 

workarounds 

Meets 

minimum 

requirements 

with notable 

limitations and 

trade-offs 

Meets all 

requirements 

with minor 

limitations and 

is manageable 

Exceeds all 

requirements, 

represents ideal 

or near-ideal 

outcome 

 

Considered Designs 

 The first design considered includes surface removal of 2 inches of soil for Blocks A, B, and C, 

while Block D will remove 4 inches to restore the site to each individual block’s 2008 original design 

elevations. These quantities are based on the current elevation data from Table 1. The surface removal 
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will remove all plants and replace them with seed mixes from Stantec. Blocks A and D would receive 0.5-

acre worth of Stantec’s Wetland Edge mix while Blocks B and C will use 0.25-acre worth of the 

Stormwater mix. The second design similarly included removing 2 inches of soil media from Blocks A 

and 4 inches from Block D, although Blocks B and C will remove 1 foot. 10 inches of new topsoil media 

will be placed in Blocks B and C to restore the site to the 2008 design elevations, while replacing spent 

soil media in the main treatment block as supported by preliminary nutrient testing. The same seed mixes 

and quantities would be planted as in Design #1.  

Final Design – Specialized Improvements 

The final design focuses on increasing the site's treatment volume capacity beyond the 2008 level. 

As a result, it includes removing 4 inches of soil in Block A, 16 inches in Blocks B and C, and 6 inches in 

Block D. 10 inches of new topsoil media will be placed in Blocks B and C to replace spent media. 

Additionally, 2 inches of mulch will be added to the two blocks after the plants are well established to 

serve as an additional filtration step. Tables A2 expands on the observed species present in Blocks A and 

D. Tables A3 and A4 highlight the current biodiversity in these blocks. The individually chosen plants for 

this design can be seen in appendix A7 and A8. Table A9 highlights the weighted percentage of the 

Blocks based on the planting requirements or features of species. Each block in this design will be at an 

elevation 2 inches lower than the 2008 initial elevation to ensure more runoff is captured, and the site can 

manage larger storm events efficiently. Figure 5 depicts the surface removal and replacement for the 

design. 

 
Figure 5 Design #3 plan for soil removal and replacement    

As topsoil excavation removes vegetation, all blocks will be replaced with individually selected 

plant species to maximize hydraulic performance, pollutant removal, and ecosystem benefits. The project 

phasing will start with a pre-construction (Phase 1), which validates and outlines what needs to happen in 

the pipe replacement, excavation and soil replacement (Phase 2), planting and mulching (Phase 3), and a 
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post-construction verification (Phase 4). Phase 1 will take place during the spring and take 1-2 weeks, 

Phase 2 will take place when the temperature is consistent in the spring and take around 4-6 weeks, Phase 

3 will take place close to the summer and take a month, and Phase 4 will take place immediately after 

Phase 3 and take 1-2 weeks to execute 

Design Selection 

 All designs meet the design objectives of the project. The contribution of Blocks B and C to 

treatment reestablishes initial hydraulic residence times in all scenarios, increasing the flow of the site and 

the treatment of stormwater. Additionally, each design shows an increase in biodiversity compared to 

existing conditions, with the design objective being met when considering non-weed species, as shown in 

Table 4.  

Table 4 Number of unique species within the entire basin for each design, with comparisons being made 

between existing numbers and the designs. Increase in species were calculated. 

Number of Unique Species 

 Existing Final Design 

Total #  43 57 

Non-Weed # 15 57 

Increase from existing (Total) 33% 

Increase from existing (Non-Weed) 280% 

 

The team weighed multiple distinct factors in choosing a design. These included the cost, 

maintenance, hydraulic performance, pollutant removal, and ecosystem services. The site's focus is to 

treat the incoming water, so this factor receives the highest priority. The chosen solution was Design #3. 

Table 5 shows a breakdown of why this solution was chosen, largely because Design #3 is the most 

efficient in terms of hydraulic performance, pollutant removal, and ecosystem services. Further discussion 

of each design level of maintenance scoring is provided in Appendix A6. The team believes that the 

combination of a lower elevation, specialized plantings, and pipe replacement will restore proper flow to 

the site and improve treatment of incoming stormwater. This design also accommodates more water 

during rare major precipitation events by adding approximately 80,000 gallons of storage, which lowers 

the likelihood of flooding onto the Service Road and, subsequently, Farm Lane. 

