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Executive Summary 
 
The goal of this project was to minimize flood risk and cost to the residents of Manchester, Iowa. Updated 
FEMA flood maps show that sections of the town are now at elevated flood risk relative to previous 
assessments. Increased flood risk impacts the community both directly (flooded structures) and indirectly 
(elevated flood insurance or reduced home values). Additionally, the impacted area is a relatively low-
cost residential area, so displaced community members could be unable to relocate. To ensure public 
safety and minimize financial burden, our team worked with Manchester officials and engineers at Fehr 
Graham to reduce flood peaks and update storm infrastructure. 
 
Before pursuing a design, we performed an accounting of current conditions to determine where our efforts 
would be most effective and impactful. We prioritized areas experiencing the greatest flood peaks and 
increases in cost while keeping social impact in mind. The areas of concern are impacted by two 
tributaries—Tributary A, which runs from the northeast corner of town, past West Delaware High School, 
through residential areas to the south side of Main Street at Potter Street; and Tributary 2, which runs 
roughly parallel to Main Street on the north before crossing to the south side at Bailey Drive and meeting 
Tributary A.  
 
Tributary A drains roughly 1,380 acres, while Tributary 2 drains 420 acres. The peak flows that result 
from Tributary A’s floods are greater, and stretches of Tributary A are conveyed in a box culvert system 
underneath three residential blocks between Howard Street and Main Street. These factors result in 
increased impact along Tributary A, and our design prioritized reductions along this waterway. 
 
Our thought process for this project was founded on a variety of reputable approaches to flood protection. 
Engineering design standards (the Iowa Stormwater Management Manual, or ISWMM) and the 
Manchester Code of Ordinances served as touchstones for our design. 
 
The primary aspect of our approach was creating detention basins to provide storage. This helped decrease 
flood peaks downstream by delaying the movement of water, creating more uniform flows. This approach 
required a large footprint, but it also minimized concerns for downstream impact and delayed the need for 
future upgrades. Since the project site is in the heart of Manchester, minimizing disruption to the area and 
finding land for stormwater management structures were substantive challenges as well. However, our 
team was able to identify suitable parcels of land for our design without significantly interrupting 
residential life. By building two detention basins along Tributary A and one detention basin along 
Tributary 2, we expect to significantly reduce flood peaks along Tributary A while achieving some peak 
reduction along Tributary 2. A basin with 63 acre-feet of storage is designed at the Krogmann Site, north 
of Acers Street along Tributary A, at the northeast corner of town. A 27 acre-ft basin is designed on the 
Bunting Site, just south of Harris Street along Tributary A. The third detention basin has 15 acre-ft of 
storage and is located on the east side of Stiles Street, across from Joseph J. Baum Memorial Park. A 
breakdown of the reduction percentages can be found in Tables 6 and 7, in Appendix A. 
 
Beyond the detention basins, we have included several recommendations for further investigation. 
Another aspect of our approach was to delay the concentration of smaller engineered components. Our 
design included bioswales along Main Street and in city parks. These essentially perform the same tasks 
as detention basins at a smaller scale. Along with these devices, we suggested native vegetation along a 
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significant stretch of Tributary A. This would slow the movement of water through the area and increase 
natural uptake of water while increasing habitat and biodiversity along the waterway. 
 
Our design also included a green roof on West Delaware High School. A green roof would serve to reduce 
runoff from the considerable impermeable area created by the building. Though this would require a 
structural analysis of the building, we have included it as a hypothetical design alternative. 
 
The final aspect of our design was bringing the underground section of Tributary A back to the surface, 
or “daylighting” the channel. By doing so, we removed a choke point along the tributary, which would 
otherwise cause significant flooding. This aspect of our design had the greatest direct impact on residents, 
as several buildings would be removed to make way for the resurfaced channel, but the resulting flood 
protection made this alternative worthy of consideration.  
 
The final package includes the locations and specifications for all relevant structural and hydrologic 
elements. These are delivered using modeling in HEC-RAS and AutoCAD Civil3D. 
 
Designing this project came with its challenges, including the COVID-19 pandemic and harsh Iowa 
weather. That being said, our team successfully collaborated with the Manchester team, and members of 
our team were able to conduct in-person sites visits throughout the duration of the project.  
 
Major constraints included our limited design timeline, project financial considerations, and bounds of 
community disruption. Our design resulted in a well-curated overview of alternatives that simultaneously 
protect residents from flooding without greatly impacting existing communities. While certain parcels of 
land would need to be acquired, the reduction in risk more than justifies the alternatives selected. 
 
The total expected cost for this project includes property acquisition and construction of the three detention 
basins. The total expected cost for the Krogmann Site is $1,340,800; the Bunting Site is $179,210; and 
the Hutchison Site is $133,620. Altogether, the expected total design cost for this project amounts to 
approximately $1,654,000. The combined impact of the detention ponds is exponential, so we recommend 
simultaneous construction for the greatest impact. If the city decides to implement our other recommended 
elements, there will be additional costs associated with them. 
 
Using property values and insurance data, we estimated that community flood costs would total around 
$35,000,000. As such, our alternatives would be well-worth the city’s investment. Should the city choose 
to implement only certain elements of our design, effects would not be as pronounced, but some reduction 
can still be expected. 
 
Qualifications and Experience 
 
The engineering design group is comprised of four University of Iowa students enrolled in Project Design 
& Management (CEE:4850). This is their capstone project. The point of contact for the team is Vance 
Davis.  
 
