
Title

Completed By

Date Completed

UI Department

Course Name

Instructor

Community Partners

FINAL DELIVERABLE

Kyle Patterson, Andrew Rohret, Jack 
LaDieu, and Colin Kowalewski 

May 2023

Civil and Environmental Engineering

Project Design and Management 
CEE:4850

Rick Fosse and Paul Hanley

City of Maquoketa

Maquoketa Subdivision Prepared for the 
City of Maquoketa



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 
 

 

Maquoketa Subdivision Prepared for the City of 
Maquoketa 

     May 1st, 2023 

 

 



   
 

2 
 

Table of Contents 
Section I Executive Summary .................................................................................................. 4 

Section II Organization, Qualifications, and Experience ......................................................... 10 

Contact Information .............................................................................. Error! Bookmark not defined. 

Organization and Design Team Description .................................................................................... 10 

Section III Design Services ..................................................................................................... 10 

Project Scope ................................................................................................................................. 10 

Work Plan ...................................................................................................................................... 10 

Section IV Constraints, Challenges, and Impacts ................................................................... 10 

Constraints ..................................................................................................................................... 10 

Challenges ...................................................................................................................................... 11 

Societal Impact within the Community Impacts .............................................................................. 11 

Section V Initial Alternative Designs ..................................................................................... 11 

Design Alternative 1 ....................................................................................................................... 12 

Design Alternative 2 ....................................................................................................................... 13 

Design Alternative 3 ....................................................................................................................... 14 

Design Alternative Selection ........................................................................................................... 15 

Water Pressure Solution Alternatives ............................................................................................. 15 

Booster Solution (Alt 1A) ................................................................................................................ 15 

Grading Solution (Alt 1B) ................................................................................................................ 16 

Well Solution (Alt 1C) ..................................................................................................................... 18 

Water Pressure Alternative Selection ............................................................................................. 18 

Section VI Final Design Details .............................................................................................. 20 

Lot Layout ...................................................................................................................................... 20 

Street Network .............................................................................................................................. 21 

Stormwater .................................................................................................................................... 23 

Water Main .................................................................................................................................... 26 

Public Trail ..................................................................................................................................... 28 

Section VII Phasing ............................................................................................................... 29 

Section VIII Engineer’s Cost Estimate .................................................................................... 32 

Section IV Appendices ........................................................................................................... 35 



   
 

3 
 

Appendix A: Maquoketa Land Use Regulations .............................................................................. 35 

Appendix B: Street and Lot Layout ................................................................................................. 37 

Appendix C: Stormwater ................................................................................................................ 38 

Appendix D: Water Main ................................................................................................................ 51 

Appendix E: Greenspace and Trail .................................................................................................. 59 

Appendix F: References .................................................................................................................. 60 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



   
 

4 
 

Section I Executive Summary  
The design team is proud to present a development plan for a subdivision on the Stewart Family Farm’s 
agricultural land. The consulting firm is based out of the University of Iowa located in Iowa City. The 
team is comprised of four civil and environmental engineering students in their last semester of 
undergraduate college. In the Spring of 2023, the City of Maquoketa, Iowa, tasked the team with 
developing a plan for 94 acres of agricultural farmland that sits southwest of the City of Maquoketa but 
would become part of city limits if the subdivision is to be built. The farmland is bounded by Swagosa 
Drive to the North, 184th Ave to the East, 19th Street to the South, and 174th to the West. 

The design team has prepared a detailed project report, design drawings, construction and design cost 
estimate, and a presentation for the proposed subdivision to be developed on Stewart Family Farms. 
The design drawings consist of an overview of the site plan, street network layout with street 
classifications, trail network layout, water main network, storm sewer network, details sheets depicting 
cross-sections of streets, a grading plan, and a phasing plan. All infrastructure was designed to the 
specifications of the City of Maquoketa Code and Iowa Statewide Urban Design Specifications (SUDAS). 
All design sheets were made using AutoCAD Civil 3D and all stormwater calculations were done using 
Win-TR 55 and the Modified Rational Method. 

The proposed subdivision provides Maquoketa with 71 high-end lots that range in size from 0.75 acres 
to 1.3 acres. These lots will offer large backyards and privacy from neighbors, while still being only a five-
minute drive to downtown Maquoketa. Residents will have quick access to Highway 61, and Highway 64, 
and are within walking distance of the Maquoketa Country Club. A large recreational trail encompasses 
the whole subdivision and splits it down the middle providing residences with three different loops to 
use. Figure 1 shows this site plan. 
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Figure 1: Proposed Subdivision 

The subdivision will tie into three existing roadways: 184th Ave to the east, 19th St to the south, and 174th 
St to the west. All these connections will occur at the high points in their respective areas to offer the 
largest line of sight when trying to turn onto the existing roads. The street network for the site is shown 
in Figure 1 above. The subdivision will have 0.76 miles of new collector roads and 0.83 miles of local 
roads.  

Both collector and local streets have 65’ rights-of-way but offer different road layouts.  Collector streets 
will operate with 37’ of roadway width and have two lanes for through traffic and will offer on-street 
parking on one side of the road. A local street will have 33’ of roadway with and can accommodate on-
street parking on one side of the road with two lanes for through traffic. The goal with the local road 
was to make the pavement width slightly smaller than the collector road to deter unnecessary through 
traffic. Cross-sections of these two streets are shown in Figure 2 and Figure 3. Both streets will have a 2-
foot PCC gutter and 6-inch wide, 6-inch-tall PCC curb on both sides of the road. A 10’ space between the 
road and sidewalk will be used to plant trees and for snow storage. Per City of Maquoketa standard, 
both roads are comprised of a 3-inch hot mix asphalt (HMA) layer on top of a 10-inch base. A typical 
cross-section of the street is depicted in Figure 4 below. 
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Figure 2: Typical Collector Cross-Section 

 

 

 

Figure 3: Typical Local Street Cross Section 

 

 

Figure 4: Collector and Local Street Pavement Cross-Section 
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A 1.75-mile-long recreational trail was built to offer residents a path to exercise. The full outside loop is 
1.32 miles long, the west loop is 1.06 miles, and the east loop is 0.97 miles long. The goal of this design 
was to offer loops of different distances to allow residents to go out for a run/walk and end up back 
where they started without backtracking. The trail that cuts through the middle of the site offers 
residents quick access to the trail. The trail network can be seen in Figure 5. 

