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Summary of project:

Overall, we are extremely pleased with this year’s Clean River Design
Challenge. It was a success from every angle. The competition, which
represents Task 1 of this grant, has been completed in full. Task 2 will be
addressed in the “challenges” section.

The Clean River Design Challenge (CRDC) develops innovative solutions to
address trash in Denver’s urban waterways. This two-part competition
invites university students to design trash removal devices for placement in a
Denver waterway. The 2018 — 2019 competition was focused on the South
Platte River at its confluence with Cherry Creek, with a specific problematic
location identified in front of the REI building at the former irrigation ditch
(abandoned). This year’s competition had 5 teams compete in Round 1, and
4 teams complete Round 2. Student teams represented three area
universities: Metro State University, Colorado School of Mines, and
University of Denver.

The CRDC is divided into two rounds, each culminating with design
presentations to a panel of expert judges. In the first round, students created
detailed plans for their trash removal device, and in the second round, scale
models of the devices are built and tested on a flume. To aid in the design
process, TGF connected the teams with professionals from engineering,
public health, environmental, and regulatory agencies that were available for
consultation throughout the competition.

Each of the five (5) student teams presented an innovative design/concept at
the Round 1 Judging Presentation on December 6th, 2018 held at Industry,
RiNo. Presenting were:
o Two (2) engineering teams from Colorado School of Mines
o Two (2) industrial design teams from Metropolitan State University of
Denver
o One (1) engineering team from University of Denver.

We were pleased that we were able to renew our partnership with the US
Bureau of Reclamation (BOR) for the Spring 2019 Round 2 testing. The
BOR provided us with professional staff time and expertise, as well as use of
the BOR Hydraulics lab for testing the student models. The opportunity to
test models in this facility and interact with BOR staff was truly a tremendous
experience for the students and provided an interesting story location for
media.



At the time of the grant application, TGF intended to pursue the
implementation of the winning trash removal device designed through this
competition if it showed significant potential for real-world success. Due to a
number of factors, we are not able to move forward with this Task, and have
requested that the funding intended for this work be reallocated to cover staff
time spent by TGF staff above the budgeted amount. A full explanation of
these hurdles is provided later in this report.

PLEASE SEE this link to Google Drive Folder for all grant report
attachments:
https://drive.qgoogle.com/open?id=1ntWT3VZoZ1hBpYMDDWOQOa10-

b8nGlxpBa

O Number of students involved: 5 teams, 37 students. A list of students

and professionals who have and are participating in this competition is

attached to this report. This listis 100% complete.

Number of professionals involved: 14

Media: See link to Channel 4 story . In addition, 8,000 metro residents

reached through TGF communications (pdf attached). Social media

posting pdf also attached.

Photos of events: see Google Drive link to photo album

Designs and Models produced: 5 concept designs; 4 working models.

Survey results: Members of all teams were required to take a pre-

knowledge survey. The task of mapping changing awareness and

knowledge of the issue is 100% complete. Survey results are attached.

O Design for implementable device: Attached are winning design
documents for the First Place winner. Other teams’ design documents
are available upon request.

O Judging forms with criteria (An example is included with this report. A
full set of forms completed by the judges are available upon request.)

O Invitations to attend Round 1 and Round 2 judging of student designs —
attached
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A tally of staff time and expenses showing complete expenditure of grant
and match funding is attached to this report.

Obstacles / Challenges

Obstacles encountered during this project fall into two categories: 1)
Competition obstacle — BOR facility and 2) Implementation hurdles.

1) The US Bureau of Reclamation has been a tremendous partner for 2
years of this competition and we are grateful for their engagement,
particularly the work of staff. We have discovered, however, that the
process for obtaining approval for use of the facility and staff time is too
difficult and is on a schedule that is not in line with the competition
schedule, which is based on the academic year. We were not able to
obtain a commitment from BOR for use of the facility for testing until
January 2019, after a great deal of effort on our part, and we really


https://drive.google.com/open?id=1ntWT3VZoZ1hBpYMDDWOa1O-b8nGlxpBa
https://drive.google.com/open?id=1ntWT3VZoZ1hBpYMDDWOa1O-b8nGlxpBa

2)

needed it months prior since the competition began in August. If the
answer had been “no” at that time we would have been in a bind.
Additionally, the BOR operates as a fee for service organization, and
since we are not able to fund the required facility cost, the BOR needed
to find community outreach or other funding for this event. Given the
schedule and approval process complexities, we are not planning to use
the BOR lab for future competitions.

