
Title

Completed By

Date Completed

UI Department

Course Name

Instructor

Community Partners

FINAL DELIVERABLE

Bellevue Stormwater Management Structure 
and Plan for New Residential Development

Diana Gerxhaliu, Cassidy Lindow, 
Faye Momodu

December 2019

Department of Civil & Environmental 
Engineering

CEE:4850:0001
Project Design & Management

Richard Fosse

City of Bellevue,
Jackson County Economic Alliance



This project was supported by the Iowa Initiative for Sustainable Communities (IISC), 
a community engagement program at the University of Iowa. IISC partners with rural 
and urban communities across the state to develop projects that university students 
and IISC pursues a dual mission of enhancing quality of life in Iowa while transforming 
teaching and learning at the University of Iowa.

Research conducted by faculty, staff, and students of The University of Iowa exists in 
the public domain. When referencing, implementing, or otherwise making use of the 
contents in this report, the following citation style is recommended: 

[Student names], led by [Professor’s name]. [Year]. [Title of report]. Research 
report produced through the Iowa Initiative for Sustainable Communities at the 
University of Iowa.

This publication may be available in alternative formats upon request. 

Iowa Initiative for Sustainable Communities
The University of Iowa
347 Jessup Hall
Iowa City, IA, 52241
Phone: 319.335.0032
Email: iisc@uiowa.edu
Website: http://iisc.uiowa.edu/ 

The University of Iowa prohibits discrimination in employment, educational programs, and activities 
on the basis of race, creed, color, religion, national origin, age, sex, pregnancy, disability, genetic 
information, status as a U.S. veteran, service in the U.S. military, sexual orientation, gender identity, 
associational preferences, or any other classification that deprives the person of consideration as an 
individual. The University also affirms its commitment to providing equal opportunities and equal 
access to University facilities. For additional information contact the Office of Equal Opportunity and 
Diversity, (319) 335-0705.



1 

City of Bellevue Expansion Project 

Final Design Report 

Requested by: Jackson County Economic Alliance 

Prepared by: Diana Gerxhaliu, Cassidy Lindow, Faye Momodu 

December 2019 

University of Iowa 

 Department of Civil and Environmental Engineering 



 

 

2 

Table of Contents 

 
Section I: Executive Summary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . …………..... . . . . . . .2 

Section II: Organization Qualifications and Experience. . . . . . . . . . . . . . . . . . . …………….. . . . . . . . .5 

Section III: Design Services. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . …………….. 5 

Section IV: Constraints, Challenges and Impacts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ……………. . .7 

Section V: Alternative Solutions That Were Considered . . . . . . . . . . . . . . . . . . . . . . . . …………….. . .8 

Section VI: Final Design Details . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ………….... ..11 

Section VII: Design Services Cost Proposal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ………….. ..19 

Appendix A.1: Total Water Quality Volume Calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .        .23 

Appendix A.2: Pretreatment Practice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ……………………....24 

Appendix A.3:  Ponding Area To Treat WQv Calculations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... 25 

Appendix A.4: Geometry of WQv Ponding Area Calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..26 

Appendix A.5: Subdrain System Design Calculations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . …………...27 

Appendix B.1: Hydraulic Analysis Design Calculations. . . . . . . . . . . . . . . . . . . . . . . . . . ………….....28 

Appendix B.2: Hydrology Studio Graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ………………...36 

Appendix C: References…………………... . . . . . . . . . . . . . . . . . . . . . . . . . . ………………………..44 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

3 

Section I Executive Summary 
 

The following document is a final stormwater design report for the City of Bellevue Expansion 

Project. Innovative Infrastructure consists of two teams that worked cohesively to create a land 

development and stormwater management design for a 50-acre parcel in Bellevue, IA.  Bellevue 

is a city in Jackson County, Iowa. The city lies along the Mississippi River and is next to 

Bellevue State Park. In 2018, the population of Bellevue was 2,196. Jackson County Economic 

Alliance is the sponsor of this new development and tasked Innovative Infrastructure to research 

and design different alternatives for stormwater management.  

 

The client’s goals for stormwater management are to slow down stormwater, allow pollutants to 

settle, and have a habitat that can support wildlife. All proposed designs incorporate these 

factors, as shown in the Appendices. Innovative Infrastructure determined what locations within 

the 50 acres of land were the best site location for stormwater management. Various alternatives 

were considered and presented to the client, but two stormwater strategies were chosen. These 

strategies work seamlessly with the land development layout of the parcel to design a sustainable 

development.  