 

 

Figure 5: Trail Network 

 

The trail has a width of 10 feet with a 2-foot buffer on each side for pedestrian safety. The trail is 
comprised of 5 inches of PCC on top of a compacted subbase. On the east side of the trail where it runs 
along an existing house, an additional 20-foot buffer was used to allow for more space between the trail 
users and the people that live on the existing lot. We recommend planting White Pine, a native to Iowa, 
as a 20-foot buffer to add additional privacy. A cross-section of the trails are shown below in Figure 6 
and Figure 7. 
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Figure 6: Typical Recreational Public Trail Cross Sections 

 

Figure 7: Typical Tree Buffer Cross-Section 

 

The water main will connect to existing water mains along 184th St and at the end of Swagosa Dr and 
provide the residence of this subdivision with city water. The recommended pipe is a 10-inch PVC pipe, 
which is large enough to handle the flow capacity for the residents and offers better water pressure 
than an 8-inch pipe. Fire hydrants and water valves were placed throughout the subdivision in 
compliance with SUDAS standards. 

After establishing a water main design, the water pressure levels at different locations throughout the 
neighborhood were calculated. At the highest elevation in the neighborhood, the water pressure was 
calculated to be between 16.1 and 19.7 psi. After referencing multiple sources, a minimum water 
pressure threshold for the neighborhood was set at 25 psi (“2021 INTERNATIONAL PLUMBING CODE 
(IPC) | ICC DIGITAL CODES”). Multiple alternatives were analyzed to address this issue, and the selected 
solution was to install household booster systems for homes under the 25-psi threshold. The boosters 
we recommend cost an estimated total of $1,800 per house. 

Stormwater management for the subdivision is comprised of a storm sewer and stormwater detention 
ponds. The existing site drains into six different regions, and the runoff for each region had to be 
calculated with the pre- and post-development conditions. The result was having three storm water 
detention ponds to capture the excess water. A 15” concrete pipe with SW-505 intakes was used to 
handle flow on the streets and direct the water into the detention ponds or in ditches. Following SUDAS 
recommendation, the storm sewer was designed to be 2 feet from the back of the curb.  
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The infrastructure investment required to develop the subdivision is estimated to be $4.96 million. The 
cost of acquiring the land is not included in the cost estimate. The cost estimate also doesn’t include a 
sanitary sewer system as the subdivision will be served by septic systems that will be covered by 
homeowners. The infrastructure cost is shown in Table 1 and all the costs for the items were taken from 
the Iowa DOT letting page and the Iowa Public Works Service Bureau. The construction subtotal came to 
a total of about $4.1 million. A 20% construction contingency was added to account for any unforeseen 
setbacks and problems that may arise in the future. Adding a design cost of $51,000 will bring the total 
to roughly $4.96 million. Taking the total cost and dividing it by the 71 lots available brings the cost of 
infrastructure per lot to $69,000. 

 

Table 1 Infrastructure Cost 

 

Table 2 Infrastructure and Design Cost 
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Section II Organization, Qualifications, and Experience 
 
Organization and Design Team Description  
The design team is comprised of three civil engineering students and one environmental engineering 
student in their senior capstone design course at the University of Iowa. Kyle Patterson specializes in 
environmental engineering, Andrew Rohret and Jack LaDieu specialize in general civil practice, and Colin 
Kowalewski specializes in structural engineering. 

 Section III Design Services 
 

Project Scope 
The team was tasked to provide the City of Maquoketa with a single-family residential subdivision on 
ninety-four acres of undeveloped farmland that is bounded by Swagosa Drive, 184th Ave, 19th Street, and 
174th Ave. Project scope included lot layout, street network, trail network, stormwater detention, and 
sanitary discharge disposal. A phasing plan will be provided with recommendations for access to sources 
of potable water.  

 

Work Plan 
The work schedule the Design Team followed to complete the project is summarized in Figure 8 
below. 

Figure 8: Project Schedule 

 

 

Section IV Constraints, Challenges, and Impacts 
 
Constraints 
Grading, utilities, roadways, and trails will all cost the contractor money, and the more lots we can place 
on the land, the lower the cost per lot for the contractor. The existing land provided additional 
constraints as well.   
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The new subdivision will border existing houses towards the north and in the southeast. We had to 
make sure the additional runoff from this site didn’t cause flooding issues to the existing residents. 
Another constraint was due to the nature of the hilly terrain; connections to existing roads could only 
occur in selected areas and dictate where we placed our roads. Making sure the current residents on 
Swagosa, 174th street and any future residents will not encounter any disturbances from runoff on the 
site is a priority. 

Existing sanitary sewers and water main are located on the north side of the farmland and any 
connections to this existing infrastructure will have to be from the north and run throughout the project 
site.  

 

Challenges 

The hilly terrain of the existing farmland caused many challenges to building. With multiple high points 
and low points spread throughout the site, using a fully gravity flow sanitary sewer would be ineffective 
to properly drain the sanitary discharge to the sewer plant. To get the entire subdivision on a public 
sewer, two lift stations would have had to be installed, not a cost-effective option. 

A peak site elevation of 806’ is 30’ higher than any other place in Maquoketa. The existing water main 
that will be extended into this subdivision is at about 740’. The large elevation change causes a loss in 
water pressure that would fall below Maquoketa standards and leave residents that live at the top of 
the hill with insufficient water pressure. 

  

Societal Impact within the Community Impacts 
This increase in housing lots allows for an increase in the current population of Maquoketa. The new lots 
will offer an attractive option for people who prefer a large lot with the convenience of city services. 
This may lead to current houses and nearby properties rising in value.   

The project will increase the storm runoff of the current site, affecting the current runoff maintenance 
route. To prevent damage to the existing roadways and properties, detention ponds will be developed. 
Detention ponds will affect the local ecosystem near the current residential area. We have been told 
that there are currently drainage issues near a low point on the south side of Swagosa Dr. We have 
designed a detention basin that will mitigate the impacts of the new development and could potentially 
improve the existing drainage issues. 

 

Section V Initial Alternative Designs 
We developed multiple alternatives, each with different goals and benefits, from which to choose.   
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Design Alternative 1 

 

 

Figure 9: Design Alternative 1 

Design alternative 1 focused on aligning the roadways along the ridges of the hilly project site while 
trying to maximize the space for lots, with the requirement of the lots having a minimum size of 0.75 
acres. With this design, the total number of lots came out to 70 lots. This design also allows for a large 
amount of green space that can be used for recreational use or to maintain the increase of stormwater 
runoff. This alternative includes a trail encircling most of the site to allow the residents to walk or bike 
around the neighborhood and utilize the available green space.  