As we created the CRDC, our full intent was to create a prototype of the
winning design each year and test the prototype on a “pilot” basis. We
have learned through the process that this is not possible within the City
and County of Denver. We have been working since 2016 to build, install
and test the winning design of the first CRDC competition. The design is
called the Nautilus. We were able to obtain pro bono engineering work
for that design, and the same engineer built a half-scale prototype.
However, the process stalled at the installation phase, as we learned that
we could not install anything in the waterway on a “pilot” basis. With a
substantial amount of help from the Urban Drainage and Flood Control
District, we are working our way through the Denver permit process for
the installation and testing of the Nautilus. We hope to have it in Cherry
Creek by August. Given the robust permitting hurdles for installing a
device in a waterway, and given the fact that the engineer who helped
with year one’s design is not available for additional work at this time,
and even if we proceeded with further design on a device we would not
be able to test it in a feasible manner, we are not moving forward with the
implementation of this year’s winning design as originally envision at the
outset of this grant and as articulated in Task 2.

We ask that the funding provided for implementation of the winning
design be reallocated to staff time for running the competition which has
exceeded the hours funded through this grant funding plus the match.

Fulfillment of Matching

Running a competition with three universities, and coordinating with a
federal agency, has required staff hours in excess of the budgeted amount
of both the grant funding and match funding combined. Committed match
money has been contributed and spent in full toward staff costs and
competition expenses. A tally is included as an attachment.

Sincere thanks from The Water Connection / The Greenway Foundation for

your support of this project. Please do not hesitate to contact us if you have
any questions or need further information.

Contact: Devon Buckels, AICP, Director, The Water Connection
720-837-3289
devon@thewaterconnection.org
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MEDIA ADVISORY

For Immediate Release
Contact Lauren Berent (303) 743-9720 ext. 850 Lauren@greenwayfoundation.org

Clean River Design Challenge Device Testing Day
Students test innovative solutions to urban waterway trash problem.

(April 15, 2019)--Denver, CO--The Greenway Foundation (TGF) is excited to announce the testing day for
the third iteration of the Clean River Design Challenge. This year, TGF has engaged undergraduate teams
to design a device to remove trash from the section of the South Platte River just upstream of the
Confluence with Cherry Creek.

Students from three local universities spent the first semester of the 2018-2019 school year developing
preliminary designs. Now, their designs have come to life. The student teams will be testing scaled
prototypes, built during their second semester, in a hydraulic lab flume that simulates waterway

conditions. A winning design will be selected and a prototype of that design will be slated for future
implementation.

WHAT: Clean River Design Challenge testing and judging. Lunch and coffee will be provided!
PARTICIPANTS: Student teams from Metropolitan State University of Denver, Colorado School of Mines,
and University of Denver. A panel of judges from various relevant sectors will be present to give
feedback, present challenges, and select the winner of the 2019 Clean River Design Challenge.

WHEN: April 18, 2019 9 am — 2 pm. Winners announced at 2:30 pm

LOCATION: Denver Federal Center Reclamation

U.S. Bureau of Reclamation Hydraulics Lab, Building 56

Denver, CO 80215
Visitor parking is available north of the building. People attending will need a valid US Government
issued ID to enter the campus and the lab. We advise wearing closed toed shoes.

WHY: Despite the significant evolution in the health of the South Platte River, trash and other forms of
pollution continue to be an ongoing challenge to the River. The Water Connection, TGF’'s water
resources and policy arm, is working towards a comprehensive solution. The long term aim for this
competition is to take the winning design and create a prototype to pilot in an urban waterway. This
potential future device would be just one tool to achieve the goal of trash reduction in Denver urban
waterways.

ABOUT THE GREENWAY FOUNDATION: The Greenway Foundation (TGF) is a local, environmental non-
profit that has been dedicated to our urban waterways for the last 40+ years. TGF has been involved
with the creation of new riverside parks and trails, has an extensive outdoor education program for kids
and teens, and hosts community and volunteer events. The Water Connection, the water resources and
policy arm of TGF, focuses on fostering civic action and technological innovation for resilient Colorado
watersheds.
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2018-2019 Clean River Design Challenge Previous Knowledge Survey

Have you heard about The Greenway Foundation/The Water Connection before this competition?

Yes

No

Have you ever personally experienced trash in or around an urban waterway?

Yes

No

What do you think are the most common types of trash found in and around urban waterways Denver? (list as
many types as you would like)

What do think the primary method for removing trash from in or around urban waterways in Denver?

Who do think is responsible for removing trash from in and around urban waterways in Denver?

What type of impact do you think trash has on the environmental health of urban waterways?
(circle one number)

None Minor Impact Major Impact
1 2 3 4 5
What type of impact do you think trash has on the flow of urban waterways? (circle one number)

None Minor Impact Major Impact
1 2 3 4 5









2018-2019 Clean River Design Challenge Post Knowledge Survey

Q1: Did you/your team ever go down to the competition site?

Yes No

Q2: If you answered “Yes” to Q1, what types of trash did you see? (list as many types as you would like)

Q3: Have your thoughts changed about who is responsible for removing trash from in and around urban
waterways in Denver? Briefly explain.

