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1000 E. University Ave.
Laramie, WY 82071

February 10, 2022

City of Cheyenne City Council
2101 O’Neil Ave.
Cheyenne, WY 82001

Dear City Council Members:

Please consider the following design work for the water retention and pipeline project for the
development area North of Dell Range Ave. between Whitney Ave. and Van Buren Ave. The attached
plan will provide an overview of the project and report on our company’s plan and organization.

For logistical purposes, the project has been broken down into three areas of design; geotechnical,
hydrological, and transportation. These areas are reflected in the organization methods of our company
with respect to this project design.

Wasted Potential LLC. is committed to successful and safe engineering practices. We are pleased to have
the opportunity to be working hand in hand with the City of Cheyenne to provide a full project design to
your milestone specifications.

If you have any questions or need additional information, please feel free to contact our project
manager at (307) 315-3744 or wstewar4@uwyo.edu.

Sincerely,

Wasted Potential LLC., Laramie Project Team
William Stewart — Project Manager

Alex Fabricus — Hydrologist

Luke Barron — Hydrologist

Hannah Reiter — Geotechnical

Brandon Baggs — Geotechnical

Cooper Skoric — Hydrologist/ Transportation
Ryan Curtis — Transportation
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Introduction

Site, Location, and Background

A storm draining system is to be designed in the city of Cheyenne, Wyoming to allow for future
residential development and control storm drainage. A retention pond will be designed on the North
side of Dell Range Boulevard between Van Buren Avenue and Whitney Avenue. The retention pond will
then feed into a pipe that runs West underneath Dell Range to the Van Buren intersection. The pipe will
then run South beneath Van Buren to the Rawlins Street intersection and finally drain into Dry

Creek. Before being released into Dry Creek. The collected water will enter a sedimentation pond to
limit the environmental impact of the new drainage path. There are several storm drains along Van
Buren that will feed into the pipe. The project overview is outlined in Figure 1.

Detgntion
& Release

= Detention >
&.Release
~5970 ft ~5988 ft

A e
ﬁ'tf _jad

Figure 1: Project Site Overview

The section of Dell Range under construction along with the entirety of Van Buren and the East
section of Rawlins Street will have phased closures to traffic during construction of the project. As a
result, a phased traffic control system is to be designed to allow adequate traffic flow and ease of access
to residences and businesses. Once the storm system is in place, a complete asphalt overlay will be
performed. The pavement used will be designed in accordance with the Wyoming Department of
Transportation (WYDOT) and the City of Cheyenne specifications. Lastly, the traffic signals on the project
will be adjusted to accommodate a traffic increase on Dell Range and Van Buren.

Responsibilities

Team Responsibilities
The team will work collaboratively on all areas of design. For logistical management, the design will be
broken down into 3 areas of design: transportation, hydrology, and geotechnical, a project manager will
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also be chosen to help stay organized. To manage the learning requirements of the class, several
objectives have been set within the areas of transportation engineering, geotechnical engineering,
hydrology, and project management. The objectives can be seen below in Table 1.

Table 1: Objectives by Area

Transportation Geotechnical Hydrology Project Management

e Temporary e Soil Properties e Drainage analysis of plot e Coordination efforts,
Traffic Control e NE Detention Pond and inputs presentations & reports
Plan Earthwork e Detention pond Extended | e File Management

e Road pavement, | ¢ SW Extended Detention Basin e Support in discipline
profile, and Detention Basin e Pipeline profile and design area work
section design Earthwork e Roadway drainage and e Daily attendance reports

e Intersection e Pipeline earthwork inlets e Weekly update meeting
design/control | ¢  Trenching design e Release of detention pond with Dr. Barker

e Roadway substrate | e Release Design for EDB

The Transportation objectives will ensure safety during the phased construction plan; repave
the road with an emphasis on traffic volume, safety, and water drainage; drawings of a typical profile,
section, and each intersection will be produced from the design process. The temporary traffic control
plan will be a phased approach with priority given to safety. The road pavement, profile and section
design will be designed with thought given to longevity, economics, water drainage, and traffic volume
increase. The intersection control will also be designed for longevity, economics, safety, and drainage.

The geotechnical objectives will be the foundation of all the work. Data will be evaluated to
determine the soil properties so that all designs will be accurate. Both the NE and SW ponds will have
earthwork completed to the size specified by the hydrology team. The pipeline earth work will be
trenched with an extreme emphasis placed on safety. Finally, the road substrate will be designed to
provide adequate support and safety.

The hydrology objectives will focus on the water throughout the various locations of the project.
The drainage basin will be analyzed to properly size the NE pond. The pipeline release rate will be looked
at to properly size the pipeline. The incoming storm drainage rates and roadway drainage will be
considered to size the SW detention pond. The design of the detention pond will be so that any
environmental impact upon release of the water into Dry Creek will be limited.

Project management objectives are in place to help organize and direct, design, and to lead and
participate in team collaboration. The project manager will help all the other three areas coordinate
design and keep all files organized to do so. The project manager will also meet with Dr. Barker and take
attendance so that the class learning objectives in the syllabus are completed. The project manager will
also provide support when necessary to any group in the design process.

The objectives outlined in Table 1 will be achieved throughout the design process. The
objectives will lay the groundwork for completion of the objectives outlined in the course syllabus. The
given milestones for the project are shown in Figure 2 and will be the guideline for the completion of the
objectives in Table 1. The team will strive to stay within the milestone timeline. This will ensure
timeliness.
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Timeline Transportation (1) Hydraulics (4) Geotechnical (2)
15% Conceptual Preliminary Ideas for Temporary Traffic Preliminary NE Basin Method for Soil Properties
Week 4 Control (TTC) Preliminary Inlet Basins Earthwork Requirements (cut / fill / compaction)
Preliminary Pipeline Profile Preliminary Trenching Requirements
Rain flows & intensities
35% Completion Traffic Analysis for TTC NE Drainage Area Q & Volume Preliminary roadway substrates
Week 7 Preliminary TTC Design Inlet Drainage Area Qs & Volumes OSHA/Safety Requirements for Trenching
Preliminary NE Detention Pond Trenching Options for Trench Depths
Preliminary SW Detention Pond
70% Complction TTC Design NE Detention Pond Cut and Fill for NE Detention Pond
Week 11 Preliminary Safety Analysis of TTC Extended Detention Basin Cut and Fill for SW Detention Pond
Roadway pavement design Pipeline Profile Roadway substrates
Preliminary Road Drainage Preliminary Pipeline Design Preliminary Trenching and Compaction Design
100% Complclion Safety Analysis of TTC NE Detention Pond Release Trenching and Compaction Design
Week 14 Roadway sections, profiles & drainage SE EBD Water Quality Plate Design
Intersection Design/Control Road Drainage
Pipeline Design
g Integrated, Complete and Organized Project Report with Design Drawings
CC!

Figure 2: Minimum Milestones

Many of the minimum milestones will depend upon other milestones from another area of
design. This will be discussed more in depth in the schedule section of the introduction.

Individual Responsibilities

While the team will work collaboratively on all areas of design. For individuals to utilize their strengths
to a higher degree; individuals will work primarily within one of the design areas of transportation,
hydrology, and geotechnical. In addition, an individual will serve as a project manager.

William was chosen to be the project manager as he has taken a PDE in each of the hydrology,
transportation, and geotechnical areas. William has a knowledge base to help aid in all areas of
design. This will be useful if one area falls behind. William has also taken several classes involving
presentation and technical writing and will be able to lead the charge for each report and presentation.
William has also won several Wyoming state public speaking awards and can help with the presenting
part of the presentations.

The transportation team will be headed by Ryan. Ryan wants to work in transportation upon
graduation. He has worked alongside civil engineers the past three summers for the Wyoming
Department of Transportation (WYDOT). During his time with WYDOT he assisted with various projects
assessing the quality of work performed and tested various materials used throughout
construction. Ryan will bring a passion for the area and will be invaluable to the team. Cooper will assist
Ryan in the transportation area as needed.

Brandon and Hannah will perform the geotechnical side of this project. Brandon has been
installing pipelines his entire life on his family ranch. He also has construction experience in stormwater,
sewer, hydronix, and water main installation. Hannah is familiar with soil properties and their
importance when it comes to the placement and development of structures. Hannah enjoys the
evaluation of soil and looks forward to continuing geotechnical practices in her future.

Alex and Luke will primarily head up the hydrology area of the design. Luke wants to help with
maintaining and researching the Water Energy Nexus for the state of Wyoming to help produce as much
energy as possible while using as little fresh water as possible. Alex will help with the design of the
conduit, the inlet and outlet. Alex is working for a water resource engineering firm so this has and will
continue to be part of his daily life throughout his career. Cooper will assist in the hydrology work
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throughout the project. He will be working as a nuclear engineer in the Navy after graduation and will be

working with fluids daily to help run the reactor.