One of the negatives about this alternative was that the land was not fully utilized, having the fewest 
number of lots out of the three alternatives. Also, the collector road in the NE is very steep, meaning 
that a large amount of grading is needed in order to meet the maximum allowed slope of 5%. 
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Design Alternative 2 

 

Figure 10: Design Alternative 2 

Design Alternative 2 was focused on maximizing the amount of lots we could fit on the site. Seventy-
eight lots ranging from 0.75 acre to 0.8 acre would be available for sale using this alternative.  The use of 
cul-de-sacs would subdivide the development into smaller neighborhoods and would allow for a closer 
sense of community as well as less street traffic. Excluding the northeast section of the site, every lot 
has quick immediate access to the public trail that winds its way throughout the subdivision. The trail 
also acts as a buffer between residential lots in the subdivision and from the road on the outside of the 
subdivision. 

Negatives to this alternative were the use of cul-de-sacs and a lack of green space. Cul-de-sacs can be 
expensive to maintain and adding three of them to a subdivision would not be ideal for the city. This 
option also means that lots are smaller and sometimes oddly shaped. There is also minimal green space 
on this lot design. 
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Design Alternative 3 
 

 

Figure 11: Design Alternative 3 

 

This option explored areas to utilize the unique high spot in this subdivision for future municipal water 
storage. A water tower was considered for this, but due to the space this takes away from potential lots 
this was not feasible. There were no SUDAS requirements for a minimum distance from the GSR to the 
lots, but to allow access for necessary maintenance a green space was added around the area. This green 
space highlighted in a light green color on the design can also serve as a community park. Since the green 
space is at the highest elevation in town it could be seen as a nice overlook of the town. The design has 
65 lots which is less than the other two alternatives, but this design’s focus is to prepare for future 
developments of the expanding town. The lots range from 0.75 acres to 1 acre, per the client’s request. A 
10-foot trail wraps around the eastern and northern sides of the property and cuts down into the green 
space in the middle of the land. This gives the residents a nice trail to enjoy the scenery and easy access 
to the proposed park. The southwest corner, southeast corner, and northern section have additional 
spaces planned as easements. This was determined based off storm runoff calculations that deemed these 
areas as the places for stormwater storage to prevent runoff going into the resident's property.  

The downside of this design is that the client loses roughly 3 lots due to the proposed green space. These 
lots would also presumably be the most expensive since they would be located at the highpoint of the 
town with a great view. The client also expressed that they wanted to keep the number of cul-de-sacs to 
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a minimum since they are harder to maintain than a normal collector road. Another issue with this design 
can be seen in the southeast corner street as well as the northernmost collector road and that is the street 
at some points doesn’t have lots on both sides. This is a negative because it does not minimize the cost of 
paving the road. To get the most return on investment the designers should try and have lots along the 
roadway on either side. The upside of this design is the future water pressure of the town, and it may 
alleviate future worries. The client also prefers a trail that winds through lots. This design utilizes this 
aspect and has multiple lots that have direct access to the trail.  

 
Design Alternative Selection 
Each option provided its unique pros and cons, but the design team felt alternative 1 was the best 
design. It establishes a good middle ground between large lots versus maximum lots. The flow of the 
street network was efficient and allows for double load the street with lots in all places not set aside for 
stormwater detention. The trail network has one large loop and two smaller loops within it that allow 
for an easy staring point and ending point for exercise.  

 

Water Pressure Solution Alternatives 
After selecting design Alternative 1, we discovered that the lots centered in the neighborhood's high 
point would not have adequate water pressure (Table D1 Appendix D). As a result, four solutions were 
investigated to address the water pressure issues caused by the high elevation of the development’s 
large central hill: installing water pressure boosters for impacted lots; grading the top of hill; and leaving 
the area surrounding the highpoint undeveloped.  

 

Booster Solution (Alt 1A) 
The individual booster alternative would leave the existing design and water main intact but provides 
household water pressure boosters to every lot with water pressure below 25 psi at their water main 
connection. Sixteen lots are expected to require this booster regardless of home design, and other 
homes may require one if they plan to have water needs above the first floor (i.e., a 2nd floor bathroom 
or shower). The boosters cost approximately $900 each with an estimated additional $900 for services 
and installation (Big Brand 1HP Whole House Pressure Booster, n.d.). They have a maximum inlet 
pressure of 53 psi and can boost pressure up to an additional 67 psi but is capable of being adjusted to 
lower pressure to avoid damaging pipes from overly high pressure. Figure 12 highlights the 16 lots that 
are estimated to require boosters. 
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Figure 12: Individual Booster Alternative  

 

Grading Solution (Alt 1B) 
This solution involves grading the hill down 20 feet from 806’ to 786’, which will increase the psi from 16 
psi to roughly 25 psi. It’s recommended to perform a boring on the land to check that soil type is 
appropriate for septic tanks. The total cut volume is approximately 139,000 cubic yards, which is 
highlighted in pink in Figure 13. At least 6 lots will still require household pressure boosters to ensure 
water pressure above 25 psi. Houses that develop bathrooms or other water-use appliances on a second 
story may need boosters outside of the yellow highlighted lots.  
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Figure 13: Grading Alternative 

 
Another solution we considered was to not develop that section of the site. This solved the majority of 
the issue, but due to developing less space, 8 lots from the layout were lost. This changes the total 
number of lots from 72 to 64. Instead of having the main road running through the top of the hill, that 
road was converted into a cul-de-sac in order to add as many lots as possible. However, due to the sheer 
size and slope of the hill, there will be two or three houses that will have to go on individual boosters at 
the end of the cul-de-sac.  