 

The scope of services for this project include a site plan with construction boundaries for the 

parcel. An existing and future grading and utilities plan have been included. The stormwater 

management system was sized along with the inlet and outlet structures. Lastly, a vegetation plan 

was completed as well as an operations and maintenance plan. For this design, Diana was in 

charge of the Civil 3D drawings, the basemap, and the grading plan. Faye designed the 

bioretention cell and chose the needed vegetation. Cassie designed the retention basins, 

stormwater collection system, and completed the cost estimate. 

 

To best fit the site as well as accomplish the goals, two retention basins and a bioretention cell 

were designed. A hydraulic analysis for a 100 year storm has been completed to calculate the 

amount of runoff pre and post development. Hydrology Studio, an accredited software, helped 

calculate the retention basin dimensions required to hold the runoff and infiltrate into the soil. 

Using the ISWMM manual, the bioretention cell has been designed and calculations are shown 

in Appendix A. The bioretention cells are designed to improve the water quality and attract more 

pollinators to the development. The bioretention cells will temporarily store and readily infiltrate 

the runoff from the proposed area. The majority of the runoff from the site will drain to the north 

and south retention basins. A stormwater collection system was also designed for the water to go 

into the two stormwater strategies. 
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Figure 1.1: Vision for Bioretention Cell 

 

 

The total estimated cost for the stormwater system is $628,500. The annual cost for operations 

and maintenance is $4,415. The project will be done in three phases and the first phase will cost 

$184,536 which includes the temporary stormwater protection needed.  

 

This development will provide a great living environment for future residents of Bellevue, Iowa. 

It will permit the development of this property without adverse stormwater impacts on adjacent 

properties.  
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Section II Organization Qualifications and Experience 
 
1. Name of Organization 

 

Innovative Infrastructure: Stormwater Management Division 

 

2. Organization Location and Contact Information 

 

Innovative Infrastructure is located in the Seamans Center at 103 S Capitol St, Iowa City, IA 

52252. The main contact and project manager for this project will be Cassidy Lindow. Cassidy 

can be reached via email: cassidy-lindow@uiowa.edu or by phone: 920-264-2273. 
 

3. Organization and Design Team Description 

 

The stormwater division of Innovative Infrastructure is a group of advanced University of Iowa 

students in the capstone design class instructed by Richard Fosse. Each member of the team has 

a unique specialty that compliments the other members. Cassidy and Faye are specializing in 

environmental engineering while Diana specializes in civil engineering. Cassidy Lindow was the 

project manager. Cassidy led the work on the cost estimate, storm sewer design and support for 

other design drawings. Faye Momodu was the editor for the project. She led the work on the 

reduction of pollutants, wildlife habitats, and bioretention cell design. Diana Gerxhaliu was the 

technical support. Diana led the work on the site design and final plan drawings.  

 

Section III Design Services  
 

1. Project Scope 

 

The scope of this project was to design different alternatives for stormwater management 

structures for a 50 acre plot of future developed land. The stormwater division provided 3 

alternative methods for stormwater management for the land. Our division worked in 

collaboration with the land development division to design a stormwater management system, 

and a site plan. Both divisions worked together, so that the final designs complement each other.  

The Stormwater Management project scope is listed below.  

● Base Map 

● Design Alternatives 

● Grading Plan 

● Sizing of Inlet and Outlet Structures  

● Stormwater Collection System Design 

● Retention Basin Designs  

● Bioretention Cell Design 

● Vegetation and Monitoring Plan  

● Operations and Maintenance Plan  
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2. Work Plan  

  

A Gantt chart, shown in Table 3.1, was created in order to easily portray the timeline of the 

semester long project. This Gantt chart identifies all of the large project goals and deadlines. 

Responsibilities were assigned to each team member to ensure an even distribution of the tasks. 

Cassidy took the lead of the cost estimate, hydraulic analysis, design of retention basins, and 

organization of the team. Faye took the lead on choosing the vegetation, the landscaping plan, 

and the design of bioretention cells. Diana took the lead for the base map, grading plan and all 

AutoCAD and Civil 3D tasks along with the stormwater construction drawings.  