Luke Lesnik is an environmental engineering student focusing on water resources and water/wastewater 
treatment. He worked on report production, making editing and formatting decisions for reports and 
presentations. 
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His contributions included assessing and defining initial conditions by examining site plans and studies 
provided by Fehr Graham; carrying out design and modeling of the Bunting Property detention basin; and 
assisting with plan drawings. 
 
Vance Davis is an environmental engineering student focused on environmental education and climate 
effects on human systems. They served as the project manager, coordinating tasks and communication. 
They also assisted in model production, site selection, and alternative analysis.  
 
Some of Vance’s specific contributions in this project were the design and modeling of the Krogmann 
Property detention basin, bioswales, and green roofs; conducting site visits; and creating flood 
hydrographs. Their work also included modeling in Civil3D and NRCS WinTR-55. 
 
Kendall Wobig is a civil engineering student focusing on water resources. She will serve as one of the 
report production representatives. Alongside assembling a final report, she will assist in technical 
modeling and project analyses. 
 
Some of Kendall’s specific contributions to this project include assisting with preliminary CAD design in 
Civil3D, setting up a workmap in GIS of the project area, and modelling the two tributaries of interest as 
well as existing structures along the channels in HEC-RAS.  
 
Connor Johnson is an environmental engineering student focused on water resources and sustainability. 
He has served as the Technical Specialist of the group; assisting with any questions about software 
programs and helping resolve any problems that arise. 
 
Some of Connor’s specific contributions to this project include the modeling of the Hutchison Property 
detention basin, the cost estimate of flooding on affected properties, and the initial assessment of the 
constructed wetlands.  Additionally, he has assisted with creating model designs and producing reports 
and presentations.  
 
Design Services 
 
With the updated 100-year floodplain from FEMA, flood risks loom large over the residents of 
Manchester. A HEC-RAS model has been developed for hydrologic analysis of Tributaries A and 2. Initial 
conditions were defined by numerous cross-sections, culverts, and flow data from USGS StreamStats and 
WinTR-55. A piecewise approach was used to reduce flooding throughout the drainage area of Tributaries 
A and 2. Three detention basins have been designed to store runoff and decrease flood peaks. Site grading 
and outlet structures have been designed for optimal storage and peak reduction in each basin.  
Recommendations have been provided for additional stormwater management elements, including 
bioswales, a green roof, constructed wetlands, stream restoration, and channel daylighting. 
 
This design project demanded modeling flows with HEC-RAS, mapping the site layout and relevant 
boundaries with GIS, and drawing construction plans with AutoCAD Civil3D. Design specifications 
follow guidelines in the Iowa Statewide Urban Design and Specifications (SUDAS). All proposed changes 
meet the Manchester Code of Ordinances. Additionally, plan drawings using AutoDesk software will meet 
American National Standards Institute (ANSI) and National CAD/CIFM guidelines. 
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The final product of this design included: 
 

• Flood cost analysis 
• Design cost analysis 
• HEC-RAS models of existing conditions and conditions following alternative implementation 

o Hydrologic analysis of Tributary A and Tributary 2 
o Impact of proposed detention ponds 

• Three detention pond designs; includes: 
o Storage volume 
o Stage-storage-discharge relationships 
o Inlet and outlet structures 
o All applicable dimensions and design criteria 
o Existing and final grading 
o Construction boundaries 

• Recommendations for: 
o Two bioswale locations & concepts 
o West Delaware High School green roof design: 

 Applicable dimensions and design criteria 
o Constructed wetland design 

 Basic site identification 
 Design recommendations 

o Stream restoration: 
 Maintenance of Tributary A 
 Restoring native vegetation to Tributary A following Bunting Property Detention 

Basin 
o Preliminary recommendations for Tributary A daylighting; includes: 

 Property removal discussion 
 Aspects of design to consider 
 Identification of associated costs 

 
The specific locations of these designs can be found in Figure 3 in Appendix A. 
 
The timeline for work on this project, as well as the team member responsible for each design element, 
can be found in Figure 1. The figure shows completed tasks in shades of blue and future tasks in shades 
of orange.  
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Figure 1: Gantt chart and member assignment for design process. 

 
As will be expanded upon later in this report, our design focuses on addressing flooding hydrologically. 
As such, changes to the stormwater system play a minor role in our design, though some recommendations 
are still included. 
 
Constraints, Challenges, and Impacts 
 
For our purposes, challenges refer to aspects of the project which required special consideration or 
attention. Perhaps the most glaring is that of the COVID-19 pandemic, which forced work to be performed 
remotely and limits visitation. Beyond this, the inclement weather of Iowan winters and springs further 
limited our team's ability to travel or perform site visits. Logistical challenges such as these are not trivial, 
but, as we have experienced this past year, neither are they insurmountable. Our team has successfully 
navigated virtual collaboration, and we were able to complete two site visits over the course of the project 
which greatly informed our process. 
 
Further challenges were centered on the project sites. The area in question runs through the heart of 
Manchester, and minimizing disruption to the area was top of mind as we navigated our design. This was 
of particular importance considering portions of the waterway are buried underground, winding through 
residential areas. Additionally, land needed to be selected for detention basins, bioswales, and wetlands. 
While our hope was that city-owned land or otherwise public areas would be sufficient for the project, the 
most ideal locations for our alternatives were on private land. That being said, the selected sites (with the 
exception of channel daylighting) do not require significant structure removal, and we expect that 
landowners will be obliging to our design given their broad positive impacts. Finally, Manchester has 
fairly minimal elevation change, which forced us to rethink the traditional construction of our detention 
basins. 
 