The benefit of this layout is that the first 8 lots entering the neighborhood on the eastern collector road 
are unchanged compared to the original layout. This provides design flexibility, as the developer can 
establish these first 8 lots either follow through with the original layout or change to this new 
undeveloped highpoint alternative. Since this alternative solution does not develop the top of the hill, 
there will be less road to pave, less piping needed for the water main and storm sewer, and more trail 
length.  
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Figure 14: Undeveloped Highpoint Alternative  

 

Well Solution (Alt 1C) 
The final solution considered was to install wells for the neighborhood rather than connecting the lots to 
the water main, eliminating concern over water main pressure altogether. In this scenario wells would 
be shared between 6 lots. A well would be drilled and connected to a housing and control unit which 
would then pump the water to the 6 houses it serves. With 72 lots, 12 wells would be required to serve 
the entire development. Water main would still likely be installed in the first 8 lots of the development 
off of 184th street, allowing for fire hydrants in that area of the development. However, if a fire occurred 
outside of the Northeast lots, the fire trucks would have to fill up elsewhere.   

 

Water Pressure Alternative Selection 
The in-home booster solution is the alternative we recommend as it allows water main connections to 
all homes, ensures fire hydrants can be used throughout the development, avoids the removal of any 
lots, keeps residents on treated city drinking water, and lends itself to potential future development 
further south or west. As shown in Table 3, the well solution provides the least expensive solution, but 
we believe the value of the added benefits of staying on the water main outweigh this change in price. 
Additionally, the booster solution puts less of a burden on homeowners who would only have to pay for 
maintenance of a household booster system, rather than maintenance of a more complex private well 
pump and distribution system.  
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Table 3 Pros and Cons for Water Pressure Solution Alternatives  

Features Booster Solution 
(Alt 1A)  

Grading 
Solution (Alt 
1B)  

Well 
Solution (Alt 
1C)  

Undeveloped Solution 
(Alt 2)  

Water Main Cost 
($) $819,000 $819,000 $130,000 $620,000 

Number of Lots  
71 71 71 64 

Booster Cost ($)  
$28,800 $10,800 $0 $14,400  

Well Drilling and 
Distribution Cost 
($)  

$0  $0 $600,000 $0 

Money Lost From 
Undeveloped Lots 
($)  

$0 $0 $0 $560,000 

Additional Grading 
Cost ($) $0 $800,000 $0 $0 

Approximate Total 
Cost ($) $847,800 $1,629,800 $730,000 $1,194,400 
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Section VI Final Design Details 
Lot Layout 
This layout focuses on providing low density residential housing across much of the site with lots ranging 
from 0.75 to 1.30 acres. This layout, as shown in Figure 15, offers an additional 71 single-family housing 
units to the City of Maquoketa. If the whole subdivision was to be completed, Maquoketa would see a 
tax base increase of approximately $28.4 million. The tax base was estimated by taking the total number 
of lots (71) and multiplying it by the typical house price on a ¾ acre lot in Maquoketa ($400,000).  Once 
the initial layout was determined, minor changes were added during the design process. One of the 
changes from the initial alternative was the addition of a buffer between the five houses along the east 
border of the subdivision to give more privacy to the current residents in that area. Another minor 
change was the addition of two more lots in the Southwest corner to increase the number of lots once it 
was determined the stormwater management would not occupy as much space as initially predicted. 
Finally, the lots to the northwest were increased in size to give potential residents a larger variety of lot 
sizes to pick from. 

 

 

 

Figure 15: Final Lot Design 
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Table 4: Taxe Base Increase 

 

 

 

Street Network 
The street configuration was primarily influenced by the ridges of the hills on the site. The streets follow 
the major ridgelines of the hill making the lots more suitable for walkout basements and backyard septic 
systems. The traditional grid street layout was achievable due to the drastic changes in elevation over 
short distances. The proposed roads would tie into existing roads in three places: 184th St to the west, 
19th street to the south, and 174th to the east. All these connections will occur near the top of hills to 
offer the largest line of sight when trying to merge onto the existing roads. 

Within this subdivision, there are two road classifications: collector and local roads. The collector roads 
offer a larger street width and are more suitable to handle traffic as compared to local roads. There is a 
collector road running through the center of the site from the connection at 184th Ave in the Northeast 
to 19th St in the South. There is another collector road from the connection at 174th street that connects 
to the other collector road in the center of the subdivision. These roads will handle all the ingress and 
egress of the subdivision and will see the bulk amount of traffic volume. Branching of the collector roads 
are local roads that serve to distribute the traffic through the subdivision and to access the individual 
lots. The local roads are directed toward the lower parts of the site, which helps to lead the storm water 
away from the lots and collector roads. Local roads will offer the lowest level of mobility and aim to be 
used only by the homeowners.  The new subdivision will have 0.77 miles of collector roads and 0.83 
miles of local roads as shown in Table 5. 

The road classification, lane width, road gradient maximum and minimum, and the minimum horizontal 
curve radius were determined using SUDAS Chapter 5C-1 and Table 5C-1.01, which can be found in 
Appendix B. 
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Table 5: Road Classification Quantities  

Road Classification Length (Mile) 
Collector 0.77 
Local 0.83 
Total Road Length 1.6 

 

 

 
Figure 16: Collector and Local Street Pavement Cross-Section 

 

 

Table 6: Pavement Thickness Design 

Pavement Design 
Road 
Classification  

Pavement Material  Pavement Thickness (in) Base Thickness 
(in) 

Collector HMA 3 10 
Local HMA 3 10 

 

 

The collector and local roads both have 65 feet right-of-ways. The City of Maquoketa felt the SUDAS 
recommended 59-foot right-of-way for a local street was too narrow and decided to have both road 
types have a 65-foot right-of-way for consistency. The pavement for both the roads are hot mix asphalt 
(HMA) with 3-inch thickness and a 10-inch subbase, per the City of Maquoketa’s standard for collector 
and local roads. The collector roadway consists of three lanes that are two through lanes and a parking 
lane. This allows for the residents of the higher traffic flow road to have room for parking outside their 
homes. The parking lane is 10-feet wide and the through lane is 12-feet wide, per SUDAS Table 5C-1.01: 
Preferred Roadway Elements recommendations (found in Appendix B Table B1). Planting of trees is 
recommended in the right-of-way and offer numerous benefits, including providing a traffic-calming 
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effect when planted near the road because they appear to narrow the width of the roadway causing 
drivers to slow down; shading pedestrians on the sidewalk; and offering natural beauty. The local street 
has a width of 33 feet that offers two through lanes and one parking lane. The street width was 
narrowed to discourage drivers from using these roads unless they live on them.  Cross-sections of the 
two streets are shown in Figure 17 and Figure 18 below.  