The breakdown of each individual milestone for each member of the team is shown in Table 2,
Table 3, and Table 4. For many milestones, many team members will assist, one person will be chosen to
be responsible for the end numbers and design so that there is no confusion or missed milestones.

Table 2: Transportation Milestone Responsibilities

Milestone Responsible, (Assisting)
Preliminary Ideas for Temporary Traffic Control Ryan, (Cooper)
Traffic Analysis for TTC Ryan
Preliminary TTC Design Cooper, (Ryan)

TTC Design

Ryan, (Cooper)

Preliminary Safety Analysis of TTC

Cooper, (Ryan)

Roadway pavement design

Ryan, (Cooper)

Preliminary Road Drainage

Ryan, (Cooper)

Safety Analysis of TTC

Ryan

Roadway sections, profiles & drainage

Ryan, (Cooper)

Intersection Design/Control

Cooper, (Ryan)

Ryan will take the lead on most of the transportation milestones. Cooper will take the lead on
some of the preliminary designs as Ryan works on analysis and alternative routes. Cooper will take the
lead on the intersection design work. Ryan has experience with producing drawings in Civil 3D, so he will

initiate those.

Table 3: Hydrology Milestone Responsibilities

Milestone

Responsible, (Assisting)

Preliminary NE Basin

Luke, (Alex)

Preliminary Inlet Basins

Alex, (Luke)

Preliminary Pipeline Profile

Cooper

Rain flows & intensities

Luke and Alex

NE Drainage Area Q & Volume

Luke, (Alex)

Inlet Drainage Area Qs & Volumes Alex, (Luke)
Preliminary NE Detention Pond Luke, (Alex)
Preliminary SW Detention Pond Alex, (Luke)
NE Detention Pond Luke, (Alex)
Extended Detention Basin Alex, (Luke)
Pipeline Profile Cooper

Preliminary Pipeline Design Cooper

NE Detention Pond Release

Luke, (Alex)

SE EBD Water Quality Plate Design

Alex, (Luke)

Road Drainage

Cooper

Pipeline Design

Cooper
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Luke will take the lead on the NE basin. Alex will take charge of the SW pond. They will assist
one another on the ponds as well. This will ensure the two largest individual milestones are divided
among the hydrologists. Cooper will take the lead on most of the pipeline work. This will take pressure
off Luke and Alex and help them to be able to focus more on the design of the ponds and roadway
drainage systems.

Table 4: Geotechnical Milestone Responsibilities

Milestone Responsible, (Assisting)
Method for Soil Properties Brandon
Earthwork Requirements (cut / fill / compaction) | Brandon, (Hannah)
Preliminary Trenching Requirements Hannah, (Brandon)
Preliminary roadway substrates Brandon, (Hannah)
OSHA/Safety Requirements for Trenching Hannah

Trenching Options for Trench Depths Brandon, (Hannah)
Cut and Fill for NE Detention Pond Brandon, (Hannah)
Cut and Fill for SW Detention Pond Brandon, (Hannah)
Roadway substrates Brandon, (Hannah)
Preliminary Trenching and Compaction Design Brandon, (Hannah)
Trenching and Compaction Design Brandon, (Hannah)

Brandon will head up most of the design for the earthwork requirements and trenching. Hannah
will take the lead on most of the preliminary design. This will allow Brandon to work with the hydrology
team to size the ponds. The trenching will be done co-operatively, Brandon will be responsible for the
final results, but the work will be split close to 50-50 on all trenching.

While no minimum milestones are listed for the project manager, the timelines for the
presentations and reports are shown in Table 5.

Table 5: Presentation and Report Schedule

Presentation and Report Due Date
Draft Timeline and Responsibility Report 2/7/22
Draft Timeline and Responsibility Presentation 2/9/22
Timeline and Responsibilities Report 2/14/22
15% Conceptual Design Presentation 2/23/22
35% Completion Presentation 3/23/22
35% Completion Report 3/23/22
70% Update Presentation 4/11/22
70% Update Report 4/13/22
Final Project Presentation 5/2/22
Final Project Report and Evaluation 5/9/22

William will assist in design work in any of the categories as needed. He is also responsible for all
reports and presentations. When parts of the reports and presentations require the knowledge of those
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who have done the design work, William will get the needed information and numbers from those who
did the design.

Schedule

The minimum milestone timeline will be followed as a basis for the task completion schedule. An
emphasis will be placed upon the projects critical pathways of milestones that must be completed
before another milestone can be completed. Figure 3 shows the critical pathways below.

CRITICAL PaAaTHS

CE 4900

Team 1

¥ A o Pavement Critical Traffic Control
Ponds Critical Path Pipeline Critical Path Critical Path

CONCePTUaL

Prelim Pipeline Profile

Rain Flows and Intensities Method for iI Properties

Prelim NE Basin Earthwork Reg's
Prelim Inlet Basin Prelim Trenching Reg's Prelim Ideas
\ \ for TTC

\ | \

. | Prelim Road Substrate \
NE Drainage area Q and Volume | \
Inlet Drainage Area Q and Volume | N Traffic Analysis for TTC

Prelim NE Pond

| 1
| Prelim TTC Design
Prelim SW Pond OSHA/ Safety Req's for Trenching \ \
' N : § \
~ Trenchln ST Road Substrate
~ 4 4 “ ‘\‘

=
n
—

UPDaTte

\
\

Cut + Fill NE Pond

Cut + Fill SW Pond Road Pavement Design

Prelim Road Drainage \

Pipeline Profile \
Prelim Trenching  [§ i y, Prelim Safety nalys:s of TTC
and Compaction |l / >
Prelim Trenching and §r .
Compaction Design

urPDaTe / 35%

70%

Pipeline Design i -
- Road Sections, Safety Analysis of TTC

Trencing and Profiles, and Drainage ]
Compaction Design r~ !
Road Drainage Intersection Design/ Control
NE Pond Release

SE EBD Water Quality Plate Design

Figure 3: Critical Pathways

The critical pathways shown in Figure 3 will help guide the task completion schedule. The task
completion will be scheduled so that the critical pathways are considered so that there is never a bottle
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neck in the workflow. Figure 4 below shows the work completion schedule of the Gantt chart for the
15% completion stage. Figure 5 shows the 35% completion stage; Figure 6 shows the 70% Update stage
and Figure 7 shows the final Completion Stage.

The 15% milestones, shown in Figure 4, were completed by Mid-February.

City of Cheyenne Water Works

Wasted Potential Engineering LLC

PM - William Stewart Project Start: Mon:/17/2022

S L 1 Jan 17, 2022 Jan 24,2022 Jan 31,2022 Feb 7,2022 Feb 14,2022
Geologists: Brandon and Hannah Display Week: G 2 Eivety eb 7, eb 14,
Transportations: Ryan and Cooper

17 18192021 2223/24252627282930{31 1 2 3 4 5 6 7 8 9 1011 12 1314 15 16 17 18 19 20,

T - Prelim TTC Ryan - 1/17/22  2/16/22

Figure 4: 15% Gantt Chart
The 30% milestones, shown in Figure 5, were completed by early May.

City of Cheyenne Water Works

Wasted Potential Engineering LLC

Mon, 1/17/2
PM - William Stewart Project Start: on, 1/17/2022

Hydrologists: Alex, Luk: d C
L e M . 5 Feb 14,2022 Feb 21,2022 Feb 28,2022 Mar 7,2022
Geologists: Brandon and Hannah Display Week:
Transportations: Ryan and Cooper 14151617 18192021 222324252627 28 1 2 3 4 5 6/7 8 9 10111
5

T - Traffic Analysis Ryan “ 2/16/22 3/9/22
T - Prelim TTC Des Cooper “ 2/16/22 3/9/22

Figure 5: 35% Gantt Chart



Wasted Potential LLC. May 8, 2022

The 70% milestones, shown in Figure 6, were completed by early April, before spring break

City of Cheyenne Water Works

Wasted Potential Engineering LLC
" Mon, 1/17/2022
Project Start:

Display Week:

PM - William Stewart
Hydrologists: Alex, Luke, and Cooper
Geologists: Brandon and Hannah

Transportations: Ryan and Cooper

70%
T-TTC Deign Ryan 3/9/22  a/s/22
T - Prelim Safety Analysis TTC Cooper m 3/9/22  3/28/22
T - Roadway Pavement Des Ryan 3/9/22  a/6/22

3/9/22 3/30/22

T - Prelim Road Drainage Ryan

Figure 6: 70% Gantt Chart

The 100%, shown in Figure 7, were completed by April 25,

City of Cheyenne Water Works

Wasted Potential Engineering LLC

PM - William Stewart Project Start: Mon, 1/17/2022

Hydrologists: Alex, Luke, and Cooper
12 Apr 4,2022 Apr 11,2022 Apr 18, 2022 Apr 25, 2
Geologists: Brandon and Hannah Display Week: L TR BE_ POl
Transportations: Ryan and Cooper 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 2
O

4/4/22 4/25/22

| T - Safety Analysis of TTC Ryan
T - Roadway Final Des Drawing Ryan 4/6/22 4/25/22
T - Intersection Des/Control Cooper 4/6/22 4/25/22

Figure 7: 100% Gantt Chart

The Gantt chart will be used to keep all involved in the project on task and organized. If an
individual starts to run behind and needs help, the project manager will be contacted and the project
manager and anyone who is ahead in their design will help the person who is behind schedule.
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Hydrology

Existing Drainage Analysis

The purpose of this project is to design a water collection and distribution system for an area of land the
City of Cheyenne had expressed interest in developing. The land the city wants to develop lies on the
North side of Dell Range Ave. between Whitney Ave. and Van Buren Ave. The area of land that will
contribute to the drainage is 70.97 acres in area. This watershed delineation was found using surveying
data as well public topography data (Cvar, 2022). Figure 8 shows an overview of the land to be
developed.