Beyond the challenges of the project, constraints further focused our design. For our purposes, constraints 
are technical requirements or limits that define the boundaries of the project. Our design timeline was 
limited by our team’s graduation, as well as our demands as full-time students. While this occasionally 
made workflow less uniform, it also held us to strict deadlines, resulting in what we believe to be a 
coherent and well-compiled final design. Another constraint was the cost of the project. Manchester is a 
relatively small city, and as it is working in the public domain, we worked to make the relative cost and 
benefit of the project as clear as possible. This is evidenced by the flood cost and design cost comparison, 
which identifies the quantitative benefit of the project. Finally, legal constraints were provided via 
SUDAS, ISWMM, and the City of Manchester Code of Ordinances. 
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The societal impacts of this project were at the forefront of our process. The project location encompasses 
the eastern part of Manchester, with about 100 residential properties affected. These properties are 
generally lower cost housing, meaning relocation could be a significant issue for affected community 
members. The efficacy of our project is determined by its sustainability and equity. Our solutions were 
grounded in best practice and addressed the specific hydrologic processes contributing to flooding, and 
some aspects of our design (notably the constructed wetland, bioswales, and stream restoration initiatives) 
have notably positive environmental impacts. 
 
The daylighting of Tributary A requires structural removal and impact transit across the waterway. This 
cost is made clear in our analysis, and specific structural removal is identified. We have included these 
recommendations for the City of Manchester’s consideration alongside other alternatives which require 
lower relative levels of community disruption. 
 
The majority of our designs do not require substantial structure removal or community relocation. By 
implementing solutions in undeveloped areas and selecting designs with continuous impact, our design 
minimized individual cost to community members. Additionally, by creating a comparison of initial and 
final conditions, as well as a well-founded cost analysis, we make the costs and benefits to the city and 
community clear. 
 
Our societal impact assessments would be incomplete without a revisiting of the goals of this project. 
Upon completion of this waterway redevelopment project, the intended impact was to reduce risk for the 
residents of the City of Manchester, minimize flooding in the land surrounding the waterway, and limit 
cost (direct and indirect) for residents. Should the City of Manchester follow our design, we firmly believe 
these goals will be met.  
 
Alternative Solutions Considered 
 
A stretch of Tributary A is buried underground, specifically in a 3-block residential area from E Howard 
Street to E Main Street between N Potter Street and N Reynolds Street. The City of Manchester requested 
that we explore the possibility of daylighting the channel to reduce flow restrictions through the 
neighborhood. In theory, this alternative would eliminate the underground culvert system, lowering the 
local flood risk due to flow restriction. Through our HEC-RAS analysis, we determined that the 8 x 8-foot 
concrete conduit through this area is not the main choke point on Tributary A. Several residences would 
need to be removed for this design due to its location and larger footprint, forcing homeowners to relocate. 
We anticipate a relatively high cost to construct this alternative due to property acquisition, structure 
removal, necessary topographic changes, and other components of the design. Given the complexity of 
this task relative to our time constraints, we decided to prioritize other solutions over this initiative. 
However, this alternative may bring great economic rewards to the community by lowering risk of flood 
damage, lowering flood insurance, and boosting property values.  We have included recommendations on 
how to approach this alternative, should the city decide to move forward with it. 
 
Another approach was to upsize the underground stormwater drainage system through the City of 
Manchester. By fitting the waterway with larger pipes, peak flows could be discharged more quickly, 
decreasing the risk of flooding in critical areas. However, while local flood risk could be decreased by this 
alternative, attention must be paid to peak flows that may propagate downstream. Given that this 
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alternative does not minimize flood peaks overall (rather it passes that peak downstream) and that it would 
require extensive reworking of the storm sewer system, we did not pursue this alternative considering 
other options. However, we did identify bottlenecking points along the waterway through our HEC-RAS 
model, and we have included recommendations on resizing these elements. One such element we found 
to constrict flow the most was the culvert at Harris Street, along Tributary A. If possible, our team would 
recommend increasing the allowable volume of the culvert to accommodate additional discharge. Another 
possible choke point in Tributary A is the culvert at Prospect Street, whose volume could potentially be 
increased to allow for more flow.  
 
The option we most dedicatedly pursued was to implement detention basins upstream, which store storm 
runoff, reduce peak flows, and improve water quality. These structures will be used for recreation, support 
native plant and animal species, and enhance the beauty of the City of Manchester. Though this alternative 
required us to utilize private parcels of land, the land selected required minimal community relocation. 
The ponds significantly reduce flood peaks, yielding flood protection to downstream communities. As 
mentioned previously, the siting for these ponds was the most significant concern, but our team was able 
to locate suitable sites with the guidance of the City of Manchester team. 
 
Other options considered included stream restoration and maintenance efforts, constructed wetlands, green 
roofs, bioswales and raingardens, and permeable pavers. The stream restoration efforts have lower flood 
impacts relative to some of the larger design elements, but they are simple to implement and require little 
maintenance. These efforts include planting native vegetation and periodically cleaning out debris from 
runoff. Additionally, this option improves water quality and has a very small footprint. Therefore, we 
decided it would be worth Manchester’s consideration.  
 
Similarly, a bioswale within Joseph J. Baum Memorial Park and raingardens/swales along Main Street 
would increase water quality and reduce runoff, and are included in our recommendations. However, the 
infiltration characteristics of these sites would need to be determined before any design are implemented, 
and as such, we have included these alternatives as recommendations of further interest. 
 