Q4: Now that you have been working on this project for two semesters, list/describe what you think the
biggest barriers are to removing trash from our urban waterways? Continue on back if needed.

Q5: What type of impact do you think trash has on the environmental health of urban waterways?
(circle one number)
None Minor Impact Major Impact
1 2 3 4 5

Q6: What type of impact do you think trash has on the flow of water in urban waterways? (circle one number)
None Minor Impact Major Impact
1 2 3 4 5
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Budget

-

C-REX ;
'HDPE 80c/Ib x 70 ; $56.00
Addiditives: UV i $75.00
' Aluminum square tube frame 4" X 4" 1 set : $1,000.00

Cable :
Braided Stainless Steel 1" Diameter 200 el i $2.800.00

$14/ ft '
Hardware and pulleys tbd i $2,800.00

Buoys " :
HDPE 80c/Ib x 70 32 % $1,792.00
| Addiditives: UV 2 ! $75.00
Hardware tbd : $2,500.00

Crane/ Truck i

Rental i

Installation i
TBD 1 TBD |

i

i



Vlad Keeper
Makinzie Vogel
Tucker McKinzie
Tyler Hallman

John Francis Nutter
Tom Witteveen
Chris Ng

Justin Smith

lan Jakubiak

Confluence Park Trash Collection Project



Initial Observations
Debris gathering at fixed objects
Trash from storm drains
Natural debris
Variable sediment elevations
Use of existing structures

Challenges
Limited power or none
Use of natural forces
High flow to low flow
Natural debris and trash
Trash Removable
Minimizing human labor

Design Direction

Raising Awareness
Visually present

A call to action

Versatility

Integrative

Inexpensive to high-end
Holistic system




Vlad Keeper // Makinzie Vogel // Tucker McKinzie // Tyler Hallman // John Francis Nutter // Tom Witteveen // Chris Ng // Justin Smith // lan Jakubiak

Confluence Park Trash Collection Project

Ideation

+ Redirection of water and trash flow

+ Electrical pulley and collection

+ Floating baskets mounted in riverbed
+ Collapsible grates

+ Fibrous screens

+ Terra-forming existing environment

oLl



Vlad Keeper // Makinzie Vogel // Tucker McKinzie // Tyler Hallman // John Francis Nutter // Tom Witteveen // Chris Ng // Justin Smith // lan Jakubiak Confluence Park Trash Collection Project

Future thoughts towards
existing projects

SLL



Vlad Keeper // Makinzie Vogel // Tucker McKinzie // Tyler Hallman // John Francis Nutter // Tom Witteveen // Chris Ng // Justin Smith // lan Jakubiak Confluence Park Trash Collection Project

A Massive Undertaking
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Vlad Keeper // Makinzie Vogel // Tucker McKinzie // Tyler Hallman // John Francis Nutter // Tom Witteveen // Chris Ng // Justin Smith // lan Jakubiak Confluence Park Trash Collection Project

Redesign
&
Material

Adjustable steel sheet piling = $5 sq. ft.
Welded Aluminum grating = $150 / 2sq. ft.
Labor & Landscaping

$12 - $15k for local materials

+ + + +

SLL



Vlad Keeper // Makinzie Vogel // Tucker McKinzie // Tyler Hallman // John Francis Nutter // Tom Witteveen // Chris Ng // Justin Smith // lan Jakubiak Confluence Park Trash Collection Project

Aesthetics

Terra-forming to match surrounding park areas
Allows wildlife passage through structure and provides
additional sanctuary and habitat

SLL
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Collection

SLL



Park Trash Collection Project
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Final Design Report

Prepared by Emmanuel Almaras-Sandoval, Bryan Cazier, Jonathan Donehower, Marina Hansen,
Alex Turner, Jessica Thompson

F18-49
River Guardians
Division of Engineering, Design and Society

Colorado School of Mines

Executive Summary

The Greenway Foundation requests that the River Guardians develop a trash removal device for
the South Platte River in Confluence Park. Trash collects near the banks of the river and detracts from the
natural beauty of the park. Current efforts to remove trash from rivers require manual systems that are
labor intensive and costly. The accumulation of trash affects fishermen, kayakers, and other park visitors
directly, while pollution may affect surrounding businesses indirectly if the pollution becomes too severe
and reduces human activity in the area. This is a growing problem around the world and The River
Guardians are grateful for an opportunity to remedy the issue.