 

Figure 17: Typical Collector Cross-Section 

 

 

Figure 18: Typical Local Street Cross-Section 

 
 
 
Stormwater 
The stormwater management for the neighborhood is comprised of stormwater detention ponds and a 
stormwater sewer network. The first step in designing the detention ponds was to delineate the basins 
present in the neighborhood as shown in Figure 19. This was done using a topographic map in Civil 3D of 
the site to determine ridgelines and flow paths taken by stormwater.   
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Figure 19: Basins Present in the Development 

 

Next, Win-TR55 was used to determine the curve number (CN) of the soil before and after the expected 
development. 85 was found to be the agricultural pre-development CN, and it was determined that the 
post-development CN was 80.  

Then, using the CNs, the pre- and post-development time of concentrations were calculated for each of 
the basins shown in Table 7 by using the Modified Rational Method as recommended by the Iowa 
Stormwater Management Manual (ISWMM) which is found in Appendix C. 

These time of concentration values were then used with the storm intensity-frequency tables in SUDAS 
2B to determine the total rainfall volumetric flow pre- and post-development for the 50-year rainfall 
event. The difference in the total volumetric runoff pre-and post-development for each basin was then 
used to determine the mitigation method for this excess runoff. Basins that drained naturally to ditches 
were managed with overland flow routes and storm sewers which drained into the ditches. Dry-bottom 
detention ponds were then designed for the basins which drained into neighbors' backyards or had flow 
too large for ditches. 
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Table 7: Change in runoff flow due to development and flow reduction solution by basin 

Basin Number Basin 1 Basin 2 Basin 3 Basin 4 Basin 5 Basin 6 
Pre-Development 
Volumetric 
runoff (cfs) 

89.23 372.1 173.1 372.1 314.9 645.0 

Post-
Development 
Volumetric 
runoff (cfs) 

94.81 395.4 183.9 395.4 334.6 685.3 

Stormwater 
Management 
Solution 

Drain to 
ditch 

Dry bottom 
detention 

Drain to 
ditch 

Drain to 
ditch 

Dry bottom 
detention 

Dry bottom 
detention 

Minimum 
detention volume 
to return to pre-
development 
flow (ft3) 

N/A 4180 N/A N/A 3510 7230 

 

 

In addition to the detention basins, the development will have 7,401 feet of stormwater sewer to take in 
additional flow as shown in Figure 20. The proposed storm pipe will be a 15-inch class 3, concrete pipe 
as recommended in SUDAS 2D-1B. The concrete will prevent utility cuts through the pipe. The storm 
sewer will be set back 2-feet from the back of the curb as SUDAS recommended for it to be placed close 
to the roadway. The depth of the storm sewer will vary throughout the site, but it will maintain at least 
1-foot of cover as stated in SUDAS 2D-1D.  An SW-505 intake will be used in this subdivision. This is a 
combination intake as it has both grate intakes and a curb opening. These can intake a large amount of 
water, are difficult to clog, and are safe to drive over with bicycles. All intakes are to be within 500 feet 
of the street high point,and are spaced every 400 feet throughout the side as stated in SUDAS 2C-3G. A 
structure, either manhole or intake, must be at every bend in pipe. In places not near the road, we 
recommend using a 48” SW-401 manhole. For the sewers that discharge into the ponds, we recommend 
using 15” concrete aprons to outlet the stormwater into the detention ponds. A summary of all 
stormwater infrastructure is in Table 8.  
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Figure 20: Proposed Storm Sewer 

 

Table 8: Storm Sewer Quantities  

 

Water Main 
The water main was designed using SUDAS Chapter 4 and City of Maquoketa Standards. The average day 
demand for the subdivision was calculated to be 21,600 gallons per day, 15 gpm, using SUDAS equation 
4B-1.02 and Table 4b-1.01 (found in Table D1 Appendix D). The average day demand for the subdivision 
was calculated to be 21,600 gallons per day, or 15 gpm, using SUDAS equation 4B-1.02 and Table 4b-
1.01 (found in Table D1 Appendix D). With a distance between houses of over 100 feet, the needed fire 
flow needs to be at least 500 gpm per SUDAS 4B-1E (found in Appendix D Table D4)m which is larger 
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than the proposed flow in the subdivision. Calculations for the average day demand with supporting 
tables and equations are in Appendix D along with the fire flow demand table. 

SUDAS 4B-1D requires a minimum pipe size of 8 inches in diameter, but we designed to use a 10 inch 
pipe that matches the existing pipe that the network is connecting to and provides with less friction 
losses.  The pipe is to be PVC per the client’s preference. The water main network along with valve and 
fire hydrant locations are shown in Figure 21.   

 

 

Figure 21: Watermain Network 

 

The proposed water main network will connect to existing 10 inch infrastructure along 184th St and 
Swagosa Dr. This connection adds redundancy to the system as the subdivision doesn’t have to rely on 
one pipe for water supply. Looping the water main also increases the water pressure in the network.  
The water main will be offset 2 feet from the back of curb and buried with 5 feet of cover ,per City of 
Maquoketa standards and SUDAS Figure 4C-1.01, which is located in Appendix D Table D4. Fire hydrants 
are spaced 25 feet from each intersection and are spaced no further than 450 feet per SUDAS 4C-1E 
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guidelines. The fire hydrants are also placed to be near lot lines in order to minimize the chances of 
residents wanting to add a driveway over a hydrant. Water valves are installed at all pipe intersections, 
so only one unvalved pipe exists at every intersection per SUDAS 4C-1D.  Valves are to be spaced no 
further than 800 feet apart and are not to be located on the sidewalk line or in driveways.  Table 9 
shows the quantities of the infrastructure needed for the water main network. 

 

Table 9: Summary of Water Main Quantities 

WATER MAIN QUANTITIES  
LENGTH OF 10” PIPE (LF) 9267 
NUMBER OF VALVES 20 
NUMBER OF HYDRANTS 20 

 
 

Public Trail 
 

 

Figure 22: Recreational Trail Network 

The trail system was designed to be a type 3 shared use path that’s primary use is for recreation and 
fitness benefits. The goal of the trail is to allow the residents of the subdivision to have a two-way 
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biking, walking, and running trail that is looped and fully contained in the subdivision. The total distance 
the trial covers is 1.75 miles with an outside loop distance of 1.32 miles, which can be broken into two 
inside loops with distances of 1.06 miles on the west and 0.97 miles on the east. The path has a width of 
10’ and a clear zone of 2’ on both sides, which both fall in line with SUDAS 12B-2C guidelines and is 
shown in Figure 23. The trail system is designed to be 5 inches of PCC as per SUDAS 12B-2C (Figure F1-F2 
in appendix F) recommendations. Along the Eastern side of the trail, there is an additional 20-foot buffer 
between the proposed trail and the existing houses to allow for a natural buffer of trees and shrubby to 
be planted, giving the current residents more privacy.  