 
Table 3.1: Gantt Chart for Stormwater Management Project 

 

 
 

Table 3.1: Highlights the main tasks that were completed and whom was leading the completion 

of said task. Project Manager, Cassie Lindow led the tasks in yellow. Faye Momodu led the tasks 

in red, and Diana Gerxhaliu led the tasks in green, and the entire group worked on the tasks in 

orange. 
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Table 3.2: Responsibilities for Team Members for Final Report 

 

Final Report 12/13/19 

Executive Summary All 

Experience with Similar Projects Diana 

Project Scope All 

Work Plan Cassie 

Method/Design Guides Faye 

Constraints Faye 

Challenges Diana 

Societal Impact All 

Design Alternatives Considered Faye 

Final Design Details All 

Engineer’s Cost Estimate  Cassie 

Proposal Attachments Diana 

 

 

Section IV Constraints, Challenges and Impacts 

 

1. Constraints 

  

Constraints for this project include space, environmental considerations, time, and accessibility 

to the project site. The 50 acre area of land that has been purchased limits the project to a few 

areas of a specific size which reduces options for the project. The regulations are enforced by the 

Environmental Protection Agency as well as Iowa DNR. Time is a constraint for this project as 

all final designs are due December 13th, 2019. 

 

Constraints can also be based on a parcel of land and its condition. A soil analysis was completed 

to ensure infiltration of the stormwater was possible. Since Iowa’s soil is mostly clay based, the 

soil analysis was important to consider for possible stormwater alternatives.  

 

 

2. Challenges 

 

Challenges for the project included continuous access to a small cabin on the back of the 

property, and a site depression at the SW corner of the parcel, as well as connecting the drainage 

of this parcel to Bellevue’s wastewater treatment plant. Another challenge was keeping up with 

the ideas from the land development group, so that the alternatives from stormwater were in 

compliance with their design ideas. Also, as a big group with two divisions, time management 

and group organization were key to getting work done efficiently and being successful for this 
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project. Continuous communication was key throughout this project to create one seamless 

design from the two divisions.  

 

A challenge for the team was learning new technical software. Most of the team has not had 

exposure to stormwater modeling programs, GIS or Civil 3D, so the usage of this technology 

was challenging. This was an expected challenge within any design project.  

 

3. Societal Impact within the Community and/or State of Iowa 

 

The City of Bellevue is a community of around 2,100 people. In the 2010 Census, Jackson 

County had a population of 19,848, a slight decrease from 2010. 41 percent of Jackson County is 

made up of unincorporated areas meaning that the City of Bellevue is the second largest 

community. The demographic of the City of Bellevue is mostly baby boomers, thus an aging 

population. This development will encourage more young families and adults to move into this 

smaller community. In 2017, a group of students from the University of Iowa developed a 

marketing strategy for Jackson County. Their goal was to capitalize off of the natural features 

and cultural amenities within the county. Jackson County is actively looking to grow their 

community by using these campaigns and development projects to attract the younger 

generation. With project ideas like this one, the impact on City of Bellevue and Jackson County 

have the opportunity to grow. This project is largely supported by the City of Bellevue, 

especially financially. By developing a community that caters to a younger demographic, the 

population can stay consist or increase in the future. 

 

The negative impacts of stormwater components of this project will be minimal and will mainly 

occur during times of construction. There are few trees in the designated area that may need to be 

removed. Erosion control practices such as silt fences and silt bags will be used to minimize the 

potential risk of stormwater eroding the soil during construction. These are affordable solutions 

to avoid any loss of topsoil from the development. Overall, this project can benefit the City of 

Bellevue by providing more housing opportunities in a sustainable development.  

 

 

Section V Alternative Solutions That Were Considered 
 
There were originally three alternatives that were considered for the project. The first alternative 

was constructed wetlands, followed by a stormwater pond and lastly a biofiltration swale. Each 

alternative was analyzed based off of what fits best for the design as well as what fits our client’s 

needs. 

 

Throughout the semester, our team was able to visit with the City of Bellevue regarding their 

vision and needs for the stormwater system. They expressed that the stormwater system needs to 

have good public perception with low cost and low maintenance requirements. They also 

preferred a method that blends in well with the landscape and does not contain standing water at 

all times.  