The final design report covers all the steps our team took when developing The Trash Hopper.
The team brainstormed ideas for trash collection devices, and then narrowed down the options using tools
such as decision matrices. Our team decided that the final design would be modeled after a grain auger,
and developed a final prototype. Next, we conducted an engineering analysis by utilizing equations and
analysis tools to explore the technical considerations required to develop the device. Our team discovered
we can verify concepts when doing calculations and assuming perfect conditions, however, when tested,
many factors can cause failure. We conducted tests to optimize the final dimensions and other variables of
the design. This included multiple tests in the Senior Design lab and one testing day at the Bureau of
Reclamation in a 1/12 scale model flume before showcasing The Trash Hopper to a panel of judges at the
final competition. The Trash Hopper was determined to be an effective design based on testing. Most of
the surface trash was caught and brought to the waste bin when the motor was functioning in tests, and the
waste bin was able to be lifted out of the water. At full scale, the Trash Hopper was anticipated to
function with similar success, and catch most surface trash. The cost of full scale implementation is
around $6000. Finally, the effects that the Trash Hopper will have on the Denver community and
environment were assessed and reported on. This was important because one of the main focuses of the
project is providing a device that impacts both of these factors in a positive way. Solving the problem of
pollution will move beyond the intended outcomes.
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Final Design Report

Prepared by Emmanuel Almaras-Sandoval, Bryan Cazier, Jonathan Donehower, Marina Hansen,
Alex Turner, Jessica Thompson

F18-49
River Guardians
College of Engineering, Design and Society

Colorado School of Mines
1. Introduction

The Denver-metro area is known for its outdoor recreation, such as parks, rivers, and the
surrounding mountains. Kayaking, fishing, and tubing are popular activities in the nearby rivers, and
many people are active in local parks, as well. The dense population in Denver, as well as the frequency
of outdoor activity, leads to trash accumulating in the rivers and parks, including the South Platte River
and Confluence Park. The Greenway Foundation’s mission is to clean up the rivers in the Denver area,
and reduce the plethora of trash that finds its way into the waterways. Studies have shown that 90% of the
plastic in the ocean stems from rivers [1]. It has also been determined that it is nearly impossible to clean
up the trash that has already found its way into the ocean. However, concentrating efforts on rivers could
prevent more trash from reaching the oceans. With this mission in mind, The Greenway Foundation
started the Clean River Design Challenge, with the intention to design devices for specific sites on the
rivers in Denver to collect and remove trash. Currently, volunteers remove trash so engineering students
are focusing on designing devices to automate the process and make trash removal effective and efficient.

The River Guardians spent the past two semesters designing and building to achieve the Clean
River Design Challenge goals. Constraints, that drove the design, were determined and used to brainstorm
and narrow down the choices. The detailed steps completed during this semester are detailed in the
following sections.

2. Design Selection

The basis of the design was developed after brainstorming multiple ideas, some practical, while
others not possible given our resources. We conducted basic research on the concept of a trash collector to
decide if any solutions exist about our given problem. Unsurprisingly, trash collectors exist in many
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forms, mostly in other countries with waste dumping issues and where the ocean trash can float hundreds
or thousands of miles away from their source. The trash collectors ranged from simple devices that used
long protruding arms and the water’s current to catch trash in a bin, to more complex, mobile watercraft
that were manually operated. Calculations were also completed to determine how the designs would hold
up under the flow rate of the river [2]. These calculations are displayed in the appendix. Since the scope
of the project is to collect trash in a moderately sized river, a more automated design that relies on the
river’s current would be the most effective. From here, a variety of concepts were illustrated around this
finding and eventually settled on the corkscrew (auger) for its simplicity, effectiveness, and ease of
manufacturing [4]. Table 1 below shows the design matrix we used to pinpoint the best design to

prototype.
Table 1: Design Matrix for Initial Designs
Criteria Ranked on Scale from 1-5
Effectiveness (In Impact on Ease of
Feasibility = Capturing Viability Wildlife/ Impact on Installation/ Total
Design (Cost) Trash) (Scalability) = Aesthetics Environment  Community Maintenance Score
Trash
Hopper 2 4 3 4 4 4 3 24
Waste
Wiper 3 3 2 3 3 3 2 20
Trash Sling 3 3 3 2 3 3 2 19

We determined specific constraints to devise the best solution to our problem. After multiple
mockup designs and research on existing prototypes already released to the public, we finalized three
designs and graded them based on our selected criteria. After much consideration, the Trash Hopper
received the best score due to its superiority in effectiveness (ability to collect trash) and ease of
manufacturing. While the Trash Sling (Figure 1) and Waste Wiper (Figure 2) designs were more
cost-effective and nearly as effective in collecting trash based on tests, the large amount of parts and
ability to generate a full-scale model would have been extremely difficult. With this, the Trash Hopper’s
simplistic design is ideal for the scope of the project’s timeline and budget.
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Figure 1: Trash Sling Design