The recommended trees for the buffer are eastern white pine. This type of evergreen never loses its 
needles and will provide privacy year-round. The trees should be maintained so the limbs do not cross 
within 2-feet of the trail.  The cross section of this part of the trail is shown in Figure 24. When the trail 
approaches one of the areas of stormwater runoff, the trail will be built on top of the berm. This will 
ensure that during times of high stormwater runoff, the trails will not flood or erode. 

 

 

Figure 23: Typical Recreational Trail Cross-Section 

 

 

Figure 24: Typical Tree Buffer Cross-Section 

 

Section VII Phasing 
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Figure 25: Phase 1 Site Design 

 
This development can be phased if the developer wants to lower the initial investment and reduce risk 
while establishing if there is a market for large lots in this area. Phase 1 can be seen in Figure 25, and it 
accounts for the first 8 lots to the northeast. This was chosen as the first phase because these lots are 
the same in all design iteration which gives the city time to decide on their solution to the water 
pressure solution. This section is strictly cut when it comes to grading. The excess soil can be stockpiled 
and used to cut costs for future development. 
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Figure 26: Phase 2 Site Design 

 

 

The next phase includes 33 lots and the eastern loop of the trail. This phase includes a combination of cut 
and fill for the site grading. With excess soil from the development of phase one, the grading cost is 
significantly diminished. This phase can be seen above in Figure 26. 
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Figure 27: Phase 3 Site Design 

 

The third phase includes the remaining 30 lots and the western loop of the trail. This section is mostly fill 
for the grading. Since there will be no remaining excess soil from the previous phases, soil from off site 
will have to be brought to the area. This will raise the cost for the grading compared to phase 2. Phase 3 
can be seen in Figure 27. 

 

Section VIII Engineer’s Cost Estimate  
 

The total estimated infrastructure cost to develop this subdivision is $4.9 million. This includes the cost 
of roadways, trails, storm sewers, water mains, grading, and design cost. The estimate does not include 
the cost to acquire the 94-acres of land. The cost estimate also doesn’t include a sanitary sewer system 
as the subdivision will be served by septic systems that will be covered by the homeowner. The 
breakdown of the total cost is shown in Table 10. All unit prices were obtained from the Iowa DOT Bid 
Express Lettings page and the Iowa Public Works Service Bureau.  For the Iowa DOT letting page, the 
weighted average cost of the item was the price used to estimate the cost of the specific item. There is 
also a 20% contingency fee added to the construction cost to account for unforeseen setbacks and 
problems that may arise in the future.  The cost estimate follows the rounding standards by the 
RSMeans cost handbook. 
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Table 10: Cost Estimate 
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Table 11: Phase 1 Cost 

 

 

Table 12: Phase 2 Cost 

 

 

Table 13: Phase 3 Cost 
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Section IV Appendices  
 

Appendix A: Maquoketa Land Use Regulations 
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Appendix B: Street and Lot Layout 
Table B1: SUDAS Table 5C-1.01: Preferred Roadway Elements

 
Table B2: SUDAS Table 5C-2.02: Preferred Border Area 
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Appendix C: Stormwater 
Stormwater Runoff Calculations 
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Variable Value Notes/References
2-year 24-hr Rainfall Depth (in) 3.01 ISWMM C3-S3-D-2
Sewer Diameter (ft) 1.25
Sewer Wetted Perimeter (ft) 3.926990817 ISWMM C3-S3-D-4
Sewer Cross-Sectional Area (square ft) 1.22718463
Sewer Hydraulic Radius (ft) 0.3125
Pre-Development Curve Number 85 WinTR-55
Post-Development Curve Number 80 WinTR-55
50-year 24 hour Rainfall Intensity (in/hr) 0.26 SUDAS Table 2B-2.07
Design Storm Time (h) 24 ISWMM C3-S9-A-2

Common Information for Tc and Storage Calculations
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Variable Value Notes/References
Total Non-Sewer Length (ft) 604.21
Overland Flow Slope (ft) 0.11
Paved Length (ft) 0
Unpaved roughness coefficient 0.24 Table C3-S3-1 [ISWMM]
Paved roughness coefficient 0.011 Table C3-S3-1 [ISWMM]
Sheet Flow Length (ft) 100
Sheet Flow Travel Time (hr) 0.01052863 Equation C3-S3-3 [ISWMM]
Shallow Concentrated Unpaved Flow Length (ft) 604.21
Shallow Concentrated Unpaved Flow Velocity (ft/s) 5.15 Figure C3-S3-1 [ISWMM]
Shallow Concentrated Unpaved Flow Travel Time (hr) 0.032589536 Equation C3-S3-1 [ISWMM]
Shallow Concentrated Paved Flow Length (ft) 0
Shallow Concentrated Paved Flow Velocity (ft/s) 5.2 Figure C3-S3-1 [ISWMM]
Shallow Concentrated Paved Flow Travel Time (hr) 0 Equation C3-S3-1 [ISWMM]
Sewer High Point (ft) 783.86
Sewer Low Point (ft) 739.73
Sewer Flow Length (ft) 880.62
Sewer Slope (ft/ft) 0.050112421
Sewer Flow Velocity (ft/s) 13.96367147 Equation C3-S3-4 [ISWMM]
Sewer Flow Travel Time (hr) 0 Equation C3-S3-1 [ISWMM]
Total Time of Concentration (hr) 0.043118166 Equation C3-S3-2 [ISWMM]
Total Time of Concentration (min) 2.587089972
Basin Area (acres) 4.29
Peak Discharge (cfs) (Pre-Development) 89.232 C3-S9-1
Peak Discharge (cfs) (Post-Development) 94.809 C3-S9-1