Constructed wetlands—another alternative—would serve dual purposes of water quality improvement and 
flood protection, and they would naturally extend from ongoing projects in Manchester. Additionally, they 
provide habitat and natural beauty to the design area, which will be of particular interest to landowners of 
the site, the Good Neighbor Society. That being said, the primary objective of the project was to reduce 
flood risk, and so this reduced the priority of the wetlands relative to higher-impact designs, such as the 
detention ponds. 
 
Green roofs were also considered for this design. However, green roofs create significant loads on roofing 
structures, and so retrofitting older structures can prove difficult due to the deteriorating strength of the 
supports in the building. Additionally, retrofitting residential buildings would present significant 
disruption to the community. The best option for a green roof was West Delaware High School, which is 
squarely situated in the Tributary A watershed. While we noted that significant structural analysis of the 
school would be necessary to ensure this alternatives viability, we decided to move forward with this 
design to provide another possible option and an example of possible green infrastructure for any future 
development in the area. 
 
Final Design Details 
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Modeling the Waterway 
 
There are two waterways of concern in this project’s area of study. The first one, called Tributary A, 
flows to the south near the east side of Manchester. The other, Tributary 2, flows to the southwest and 
joins Tributary A from the east. A visual from a map of the area constructed in ArcMap version 10.8 can 
be found in Appendix A. These tributaries were modeled using the Hydrologic Engineering Center’s 
River Analysis System (HEC-RAS), version 5.0.7. Much of the existing geometry data modeled in 
HEC-RAS was outsourced from the GIS workmap. LiDAR was used in part to determine the stations 
and elevations of cross-section data points along each tributary. These elevation data were acquired from 
the Iowa Department of Natural Resources’ Geodata Server. Reach lengths and boundary cross-section 
stations were determined using ArcMap’s Measuring Tool. Additionally, the structural data for the 
culverts existing within each tributary was provided by Fehr Graham and was then modeled using HEC-
RAS' Bridge/Culvert Editor. Flow data was determined using NRCS WinTr-55, which is often used in 
small watershed hydrology. Cross-section locations were downloaded from the Federal Emergency 
Management Agency (FEMA). Tributary discharges were modeled one-dimensionally, and steady flow 
was assumed in the modelling process. References to the NRCS WinTR-55 data, ArcMap, FEMA cross-
section locations, and structural data provided by Fehr Graham can be found in Appendix A.  
 
Within HEC-RAS, eight distinct flow profiles were modeled, varying from the 2-year flood all the way 
up to the 500-year flood. Once all the existing geometry data was modeled in HEC-RAS' Geometric 
Data editor and the program was successfully run assuming steady flow, HEC-RAS created an output 
table showing hydrologic data for each of the cross-sections on both tributaries. This output table can be 
found in Appendix A. These data include channel velocities, Froude numbers, water surface elevations, 
and more. After the program ran successfully, HEC-RAS also created a series of tables displaying 
culvert output data such as culvert velocities, exit losses, and minimum weir flow elevations. HEC-RAS 
models culverts, bridges, and other structures separately from regular cross-sections on a tributary, so 
the output tables for all the culverts is shown in separate tables located in Appendix A. 
 
The flow data that was modeled in HEC-RAS was then used by the LVCK design team to model a 
detention basin to mitigate some of the discharge in case the area experiences flooding.  
 
Flood Cost Determination 
 
Data was gathered for all the properties that lie within the 100-year floodplain. The list of affected 
properties was detailed by the City of Manchester. Each property was assessed for its building value and 
its additional land value, which were included in the list, and then it was compared against the values 
found on Beacon. There were over 200 properties that were included in this assessment. We were 
conservative in our estimates in that we didn’t assess expected property value increases. Furthermore, 
our cost determination does not account for lost and damaged personal belongings. Insurance costs were 
investigated, and according to typical values for the state of Iowa, it would be expected that the typical 
resident would be paying around $900, annually, according to government statistics. These values could 
vary depending on the specific location of a property; the deeper within a floodplain a property is, the 
more expensive insurance will be. However, the expected cost of insurance was not included in our final 
cost determination. The current estimate of the flood cost comes out to roughly $35 million, if all of the 
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200 properties were impacted. This value could be higher depending on the severity of the flooding and 
how much personal property is damaged.   
 
Hydrographs 
 
Our initial approach to creating the necessary hydrographs for this project was to refer to the USGS 
analysis tool StreamStats. However, the complicated routing of the waterway far from a metropolitan 
center led to difficulties with the service, and we were instead forced to calculate the hydrographs 
ourselves. What information we could gain from StreamStats was used to supplement our starting point 
in later steps. 
 
To do this, we delineated the relevant watersheds by hand using a topographic map of the area. These 
watersheds include that for Tributary A, Tributary B, and each of the detention pond sites. We then 
determined the composite curve number of each watershed by finding the acreage of different land uses 
and inputting this data into the NRCS WinTR-55 program. We used the same map and the NRCS Lag 
Method to determine the time of concentration for each watershed.  
 
We then referred to ISWMM Chapter 3 Section 2 for 24-hour storm rainfall depths. Using the 
appropriate values for Delaware County and the values for curve number, acreage, and time of 
concentration from previous steps, we were then able to calculate flood peaks for the 24-hour design 
storms for each watershed. 
 
Example calculations for the Tributary A watershed and designs inputs for NRCS WinTR-55 are 
included in Appendix B and Appendix A, respectively. 
 