 

The first stormwater alternative suggested by the team was constructed wetlands. Figure 5.1 

shows a vision of what our team had in mind for this alternative. Benefits of constructed 
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wetlands at the Bellevue site include being inexpensive to construct and operate for any volumes 

of water. They are also easy to maintain since they regenerate on their own and require little 

upkeep. One of the objectives that the client had was that they wanted a stormwater solution that 

supports wildlife and habitat. Constructed wetlands play an important role in the ecology, and 

support wildlife as many species of birds and mammals rely on them for food, water, and shelter, 

especially during migration and breeding. The downside of this alternative is that wetlands limit 

what can be done on the land as they take up a lot of space. Wetlands also contain a permanent 

pool of water at all times, and this is something that the client expressed they did not want.  

 

 

  
 

Figure 5.1: Constructed Wetlands Vision  

 

Alternative number two was stormwater ponds. Stormwater ponds are thought of as either wet or 

dry. Wet ponds are sized to consistently have a pool of water, not depending on the weather 

(Ponds, 2015). Dry ponds are a grassy, dry area the majority of the time, except for after a storm 

event. Once the dry ponds contain water, the water will infiltrate into the soil to create a dry pond 

within days.  The advantage to stormwater ponds is that they can be designed to be used in 

common areas and can be designed to attract local wildlife. The vegetation that surrounds the 

shore of the pond provides a filter before water enters into the retention pond, thus improving the 

quality of the water entering the pond (Chavan, 2018). One downside to stormwater ponds is the 

required maintenance. Without proper maintenance, nutrients such as nitrogen and phosphorus 

that are typically found in stormwater runoff can accumulate in wet ponds leading to degraded 

conditions such as low dissolved oxygen, algae blooms, unsightly conditions and odors. Also, 

draining and cleaning of a stormwater pond can be expensive and time consuming (Chavan, 

2018). When presenting the alternative of stormwater ponds to the City of Bellevue they 

expressed concerns about the required maintenance. Bellevue is a smaller town and they have 

concerns about who will be responsible for the maintenance of the stormwater ponds. The cost of 

maintaining the stormwater ponds was also a concern for the city. Figure 5.2 shows the vision 

the team had for the stormwater ponds.  
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Figure 5.2: Stormwater Pond Vision  

 

Stormwater alternative 3 was a biofiltration swale. Biofiltration swales are used to provide 

treatment of the surface runoff.  Biofiltration swales slow down stormwater, provide the uptake 

of pollutants and help settle pollutants. They aid in providing stormwater quality by using grass 

or other dense vegetation to filter sediment and oily materials out of stormwater when designed 

properly (ERRATA, 2016). If properly designed, biofiltration swales can be very aesthetically 

pleasing as they usually they look like flat-bottomed channels with grass growing in them and 

they blend in easily with the landscape. Biofiltration swales can be a lower construction cost for 

stormwater measures. There is a higher maintenance cost for this alternative since inspecting the 

swales at least every six months is required to make sure that adequate grass growth is 

maintained and removal of built up sediment and debris in the swale.  

 

Initially, when presenting this stormwater alternative to the client this was their top choice. They 

liked the way that it would blend in with the landscape and they felt it was the best fit for the site. 

After the city selected this alternative, our team had the opportunity of meeting with Amy 

Bouska who is with the Johnson County Soil and Water Conservation District.  Amy works 

directly with the Iowa Department of Natural Resources Stormwater Manuals (ISWMM) and 

based on the standards for the design of a biofiltration swale our team learned that we would not 

be able to meet those standards. The design of a biofiltration swale requires 1,200 linear feet of 

bioswale. The amount of linear footage is critical to the design of a bioswale as the water needs 

to be in contact with the vegetation of the bioswale long enough to achieve water quality. We 

also learned that our large site of 50 acres was too much drainage for a bioswale. Amy suggested 

that the best stormwater measures for our site are bioretention cells to achieve water quality and 

retention basins to control the water quantity. After speaking with the client and receiving 

approval from them regarding the new stormwater alternatives, our team decided to proceed with 

the final design of bioretention cells and two dry retention basins.  