Table 5 Decision Matrix - outlining and comparing Designs #1-3 to help illustrate differences in designs 

 
Cost Maintenance Hydraulic 

Performance 

Pollutant 

Removal 

Ecosystems 

Services 

Total  

Weight 0.15 0.15 0.30 0.25 0.15 1.00 

Design #1 8 4 7 4 4 5.5 

Design #2 5 5 8 6 4 6.0 
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Design #3 3 6 9 7 6 6.7 

Economic Justification 

It is important to acknowledge and discuss the economic implications of the chosen design 

alternative. Appendix A5 shows a detailed breakdown of estimated costs associated with the final design. 

The final design has an estimated construction cost of $145,966. This cost should be considered in the 

context of the benefits of improved hydraulic performance, greater storage capacity, and reduced 

vulnerability to failure during major storm events. Through additional dredging, the design will further 

deepen each basin to address under-sizing concerns and increases total storage by approximately 80,000 

gallons to manage larger inflows. 

The strongest economic justification for the design is its potential to reduce costs associated with 

infrastructure failures and storm-event recovery. While this cannot eliminate flood risks entirely, the 

added storage and improved hydraulic performance increase the site's ability to detain and manage runoff 

during extreme events and, therefore, make it the most resilient alternative. The cost of the broken pipe 

replacement is relatively small compared to the excavation, haul, and disposal costs of removing soil 

media (about 78% of the total construction cost), meaning the additional storage at the site should be the 

dominant economic driver justifying the design. Based on the estimated total project cost, the design 

provides added storage at roughly $1.82 per gallon. Assuming a 20-year service life and a 3% discount 

rate, the site would need to avoid about $9,800 per year on average in combined costs for maintenance, 

emergency response, nuisance flooding, landscape repair, and deferred rehabilitation to break even. Given 

the scale of costs associated with major storm-related infrastructure impacts and the annual risk of 

flooding on campus, this threshold is modest enough to support the economic rationale for choosing this 

design. 

Further economic calculations to demonstrate break-even conditions are as follows. Equation 3 

provides the required discounted annual break-even benefit, which was used to calculate the required 

avoided costs for the design to break even. 

 

𝐴𝐵𝐸 = 𝐶 ∙
𝑟

1−(1+𝑟)−𝑁
     (3) 

Where ABE is the constant annual avoided cost or benefit needed to break even in dollars, C is the upfront 

project cost in dollars, r is the discount rate, and N is the project life in years. 

Table 6 details the break-even conditions for the low-end, base, and high-end costs of the final 

design along with additional economic statistics on the added storage at the site. 

Table 6 Break-even conditions to support final design 
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Total 

Cost ($) 

Simple annual break-even 

over 20 yrs ($/yr) 

Discounted annual break-even 

over 20 yrs at 3% ($/yr) 

Cost per added 

gallon ($/gal) 

91,414 4,571 6,144 1.14 

145,966 7,298 9,811 1.82 

201,606 10,080 13,551 2.52 

 

Treatment Justification 

The effectiveness of stormwater treatment for each design alternative was evaluated using two 

performance criteria: hydraulic performance and pollutant removal. Both are consistent with bioretention 

performance standards and MS4 compliance requirements (U. S. Environmental Protection Agency 

[EPA], 2021; Michigan Department of Environment, Great Lakes, and Energy [EGLE], 2021). Any 

bioretention basin that does not meet drawdown time requirements, restore treatment volume, or 

reestablish the indented hydraulic flow path cannot be considered effective regardless of cost or 

secondary benefits (EPA, 2021).  

As documented in the site assessment, the Farm Lane Bioretention Basin is currently 

hydraulically non-functional. Stormwater bypasses Blocks B and C due to a blocked pipe and sediment 

accumulation, resulting in limited infiltration, reduced treatment volume, and direct short-circuiting to the 

outlet pipe, lowering bioretention treatment effectiveness (EGLE, 2021). Water testing shows higher 

nitrate and phosphorus effluent compared to the influent nutrient concentrations in the stormwater.  