Detention Ponds 
 
The locations of the detention ponds were selected for their potential impact on the watershed and their 
perceived availability for use. The locations and approximate boundaries of the basins are included in 
Figure 2 below. Using the NRCS WinTR-55 method for storage volume calculations, we determined the 
total storage volume required in each of the tributaries’ watersheds to reduce flood peaks by various 
percentages. Seeing as we were unable to perform our own tests on soil quality or groundwater depth, 
we referred to an engineering report on a nearby detention/infiltration pond provided to us by Mr. Wicks 
with Fehr Graham. This provided a maximum depth from which to work and helped to outline some 
specific challenges we might face in our designs. 
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Figure 2: The locations of the three detention basins and their positions 

along Tributary A and Tributary 2 
 
Before beginning our designs, we reviewed ISWMM Chapter 7 and Chapter 3. All designs are set at 
least 10 feet from property lines. For our design purposes, designs are assumed to be at least 250 feet 
from low depth wells and 50 feet from any septic tanks.  
 
Following some initial brainstorming by hand, we designed each of the ponds using AutoCAD Civil3D. 
The files of our work will be included in the deliverables. 
 
We began by situating our designs using topographic data from ArcGIS and aligning it with the aerial 
view of each site. For each of the sites, the landscape does not have a great deal of elevation change. To 
expand the amount of storage available in each pond, we created embankments surrounding each of the 
ponds. These embankments are not significant in size and do not designate the structures as dams as 
regulated by IDNR Bulletin 16 or ISWMM Chapter 3. 
 
The Krogmann detention pond covers roughly 18 acres of farmland just north from the corner of Acers 
and Stiles Streets. It drains approximately 1015 acres on Tributary A. The basin is designed to allow for 
some northward expansion of the existing subdivision to the south. The embankment surrounding the 
site is situated at 950.00 feet AMSL. The site consists of a sediment forebay and dry detention pond. 
The sediment forebay was designed based on ten percent of the storage volume, for a total of nearly 5 
acre-ft of storage. The forebay discharges via a rip-rap protected outlet back into the channel at an 
elevation of 948.00 feet AMSL and has a bottom elevation of 942.00 feet AMSL. The forebay bottom 
will consist of a concrete pad with a fixed meter to measure sediment accumulation. The undeveloped 
nature of the surrounding area means an access road can be created as needed for access to the forebay, 
which will need to be cleared of sediment as it fills over time. 
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The channel itself was left intact, while the surrounding land was excavated to create two sub-basins, 
which will both drain to the same outlet structure. A 0.2% bottom slope was used to provide maximum 
storage. Though the slight slope means the basins serve to infiltrate more than drain, the intact channel 
prevents small events from creating standing water in the basin. 
 
The compound outlet structure consists of a 4 x 1-foot rectangular orifice combined with a 6 x 13-foot 
drop inlet. The orifice allows for transmission of low flows in the original channel, while the drop inlet 
conveys flows from 2-year up to the 100-year flood event. At this point, an emergency secondary 
spillway of elevation 949.00 feet AMSL activates, protecting the integrity of the embankment. Design 
calculations for outlet flows are included in Appendix B.  
 
The Bunting property is about 10 acres of land on Tributary A, downstream of the Krogmann site but 
upstream of West Delaware High School and most residences at elevated flood risk. Most of the 
property acreage will be used for the detention basin, with offsets exceeding 10 feet from all property 
lines. The basin boundary is set ~30 feet from existing structures on the southern edge of the property.  
 
A dry detention basin will be implemented on the Bunting property to maximize the available storage 
volume. The stage-storage relationship was determined using 1-foot contours in Civil3D, which is 
represented in Table 11 in Appendix A. An embankment at 944.00 feet AMSL will encompass the 
detention basin on the north, west, and south sides. A low-flow channel will be maintained across the 
basin, where the existing streambed lies. A 12” orifice inlet will transmit low flows and allow extended 
storage of 1-year runoff volumes. Native vegetation may be planted in the basin to improve water 
quality. Wetland flora improve the visible quality of water by minimizing sediment transport, and also 
sequester nitrogen loads from agricultural runoff. Native vegetation would especially thrive in the low-
lying areas of the basin below 941.00 feet AMSL. 
 
For 2-year to 50-year events, a rectangular 14 x 3-foot drop inlet will be activated. The low flow inlet 
and drop inlet convey stormwater to a three 36” pipes, which provide an outlet through the basin 
embankment to the existing channel downstream of the Bunting property. An emergency spillway will 
be activated in more extreme events, protecting the integrity of the embankment. The stage-discharge 
relationship was determined using weir and orifice equations, included in Appendix A. The relevant 
equations and sample calculations can be found in Appendix B. During dry weather, the team envisions 
the more elevated northern leg of the basin space as a dog park, soccer field, or similar recreational area 
for the community. 
 
The Hutchison property detention basin covers about 3 acres of land on the east side of Manchester and 
will detain flows from Tributary 2. A smaller, permanent wet basin is located within the boundaries of 
the larger, encompassing basin that will provide extra storage for larger storms. There is available space 
within the larger basin that could be used for recreational use, if desired. The embankment surrounding 
the property lies at an elevation of 945 feet AMSL. The base of the basin will follow a 0.3% slope 
towards the SW corner, where the wet pond is located. The current design accounts for the 
implementation of the constructed wetland to the east of the basin, which will deal with the sediment 
load of the flow. If the expected sediment load exceeds the capacities of the wetland, a sediment forebay 
will be added to the design, prior to the wet pond.   
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The low flow inlet consists of a 4 x 2-foot opening at the base of the drop inlet. A square 8 x 8-foot drop 
inlet will then be activated and help convey flows for the 2-year to 25-year, 24-hour storm events. The 
two-stage inlet allows the water to flow into a 4.5 x 7 foot culvert, which will convey the water 
downstream to the existing channel. An emergency spillway will be activated for larger rain events and 
protect the overall structure of the basin. The design drawings can be found in Appendix D and the 
stage-discharge relationship are located in Appendix A. 
 