Figure 8: Overview of Drainage Basin

Pre-existing utilities are also a cause for concern; there are electrical, wastewater, and other
drainage conduits that must be examined before the installation of the new conduit (Cvar, 2022). The
Area as well as the appropriate design storm must be closely considered in accordance with the
Cheyenne Unified Development Code, CUDC (City of Cheyenne, 2012).

Detention

A detention pond must also be implemented to control the flow rate entering the drainage system. The
overall design of the detention pond will be directly related to the amount of runoff generated by the
area, design storm, and the amount of urbanization that will come with the development of the land
(Cvar, 2022). The pipe design, slope, material, and positioning are also being investigated. The slope and
the diameter of the pipe are directly proportional to the flow rate and will receive special attention in
the design phases. The max allowable flow rate is .23 ft3/sec/acre (City of Cheyenne, 2012).
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This SWIMM calculated basin flow rate is a maximum of 240 cubic feet per second (Version
5.2.0; EPA, 2022). This flowrate was calculated using the SWIMM program developed by the
Environmental Protection Agency (Version 5.2.0; EPA, 2022). SWIMM uses the rational method equation
to form an accurate prediction about the max runoff that will be observed. The runoff coefficient Cis
based off how much rainfall would infiltrate soil and how much would be converted to overland flow
and eventually become runoff. The C value for this equation is based on a 45% imperviousness post
urbanization (Cvar, 2022), intensity comes from a 100-yr recurrence (City of Cheyenne, 2022), and has
the calculated area of 70.97 acres. In the case of a 100-yr storm (Cvar, 2022), a volume of 510,000 cubic
feet or 11.7 acre-ft of overland flow would become runoff need to be stored and released at a flowrate
that abides by the Cheyenne Unified Development Code (City of Cheyenne, 2012). Figure 9 displays the
time frame in which 100-yr storage would occur and Figure 10 shows the maximum volume of water
that would occur from a 100-yr storm (SWIMM, 2022).

Q=CIA Equation 1: Rational Method
Where,
C = Runoff Coefficient
I = Rainfall Intensity (in/hr)

A = Runoff area (acres)

Subcatchment GEN-BASIN Runoff (CFS)

250.0

200.0

150.0

Runoff (CFS)

100.0

50.0

0.0

0 5 10 15 20 25 30 35 40 45 50
Elansed Time (thours)

Figure 9: SWIMM 100-yr Storm Storage
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- Node 1 Volume (ft3)

500000.0

400000.0

300000.0

200000.0

Volume (f13)

100000.0
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Figure 10: SWIMM Maximum Volume Water

The final Northeast detention pond design resulted in a total volume of 571,610 cubic feet at a
depth of 7 feet (Version 2022; Autodesk, 2022). The Northeast detention pond volumes for each
contour line can be seen in Table 6. Exceeding the required volume of 510,000 cubic feet (Version 2022;
Autodesk, 2022). The detention pond is designed to catch all hold all runoff in worst case scenario to
avoid flooding of the Dell Range roadway. The detention pond has a 4:1 side slope to the highwater line
around the approach of the pond for safety and to meet Cheyenne Unified Development Code (City of
Cheyenne, 2012). Pond highwater line then has a 3:1 side slope to the pond floor where the detention
pond has a 1% slope towards the outlet structure of the pond (City of Cheyenne, 2012). The outlet of the
detention pond is also set 1 foot lower than the design highwater line. Therefore, the outflow structure
will be flowing at max flowrate, 15.34 cubic feet per second, before the pond has reached full volume.
Design of the outflow structure for the detention pond is displayed in Figure 11.

Table 6: NE Detention Pond Storage

11
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4" Diameter

Figure 11: NE Detention Pond Outlet Structure

In order to transfer the runoff into the northeast detention basin, a triangular swale will be
placed at the bottom of the basin in order to redirect the water into the northeast detention pond. This
swale was designed using the best hydraulic section equations for a trapezoid. Equation 2 and Equation
3 were used to design the cross section of the channel as seen in Figure 58 Appendix A (Version 2022;
Autodesk, 2022). The vertical profile of the swale is shown in Figure 59 Appendix A (Version 2022;
Autodesk, 2022). The CUDC desires grass lined channels, however the maximum allowable velocity for
erosion prone soil is 5 ft/s (City of Cheyenne, 2012). Unfortunately, due to the large flowrate of the
channel the 5 ft/s threshold will be exceeded when grass is used (Version 2022; Autodesk, 2022). The
sides of the channel will be Class-1 Rip Rap, shown in Figure 12. Class-1 Rip Rap is a large aggregate that
weighs between 15 and 50 pounds with a diameter between 18 and 26 inches (State of Alabama, n.d.).
Adding Class-1 rip rap will negate erosion of the channel and keep the velocity of the channel under 7
ft/s which is the threshold for non-erodible soil (Cvar, 2022).

m
R = —yl Equation 2: Open Channel Design - Hydraulic Radius
2(1 +m?)2
1
P = 2y(1 + m(Z))Z Equation 3: Open Channel Design - Wetted Perimeter
Where;

m = channel side slopes
R = Hydraulic Radius
P = Wetted perimeter

y = Swale Depth

12
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Figure 12: Class 1 Rip-Rap

Figure 13 below shows the portion of Basin 1 that will have runoff drain directly into the
detention pond, and the portion that will need to be transported by the swale. Of the 70.97 acres, 19.48
will drain directly into the detention basin itself and the other 51.49 acres will be transported into the
detention pond by the swale. Table 7 below displays how much runoff the swale will need to account for
and how much runoff will flow directly into the basin. The Hydraflow Express extension in Civil 3D was
used to develop the cross section of the swale (Version 2022; Autodesk, 2022). The Hydraflow Express
extension uses the manning equation to determine the flowrates and velocities of an open channel
system. The manning equation is shown as Equation 4 below:

Figure 13: Basin 1 Delineation

13



Wasted Potential LLC.

Table 7: Basin 1 Runoff Delineation

May 8, 2022

Swale Design Total Swale |Pond

Area (acre) 70.97| 51.49 19.48
Runoff (acre-in/hr) 240.00| 174.12 65.88
Runoff (cfs) 241.99| 175.57 66.42

1.49 2 1
Q= T(A)(RH)?’(SO)Z
Where;
ft?
Q = flowrate | —
sec
n = manning coeff.
A = channel area (ft?)

Ry = Hydraulic Radius (ft)

Sy = slope (unitless)

Equation 4: Manning Equation

Large manning coefficient values result in reduced flowrate and velocity. The channel illustrated
was created using certain user inputs. First, a triangular channel was chosen. The engineers at Wasted
Potential thought this was the most appropriate cross section. The CUDC requires 4:1 side slope,
therefore the channel was designed using 4:1 side slope for both sides of the channel (City of Cheyenne,
2012). The depth of the channel is designed to be 3 feet (Version 2022; Autodesk, 2022). The slope was
designed to have a 1% slope from east to west with respect to the basin (Cvar, 2022). With these
specifications considered, the design details are shown in Table 8. This channel design needs to be able
to accommodate for 176 cubic feet per second of flow. The channel design that will be implemented will
be able to accommodate 208 cubic feet per second of flow at a maximum velocity of 5.78 feet per
second (Cvar, 2022). This maximum velocity is below the CUDC maximum allowable design code of 7 ft/s
for non-erodible soil (City of Cheyenne, 2012).

Table 8: NE Basin and Swale Volume Design

Depth (ft)(Q (cfs)

Area (sf)

Velocity (ft/s)

Yc (ft)

Top Width (ft)

3 208

38

D

78

2:79

24

14
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Inlets along Van Buren will be implemented at every intersection to capture excess runoff that
occurs on that stretch of roadway. Watershed delineation was done using contour lines, slopes, and
spot elevations on Civil 3d (Version 2022; Autodesk, 2022). The delineation of the watersheds along Van
Buren are shown in Figure 14 and Figure 15 below. Each material throughout the basins has a specific
runoff coefficient shown in Table 9. The value of the runoff coefficient is dependent on the rainfall
intensity and the material. More impervious materials and heavier rainfall intensities will yield a larger
coefficient which results in a larger runoff flowrate.