Section VI Final Design Details 
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Grading Design  

 

The grading plan maintains positive drainage, ensures water is draining away from the 

foundation down to the roads, or lower retention basins, then enters a storm water drainage and 

exits the property. The grading plan shows how much cut and fill is needed for the site, and 

defines information that the proposed site will exhibit post construction. Existing contour lines 

show a lower area by the Southwest corner of the parcel, in which the city of Bellevue had 

borrowed soil for a project and everything else was relatively flat agricultural land. There is no 

need of buying soil, all will be moved within the parcel as necessary. 

 

With the grading plan final revisions done, there is a net of 1698 cubic yards of cut required 

within the parcel, mainly needed for the Southwest corner, roads, and the entrances to match the 

highway 52 elevations. A slope of  ⅓” per foot is used for the entire site. Based on the lot 

divisions, water drains away from buildings and down to the roads and the roads drain to the two 

retention basins located in the Southwest and Northeast corners of the site. The majority of storm 

water drainage from this development will be directed to stormwater management facilities 

before leaving the site. 

 

Block 1 and half of block 4 on the east side of the site will drain to the ditch, and block 2 will be 

draining down to the road and there is no drainage coming into block 2. Block 7 and half of 8 on 

the South side of the parcel will drain down to the hill and the other half of block 8 will be 

draining to the road. These are the four blocks that are draining off site, and block 3, 5, 6, and 

half of 8 drainage is kept on site. Block 3 will be draining inwards to the small vegetation area, 

which will require a stormwater intake there that will be tied into the storm sewer system. Block 

5 and 6 displays a ridge view with the middle lines acting as high points and the lots draining 

down to the lower points (roads). Lastly, the front of the blocks 2, 3, and 6 must drain to the 

streets. Then, the roads drain to the retention basins nearby. See Figure 6.1 for a detailed overall 

block, and road drainage visual of the site. 
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Figure 6.1: Overall drainage view of the site  
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Basin Design 

 

In order to find the correct volume that needed to be retained onsite, a hydraulic analysis was 

conducted for the pre and post development of our parcel. This hydraulic analysis included 

finding the overall precipitation of the area and a soil analysis to find the overall runoff for pre 

and post development. Since this project was 50 acres, the TR-55 method was used to find the 

runoff value. First, to find CN, the soil type needed to be determined. The soil type for the parcel 

was found to be a silt loam which correlates with Soil Type B thus CN 81 for pre development. 

For post development, the CN was weighed, shown in Appendix B.1. The region of this design 

gives the value of annual precipitation. With the TR-55 method using the 100-year storm, the 

time of concentration, runoff, and peak runoff rates were found. This was calculated for pre, 

during and post development for onsite and offsite. Based off of the grading plan, the water 

flows to the north and south corners which are where the basins are located.  

 

Once the runoff amount was known, the water quality volume was also calculated. The 50 acre 

site was assumed 0% impervious pre development whereas after development, the site is 62% 

impervious. Using this value, a simulation was completed using Hydrology Studio. This 

accredited program allowed for both basins to be sized. Various charts about the drainage time, 

peak runoff, and discharge was made, shown in Appendix B.2. The north and south basins were 

sized according acres of runoff. Both designs for the basins can be found in the attached 

construction drawings. Both designs accommodate the maximum amount of storage required for 

a 100 year storm. 

 

Hydrology Studio software also used the flow rate to find the outlet structure of the basin. The 

structure consists of a rectangular weir, a box riser, with a culvert and outlet orifice. This 

structure allows for water to run into the basin through the culvert and exit using the 2’ orifice. If 

there is overflow from the culvert, the rectangular weir will be utilized. The outlet structure is 

sized to accommodate the 5 year storm runoff from the stormwater collection system. 

 

For the outlet of the retention basin, a culvert was added to drain to two prospective areas. For 

the north basin, the excess water will drain into the highway ditch on the east of the 

development. The outlet flow into the ditch was limited to a velocity of 5 ft/s due to the 

specifications in SUDAS. For the south basin, the water will drain into Duck Creek, located in 

the southwest corner. Again, the outflow culvert was sized to the SUDAS standards of maximum 

discharge into the creek. All of the structure layouts can be found in the supplement construction 

drawings.  