Constructed Wetlands 
 
The constructed wetlands have been included here as a recommendation for further projects. The City of 
Manchester currently has a water quality initiative ongoing in the upstream area of Tributary 2, and the 
wetlands would be a natural extension of this initiative further downstream. The wetlands could be 
situated on the northern edge of an open lot behind the Good Neighbor Society complex “The 
Meadows”. The roughly 10 acres of land directly precedes the Hutchison site detention pond. If the 
wetlands were constructed, they would provide increased water quality benefits in tandem with the 
pond’s flood protection. The wetlands would be constructed according to standard practices in ISWMM 
Chapter 8.  
 
Bioswales 
 
The bioswales/raingardens have been included here as a recommendation for further projects. Bioswales 
for this project were selected to be placed along Main Street and in one location in Joseph J. Baum 
Memorial Park. Roadside plots on Main Street are privately maintained at the moment. It is our 
recommendation that these owners could “opt-in” to maintenance of these designs; otherwise, 
maintenance could be turned over to the city. This being said, bioswales would bring vibrance to a 
prominent part of town while increasing flood resiliency. 
 
The memorial park was selected as a significant drainage ditch exists within the park already, and 
converting this element into a bioswale or small basin would be relatively simple while bringing native 
vegetation and beauty to a public space. 
 
The swales would then be designed according to ISWMM Chapter 9 as vegetated swales or using the 
Iowa DNR’s guidelines for rain gardens. 
 
Finally, native revegetation along Tributary A for the 1200 ft directly following the Bunting property is 
included as a recommendation here. Revegetation would increase water quality, stabilize banks, slow 
floodwater concentration, and provide natural habitat. Cost is dependent on developmental stage of 
plants when installed, as well as by species selected. 
 
Green Roof 
 
The green roof for this project was designed according to ISWMM Chapter 17. The roof of West 
Delaware High School was selected for this alternative as it is situated within the drainage area of 
Tributary A and has a large continuous surface area. As mentioned above, the structural requirements of 
a green roof of this scale would be significant, and while it is possible the existing structure is not 
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capable of housing this design, its inclusion in this report serves as a reference should the project or 
something similar be undertaken in the future. 
 
With West Delaware High School as the example, the design is as follows. Assuming 90% coverage of 
the school’s non-sloped roof areas, roughly 1.8 acres of green roof could be created. This could be 
further sub-divided and accomplished in smaller sections, but this design includes the entirety of the 
roof. The delineation of the roof is found in Appendix A, Figure 18. In this example, we used the most 
minimal form of green roof, the extensive green roof, which has roughly 4 inches of soil. In this case, 
the design used modular soil and plant installation, using LiveRoof Standard Design modules as the 
reference. In order from bottom to top, the layers of the roof are as follows: roof deck, 4” expanded 
polystyrene roof insulation, 80-mil PVC waterproofing layer, 215-mil fluid applied rubber membrane 
slip-sheet, and LiveRoof Standard Design soil and plant module. Figure 19 in Appendix A, provided by 
LiveRoof, LLC, shows the cross-section view of this design.  
 
Assuming standard densities for the non-soil elements and a saturated weight of 28 lb/ft2 for the soil 
modules, the roof would weigh in at roughly 29.2 lb/ft2. Assuming a porosity of 0.2 for the soil and 0.25 
for the drainage layer, the green roof would store 0.147 acre-ft of water. The water quality volume, 
using methods from ISWMM’s updated Chapter 3, was found to be 0.198 acre-ft—the roof would hold 
roughly 74% of the WQv. This storage could be increased with greater depth (bearing in mind that 
increased depth increases weight, and structural integrity would already be a concern). 
 
Using the RSMeans Online calculator, this green roof would cost $1,813,000, which serves to remove it 
from our final design on cost considerations. This cost estimation can be found in Appendix B, Table 21. 
As it would not contribute as significantly as the detention ponds to water quantity solutions, it is only 
included here as a reference for future projects. 
 
Recommendations for Channel Daylighting 
 
Daylighting the channel in the zone between E Howard Street and E Main Street is a complicated task, 
but the rewards may be great. Much care must be paid to protect existing utility lines and reroute, where 
necessary. For example, sanitary sewer lines often coincide with the underground waterway, running 
just below or even straight through the box culverts. This is the case at Howard Street and potentially at 
the alley between Butler Street and Fayette Street. Additionally, sanitary sewer lines are exposed 
crossing the tributary in alleys to the north and south of Main Street. 
 
To assess the feasibility of daylighting Tributary A, a cost-benefit analysis must be performed. The cost 
of acquiring properties along the new channel as well as relocating the displaced families is critical. 
Costs are associated with rerouting utility lines, which may have to cross the new channel. Other costs 
include structure removal, earthwork, channel stabilization materials, and vegetation. Since daylighting 
the channel will interfere with the existing road network, a traffic study will need to be conducted to 
determine which roads will be removed on the site and if any bridges will need to be constructed across 
the new channel. These costs will be compared to the benefit the open channel will have in reducing 
flood costs for the community and providing a new green space through town. 
 
 
Engineer’s Cost Estimate 
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Costs were calculated according to individual design element and summed for total project cost. Costs to 
be included in our estimation include construction equipment and labor for each of the design elements, 
property acquisition for detention pond sites and channel daylighting, structural materials for each site, 
contingency funds, and administrative costs. 
 