Figure 2: Waste Wiper Design

Upon deciding on the Trash Hopper, we conducted multiple tests on its important design choices.
Our team tested key variables, such as thread pitch, thread height, and pipe diameter. Additionally, for the
full-scale design, it was important that the corkscrew shaft floats on the surface to reduce interference
with aquatic wildlife and the amount of trash that floats under it. Next, we performed a variety of
calculations that varied material, volume, and weight, to make sure that the final design was the best
possible. The material must be environmentally friendly (doesn’t corrode in the sun or water), be
lightweight enough to allow flotation, and support its own weight. Each combination of these variables
demonstrated varying results that supplied the needed information for the final design.
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3. Engineering Analysis

Optimization Test Results

To verify that the Trash Hopper’s design met project requirements for trash removal, scalability,
impacts of operation, hydraulics, installation, maintenance, and aesthetics, the team conducted a series of
tests over the course of the semester: three in the Senior Design lab and one at the Bureau of Reclamation.
In each test, iterations were made based on the findings of previous experiments.

The first test took place on January 21 in the Senior Design lab. The primary goal of this test was
to equip multiple augers to an electric drill and investigate various diameters and thread sizes. The
secondary goal was to assess the flume made from a plastic bin (1 foot wide by 3 feet long) and pump.
The various augers used rope threads ranging from 0.5 to 17 thick and diameters ranging from 0.5 to 3”.

The core findings from the test were:

e Larger diameter pipe is better for trapping trash and preventing trash from flowing under;
e Loose pieces of trash get tangled in smaller diameter piping;
e Larger threads are better for grabbing and directing trash.

The larger design considerations were:

Further testing would be done with larger diameter piping to decrease entanglement;

More powerful and consistent flow is necessary to prevent swirling and better simulate natural
flow conditions;

Auger should be angled into the trash bin;

3D printed augers would facilitate faster production.

Overall, this test served to break ground from the conceptual to the experimental.

Figures 3 and 4: Images from the first test in the Senior Design Lab
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The second test took place on January 31 in the Senior Design lab. The primary goals of this test
were to gather additional data for the outer diameter of the auger and evaluate a new flume made from a
larger wood bin (1.5 foot wide by 3.5 feet long) plus an improved pump attachment. The same auger
diameters and thread sizes were used, but in more representative flow conditions.

The core findings from the test were:

e Our notion that larger diameter pipe is better for preventing trash from flowing under was
confirmed;
Larger threads are better for grabbing and directing trash;
Light and slightly submerged debris has a tendency to flow under the augers;
The new pump attachment was successful at improving the flow conditions, but wasn’t perfect.

The larger design considerations after this test were:

e A bigger flume is needed to prevent swirling and to fit larger augers;
e The augers need to sit deeper in the water to prevent trash from flowing under.

Again, this test served to familiarize the team with the critical variables involved in our design
that needed refining.

Figures 5 and 6: Photos during our second test with improved flow and flume shape

The third test took place on February 15 in the Senior Design lab. The primary goal of this test
was to experiment with the newly fabricated augers made from ABS with metal threads. The secondary
goal was to assess a new, larger flume (2 feet wide by 5 feet long) equipped with the pump attachment.
The auger diameters were 4”, 37, and 27, the thread sizes were 0.5” and 1”, and the pitch lengths were 6,
4” and 2”.

The core findings from the test were:
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The larger diameter piping once again proved to be most effective at guiding the trash towards the
trash bin;

The 1” threads were significantly more effective at grabbing the trash than the 0.5” threads;

A smaller pitch length was better for ensuring trash moves “in line” towards the trash bin;

The depth that the auger sits in the water can be modified by filling the tube with water;

A stronger pump is required for using the full length of the flume.

The subsequent design considerations were:

An auger with 4” diameter and 1” threads at 2” pitch will be the focus of further experimentation;
The augers will sit approximately halfway in the water;

Additional emphasis will be made toward the motor housing, waste bin, and support system;
Abandon 3D printed prototypes.

This third test was a large step in the right direction. The team not only found an efficient

fabrication method, but the size of the diameter, thread size, and pitch were made evident.

Figures 7 and 8: Test with first prototyped augers

The fourth test took place on March 11 at the Bureau of Reclamation, where the Platte River

conditions were simulated at a 1/12 scale. The first goal of this test was to evaluate how well the design fit

into the flume mount designed for the final competition. The second goal was to test both 3 and 4”

augers at the competition flow rates (0.2 and 1.3 cfs). The third goal was to test the entire assembly

complete with the waste bin, wall mount, motor configuration, and support system. The fourth goal was to

assess thread direction. This was the team’s first look at the entire prototype complete with each

component.