Figure 15: Southern Basins Along Van Buren Ave.

15
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Table 9: Weighted Runoff Coefficient Area Percentages

Perecent impervious Percent Imp c2 cs €100

Roofs 90.00% 0.74 0.77 0.85
Concrete 90.00% 0.84 0.86 0.56
Asphault 100.00% 0.74 0.77 0.77
Gravel 40.00% 0.29 0.32 0.61
Open 2.00% 0.01 0.01 0.44

Each basin can be made of five different ground materials: roofs, concrete, asphalt, gravel, and
open. Every basin along Van Buren has its own unique make up of these materials. Weighted C values
were given in order to find the runoff each basin produces (City of Cheyenne, 2012). The C values were
calculated by weighing how much area each material covered in relation to the whole basin (Cvar,
2022). Basins with a larger area of concrete would generate more runoff than a basin that is mostly
covered by open area of gravel. The time of concentration for each basin was also found using Civil 3D
(Version 2022; Autodesk, 2022). The time of concentration for each basin was also assumed to be the
duration of the storm. This simulates the worst-case scenario where 100% of the basin area is
contributing to runoff simultaneously. Figure 61 in Appendix B was used to find the storm intensity that
was dependent on the duration (City of Cheyenne, 2012). Table 10 below shows weighted C values for
each basin, and runoff that will occur. Only Basin 1 has a 100-yr runoff since Basin 1 and only Basin 1 is
being designed for a 100-yr storm. The runoff shown here for Basin 1 is under the assumption that the
basin is not yet urbanized. As previously stated, SWIMM was used to generate a runoff estimate when
the basin becomes urbanized (Version 5.2.0; EPA, 2022).

Table 10: Time of Concentrations, Intensities, and Runoff volumes

BASIN Area(acres) C5 €100 Flow Length (ft) Timec(min)  5-rIntensity (in/hr) 100-Yr Intensity (infhr) 5-Yr Runoff (acre-in/hr) 100-Yr Runoff (acre-in/hr) Volume (acre-in)

1 7097 0.01 043 13373 20.76 NA 4.8 NA 166.93 N/A
2 453 044 065 1497 18.32 2.8 NA 5.54 NA 1.69
3 3.56 036 061 546 13.03 3.25 NA 4.22 NA 0.92
4 464 016 051 1000 15.56 3.15 NA 2.30 NA 0.60
5 552 009 048 926 15.14 31 NA 161 NA 0.41
6 107 003 045 552 13.07 3.22 NA 0.11 NA 0.02
7 123 034 0.0 602 13.34 3.19 NA 134 NA 0.30
8 195 023 055 470 12.61 3.33 NA 152 NA 0.32
9 226 031 059 336 14.64 3.09 NA 2.19 NA 0.53
10 0.76 047 0.66 411 12.28 3.29 NA 1.18 NA 0.24
1 107 038 061 726 14.03 3.15 NA 129 NA 0.30

Inlets are being implemented along Van Buren in order to catch the runoff that occurs. Denver
Type 13 inlets are being used to transfer the runoff from overland flow to open channel flow. Figure 16
below demonstrates how the inlets will be placed along Van Buren geographically. The city of Cheyenne
asked that inlets be implemented at each intersection (City of Cheyenne, 2012). The red triangles in
Figure 16 show the points at which each inlet will be set. Denver Type A inlets will be used in order to
capture that excess runoff from Van Buren. Table 11 below shows how much water drains into each
inlet. Each basin contributes to an inlet. How much water that inlet captures is shown below in Table X.
Not every inlet will capture all the runoff flowing to it, represented by the released column. The amount

16
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released from an inlet will be added to the next inlet capture. The released runoff will continue flowing
until it is captured by an inlet.

o
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Figure 16: Inlet Location Along Van Buren Ave.

Table 11: Capture and release Volumes Along Van Buren Ave.

Basin |Runoff (cfs) |Inlet No. Inlets |Capture % |Captured (cfs) |Released (cfs)

1 |N/A N/A N/A N/A N/A N/A

2 5.54 1 2 74.00% 4.10 1.44
3 422 3 2 66.00% 3.74 1.92
4 2.30 5 2 68.00% 2.87 1.35
5 1.61 8

6 0.11 8 3 100.00% 3.07 0.00
7 134 9 3 100.00% 1.74 0.00
8 152 7 2 81.00%! 173 0.41
9 2.19 6 2 76.00% 1.94 0.61
10 118 4 1 75.00% 1.08 0.36
11 1.29 2 1 79.00% 1.02 0.27
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Pipeline and Inlets

A reinforced concrete pipeline will be used to take the water collected in the northwest detention pond
down to the southern detention pond. The pipeline will follow the streets of Del Range, Van Buran, and
Rawlins before finally being released to the detention pond. Along the path of Van Buran, basins have
been developed to determine the amount of water that will be flowing into inlets along the side of the
road. Inlets along the road will be type A to be in accordance with the CUDC (City of Cheyenne, 2012).
The pipeline will also change in diameter as needed to accommodate the extra volume of water flowing
into it. The different diameters of the pipeline will vary from 30 inches, 36 inches and 42 inches. The
length of the 30-inch pipeline will be 2435 feet. The 36-inch pipeline will be 1530 feet, and the 42-inch
pipeline will be 1620 feet. This can be seen below in Figure 17. The 42-inch pipeline is in red, 36-inch in
green and 30-inch in blue. The Northeast and Southwest basins can also be seen as yellow circles in the
figure.
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Figure 17: Pipeline Diameter Map

Using Hydraflow, a program in Civil 3D, the diameters and slopes of the pipeline were tested to
make sure the hydraulic grade line was below the pipe (Version 2022; Autodesk, 2022). The information
from Hydraflow can be seen below in Figure 18. Along with the changing diameter of the pipeline, the
slope will vary to ensure that it is missing existing water and sewer lines. The slope of the pipe will never
be less than .5% to ensure adequate flow throughout the storm line (Cvar, 2022).
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Figure 18: Pipeline Hydraflow

There are two major conflict points for the pipeline as it flows down Del Range where the pipe
will cross water and sewer lines. The major conflicts happen at the intersections of Del Range and
Rawlins, and the intersection of Del Range and East View. The water and sewer lines cannot be moved
so the construction of the storm pipe must be moved to go around them. This can be seen in Figure 19.
There are two six-inch water lines five feet under the ground that the storm line will go under. A
minimum of 1 foot of clearance must be kept from the water lines. There are also two eight-inch sewer
lines that the storm line must pass by. The depths of the sewer lines are 15 and 13 feet, giving enough
room for the storm line to pass between them and the water lines. A minimum clearance of 18-inches
will be kept from the sewer lines (Cvar, 2022).

Figure 19: Pipeline Conflict Points
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Manholes will be placed at every location of inlets and every change in slope for the pipeline.
Manholes will also be placed every 400 feet for the 30-inch pipeline where there are no changes of slope
or direction. Additionally, manholes will also be placed every 600 feet for the 42-inch pipeline where
there are no changes of slope or direction (City of Cheyenne, 2012). There will be a total of 19 manholes
throughout the entire section. This will allow maintenance to be done on the storm line as needed.
These locations can also be seen in Figure 19 as the orange vertical lines.

Extended Basin

The southern detention pond is only designed for the inlet volumes of the drainage areas
entering the storm pipe. The northern detention basin is designed to handle a larger surcharge of water
and will drain very slowly. The southern detention pond can accommodate large storms and heavy
rainfall, but a spillway will be implemented to lead directly to Dry Creek. The spillway will be lined with
type 1 riprap so the water flow will be slowed and avoid erosion (Cvar, 2022). Pond volume is not the
main driving factor for the southern detention basin. Design criteria consists of site location,
maintenance, shape, slope, safety, and aesthetics are all design parameters.

The water released from the detention pond will be controlled with a trash rack and well screen
placed over 3 rows of 0.375 square inches orifice holes (Cvar, 2022). The outflow structure is designed to
restrict the flow of unwanted debris from the environment while still allowing the pond to drain
sufficiently while being fed by the newly installed stormwater pipeline. Connecting the outflow structure
of the retention pond is a drainage pipe that will allow the treated water to safely discharge into Dry
Creek. The southern detention pond will be added to the South-East intersection of Rawlins and Van-
Buren. Once the water level reaches a specified elevation of 2.33 feet, discharge to Dry Creek will begin.
Three separate rows of orifices holes are spaced every 2.33 feet to allow sufficient drainage (Version
2022; Autodesk, 2022). The water will have time to settle in the southern detention basin. The design of
our sedimentation basin will accommodate the larger debris and allow it to settle without directly
flowing into the environment. The placement of the 15-inch RCP exiting pipe connected to the outlet
structure orifice plate is installed with specific height to keep the clean, environmentally safe, water
flowing to the creek flow discharge but keep harmful debris and sediment inside the southern detention
basin (Fabricus, 2022).