The final design expands the available treatment volume by increasing available storage through 

lowering each basin by an additional 2 inches from the original levels and adding surface mulch. The 

additional depth directly increases the stormwater residence time and buffer capacity for potentially larger 

storm events. Mulching improves surface permeability and protects the media below from compaction 

and clogging, which could eventually affect drawdown time and hydraulic performance at the site (EPA, 

2021).  

Regarding pollutant removal, the topic was evaluated as a function of hydraulic residence time, 

media composition, and biological treatment factors, recognizing that filtration, absorption, and biological 

uptake processes require sufficient contact time between stormwater, soil, and vegetation.  

This design has strong pollutant removal through extended residence time, dense vegetation, and 

enhanced biological uptake. Deep-rooted plants promote nutrient cycling and long-term phosphorus 

retention, while mulching supports microbial activity, which is critical for pollutant transformation 

(EGLE, 2021). The standards provided by the EPA and EGLE instruct that this is the best choice in 

restoring hydraulic performance and pollutant removal. This conclusion is based on established methods 

for establishing and maintaining bioretention sites and will be supported by modeling results obtained 

during the project. 
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Summary 

Through the implementation of this design, the bioretention basin will exceed its original 

treatment volume, is estimated to meet drawdown requirements, and improve hydraulic residence time 

within the main treatment basin. Replacing the broken pipe, deepening the basin beyond the original 

elevation, and replacing the media will ensure proper flow throughout the site. Additionally, the lifespan 

of the bioretention basin will be extended, particularly through the suggested regular maintenance. The 

site's biodiversity and ecosystem services will be enhanced through specialized plantings in the design, 

with the design offering a 280% increase in unique, non-weed species. The Appendix provides 

supplemental project overview materials. 
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Appendix – Supplemental Project Material 

This section of the appendix provides additional material relating to the project overview and 

introduction. Table A1 depicts the total acreage of each block.  

Table A1 Acreage of each Block 

Site Location A-Block B-Block C-Block D-Block 

Area (ac) 0.11 0.02 0.19 0.28 

Tables A2 through A4 summarize the findings of the biodiversity index. Plants were categorized 

to match Stantec’s classification system, with categories of Permanent Grasses and Forbs. Species not 

found in Stantec’s nursery catalog and that we determined through additional research to be invasive 

species with the potential to harm the native and wanted plants within the basin, were labeled as 

Invasives. Block A and D did not have a full biodiversity index completed due to the ponding, but a list of 

the plant species known to be present in these Blocks was included. 

Table A2 Observed species within Blocks A and D 

Category Permanent Grasses Forbs 

# of Species 2 1 

#1 Cattail Duckweed 

#2 Phragmites - 

Table A3 Biodiversity Index Results for Block B featuring the number of species within each category, the 

percentage of each within the block, and the top two species within each. 

Category Permanent Grasses Forbs Invasives 

# of Species 1 6 7 

% of Block 3.3% 42.9% 53.8% 

#1 
Reed Canary 

Grass 
16.5% Tall Boneset 16.5% Crown Vetch 15.4% 

#2 - - Canada Goldenrod 13.2% 
Slender Yellow 

Woodsorel 
13.2% 

Table A4 Biodiversity Index Results for Block B featuring the number of species within each category, the 

percentage of each within the block, and the top two species within each. 

Category Permanent Grasses Forbs Invasives 

# of Species 2 9 26 

% of Block 2.2% 39.3% 58.4% 

#1 Switchgrass 1.9% Canada Goldenrod 15.0% 
Slender Yellow 

Woodsorel 
14.6% 

#2 Fox Sedge 0.4% Wild Bergamot 13.9% Crown Vetch 13.5% 
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Cost 

Table A5 breaks down the estimated costs for the final design, including ranges. The key 

implementation costs are standard HDPE pipe replacement, specialized plantings in Blocks B and C, 

mulch costs, and soil removal costs. The estimated cost of the final design is $145,966. 

Table A5 Design #3 Estimated Budget - an estimated list of costs for the implementation of Design #3, 

involving the baseline requirement of pipe replacement, special focus on site plantings and mulching 

 

Level of Maintenance 

Level of maintenance is defined as the steps required to upkeep the system and the frequency that 

the steps need to occur. Typical maintenance activities include pruning, mowing, watering, fertilization, 

dead plant removal/replacement, inlet inspection, outlet inspection, and replacement of the top few inches 

of layer media (EPA, 2021). Since there is no one currently maintaining the bioretention basin, less 

frequent maintenance is more feasible for long-term success.  