The core findings from the test were:

Overall, the assembly fit well into the flume, both onto the floor mount and to the wall;
However, a lubricant is necessary for ensuring the auger adjusts to the changing water depth
without resisting the supports;
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The 3” auger directed more trash into the waste bin than the 4”;
The motor mount fit well onto both augers. The gears didn’t skip and the motor had sufficient
torque to rotate the augers at a satisfactory RPM;

e A downward thread rotation was more effective at catching smaller trash and directing it toward
the waste bin;

e The threads should be extended to the edge of the caps to prevent congestion in front of the waste
bin;

e Metal plates need to be attached to the bumpers on each support to close the gaps between the
supports and the waste bin.
Both augers performed as intended in the two flow rates;
The waste bin was large enough to collect all of the trash flowing into it;

The subsequent design considerations were:

The threads will be extended to the edge of the end caps on both sides of the auger;
The augers will be better waterproofed,
Additional emphasis will be made toward the pulley system for hoisting the waste bin up the wall
mount;

e A second pair of gears should be 3D printed in the event that the threads chip or wear on the
existing gears

e Metal plates will be attached to the bumpers on each support or to the motor mount in order to
close the gaps between the supports and the waste bin.

e A spray or putty will be added to the auger and threads to improve adhesion as well as improve
aesthetics

Overall, the testing at the Bureau of Reclamation was a resounding success. This was the team’s
first look at the entire prototype complete with each component; the subsystem worked well together and
the prototype left the test entirely intact. The team also identified the final iterations needed to optimize
the final design and present a functioning prototype by the time of the final competition.
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Figures 9 and 10: First test and setup at the Bureau of Reclamation

One final test was conducted at the Bureau of Reclamation. Unfortunately, the design did not
function as successfully as anticipated. The motor fried and the auger did not float to the surface during
the high flow test. However, the pulley system and waste bin functioned exactly as anticipated and moved
up with the high flow. Trash caught in the auger threads but was not able to move towards the waste bin,
since the motor was not rotating, and therefore most of the trash was not able to be collected.

4. Final Design

After several different tests of materials and applications, a final design was created that met the
the project constraints and could be scaled up at a reasonable cost. This design consists of two different
parts that work together to remove the trash from the river in a safe and efficient manner. They are both
crucial components that must work in conjunction with each other to ensure the overall success of the
project.
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Figure 11: Solidworks Model of Final Design

The first piece is the trash hopper: a 3” diameter auger that spans across the river at an angle of 30
degrees and is supported on each end by vertically sliding supports that allow the device to be halfway
submerged at any flow condition. An electric motor is mounted on the sliding support and rotates the
auger at a speed of 10 revs/min. The rotating motion directs all the trash stopped by the auger to the
concrete wall where it is collected by the second component, the waste bin.

The waste bin is supported by a pulley system that is fastened to the wall and is able to raise and
lower the bin as needed, depending on the river conditions. Once full, the motor attached to the pulley
system raises the bin to the elevation of the sidewalk and rotates it 90 degrees. This will allow the bin to
lay safely on the sidewalk while an operator empties the captured debris. Figure 12 below shows a model
of the waste bin.

Figure 12: Solidworks Model of Waste Bin
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A solar-powered battery will power the full-scale model. The power consumption will be minimal
because of the low rotation of the auger and the small amount of power used by the pulley motor which is
only activated when the water level changes or when an operator triggers it while removing trash.

The prototype auger was made of ABS pipe and with galvanized sheet metal threads, in the full
scale model the auger would need to be made from 8 aluminum pipe with the threads made of aluminum
and welded on to the pipe in a similar manner as the prototype. The buoyancy of the auger would need to
be calculated in order to obtain the same submersion ratio. Figure 13 below shows the prototype in the
flume at the Bureau of Reclamation.

Figure 13: Prototype in Testing Flume

The waste bin cage is made of galvanized sheet metal angle that was cut to length and riveted
together to create the frame that was then wrapped with /2" galvanized steel mesh. The waste bin is
secured to the sliding frame by a steel bracket that wraps around the bin and secures it in place. This
bracket is welded to sliding mechanism whose motion is restricted to vertical movement. In a full scale
model a similar method would be used to build the bin and aluminum would be used to construct the
frame for the 2” mesh. A bill of materials for the prototype is shown in Table 2 in the Appendix.

5. Broader Impacts and Safety

The goal of The Trash Hopper is to efficiently and effectively remove trash from the South Platte
River while considering the interaction it will have with the surrounding area. In the South Platte River at
the location of the install, there are various types of recreation, animal activity and shopping in the area. A
few important stakeholders to note are kayakers or those involved in water sports, shoppers, families, fish,
birds and other animals. It is crucial to the design of the device to consider the effect The Trash Hopper
would have on these groups.
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The South Platte River at this location diverges into two sections. The flow on the right side of
the river is much higher than the flow on the left side of the river. The area with the lower flow rate is
where the Trash Hopper will be installed while the higher flow rate attracts more water sports and other
forms of recreation. Since the two areas do not interfere with one another (due to a barrier) the Trash
Hopper should not disrupt any of the recreational activities. However, even though public interaction with
the device may be slim, signs will be designed and posted around the site. These signs will be used to
increase public awareness of the purpose of the device, how it works, and to maintain a safe distance
away from the area of operation. The Trash Hopper will be rotating at a very slow speed in an area of
slow moving water, so the potential for people to get pulled towards the device is unlikely. Although,
contact with the device is slim it is important for people to maintain a safe distance away to ensure no
harm comes to anyone or the device. The public’s safety as well as the longevity of the Trash Hopper are
extremely important. The signs will be useful in helping to increase public awareness of multiple different
aspects such as personal safety around the area and how trash in waterways affects the planet.