Using the WQCV equation (City of Cheyenne, 2012), shown in Equation 8 in Appendix B, to
determine the approximate southern detention pond volume was found to be 0.33 acre-ft and is
displayed in Table 12. The site located on the South side of Rawlins Street is estimated to be 1 acre and
will be able to fit in the desired site location (Version 2022; Autodesk, 2022). The layout of the pond
shape is now driven by maintenance accessibility. Extended detention ponds must be accessible for
cleaning and the elevation contours of the ground will be examined to determine the best access point
and outflow drainage pipe location. The spillway location is directly over the top of the outflow drainage
pipe and the spillway is only to be used in extreme flood conditions. The outflow structure is held in
place with rip rap and if excessive flooding does occur then water will exit through the spillway located
directly behind the outflow structure. The spillway is 10 ft in width and 0.5 ft in depth and can have a
maximum flowrate of 12.36 cubic feet per second. Spillway design is shown below in Figure 20 and Table
13 (Ekka, 2020).
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Table 12: SE Detention Pond Volume Solutions

BASIN % impervious  Area (acres) wagcy ( hed inches) q lume (acre-ft)
1 0.45  70.97155225 0.19254875 1.141162456
2 0.48 4531255739 0.201240865 0.075989485
3 0.44 3.561685032 0.189908809 0.05636628
4 0.20 4.641357796 0.11599%88 0.044868732
5 0.12 5.515472911 0.079139064 0.036374114
6 0.05 1.066873278 0.034501062 0.003067355
7 0.42 1.228213958 0.18578761 0.019015578
8 0.28 1.954522498 0.145659271 0.023724527
9 0.28 2.260606061 0.174048323 0.032787891
10 0.57 0.758838384 0.226365997 0.014314601
11 0.47 1.071166208 0.198720678 0.017738573
Sum (acre-ft) 1.465409593
Volume (ft"3) 53833.24185
Dete South Wost Detetion Posd Wes Sutm
A : : . . . ' . g

7 il

Figure 20: SW Spillway Profile

Table 13: SW Spillway Design

(ft) (cfs)

025 4371
0.30 5.745
0.3s 7.240
0.40 8.846
0.45 10.55
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The Southwest retention pond has a total volume capacity of 1.04 acre-ft after it’s finished
design. The total volume and depth of the pond can be seen in Table 14. The excessive size allows for
the pond to retain more contaminants and makes it easier to move equipment around it when it needs
to be maintained or cleaned from trash. The outflow structure and spillway are also located in the
southwest corner of the pond to make maintenance of trash screens easily accessible (Robinson, 1998).

Table 14: SW Extended Basin Storage Table

The exact treatments and discharge rate from the outlet will be adhered to from the CUDC (City
of Cheyenne, 2012). Dry Creek is a natural water flow way that can only have safe water for discharging.
This natural runoff creek can also only handle so much water to avoid erosion and other environmental
fallouts. This factor in mind is why the retention basin will be designed to hold and discharge storm
water slowly. Therefore, there will not be any trash, unwanted sediment builds up and too high
discharge velocity.

The southern detention pond also needs to be maintained. This means that the pond will have
to be cleaned from debris and sediment every few years based on the overall flow rate of the new storm
pipe system. The pond is designed to collect unwanted debris and over time the sedimentation basin
will accumulate as sediment. The overall design of the sedimentation basin is driven by maintenance
and clean water drainage. All extended basins must be maintained and be easily accessible for
scheduled or needed attention. The final design will have a scheduled time of 10 years to be an average
expected cleaning time for the sedimentation basin. Mainly, driven by the rainfall experienced in the
Cheyenne, WY area from year to year.
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Geotechnical

The purpose of the Geotechnical design portion of this project is to determine soil properties, quantities
of earthwork volumes for the Northeast Detention Pond, Southwest Extended Detention Basin, and
Pipeline, design a safe construction method for trenching, determine applicable roadway substrates and
compaction. Soil properties will be found using the description given on pre-existing geotechnical
investigation bore logs performed by WYDOT (WYDOT, 2022).

Trench design will be in compliance with the Cheyenne city municipal code section 02220 (City
of Cheyenne, 2014) along with the current OSHA regulations (OSHA, 2015). All fill material will meet the
minimum milestones per grading requirements in section 02190. Compaction and excavation will be
determined by the codes in section 02210.

Soil Properties
Wyoming Department of Transportation (WYDOT) provided bore logs from a pre-existing geotechnical

investigation to Waisted Potential LLC for this project. However, the bore log locations were determined
to be from a different project or location as depicted in Figure 21.
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Figure 21: Given Bore log Locations

The orange line is the proposed project designation. The bore log locations are indicated by the
yellow pin markers. After conversing with the City of Cheyenne, it was determined that no further
drilling was to be done for geotechnical investigating. A proposal of using the nearest bore log
information with respect to the project was approved. The information for determining soil properties
was approved to be on bore logs PR 20-01 through PR 20-22 for Dell Range and Van Buren, and ST 21-02
for Rawlins. These bore logs indicated there is no water table located on Dell Range or Van Buren, but a
water table at 10 feet on Rawlins.
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Using the provided WYDOT data and data from Lindeburg, soil properties such as unit weight,
friction angle, active lateral earth pressures, cohesion, and soil type could be estimated. These values
can be seen in Table 9 (Lindeburg, 1975).

Table 15: Given Soil Properties

Dry Creek Soil Properties
Depth (ft) Unit Weight | Friction Angle | Lateral Earth Cohesion Soil Type
(y, pch) (©°) Pressure (Kp) (Su,tsf)
0-6 100 30 0.33 5 C
6-18 117 20 0.49 5 C
Dell Range Soil Properties
Depth (ft) Unit Weight | Friction Angle | Lateral Earth Cohesion Soil Type
(y, pcf) (©°) Pressure (Kp) (Su,tsf)

0-5 115 36 0.26 35 C
5-10 120 36 0.26 35 C
10-15 120 36 0.26 .35 C
15-18 135 36 0.26 .35 C

Van Buren Soil Properties
Depth (ft) Unit Weight | Friction Angle | Lateral Earth Cohesion Soil Type
(y, pcf) (19°) Pressure (Kp) (Su,tsf)

0-3 Unknown Unknown Unknown Unknown C
3-10 100 31 0.32 .25 C
10-13 99 26 0.39 25 C

To determine in situ specific values such as compaction data and roadway substrates, Waisted
Potential LLC had a third party collect field samples and conduct soil testing. The testing consisted of a
Sieve Analysis (ASTM 6913), Atterberg Limits test (ASTM 4318), and a Compaction test (ASTM 4254).
These tests provided the pertinent information needed to classify the in-situ soil. The Sieve Analysis and
compaction data can be referenced in Table 16, Figure 22, and Table 17.

Table 16: Sieve Analysis Gradation

Sieve Results
Sieve Sieve Weight Combined Weight Percent Percent
Number Weight Retained Retained Passing
4 1.1 1.25 0.15 10% 90%
8 1.15 1.25 0.1 7% 83%
20 0.9 1.12 0.22 15% 69%
40 0.85 1.1 0.25 17% 52%
100 0.7 0.97 0.27 18% 34%
200 0.75 1.12 0.37 25% 9%
pan 0.8 0.93 0.13 9% 0%
total 1.49
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Sieve Analysis

5 4 3 2 1
Grain Size (mm)

Figure 22: Gradation Curve of In-Situ Soil

Table 17: Atterberg Limits of In-Situ Soil

Cc 1.225
PI( %) 27.1
LL(%) 413
PL(%) 14.2

Roadway Substrates

100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00

Perent Passing

May 8, 2022

Using the gradation results from Table 10 and the Atterberg Limit results from Table 11 subgrade
classification could be determined from the AASHTO classification criteria as an A-2-7. The resistance
modulus (M,.) was found to be 30,000 psi and the California Bearing Ratio (CBR) was found to be 20.
After discussion with the Transportation Engineer, it was decided that soil would not be imported for

the subbase material, rather the existing native soil would be used.

Concluding the soil properties resulted in the following soil profiles in Figure 23, Figure 24, and

Figure 25.
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Dell Range Soil Profile
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Figure 23: Dell Range Soil Profile
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Figure 25: Dry Creek Soil Profile

May 8, 2022
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Trenching Safety

OSHA has specific trenching safety requirements that must be met. Firstly, a safety checklist is provided
to allow a competent person to make sure that the project is cleared for the site location as well as
determine all equipment needed. The list is as follows: traffic, proximity and physical condition of
nearby structures, soil classification, surface and groundwater, location of the water table, overhead
and underground utilities, weather, quantity of shoring or protective systems that may be required, fall
protection needs, number of ladders that may be needed, and other equipment needs (OSHA, 2015).