Table A6 shows the frequency that each maintenance activity should occur. The final design 

requires replacement of the top few inches of filter media; however, this is only required if ponding 

occurs for more than 48 hr. The total maintenance hours for the first year after implementation are 36 

hours. The annual maintenance hours after the first year are 23 hours since the watering and fertilization 

steps can be excluded (EPA, 2021). 

 

 

 

Item Quantity Unit Cost ($) Low ($) High ($) Source 

12" Pipe 

Replacement 
5 ft 230 200 1250 

(HDPE Supply, n.d.), 

(Homewyse, n.d.-a) 

Excavation 

(dredge) 
793 yd3 81,584 34,124 129,044 (Homewyse, n.d.-b) 

Haul and 

Disposal 
793 yd3 32,666 30,564 34,768 (Homewyse, n.d.-b) 

Sandy Loam 

Soil 
339 yd3 10,170 10,170 10,170 (Canton Topsoil, n.d.) 

Plantings 0.6 ac 5,500 5,500 5,500 (Stantec, Inc, 2025) 

Mulch 1,525 ft3 2,546 2,546 2,546 (The Home Depot, n.d.) 

Overhead 

10%) 
  13,270 8,310 18,328  

Total   145,966 91,414 201,606  
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Table A6 Level of Maintenance - The recommended steps for bioretention basin maintenance, and 

frequency that each step should occur for each design option 

Activity Frequency 

Pruning 1-2 times a year 

Mowing 2-12 times a year 

Watering Every 2-3 days for the first month 

Fertilization Once initially 

Dead plant removal/replacement Once a year 

Inlet Inspection Once after the first rain, then monthly 

Outlet Inspection Once after the first rain, then monthly 

Replacement of top few inches of filter media If ponding occurs for more than 48 hours  

 

Ecosystem Services  

Ecosystem Services are defined as benefits provided by an ecosystem that works to support 

humans, and are classified into cultural benefits (nonmaterial, societal benefits), provisioning services 

(products produced), supporting services (the fundamental processes that sustain the system), and 

regulating services (benefits obtained from the regulation of the environment). However, factors such as 

water purification are both ecosystem services and measures of treatment effectiveness. Therefore, only 

services unaccounted for in any other category are included. The plants chosen for the design are detailed 

in Tables A7 and A8, with Table A9 containing the features for these plantings. Individual seeds are 

sourced from Stantec and Prairie Moon Nursery as reference. Main improvements being seen within the 

design’s deer resistance, pollinator attraction, cultural services, and salt tolerance. Therefore, with the 

individual planting goal, this design will increase ecosystem services it provides. 