The Trash Hopper will be spanning a large area of the South Platte so one consideration that was
taken into account was how this device may affect wildlife. Fish in particular need to be able to pass
under or through the device without getting stuck or harmed. The Trash Hopper floats on top of the water
allowing fish to safely swim under it. As stated before, the device is rotating at a slow enough speed to
not bring harm to anyone who comes into contact with it while being a fast enough speed to direct the
trash into the waste bin. Noise is also an issue that could affect both wildlife and the public. Since the
device will be powered by a motor, there is potential for the motor to disrupt the activity in the area by
causing noise pollution. However, the slow rotation of the device in the water should ensure the noise
level of the motor will not be disruptive to the surrounding area.

Safety is an important aspect to consider when designing a device to be placed in waterways. This
device will interact or be around many forms of wildlife and people so it is crucial to produce a design
that will be safe for those that may come into contact with it. Some design considerations used to protect
others as well as the device are a textured adhesive sprayed on the exterior to ensure there are no sharp
edges and signs to help with public awareness of the river clean-up system. The prototype is constructed
with two different materials: abs piping and sheet metal. The ABS piping is the base of the auger while
the sheet metal was used to create the corkscrew design. At the smaller scale the sheet metal is sharp and
could potentially harm the user. However, at a larger scale the thickness of the corkscrew blades will be
increased to a size that will allow for the edges to be dull instead of sharp. The purpose of this design is to
direct the trash into a bin by influencing the flow of the water so it is unnecessary for the corkscrew to
have sharp edges in the final design. For extra precaution, a spray on adhesive material was used on the
prototype to ensure the fins were rounded and had a rubbery texture. The material used was Flex Seal.
This solution adhered to the ABS and sheet metal giving the device a cleaner look while dulling and
removing the sharp edges along the metal blades.

Many design considerations were taken into account when constructing the final prototype. Each
one of these focused on the safety and potential impacts the Trash Hopper could have on the stakeholders
in the South Platte River area. The area near Confluence Park consists of numerous types of recreation,
animal activity, shoppers, and families. By taking these stakeholders into account the final prototype has
minimal noise pollution, rotates slowly as to not harm anyone who comes into contact with it, and has no
sharp edges. The area around the Trash Hopper will also have signs posted to increase public awareness
of the trash removal process and to stay back a safe distance from the device. While the purpose of the
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device is to remove trash from the waterway it is also important for it to be safe for the public to be
around which is why multiple design considerations were used to improve the safety aspect of the Trash
Hopper.

6. Lessons Learned and Next Steps

After spending the past two semesters working on the project, several lessons were learned about
the engineering design process and prototyping. Design matrices were effective for quick decision making
and choosing between a few similar options. These tools were used when deciding between designs,
materials, dimensions, and design parameters. The most useful decision tool was testing and iteration,
however. It was easier to narrow down design parameters when there were clear testing results showing
the functionality. Testing was conducted to optimize auger parameters such as diameter, pitch, thread
height, and auger manufacturing method. Several prototypes and iterations were made to the design after
testing was conducted and gave clear results about how effective certain parameters were. Originally 3D
printing was thought to be the best manufacturing method for the auger component. However, after
creating an auger using 3D printing and other augers using PVC and sheet metal, it was determined that
the quality and size capabilities of the 3D printed augers did not meet requirements. The testing of these
two augers allowed us to quickly eliminate one fabrication method.

Another valuable lesson learned was to always prepare for the worst when working in the field.
Testing our prototype at the final competition can be considered field, as time and material were limited.
Unfortunate hurdles came up during the final competition that the team was unable to fix in the allotted
time. The motor fried during the test, and the auger did not float during the high flow test. The team
learned to be prepared for failure in the field and bring backups in case of any potential problems. The
changes that would have been made to the design included waterproofing the motor and adding casing.
The prototype should have been streamlined for easy setup before entering the flume, as it took much
longer than the allotted 10 minutes. More tests would have been conducted in hindsight to account for
failures faster.

Many valuable lessons were learned throughout the semester through the design, prototyping, and
testing process that will be applied to future projects and work. The final design was one that the team is
proud of and felt solved this important issue.