Once the site has successfully gone through the checklist, precautions must be taken in order to
prevent cave-ins. Ways in which OSHA generally requires employers to protect workers from these
incidents include sloping and benching the sides of the excavation, supporting the sides of the
excavation, and placing a shield between the side of the excavation and the work area. It has been
determined that the sloping requirement for all soils can be met using a slope ratio of 1 %:1, shown in
Figure 26.

Figure 26: Required Open Trenching Side Slopes

It is important to note that the depth of the trench plays a big factor in the ways in which a
project can properly proceed in meeting all OSHA requirements. These important depth requirements
include egress for workers must be present at least every 25 ft horizontally, atmospheric conditions
must be tested below 4 feet, and all projects with depths greater than 20 ft deep must be approved by a
Professional Engineer (OSHA, 2015).

Trenching Options for Trench Depth

There are multiple factors that play a part in the final determination of what trench method should be
used. These considerations include soil classification, depth of cut, water content of soil, and weather.
Once these factors are known, the type of trench method can be determined through analysis (Trench
Shoring Company, 2022).

The trenching options evaluated for this project include sloping, benching, shoring, and
shielding. See Figure 27 below for examples of each trench option. After evaluation, the sloping and
benching methods were ruled out as there is a limited amount of project space, and the shielding
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method was ruled out as it is very labor intensive and therefore, not the most economical. This leaves
the Shoring Method as the best solution for this project due to its economic efficiency.

Trenching Design

Benching

Shielding

Figure 27: Typical Trench Shoring Options

The City of Cheyenne does not require a Professional Engineer to stamp trench methods or designs
above 20 feet in depth unless otherwise directed (City of Cheyenne, 2012). Van Buren and Rawlins do
not meet the criteria for a Professional Engineer design. This trench design will be focused on Dell
Range. Using the soil property values calculated in Table 15 the following vertical stress profiles in Table

18 can be determined.

Table 18: Vertical Trench Stresses

Vertical Stress Values (psf)
Depth(ft) Dell Range Van Buren Dry Creek

0 0 0 0

2 230 0 200
4 460 400 400
6 695 600 600
8 935 800 834
10 1175 1000 1068
12 1415 1180 1302
14 1655 1360 1536
16 1910 1540 1770
18 2180 1720 2004
20 2450 1900 2238
22 3395 2530 3057
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The deepest part of the trench will be along Dell Rang at a depth of 22 feet. To reach a depth of
this magnitude a stackable trench shoring method must be utilized. At 22 feet the trench box will
experience a max total vertical force of 3,395 psf. Using the active lateral earth coefficient calculated in
Table 18 a horizontal force can be calculated using Equation 5. Since there is no water table assumed to
be present on Dell Range, we can neglect water pressure in Equation 5

o, = koo, — Uy, Equation 5: Horizontal Soil Stress
Where;

oy~ total horizontal stress

o,- total vertical stress

k- active lateral earth pressure

u,,- pore water pressure

Using the values calculated at a depth of 22 feet in Table 18 the total horizontal stress can be
determined. The greatest horizontal stress the trench box will endure is 882.7 pounds per square foot as
shown in Table 19.

Table 19: Horizontal Soil Pressures

Horizontal Stress Values (psf)
Depth Dell Range Van Buren Dry Creek

0 0 0 0

2 59.8 0 66

4 119.6 128 132

6 180.7 192 198

8 243.1 256 408.66
10 305.5 320 523.32
12 367.9 460.2 637.98
14 430.3 530.4 752.64
16 496.6 600.6 867.3
18 566.8 670.8 981.96
20 637 741 1096.62
22 882.7 986.7 1497.93

Using Equation 6 lateral pressures can be calculated where the maximum stress will occur on
the trench box. This ensures the maximum lateral earth pressure (MLEP) does not occur at a pin
connection. The pin connections are not as strong as the shield on the trench box, thus failure by
shearing/buckling could occur if the exerted earth pressure occurs at a connection. These values can be
found in Table 20.
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ﬂ) Equation 6: Rankine’s Theory of Lateral Earth Pressures

R=Z(
P

Where;
P- force at a point
R- depth from a point

Table 20: Maximum Lateral Earth Pressure Depth

Location Depth from Surface (ft)
Dry Creek 4.54

Dell Range 13.93

Van Buren 5

The values referenced in Table 20 were critical in determining a trench box height. Most trench
boxes come in standard heights of 4, 6, 8, and 10-feet. These heights are decided using three main
parameters: trench depth, MLEP, and pipe clearance. During analysis of the trench box, it was observed
that our MLEP location on Dell Range was right at a connection with a 6-foot-tall trench box. Thus, it was
concluded that an 8-foot-tall trench box would be used to ensure proper pipe clearance, adequate
stacking ability in order to reach a depth of 22 feet, and that the location of the MLEP was not at a pin
connection.

The City of Cheyenne and the industry standard for a factor of safety must be a minimum of 1.5
(City of Cheyenne, 2012). The City of Cheyenne also states in Section 02220 that the trench width must
be a minimum of the outside pipe diameter plus 12” but must not exceed the outside pipe diameter plus
24" (City of Cheyenne, 2012). These parameters were taken into consideration when selecting a trench
box. A factor of safety of 1.5 increases the total horizontal stress to 1324.05 psf. Dell Range will have a
42” outside diameter pipe, thus a minimum trench width must be 4.5 feet with a maximum trench width
of 5.5 feet.

Earthwork Volumes
The proposed storm sewer depth combined with pond gradations present extensive earthwork volumes
for this project. This data can be found in Table 21, Table 22, and Table 23.

Table 21: Cut Volumes

Cut Volumes (CY)

North-East Detention Pond South-West Trench Total
and Open Channel Sediment Basin
73,011.67 3,036.60 22,842.33 85,816.53
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Table 22: Fill Volumes

Fill Volumes (CY)
North-East Detention Pond South-West Trench Type 1 Pipe Total
and Open Channel Sediment Basin Bedding Material
18,703.95 113.00 24,353.00 2,201.1 45,371.05

Table 23: Cut and Fill Summary

Summary (CY)
Total Cut Total Fill Spoilage
85,816.53 45,371.05 40,445.48

The total cut will be approximately 85,816.53 cubic yards. The total fill will be approximately
45,371.05 cubic yards. This fill value includes the 2,201.1 cubic yards of type 1 bedding material for the
pipe installation. The pipe bedding material will need to be imported to the project as the native soil
does not meet the gradation requirements specified by the city of Cheyenne in section 02225-Part 2-A.1,
leaving a spoilage of 40,445.48 cubic yards (City of Cheyenne, 2012).
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Transportation

TTC Plan and Traffic Analysis

A one-way, temporary signal operation will be used for the temporary traction control during trenching
and pipe installation. A general traffic control set up along with the corresponding signage can be shown
in Figure 28 and Figure 29 shows the signs and corresponding sizes used throughout the project as per
the Manual on Uniform Traffic Control Devices (Federal Highway Administration, 2020)

Figure 28: Typical TTC Setup
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Figure 29: Signs and Sizes

Figure 30 shows a legend of the elements used in all temporary traffic control setups. In order to
increase safety to traveling public and construction workers, concrete jersey barrier will be used as the
channelization devices during pipe installation. During paving, drums will be used in place of concrete
barrier. The selected channelization devices can be shown in Figure 31. Any time trenching occurs at a
resident's approach, half of the approach will be trenched at a time to always allow access.
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Figure 30: Legend of TTC Elements
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Figure 31: Channelization Devices

May 8, 2022

Figure 32 depicts various elements of a typical traffic control section. Although this shows a
single lane closure on a two-way road, the same elements will still apply for this project. Due to the
limited workspace, the minimum lateral buffer space of 10 feet will be used and there will be no
longitudinal buffer space at the end of the work zone. These selections can be made because the
channeling devices used are concrete jersey barrier therefore incident risk is minimal. The activity area
will vary depending on the distance to residences’ approaches. The entry longitudinal buffer space and

tapers will also vary depending on the street under construction.
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Figure 32: Traffic Control Elements

Merging taper lengths will be calculated using Equation 7.

wSs?
60

Where;
L = Taper length in feet

W = Width of offset in feet

S = Anticipated operating speed in mph

Equation 7: merging Taper Lengths
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For the scope of this project, the calculated lengths for each roadway are shown in Table 24.
The anticipated operating speed corresponds to the operating speed during construction. The width of
the offset will be assumed as 12 feet, edge of roadway to centerline. The minimum length of 50 feet will
be used for the exit taper length as space is a constraint on this project. A hand calculated example for
Dell Range taper lengths will be provided Figure 62 in Appendix B.