Northwest Basin (Basin 1) Time of Concentration Calculations
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Variable Value Notes/References
Total Non-Sewer Length (ft) 322.03
Overland Flow Slope (ft) 0.068565041
Paved Length (ft) 322.03
Unpaved roughness coefficient 0.24 Table C3-S3-1 [ISWMM]
Paved roughness coefficient 0.011 Table C3-S3-1 [ISWMM]
Sheet Flow Length (ft) 100
Sheet Flow Travel Time (hr) 0.012720022 Equation C3-S3-3 [ISWMM]
Shallow Concentrated Unpaved Flow Length (ft) 0
Shallow Concentrated Unpaved Flow Velocity (ft/s) NA Figure C3-S3-1 [ISWMM]
Shallow Concentrated Unpaved Flow Travel Time (hr) 0 Equation C3-S3-1 [ISWMM]
Shallow Concentrated Paved Flow Length (ft) 322.03
Shallow Concentrated Paved Flow Velocity (ft/s) 5.2 Figure C3-S3-1 [ISWMM]
Shallow Concentrated Paved Flow Travel Time (hr) 0.017202457 Equation C3-S3-1 [ISWMM]
Sewer High Point (ft) 783.86
Sewer Low Point (ft) 739.73
Sewer Flow Length (ft) 880.62
Sewer Slope (ft/ft) 0.050112421
Sewer Flow Velocity (ft/s) 13.96367147 Equation C3-S3-4 [ISWMM]
Sewer Flow Travel Time (hr) 0.017518077 Equation C3-S3-1 [ISWMM]
Total Time of Concentration (hr) 0.047440555 Equation C3-S3-2 [ISWMM]
Total Time of Concentration (min) 2.846433323
Basin Area (acres) 17.89
Peak Discharge (cfs) (Pre-Development) 372.112 C3-S9-1
Peak Discharge (cfs) (Post-Development) 395.369 C3-S9-1
Required Detention Storage (cubic ft) 4176.881738 C3-S9-2

North Basin (Basin 2) Time of Concentration Calculations
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Variable Value Notes/References
Total Non-Sewer Length (ft) 372.33
Overland Flow Slope (ft) 0.025326995
Paved Length (ft) 372.33
Unpaved roughness coefficient 0.24 Table C3-S3-1 [ISWMM]
Paved roughness coefficient 0.011 Table C3-S3-1 [ISWMM]
Sheet Flow Length (ft) 100
Sheet Flow Travel Time (hr) 0.018945038 Equation C3-S3-3 [ISWMM]
Shallow Concentrated Unpaved Flow Length (ft) 0
Shallow Concentrated Unpaved Flow Velocity (ft/s) NA Figure C3-S3-1 [ISWMM]
Shallow Concentrated Unpaved Flow Travel Time (hr) 0 Equation C3-S3-1 [ISWMM]
Shallow Concentrated Paved Flow Length (ft) 372.33
Shallow Concentrated Paved Flow Velocity (ft/s) 3.37 Figure C3-S3-1 [ISWMM]
Shallow Concentrated Paved Flow Travel Time (hr) 0.030689911 Equation C3-S3-1 [ISWMM]
Sewer High Point (ft) 796.62
Sewer Low Point (ft) 728
Sewer Flow Length (ft) 1337.14
Sewer Slope (ft/ft) 0.051318486
Sewer Flow Velocity (ft/s) 14.13070557 Equation C3-S3-4 [ISWMM]
Sewer Flow Travel Time (hr) 0.026285154 Equation C3-S3-1 [ISWMM]
Total Time of Concentration (hr) 0.075920103 Equation C3-S3-2 [ISWMM]
Total Time of Concentration (min) 4.555206189
Basin Area (acres) 8.32
Peak Discharge (cfs) (Pre-Development) 173.056 C3-S9-1
Peak Discharge (cfs) (Post-Development) 183.872 C3-S9-1

Northeast Basin (Basin 3) Time of Concentration Calculations
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Variable Value Notes/References
Total Non-Sewer Length (ft) 457
Overland change in elevation (ft) 34.66
Overland Flow Slope (ft) 0.075842451
Paved Length (ft) 54
Unpaved roughness coefficient 0.24
Paved roughness coefficient 0.011 Table C3-S3-1 [ISWMM]
Sheet Flow Length (ft) 100
Sheet Flow Travel Time (hr) 0.008866798 Equation C3-S3-3 [ISWMM]
Shallow Concentrated Unpaved Flow Length (ft) 303
Shallow Concentrated Unpaved Flow Velocity (ft/s) 4.3 Figure C3-S3-1 [ISWMM]
Shallow Concentrated Unpaved Flow Travel Time (hr) 0.019573643 Equation C3-S3-1 [ISWMM]
Shallow Concentrated Paved Flow Length (ft) 54
Shallow Concentrated Paved Flow Velocity (ft/s) 5.8
Shallow Concentrated Paved Flow Travel Time (hr) 0.002586207
Sewer High Point (ft) 771.34
Sewer Low Point (ft) 754.63
Sewer Flow Length (ft) 236.55
Sewer Slope (ft/ft) 0.070640457
Sewer Flow Velocity (ft/s) 16.57882242 Equation C3-S3-4 [ISWMM]
Sewer Flow Travel Time (hr) 0.00396339 Equation C3-S3-1 [ISWMM]
Total Time of Concentration (hr) 0.034990038 Equation C3-S3-2 [ISWMM]
Total Time of Concentration (min) 2.099402306
Basin Area (acres) 17.89
Peak Discharge (cfs) (Pre-Development) 372.112 C3-S9-1
Peak Discharge (cfs) (Post-Development) 395.369 C3-S9-1