 

 

Stormwater Collection Design  

 

The stormwater collection system was completed designed in Civil 3D using the Pipe Networks 

function. Profiles were designed for every road profile and station. Using the hydraulic analysis 

from the retention basin, the amount of water needed to flow to each basin was calculated. The 

north basin accounts for the runoff from the main arterial road and north. Whereas the south 

basin accounts for the rest of the south stormwater collection system. All stormwater pipes are 

reinforced concrete pipes at varying slopes based on the road elevations. Based on ISWMM 
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specifications, there will be 48” stormwater manholes every 400’ of road, totaling 11. The 

stormwater pipes are located 1.5’ of the curb on the inside of the road curvature. The collection 

system uses curb open inlet structure on the curbs and gutters for the water to enter. Based on the 

grading plan and road design, the stormwater will be able to drainage to the side gutters for 

collection. These inlets will be located every 400’, and are shown in Figure 6.2. The stormwater 

collection system was sized to hold a 5-year design storm based on SUDAS recommendation.  

  

  

 

 

 

 

 

 

 

Figure 6.2. Stormwater Inlet Structure 

 

 
Bioretention Cell Design  

Required Water Quality Volume (WQv)  

The water quality volume is the storage needed to capture and treat the runoff from 90% of the 

average annual rainfall. The way this was calculated was by using ISWMM Chapter 5 - Section 

4. The total drainage area for each cell is typically 05.-2.0 acres (ISWMM, Chapter 5). The 

proposed site location for the bioretention cells is east of the multi-family housing lots. The 

location of bioretention cells on the site have been included in the construction drawings. This 

area of the site consists of 6.85 acres total, in which 69% or 4.72 acres are impervious acres. Our 

team has decided to have the total drainage area for each cell at the maximum of 2 acres each. 

Using the 4.72 acres that are impervious, a total of three bioretention cells are recommended. 

The preceding calculations have been calculated for one bioretention cell. To calculate the water 

quality volume we used the total drainage area and impervious percentage. Then using the first 

1.25” of rain in a storm, (ISWMM) Chapter 8, the total water quality volume was determined to 

be 6089.33 ft3. See Appendix A.1 for detailed design calculations.  

Pretreatment Practice 

Bioretention practices can fail if too much debris or sediment is allowed to enter the cell, 

reducing the ability of the modified soil layer to infiltrate stormwater. Pretreatment is needed to 

filter or capture larger sediment particles, trash, and debris before it can enter the ponding area. 

Pretreatment practices also help reduce incoming runoff velocity. The recommendation for 

pretreatment of the bioretention cell is various sizes of riprap. See Appendix A.2 for a figure of 

the riprap in combination with the bioretention cells which occurs before the drainage enters the 

cell. In this development, the pretreatment location can vary based on the amount of usable 

space.   
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Recommended Footprint of WQ Ponding Area 

The temporary ponding area provides for temporary surface storage of the runoff before it 

infiltrates into the soil bed. Typically limited to a depth of 6-9 inches (ISWMM- Chapter 5 - 

Section 4). The ponding area is intended to drain dry within 4-12 hours after typical storm 

events, and should never have standing water longer than 24 hours after very rare events 

(ISWMM- Chapter 5 - Section 4). To calculate the required ponding area to treat the WQv the 

total cross-sectional depth of 3.25 feet was multiplied by the WQv of 6089.33 ft3. The 

recommended coefficient of permeability for the modified soil mix in the cross-section is 2 

feet/day. It is recommended that a WQv ponding depth of 6-9 inches should be planned over the 

level bottom of the bioretention cell (ISWMM- Chapter 5 - Section 4). For this design a ponding 

depth of 9 inches or 0.75 ft was selected. To find the average WQv ponding depth 0.75 ft was 

divided by 2 to give a final total of 0.375 feet of average WQv ponding. The recommended 

desired time to drain the modified soil layer is 1 day (ISWMM- Chapter 5 - Section 4). Using 

these values the required ponding area to treat WQv was calculated to be 2729.7 ft2. This value is 

the flat area of the bioretention cell.  See Appendix A.2 for the detailed calculations.  

Design Surface Geometry of WQv Ponding Area 

Using ISWMM - Chapter 5 - Section 4, the cell should typically be at least two times longer than 

it is wide, as measured along the direction of flow (longer flow paths through the system increase 

filtration and percolation). To calculate the geometry of the ponding area the length to width 

ratios were used and the calculated dimensions are: Width = 37 feet, Length = 74 feet. See 

Appendix A.3 Design for the detailed calculations.  