Table A7 Individually selected plants for Blocks A+D  

BOTANICAL 

NAME 

COMMON 

NAME 

PLS 

OZ/ACRE 

BOTANICAL 

NAME 

COMMON 

NAME 

PLS 

OZ/ACRE 

Permanent Grasses/Sedges Forbs and Shrubs 

Andropogon 

gerardii 
Big Bluestem 12 

Aguilegia 

canadensis 
Wild Columbine 1 

Carex crinita Fringed Sedge 1 
Anemone 

canadensis 
Red Columbine 0.75 

Carex lacustris 
Common 

Lake Sedge 
0.5 

Asclepias 

tuberosa 
Butterfly Weed 2 

Carex 

pensylvanica 

Common Oak 

Sedge 
1.5 Bidens cernua 

Nodding Bur 

Marigold 
2 

Elymus 

canadensis 

Tussock 

Sedge 
24 Bidens frondosa 

Common 

Beggar-Tick 
12 
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BOTANICAL 

NAME 

COMMON 

NAME 

PLS 

OZ/ACRE 

BOTANICAL 

NAME 

COMMON 

NAME 

PLS 

OZ/ACRE 

Permanent 

Grasses/Sedges 
  

Forbs and 

Shrubs 
  

Elymus riparius 
Riverbank 

Wild Rye 
16 Carex typhina 

Common Cattail 

Sedge 
3 

Elymus virginicus 
Virgina Wild 

Rye 
24 Chelone glabra 

White 

Turtlehead 
5 

Glyceria grandis 
Reed Manna 

Grass 
2 

Coreopsis 

lanceolata 
Sand Coreopsis 8 

Juncus effusus 
Common 

Rush 
0.5 

Echinacea 

purpurea 

Purple 

Coneflower 
8 

Leersia oryzoides 
Rice Cut 

Grass 
1 

Epilobium 

coloratum 

Cinnamon 

Willow Herb 
0.1 

Panicum virgatum Switch Grass 2.5 
Helenium 

autumnale 
Sneezeweed 32 

Schizachyrium 

scoparium 

Little 

Bluestem 
32 

Hibiscus 

palustris 

Swamp Rose 

Mallow 
32 

Schoenoplectus 

acutus 

Hardstem 

Bulrush 
1.5 

Lobelia 

siphilitica 

Northern Blue 

Flag 
0.25 

Spartina pectina 
Prairie Cord 

Grass 
2 

Lycopus 

americanus 

Common Water 

Horehound 
2 

 

Table A8 Individually selected plants for Blocks B+C 

BOTANICAL 

NAME 

COMMON 

NAME 

PLS 

OZ/ACRE 

BOTANICAL 

NAME 

COMMON 

NAME 

PLS 

OZ/ACRE 

Permanent Grasses/Sedges Forbs and Shrubs 

Calamagrostis 

canadensis 

Bluejoint 

Grass 
1 Chelone glabra 

White 

Turtlehead 
5 

Carex comosa Bristly Sedge 2 
Eupatorium 

perfoliatum 
Boneset 0.5 

Carex hystericina 
Porcupine 

Sedge 
2 

Eutrochium 

macalatum 

Spotted Joe 

Pye Weed 
0.5 

Carex stricta 
Common 

Tussock Sedge 
0.75 Geum triflorum Praire Smoke 16 

Carex vulpinoidea Fox Sedge 2 
Helenium 

autumnale 
Sneezeweed 1 

Elymus virginicus 
Virgina Wild 

Rye 
24 Iris versicolor 

Common 

Sneezeweed 
35 

Glyceria striata 
Fowl Manna 

Grass 
0.5 Iris virginica Blue Flag 4 

Juncus dudleyi Dudley's Rush 0.25 Liatris spicata 
Marsh Blazing 

Star 
1 

Juncus effusus Common Rush 0.5 
Lobelia 

cardinalis 

Cardinal 

Flower 
0.25 

Panicum virgatum Switch Grass 2.5 
Lobelia 

siphilitica 

Great Blye 

Lobelia 
0.25 

Schoenoplectus 

acutus 

Hardstem 

Bulrush 
1.5 Mimulus ringens 

Monkey 

Flower 
1 
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BOTANICAL 

NAME 

COMMON 

NAME 

PLS 

OZ/ACRE 

BOTANICAL 

NAME 

COMMON 

NAME 

PLS 

OZ/ACRE 

Forbs and Shrubs Forbs and Shrubs 

Scirpus cyperinus Wool Grass 0.5 Packera aurea 
Golden 

Ragwort 
8 

Spartina pectinata Cord Grass 2 Rudbeckia hirta 
Black-Eyed 

Susan 
6 

Asclepias 

incarnata 

Northern Blue 

Flag 
2 

Solidago 

speciosa 

Showy 

Goldenrod 
0.5 

Asclepias 

tuberosa 

Swamp 

Milkweed 
2 Verbena hastata Blue Vervain 2 

Bidens frondosa 
Common 

Beggar-Tick 
12 Zizia aurea 

Golden 

Alexander 
1 

 
Table A9 Weighted percentage of the Blocks based on the planting requirements or features of species.  

Category Weighted B+C Weighted A+D 
Total (Entire 

basin, weighted) 

Full Sun 34% 65% 99% 

Partial Sun 29% 53% 82% 

Shade 9% 20% 30% 

Upland Dry 11% 12% 23% 

Upland Moisture 18% 28% 46% 

Saturated 25% 55% 80% 

Emergent Shallow 14% 30% 44% 

Emergent Deep 4% 6% 10% 

Submerged 0% 0% 0% 

Salt Tolerant 12% 20% 32% 

Deer Tolerant 13% 24% 37% 

Pollinator 7% 20% 28% 
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