Table 24: Taper Lengths

Road Name | Operating Speed (mph) | Merging Taper Length (ft) Exit Taper Length (ft)
Dell Range 25 150 50
Van Buren 20 95 50

Rawlins 20 95 50

The intersection of Dell Range and Rawlins will require a detour for Westbound traffic on Dell
Range. This intersection will include three temporary traffic signals, one at the Van Buren Northbound
approach, one at the Van Buren Southbound approach, and the final at the Dell Range Eastbound
approach. Each signal will have its own signaling phase to ensure no conflicting movements. All
approaches will also not be allowed to turn right on red. This setup and detour are shown in

Figure 33: Dell Range and Van Buren Intersection TTC and Detour
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Due to the 11 inlets to be installed on Van Buren, multiple partial detours will be needed. Each
traffic control set up will be the same as Dell Range. When an inlet is installed on the East side of Van
Buren, if a side street isn’t blocked off, the typical set up will be used. Figure 34 and Figure 35 show a
typical traffic control for inlet installation. The roadway will be closed half at a time laterally.

Figure 35: First Inlet Set TTC (West Side)

36



Wasted Potential LLC. May 8, 2022

Flaggers will be placed at any driveway or approach across from the work zone to assist traffic
access and flow. All other inlet TTC will be set up in a similar fashion with the exception of detours for
certain areas. Figure 36 through Figure 41 show the roads that will be blocked during inlet installation

and the corresponding detour route.
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Figure 37: Green River Street (East) TTC and Detour
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Figure 41: Rawlins Street TTC and Detour

For the remainder of Rawlins Street trenching, the typical TTC setup will be used as shown in
Figure 42.

Figure 42: Rawlins Street TTC
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During the paving portion of the project, the exact same traffic control set up will be used with
some exceptions. A one-way flagger control operation will be used so no temporary traffic signals will be
used. Additionally, all channelization devices used will be drums instead of concrete barriers. There will
also be additional flaggers at each side street and approach within the paving area to assist traffic in and
out of the work zone (AASHTO, 2018).

With the information available through the Cheyenne MPO database, the most recent traffic
counts were recorded (City of Cheyenne, n.d.). This data can be found in Table 25. Along with the traffic
count data, the Cheyenne MPO database also provides the most recent crash data for the area. Table 26
shows the available crash data for Dell Range, Van Buren, and Rawlins (City of Cheyenne, 2022).

Table 25: Traffic Counts

Dell Range Van Buren Rawlins
AADT (veh/day) 9290 1744 146
Growth Factor (%) 5 3 3
Classification Principal Arterial Major Collector Minor Collector

Table 26: Crash Data (2019-2020)

Crash Cause Speed Alcohol Roadway Characteristics
Dell Range 2 0 0
Van Buren 2 1 0

Rawlins 0 0 0

Based on the crash data, all incidents within the work area and the chosen detour routes were
due to human error. Therefore, no additional precautions will need to be implemented during
construction.

Roads & Sections

Proposed cross sections were developed for each roadway using Civil 3D software (Version 2022;
Autodesk, 2022). All roadways will maintain a 2% cross slope to promote drainage (City of Cheyenne,
2012). Beginning at station 1+00 to station 4+23, Rawlins Street has a paved section that will be
partially reconstructed as shown in Figure 43.
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Figure 43: Rawlins Cross Section (Sta: 1+00 to Sta: 4+23)
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The remaining section of Rawlins Street is not currently paved. This will result in a full
reconstruction; a proposed cross section of this reconstruction can be found in Figure 44.
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Figure 44: Rawlins Cross Section (Sta: 4+23 to Sta: 10+45)

Next, Van Buren Avenue has a consistent cross section throughout. Existing curb and gutter as
well as sidewalk will be replaced if needed. Additionally, there are three sections throughout Van Buren
that will have sidewalk with curb and gutter added. All concrete work will be explored further in the
Pavement & Concrete Design section. A proposed cross section of Van Buren can be found in Figure 45.
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Figure 45: Van Buren Cross Section (Sta: 10+45 to Sta: 36+41)

Finally, Dell Range Boulevard has two different cross sections due to the varying widths. The
initial section is composed of two drive lanes, two shoulders, and a left turn lane. This proposed cross
section is shown in Figure 46.
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Figure 46: Dell Range Cross Section (Sta: 36+41 to Sta: 48+21)
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The final section of Dell Range does not include a turn lane, so the roadway is much narrower. In
addition, the current roadway doesn’t include sidewalks or curbs and gutters. The reconstructed section
will include these elements on the North side of Dell Range. This will allow encouraged foot traffic for
the proposed development area North of Dell Range.
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Figure 47: Dell Range Cross Section (Sta: 51+18 to Sta: 59+15)

Pavement & Concrete Design

The pavement thickness was determined using the Mechanistic Empirical Pavement Design Guide
(Federal highway Administration, 1995). Traffic volumes and roadway classifications from above were
used for the traffic input for the program as well as the growth rates. Additionally, to reduce
construction times, the same mix design will be used for both the plant mix wearing course and hot
plant mix on all streets. The wearing course will use oil PG 70-28 and the hot plant mix will use oil PG 58-
22 (Asphalt Paving Association, n.d.). Another parameter needed for this program is climate data. The
closest climate station in the program is in Bosler, Wyoming; therefore, this location will be used to
simulate climate conditions in Cheyenne. Finally, 12” of W graded base will be placed beneath each
roadway to assist with load distribution as well as subsurface drainage. The department of
transportation in Wyoming performed a study at various aggregate pits around the state. One of the pits
analyzed included Simon’s Pit which is the closest aggregate pit to Cheyenne (WYDOT, 2022). This study
showed that at an optimum moisture content of 6.4% for Simon’s W base, the resilient modulus is
26826 pounds per square inch. This value will also be used in the MEPDG software (Version 2022;
Federal Highway Administration, 2022). Finally, a design life of 10 years will be used for all roadways.
Figure 48, Figure 49, and Figure 50 show the output reports from the MEPDG for each roadway in design
(Federal Highway Administration , 2020).
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IDesign Inputs
Design Life: 10 years Base construction: May, 2023 Climate Data 41.5,-105.625
Design Type: FLEXIBLE Pavement construction: September, 2023 Sources (Lat/Lon)
Traffic opening: September, 2023
|Design Structure lTrafﬁc
Layer type Material Type Thickness (in) ‘olumetric at Construction: Age (year) Heavy Trucks
Flexible Default asphalt concrete 10 Effectivebbinder 70 (cumulative)
Flexible Default asphalt concrete 40 ::“i?;s(::/) ) 50 2023 (initial) 9.290
0 A
NonStabiized | Crushed stone 120 2028 (5 years) | 9331220
Subgrade A-2-7 Semi-infinite 2033 (10 years) | 20,783,200
]Design QOutputs
I Distress Prediction Summary
Distress @ Specified S IR
Distroas Type Reliability Reliability (%) s(:aTit:fri:)dno
Target  Predicted Target Achieved .
Terminal IR (in/mile) 200.00 121.16 90.00 100.00 Pass
Permanent deformation - total pavement (in) 0.50 039 90.00 99.86 Pass
AC bottom-up fatigue cracking (% lane area) 20.00 9.26 90.00 99.87 Pass
AC thermal cracking (ft/mile) 700.00 217.25 90.00 100.00 Pass
AC top-down fatigue cracking (% lane area) 25.00 12.10 90.00 99.99 Pass
Permanent deformation - AC only (in) 0.25 0.12 90.00 100.00 Pass
Figure 48: Dell Range Pavement Design Report
|Design Inputs
Design Life: 10 years Base construction: May, 2023 Climate Data 415,-105.625
Design Type: FLEXIBLE Pavement construction: September, 2023 Sources (Lat/Lon)
Traffic opening: September, 2023
Design Structure ITraﬂ'lc
Layer type Material Type Thick (in) atC Age (year) Heavy Trucks
Flexible Default asphalt concrete 10 Fffecive binder 70 {cumulative)
Flexible Default asphalt concrete 30 :‘i)rn\l;?ctls( (:/)o ) = 2023 (initial) 1,744
NonStabilized |Crushed stone 120 —— [2028 (Syears) | 1603640
Subgrade A2-7 Semi-nfinite 2033 (10 years) | 3434200
|Design Outputs
| Distress Prediction Summary
‘ Distress @ Specified | poraiity %) | criterion
Distress Type Reliability Satisfied?
Target  Predicted Target Achieved :
Terminal IRI (in/mile) 200.00 107.23 80.00 100.00 Pass
P ion - total p (in) 0.65 0.30 80.00 100.00 Pass
AC bottom-up fatigue cracking (% lane area) 35.00 0.99 80.00 100.00 Pass
AC thermal cracking (ft/mile) 700.00 14428 80.00 100.00 Pass
AC top-down fatigue cracking (% lane area) 25.00 9.59 80.00 99.99 Pass
Permanent deformation - AC only (in) 0.25 0.07 80.00 100.00 Pass

Figure 49: Van Buren Pavement Design Report
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Design Inputs

Design Life: 10 years Base construction May, 2023 Climate Data 41.5,-105.625

Design Type: FLEXIBLE Pavement construction: ~ September, 2023 Sources (LatlLon)