Subdrain System Design 

For a bioretention cell, the subdrain system is needed to drain the aggregate layer over a 24-hour 

period. The subdrain will drain into the ditch along highway 52. 

The design flow rate was first calculated by using the recommended coefficient of permeability 

of 2 ft/day was used and multiplied by the ponding area of 2800 ft2 and then converted to ft3/s. 

The design flow rate was calculated to be 0.063188 ft3/s. See Appendix A.4 for the detailed 

calculations.  According to ISWMM - Chapter 5 -Section 4, the minimum recommended diameter 

of 8 inches will have sufficient capacity for this flow. This size is recommended for cleaning and 

inspection. Perforated pipe underdrains are recommended. They provide an outlet for filtered 

water in areas with soils with poor percolation rates and act as a secondary outlet where soil 

percolation rates are better (ISWMM - Chapter 5 -Section 4). 

It is recommended that the length of pipe should be determined, so that the area within 1 foot 

either side of the subdrain is at least 10% of the required ponding area. To calculate the length of 

the pipe 10% of the ponding area of 2729.7 ft2 was used and divided by 2. The length of the pipe 

was calculated to be 136.48 ft, but rounded up to 140 feet of subdrain needed. Subdrains should 

be installed at least 3 inches above the bottom of the aggregate layer (ISWMM - Chapter 5 -

Section 4). See Appendix A.4 for the detailed calculations.  
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Staged Outlet Design 

To avoid excessive ponding depths and drawdown times, outlet controls are needed to manage 

runoff from larger storm events. An overflow spillway set above the ponding depth can release 

flows in a non-erosive manner. Amy Bouska of the Johnson County Soil and Water 

Conservation District recommends using a solid overflow pipe that is raised 6-9 inches from the 

ground. An example of an overflow pipe in a bioretention cell can be seen in Figure 6.3 and 

labeled number 8.  

 

 

Figure 6.3. Bioretention cell schematic 

 

Vegetation  

Plants in bioretention cells enhance infiltration and provide an evapotranspiration component. 

Native species provide resistance to moisture changes, insects, and disease and provide uptake of 

runoff water and pollutants. Deep-rooted native plants are recommended to maintain high 

organic matter content in the soil matrix, provide high infiltration rates, and provide uptake of 

runoff water. The denser that the plants are in the bioretention cell, the less maintenance is 

required. Our client has expressed the need to keep the maintenance of any stormwater methods 

are simple as possible. The more diverse the planting selection, the more maintenance is 

required, so we recommend for this design that only three different plant species are used in each 

bioretention cell. To keep the vegetation as dense as possible, 1 plant per square footage of the 

bioretention cell will be needed.  Using the total of the three bioretention cells, and the square 

footage of 2730 ft2 for each bioretention cell a total 8190 plants are needed. Our team 

recommends the following plant species; Helenium Autumnale (Sneezeweed), Rudbeckia Hirta 

(Blackeyed Susan), and Aromatic Aster. This vegetation was chosen to adhere to the local 

vegetation that had high infiltration rates, but can be adjusted based on the client’s desires.  
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Operations and Maintenance Plan - Retention Basin  

 

The operations and maintenance needed for this project closely follow the guidelines set various 

Iowa manuals for stormwater management. In Table 6.1, the retention basin maintenance needs 

are specified. Proper continuous inspection ensures the longevity of the basin’s efficiency. 

Checking the inlet and outlet structures at both basins is required to avoid any buildup. All 

caution signs surrounding the basins should be in place and legible. Most importantly, during 

maintenance inspections, ensure that no erosion of the basin sides have occurred. As erosion 

increases inside of the basin, its efficiency and risk of failure increases. 

For the stormwater collection system, maintenance is only needed when problems occur. To 

avoid larger corrosion issues, the chosen pipes include corrosion resistance measures. The largest 

maintenance piece is ensuring the inlets throughout the development are clear of debris. Having 

an inlet or grate free of debris and trash warrants no water backup along the road or inside the 

collection system. If blockages are found within the system, it is best to flush out the entire 

system.  

 

Table 6.1: Retention Basin Maintenance (ISWMM C3) 

Activity Frequency 

Inspect wet basins to ensure they are operating as 

designed 
At least once a year. 

Mow the upper-stage, side slopes, embankment and 

emergency spillway. 
At least twice a year. 