For the detention ponds, construction costs were primarily determined by the cut and fill requirements of 
each site, as well as by the concrete pad necessary for the Krogmann sediment forebay. For the 
Krogmann site, property acquisition played a significant role as well, as the area is currently productive 
farmland. 
 
These values were determined using RSMeans Online Cost Handbook. The assumed line items and 
construction costs from the Handbook are shown in Appendix B, Tables 22-23. Property values for 
Bunting and Hutchison Pond were found using a 10% increase of the Beacon Property values, while a 
price of $15,000/acre was assumed for the Krogmann property as an estimate from the informed 
experience of Ryan Wicks, P.E., Fehr Graham Consulting. 
 
Beyond construction, we assumed contingency costs of 10% of construction costs and administrative 
cost of 20%. A table showing tabulation of final values can be found below in Table 1. The final design 
cost of the three detention basins is $1,653,630. 
 

Table 1: Design Cost Estimation 

Design Item Cost of 
Construction 

Property 
Acquisition Contingency Admin. Cost Total 

Krogmann 
Pond  $843,000  $270,000   $111,300   $116,500  $1,340,800 
Bunting 
Pond  $123,000  $13,310   $14,300  $28,600  $179,210  
Hutchison 
Pond  $94,000  $9,020   $10,200  $20,400  $133,620  
          $1,653,630 

 
 
To determine the exact benefits of the flood peak reductions, a 2D watershed model could be created to 
expand upon the HEC-RAS model created for this project. This being said, our estimate for total flood 
impact cost was found to be $35,000,000. This impact was determined by assessing the cost of 
structures in the floodway and estimated insurance increases for property owners. Clearly, relative to the 
cost of preventative measures, this design serves to mitigate significant damage to affected areas and 
cost to residents. 
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Appendix A—Figures & Tables 
 

 
 

Figure 3: Design Sites—(1) Krogmann detention pond; (2) Bunting detention pond; (3) Native 
vegetation; (4) West Delaware High School Green Roof; (5) Joseph J. Baum Memorial Park bioswale; 

(6) Hutchison detention pond; (7) Constructed wetland; (8) Main Street bioswales 
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Figure 4: Watershed delineations and hydraulic flow lengths 
 
 

Table 2: NRCS WinTR-55 Hydrograph Inputs & Assumptions 
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Table 3: 24-hour Design Storm Rainfall Depths (in) 

 
 
 

Table 4: Storage Volume Requirements, Tributary A 
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Table 5: Storage Volume Requirements, Tributary 2 

 
 
 

Table 6: Peak flow reduction percentages, Tributary A (Note: 1 and 2-year event floods completely 
contained) 

 
Peak Flow Reduction 

Percentages  
1-year -- 
2-year -- 
5-year 94% 

10-year 77% 
25-year 55% 
50-year 37% 

100-year 22% 
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Table 7: Peak flow reduction percentages, Tributary 2 

 

Peak Flow Reduction 
Percentages  
1-year 92% 
2-year 76% 
5-year 51% 

10-year 29% 
25-year 12% 
50-year 5% 

100-year 1% 
 

Table 8: Stage-discharge values, Krogmann detention pond (green section shows flow control) 

Stage 
Weir 1 
(cfs) 

Orifice 1 
(cfs) 

Weir 2 
(cfs) 

Orifice 2 
(cfs) 

Outlet Pipe 
(cfs) 

Emergency 
Spillway (cfs) 

Total Outflow 
(cfs) 

946.0 0.0 -- -- -- -- -- 0.0 
946.1 0.3 -- -- -- -- -- 0.3 
946.2 1.0 -- -- -- -- -- 1.0 
946.3 1.8 -- -- -- -- -- 1.8 
946.4 2.7 -- -- -- -- -- 2.7 
946.5 3.8 0.0 -- -- -- -- 3.8 
946.6 5.0 6.1 -- -- -- -- 5.0 
946.7 6.3 8.6 -- -- -- -- 6.3 
946.8 7.7 10.5 -- -- -- -- 7.7 
946.9 9.2 12.2 -- -- -- -- 9.2 
947.0 10.8 13.6 -- -- -- -- 10.8 
947.1 12.5 14.9 -- -- -- -- 12.5 
947.2 14.2 16.1 -- -- -- -- 14.2 
947.3 16.0 17.2 -- -- -- -- 16.0 
947.4 17.9 18.3 -- -- -- -- 17.9 
947.5 19.8 19.3 0.0 0.0 62.5 -- 19.3 
947.6 21.9 20.2 2.1 118.8 67.5 -- 22.3 
947.7 23.9 21.1 6.0 168.0 75.0 -- 27.1 
947.8 26.1 22.0 11.1 205.7 80.0 -- 33.1 
947.9 28.3 22.8 17.1 237.5 87.5 -- 39.9 
948.0 30.5 23.6 23.9 265.6 92.5 -- 47.5 
948.1 32.9 24.4 31.4 290.9 100.0 -- 55.7 
948.2 35.2 25.1 39.5 314.2 101.3 -- 64.6 
948.3 37.7 25.8 48.3 335.9 107.5 -- 74.1 
948.4 40.2 26.5 57.6 356.3 115.0 -- 84.2 
948.5 42.7 27.2 67.5 375.6 121.3 -- 94.7 
948.6 45.3 27.9 77.9 393.9 127.5 -- 105.8 
948.7 47.9 28.6 88.7 411.4 134.4 -- 117.3 
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948.8 50.6 29.2 100.1 428.2 140.0 -- 129.3 
948.9 53.3 29.8 111.8 444.4 146.0 -- 141.7 
949.0 56.1 30.5 124.0 460.0 151.5 0.0 154.5 
949.1 58.9 31.1 136.6 475.1 157.0 3.0 160.0 
949.2 61.8 31.6 149.6 489.7 162.2 8.5 170.7 
949.3 64.7 32.2 163.0 503.9 167.1 15.5 182.6 
949.4 67.7 32.8 176.8 517.7 172.2 23.9 196.1 
949.5 70.7 33.4 190.9 531.1 176.8 33.4 210.2 
949.6 73.8 33.9 205.4 544.2 181.3 43.9 225.3 
949.7 76.9 34.5 220.3 557.1 185.9 55.3 241.2 
949.8 80.0 35.0 235.4 569.6 190.4 67.6 258.0 
949.9 83.2 35.5 251.0 581.8 194.6 80.7 275.3 
950.0 86.4 36.0 266.8 593.8 198.8 94.5 293.3 