Traffic opening: September, 2023
Design Structure Traffic
Layer type Material Type Thick (in) | V ic at C: i Age (year) Heavy Trucks
Flexible Default asphalt concrete 10 Eﬂecllveubmder 70 (cumulative)
Flexible Default asphalt concrete 30 ;?i:;i f“/) ) 0 2023 (initial) 146
o X

NonStabilized ~ |Crushed stone 120 2028 (5 years) 134,249
Subgrade A-2-7 Semi-infinite 2033 (10 years) | 287.496
Design Outputs

Distress Prediction Summary

Distress @ Specified Reliability (¢ e
Distress Type Reliability ekaviity () s‘;’::é:’:?
Target  Predicted Target Achieved

Terminal IRI (in/mile) 200.00 100.37 80.00 100.00 Pass
Permanent deformation - total pavement (in) 0.65 020 80.00 100.00 Pass
AC bottom-up fatigue cracking (% lane area) 35.00 0.95 80.00 100.00 Pass
AC thermal cracking (ft/mile) 700.00 146.30 80.00 100.00 Pass
AC top-down fatigue cracking (% lane area) 25.00 3.08 80.00 100.00 Pass
Permanent deformation - AC only (in) 0.25 0.03 80.00 100.00 Pass

Figure 50: Rawlins Pavement Design Report

A trial-and-error technique was used to determine satisfactory asphalt thickness. The minimum
asphalt thicknesses were initially tested for the corresponding roadway class for Dell Range, Van Buren,
and Rawlins. These minimum thicknesses are 4, 3 and 3 inches, respectively. The selected minimum
thicknesses resulted in a pass for the input conditions. The MEPDG software performs various
calculations for failures such as terminal international roughness index, pavement deformation, bottom-
up fatigue cracking, thermal cracking, and top-down fatigue cracking (Version 2022; Federal Highway
Administration, 2022). These failures are tested for the duration of the design life and if there is no
failure occurring, the “Criterion Satisfied” column will display “Pass” as shown in the three figures
above.

The existing pavement conditions were assessed for Dell Range, Van Buren, and Rawlins.
Currently, there is some transverse cracking on Dell Range due to shrinkage. The state of the roadway
on Van Buren is very poor possibly from being past the pavement service life. The paved section of
Rawlins is in a similar condition as Van Buren. Based on these conditions, a 2” mill and overlay will be
performed on the sections of roadway that aren’t excavated.

Using Civil 3D, the estimated asphalt quantity was determined (Version 2022, Autodesk, 2022).
Using a unit weight of 150 pounds per cubic foot for both the plant mix wearing course and hot plant

mix, it was determined that 1,244 tons of plant mix wearing course and 3,247 tons of hot plant mix will
be needed.

Class A concrete will be used for all concrete work on the project. Based on site visits and online
map analysis, approximately 10% of existing curbs, gutters, and sidewalks will be replaced due to poor
condition (Version 3.48, Google, 2020). This results in approximately 565 feet of replacement.
Additionally, 12 of the crosswalk ramps on the project are not ADA compliant. Detectable warning
surfaces will need to be installed. An example of this device is shown in Figure 51.
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Figure 51: Detectable Warning Surface

Sidewalks with curbs and gutters will need to be added to accommodate the new inlets. Type A
curb and gutter, shown in Figure 52, will be used as per City of Cheyenne specs (City of Cheyenne, 2012).
The new sidewalk will be five feet wide and four inches thick. The sidewalk will also be sloped
longitudinally at 2% into the curb and gutter for drainage (City of Cheyenne, 2012). A total of 2,542 feet
of each will be added. This results in 156.67 cubic yards of sidewalk and 133.96 cubic yards of curb and
gutter. The locations of added concrete are depicted by red lines in Figure 53.
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W o el e
Figure 53: Locations of Added Concrete

Pavement Striping Plan
Dell Range varies in width due to the two-lane transitioning to a two-lane roadway with a turning lane.
Figure 54 and Figure 55 below show the proposed striping plan for Dell Range.

R ——T g2

Figure 54: Dell Range Sting Plan (2 Lane & Transition)

AL"""‘““”‘%‘F"."‘?A——-‘
]

R T

oo Emne -

Figure 5 Dell Range Str/pin Plan ( ne)

The two-lane portion of Dell Range will include a continuous 4 inch double yellow line. Within
the transition zone, a 120-foot transition taper will be added in the Eastbound Lane. The striping for this
section will include a 4-inch yellow line with a 4-inch broken yellow line. The broken line will consist of
10-foot lengths and 30-foot gaps. The left turn lane will be separated from the drive lane by an 8-inch
solid white line. The longitudinal stop bar will be 12 inches thick and placed 4 feet from the intersection.
Figure 56 shows the existing striping plan for Van Buren. Currently, Van Buren has two 11-foot drive
lanes and two 8-foot park lanes. A road diet adjustment will be made for the striping on this roadway.
Due to future urbanization in the area as well as the school location on Van Buren, this roadway shall be
adjusted to accommodate bike traffic. The road diet adjustment can be shown in Figure 57. This striping
plan includes two 10-foot drive lanes, two 5-foot bike lanes, and one 8-foot park lane on the East side of
Van Buren. The park lane on the West side of Van Buren was found to be unnecessary due to the
dedicated parking lots for the school and church, therefore, it will be removed.
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Figure 56: Van Buren Existing Striping Plan

Figure 57: Van Buren Proposed Striping Plan
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Summary

The above report will be Wasted Potential LLC.’s approach to this project. Wasted Potential is one
company, one team, with 4 divisions: hydrology, transportation, geotechnical, and project management.

The minimum milestones for design work in geotechnical, transportation, and hydrology have all
been accomplished through the Final minimum milestones shown in Figure 2. What each team will be
working on in the future is shown in Table 27

Table 27: 100% Design Focus

Transportation Geotechnical Hydrology Project Management

e TTC Design e Cutand Fill Totals e NE Detention Pond e Coordination efforts

e Roadway e Roadway Substrate | ® Extended Detention Basin | ¢ File Management
Pavement Design | ¢ Final Trenchingand | ¢ Pipeline Design e Weekly update meeting

e Roadway Drainage Compaction Design e CE4010 HW

As the project is finalized, we will keep the city council, city planning office, city engineering
office, and all others with vested interest informed.

We hope you will find our quality of engineering work as well as our company’s vision to fit well
with what you are looking for in this project. If you have any questions, please do not hesitate to contact
Wasted Potential LLC.
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Appendix A

Figure 58: Typical Open Channel Cross Section of NE Basin

Figure 59: Open Channel Profile of NE Basin

Figure 60: Pipeline Horizontal Profile



Wasted Potential LLC.

May 8, 2022

Appendix B
FIGURE 1 INTENSITY - DURATION - FREQUENCY
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Figure 61: IDF Curves

Equation 8: Time of Concentration

L = The longest distance for water to travel for each basin.

WQCV = a(0.9173 — 1.191% + 0.781

Where,

| = Storm Intensity

Equation 9: WQVC Equation

52



Wasted Potential LLC.

*UNIVERSITV of WYOMING

Name: s .
COLLEGE OF ENGINEERING AND APPLIED SCIENCE 5?;(1\0\' D{S-%ﬂ

Date: Class:

Assignment: Da \\ V\Qr\%q_ Examples
Tagee Lengths:
. ( . ws?
Mecaine Yapec lenah L) = To
Foc D\ V\&ﬂ%{ S=B5mpn, Lo=12%%
= UsEAlsswenY o ¢ laysey
ShiShan Yapec | eaghhs (Ls)=0.5L

Ls=0.5(245%0)=/29.5 => Le=/32SSx

DiceeXiponol Desian Hour Volume :
DUDHV= PADT KD
Forc D=\ Qamsq_‘ Eost ﬂpproo.c)n RADT =12 "{"‘/do‘\,
Foc Do Bezoe A= 0.0%, D=0.0

DDUV= (12716 " Yaay) (0.09) (0.00) =7 DOWV= BT " Yne

9(5\%(\ Equivalent Axle Lood:

szmg‘{ anaunel Fcadtie = AADT -3 S =(]1800 vw/doq} -30S
Avecane annuol Yeatlie = 2BHTOO0 VY

e\ '\7\0,\'\%2 Toudks Foctoe & Disyrioukon of Teuehs (C‘\wa“'\ Voke = ’3.5'8\\

Sinoje Dy Teudw Foackor | Disreibuion o Teughrs EAL
Z-oaxie, 4 hee D0.00a O.lP") 499995,
2-oxle, b\ 0.34 0.15 1889349
D axle oc more 1.03 0.0% 109594
Mulkple Dy
Y ax)® or |23 0.7\ 0.0% b Blos
. S arle 0.97 O.1& 411889
/ o ay\e pc Mo 0.9] o) ]
; Tora\ .3 0%
E,L'. )

(@-ax1e,4 %)t (2847000 (12.58)(0.002) (0.07)=> EAL=47994.95

Figure 62: Taper Length Hand Calculations
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