Check the sediment forebay for accumulated sediment, 

trash, and debris and remove it. 
At least twice a year. 

Remove sediment from the basin. 
As necessary, and at least once 

every 10 years 
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Maintenance Plan - Bioretention Cell 

 

Bioretention cells require seasonal maintenance. It is imperative that they be maintained to 

function properly and provide continuous visual aesthetics. Routine landscape maintenance 

includes removal of undesirable and dead vegetation, replenishing the mulch layer as needed, 

and removal of accumulated sediment in pretreatment areas. In Table 6.2, the bioretention 

maintenance requirements are specified. 

Table 6.2. Bioretention cell maintenance requirements (ISWMM C5-S4 - Bioretention Systems) 
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Section VII Engineer’s Cost Estimate 

Within the stormwater management cost estimate, various aspects of the construction process 

were included. All cost of specific construction materials are included along with the labor, 

equipment contingency, and engineering services costs. The unit prices were estimated using the 

RS Means Construction Estimating resource. The annual stormwater cost estimate is taken 

separately for the Operations and Maintenance Plan. The cost estimate for the stormwater 

management including one year of Operations and Maintenance is $628,500. The annual cost for 

Operations and Maintenance is $4,415. Contingency was taken as 10% of the overall project and 

engineering services was 15%. Since the project will be completed in phases, a Phase 1 cost 

estimate were also included. 
 

Table 7.1: Stormwater Management Cost Estimate  

 

 
 

Note: This cost does not include land purchases need for land easements to connect off-site utilities.  

 

 

Table 7.2: Annual Operations and Maintenance Cost Estimate  
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Table 7.3: Total Stormwater Cost Estimate  
 

  

 

 

 

 

 

 

 

 

 

 

Table 7.4: Phase 1 Stormwater Cost Estimate  

 

 
 

 

Table 7.5: Phase 1 Operations and Maintenance Cost Estimate  

 

 

 

 

 

 

Table 7.6: Phase 1 Stormwater Management Total Cost Estimate  
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Section VIII Appendices 

 
Appendix A - Bioretention Cell Calculations 

 

A.1 - Total Water Quality Volume (WQv) Calculations  

A.2 - Pretreatment Practice  
A.3 - Ponding Area to Treat WQv Calculations  

A.4 - Geometry of WQv Ponding Area Calculations 

A.5 - Subdrain System Design Calculations  

 

Appendix B - Retention Basin Design  

 

B.1 - Hydraulic Analysis Calculations 
B.2 - Hydrology Studio Graphs 

  

Appendix C - References 
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Appendix A.1 – Total Water Quality Volume (WQv) Calculations  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

23 

Appendix A.2 - Pretreatment Practice  

 

 
Figure 8.2 Pretreatment Rip Rap  
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Appendix A.3 - Ponding Area to Treat WQv Calculations  
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Appendix A.4 - Geometry of WQv Ponding Area Calculations 
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Appendix A.5 - Subdrain System Design Calculations  
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Appendix B.1 - Hydraulic Analysis Calculations 

Table 8.2: Predevelopment flow - Onsite 
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Table 8.3: During Construction Flow - Onsite 
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Table 8.4: Post 

Development Flow - 

Onsite 
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Table 8.5: Offsite Pre and Post Development 
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Table 8.6: Calculations for WQv for Site 

 

 
 

Table 8.7: Impervious Areas Based on Phasing 
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Table 8.8: Section 6 Return Period Patterns (ISWMM C3)
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Table 8.9: TR-55 Coefficient Tables (ISWMM C3) 

 
 

 

 

 

 

 
Figure 8.2: Energy Diagram For Stormwater Pipes (ISWMM C13) 
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Appendix B.2 - Hydrology Studio Graphs  

 
 

 
 

Figure 8.3: 100-year Storm Runoff - North Basin  
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Figure 8.4: Discharge - North Basin  
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Figure 8.5: Storage at Various Storm Levels - North Basin  
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Figure 8.6: Basin Drainage Time - North Basin  
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Figure 8.7: 100-year Storm Runoff - South Basin  
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Figure 8.8: Storage at Various Storm Levels - South Basin  
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Figure 8.9: Basin Drainage Time - South Basin  

 

 

 

 

 

 

 

Table 8.10: Max Storage Quantities - North Basin  
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Table 8.11: Max Storage Quantities - South Basin  
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