East Basin (Basin 4) Time of Concentration Calculations
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Variable Value Notes/References
Total Non-Sewer Length (ft) 792.63
Overland change in elevation (ft) 57.15
Overland Flow Slope (ft) 0.072101737
Paved Length (ft) 68.42
Unpaved roughness coefficient 0.24 Table C3-S3-1 [ISWMM]
Paved roughness coefficient 0.011 Table C3-S3-1 [ISWMM]
Sheet Flow Length (ft) 100
Sheet Flow Travel Time (hr) 0.146826854 Equation C3-S3-3 [ISWMM]
Shallow Concentrated Unpaved Flow Length (ft) 624.21
Shallow Concentrated Unpaved Flow Velocity (ft/s) 4.25 Figure C3-S3-1 [ISWMM]
Shallow Concentrated Unpaved Flow Travel Time (hr) 0.040798039 Equation C3-S3-1 [ISWMM]
Shallow Concentrated Paved Flow Length (ft) 68.42
Shallow Concentrated Paved Flow Velocity (ft/s) 5.7 Figure C3-S3-1 [ISWMM]
Shallow Concentrated Paved Flow Travel Time (hr) 0.003334308 Equation C3-S3-1 [ISWMM]
Sewer High Point (ft) 763.55
Sewer Low Point (ft) 743.96
Sewer Flow Length (ft) 543.88
Sewer Slope (ft/ft) 0.036018975
Sewer Flow Velocity (ft/s) 11.83838895 Equation C3-S3-4 [ISWMM]
Sewer Flow Travel Time (hr) 0.012761684 Equation C3-S3-1 [ISWMM]
Total Time of Concentration (hr) 0.203720885 Equation C3-S3-2 [ISWMM]
Total Time of Concentration (min) 12.22325312
Basin Area (acres) 15.14
Peak Discharge (cfs) (Pre-Development) 314.912 C3-S9-1
Peak Discharge (cfs) (Post-Development) 334.594 C3-S9-1
Required Detention Storage (cubic ft) 3508.678107 C3-S9-2

Southeast Basin (Basin 5) Time of Concentration Calculations
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Variable Value Notes/References
Total Non-Sewer Length (ft) 414.58
Overland Flow Slope (ft) 0.03265972
Paved Length (ft) 414.58
Unpaved roughness coefficient 0.24 Table C3-S3-1 [ISWMM]
Paved roughness coefficient 0.011 Table C3-S3-1 [ISWMM]
Sheet Flow Length (ft) 100
Sheet Flow Travel Time (hr) 0.017112914 Equation C3-S3-3 [ISWMM]
Shallow Concentrated Unpaved Flow Length (ft) 0
Shallow Concentrated Unpaved Flow Velocity (ft/s) NA Figure C3-S3-1 [ISWMM]
Shallow Concentrated Unpaved Flow Travel Time (hr) 0 Equation C3-S3-1 [ISWMM]
Shallow Concentrated Paved Flow Length (ft) 414.58
Shallow Concentrated Paved Flow Velocity (ft/s) 3.6 Figure C3-S3-1 [ISWMM]
Shallow Concentrated Paved Flow Travel Time (hr) 0.031989198 Equation C3-S3-1 [ISWMM]
Sewer High Point (ft) 788.25
Sewer Low Point (ft) 736
Sewer Flow Length (ft) 1599.83
Sewer Slope (ft/ft) 0.03265972
Sewer Flow Velocity (ft/s) 11.27283526 Equation C3-S3-4 [ISWMM]
Sewer Flow Travel Time (hr) 0.039421957 Equation C3-S3-1 [ISWMM]
Total Time of Concentration (hr) 0.088524068 Equation C3-S3-2 [ISWMM]
Total Time of Concentration (min) 5.311444062
Basin Area (acres) 31.01
Peak Discharge (cfs) (Pre-Development) 645.008 C3-S9-1
Peak Discharge (cfs) (Post-Development) 685.321 C3-S9-1
Required Detention Storage (cubic ft) 7226.006299 C3-S9-2

Southwest Basin (Basin 6) Time of Concentration Calculations
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Appendix D: Water Main  
EQ D1: 

  

EQ D2: 

 

EQ D3: 

 

Knowns Sources/Notes 
Connection Point (ft) 729.06 Civil 3D Topographic Map 
High Point (ft) 806.00 Civil 3D Topographic Map 
Elevation Change (ft) 76.94   
Expected Pipe Length (ft) 1707.01 Civil 3D Topographic Map 
Slope (ft/ft) 0.04507   
Pressure at connection point (psi) 53 Jen Schwoob - Alliance Water 
Pressure at connection point 
(lbs./sq. ft) 7632   
Pipe Diameter (ft) 0.83333 Jen Schwoob - Alliance Water 
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Assumptions Sources/Notes 

v1 = v2 = u   
Pipe diameter is same, 
conservation of energy 

hp = ht = 0 0 No pumps or turbines 
PVC pipes (Є = 0.000075 in = 
6.25*10^-6 ft) 0.00000625 (Engineering Toolbox, 2019a) 
Water temperature = 20 C     

Kinematic viscosity = 1.08 * 10^-5 
ft^2/s 0.0000108 (Engineering Toolbox, 2019b) 
g = 32.2 ft/s^2 32.2   

Velocity (ft/s) 2.5 
(SUDAS minimum to prevent 
buildup) 

Specific Gravity (γ) lb.*ft^-3 62.4 (Engineering Toolbox, 2003) 

alpha 1,2 = 1 1 
Hydraulics & Hydrology Lecture 3 
Slide 9. George Constantinescu 

 

Table D1 

Calculated/Determined Values Sources/Reasoning 
Reynold's number (Re) 1.9290E+05 (EQ3 with kinematic viscosity assumption) 
Є/D 0.000008 Roughness (Є) divided by pipe diameter 
Friction Factor (f) 0.016 Figure D1 
hf (ft) 3.18 (EQ2 with applicable assumptions) 
Pressure at Peak Elevation (psf) 2632.46 (EQ1 with listed assumptions) 
Pressure at Peak Elevation (psi) 18.281 (EQ1 with listed assumptions) 

Change in Pressure (psi) 
34.7189955
4   

Required pump head (ft) to maintain 53 psi at 
high point 

80.1207589
4 

(EQ1 with listed assumptions except p2 = 53 
and hp is unknown instead of 0) 

Best Case Scenario Change in pressure (psi) 

-
33.3406666
7 

(EQ1 with listed assumptions except no 
losses) 

Best Case Pressure at Peak Elevation (psi) 19.659333   
Worst Case Pressure at Peak Elevation (psi) 16.114338  
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Factors Not Considered 

Losses from pipe connections 
Losses from valves 
Losses from tie-ins for each house 

Losses from neighborhood water draw (Assuming 
 100 GPD/household) 

 
Figure D1: friction factor 

 

 

 

 

 

 

 



   
 

54 
 

 

Table D2: Average Daily Demand Equation 

 

Table D3: Land use Densities 

 

Table D4: Average Daily Demand for Site. 

 
 

 

Figure D2: Minimum Depth Cover 
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Appendix E: Greenspace and Trail 
 

Figure F1: SUDAS Two-Way Shared Use Path 

 

Figure F2: Sudas 12B-12C 
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