 
Table 9: Stage storage values, Krogmann detention pond 

Stage 
(ft) 

Storage 
(acre-ft) 

942.0 0.00 
944.0 2.79 
946.0 14.23 
948.0 31.36 
950.0 63.45 

 
 
 
 

 
Figure 5: Krogmann Pond SE Isometric View, Civil3D 
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Figure 6: Stage-storage curves, Krogmann detention basin 

 
 

 
Figure 7: Stage-discharge curve, Krogmann detention basin 
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Table 10: Stage-discharge values, Bunting detention basin 

 
 
 

Table 11: Stage-storage relationship, Bunting detention basin 
Stage (ft) Surface Area (ft2) Volume (ft3) Volume (ac-ft) 

940 0 0 0 
941 160,000 80,200 1.84 
942 260,000 290,000 6.66 
943 402,000 621,000 14.3 
944 706,000 1,170,000 27.0 
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Figure 8: Bunting Basin SE Isometric View, Civil3D 

 
 

 
Figure 9: Stage-storage curve, Bunting detention basin 
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Figure 10: Stage-discharge curve, Bunting detention basin 

 

 
Figure 11: Hutchison Basin Isometric View, Civil3D  
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Figure 12: Hutchison Stage-Storage Graph 

 
 
 
 
 
 
 
 
 

Table 12: Hutchison Stage-Discharge Values 

 Lower Inlet Drop Inlet Spillway 
Total 
Discharge 

Stage Weir Orifice Weir Orifice Weir (cfs) 
938 0.0 0.0    0.0 

938.5 0.0 0.0    0.0 
939 0.8 2.7    2.7 

939.5 2.4 3.8    3.8 
940 4.3 4.6 0.0 0.0  4.6 

940.5 6.7 5.3 38.2 122.6  43.5 
941 9.3 6.0 108.0 173.3  114.0 

941.5 12.2 6.5 198.4 212.3  205.0 
942 15.4 7.1 305.5 245.1  252.2 

942.5 18.8 7.6 426.9 274.1  281.6 
943 22.5 8.0 561.2 300.2  308.3 

943.5 26.3 8.5 707.2 324.3  332.7 
944 30.4 8.9 864.0 346.7 0.0 355.5 

944.5 34.6 9.3 1031.0 367.7 11.3 388.2 
945 39.0 9.6 1207.5 387.6 90.0 487.2 
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Figure 13: Hutchison Stage-Discharge Curve 

 
 

 
Table 13: Tributary A Profile Output 
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Table 14: Tributary 2 Profile Output 
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Table 15: Tributary A Cross-Sections* 
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*A full list of cross sections with all flow profiles would have been over 100 pages long. For this table, 
as well as in Table 16 below, only a few distinct cross-sections were selected to showcase outputs at 
various locations along the streamline. The design 100-year profile was selected for these tables. A 
complete list of cross-sections with all profile outputs will be included with the final deliverables. 
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Table 16: Tributary 2 Cross Sections* 
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*This table has been edited for length and clarity. See the side note in Table 15 above. 
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Table 17: Tributary A Culverts 
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Table 18: Tributary 2 Culverts 
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Figure 14: Tributary A Hydrograph Peak 
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Figure 15: Tributary 2 Hydrograph Peak 

 
 
 

 
Figure 16: Design location modeled in ArcMap 
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Figure 17: FEMA’s National Flood Hazard Layer 

 
 

Table 19: Culvert Data from Fehr Graham 

 

 
 



45 
 

   
 

 
Figure 18: Green Roof Delineation 
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Figure 19: LiveRoof Standard Design cross-sections 
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Appendix B—Design Calculations 
 

 
 

Figure 20: Example calculation, time of concentration, NRCS lag method, Tributary A 
 
 

 
 

Figure 21: Example calculation, required storage volume for 50% peak flow reduction of 100-year 
event, NRCS TR-55 method, Tributary A 
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Figure 22: Example calculation, weir discharge, Krogmann Site 

 

 
Figure 23: Example calculation, orifice discharge, Krogmann Site 

 
 

 
Figure 24: Example calculation, weir discharge, Bunting Site 
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Figure 25: Example calculation, orifice discharge, Bunting Site 

 
Table 20: Green Roof RSMeans Calculation 

 
 

Table 21: Krogmann Basin RSMeans Calculation 

 

Table 22: Bunting Basin RSMeans Calculation 

 

Table 23: Hutchison Basin RSMeans Calculation 
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Appendix D—Design Drawings 
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