16 of 22



References

[1] C. Schmidt, “Estimation of Global Plastic Loads Delivered by Rivers into the Sea,” Helmholtz, 2012.
[Online]. Available: http://www.ufz.de/export/data/2/149396_EGU_2017 Schmidt.pdf.

[2] R. G. Budynas and J. K. Nisbett, Shigley's Mechanical Engineering Design, 10th ed. New York, NY:
McGraw Hill Education, 2015.

[3] The Greenway Foundation, “Clean River Design Challenge Student Handbook,” Clean River Design
Challenge Student Handbook. The Greenway Foundation, Denver, CO, 2018.

[4] YouTube. (2013). Sweep auger. [online] Available at:
https://www.youtube.com/watch?v=SsJ29jQluQw [Accessed 15 Sep. 2018].

17 of 22


http://www.ufz.de/export/data/2/149396_EGU_2017_Schmidt.pdf

Bill of Materials: Prototype and full scale

Appendix

Table 2: Bill of Materials for Prototype

Final Prototype
Component Material Cost
3"x10' ABS Pipe $16.12
1'x1' Sheet Metal $5.98
Roller Bearings x 2 $62.82
Auger 3" to 1 1/2" ABS Bushing x

2 $11.58

3" ABS Coupler x 2 $5.98
3" ABS Cap x 2 $13.14

1/2" Round Steel Tube $7.62

1/2" x 2' PVC Pipe x 2 $2.62

3/4"PVC Tee x 2 $1.22

Supports Threaded Rod 36"x1/4-20 $1.31
5/16 Cut Washers x 4 $2.60

Jam Zinc Nut x 2 $3.54
DC 12V Motor (30RPM) $15.00

Steel Plate $5.98

Motor Assembly 12"x3/8 Stainless Rod $2.86
12V Battery $19.99

Wiring $6.00

Rivets $3.54
Steel Mesh $10.48

Waste Bin/Pulley Pulley >8.71
Rope $3.40

Flat alum bar $5.72

ZINC SCREW $1.18

Total $217.39
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Table 3: Full Scale Prototype

Component Material Cost
8"x80" ABS Pipe $600.00
24"x4' Sheet Metal $200.00
Roller Bearings x 2 $160.00
8" to 6" ABS Bushing x 2 $40.00
8" ABS Coupler x 2 $20.00
8" ABS Cap x 2 $26.00
Auger 12" Round Steel Tube $250.00
Supports Steel Columns: 12" Diameter $247.00
Risers $20.00
DC 12V Motor (30RPM) $125.00
Solar Panel $216.00
Steel Plate $20.00
Battery $45.00
Motor Assembly Wiring $25.00
Rivets $20.00
Steel Mesh $120.00
Pulley $32.00
Cable $155.40
Flat alum bar $56.00
Waste Bin/Pulley ZINC SCREW $13.00
Machining Machining Cost $3,585.60
Total $5,976.00

19 of 22



Figure 15: Finding the buoyancy and drag forces on the corkscrew
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Figure 16: Finding the total weight of the water being displaced by the corkscrew threads

Figure 17: Finding the bending moment applied by the weight of the corkscrew

21 of 22



Figure 18: Velocity Calculations for South Platte
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Appendix A: Judgeing Criteria for Round 1

Criteria for Judging of the Clean River Design Challenge -- Round 1 Design

Judge Name:

Team Name:

Possible Points

Judges Score

Design

Innovation

Captures trash on the water’s surface and the water column
Cost of device:

Design is implementable and scalable

Operational energy needs (up to 5 bonus points if device does
not need to be connected to the electrical grid)

15

Aesthetics

Visual appearance serves a purpose

Has educational value (signage or artistic design)
Does it operate quietly?

Does it emit odors?

15

Impacts of Operation

Allows passage for fish and other wildlife

Materials do not degrade surrounding air, water, and/or soil
health

Safe for pedestrians and recreational users to be near

15

Hydraulic Consideration

Ability to function in a variety of flow conditions (low,
normal, bank full, flood)

Resistance to damage during flood events
Does it cause sediment accumulation and/or bank erosion?
Minimal head loss

15




Installation, Maintenance, and Trash Removal

e TEase of installation: Does it need additional structures/work
to be installed?

e Longevity of materials; how frequently will pieces need to be
replaced?

e Trash collection capacity: 25

e Effectively gets the trash to a serviceable location

e How is trash off loaded/how is the device reset to continue
collecting trash

Presentation, Design Handout, & PowerPoint

e Did the level and quality of work reflect the number of
students on the team? (especially applicable for large teams)

e Professional PowerPoint File

e  Professionalism of presentation

e Preparation level/confidence

e Voice projection

e Handout: 1 page (2 sided)— includes team name, student
names, school, a design drawing, materials breakdown,
potential operational impacts, trash servicing plan.

15

e Writing skills: grammar, spelling, etc.
e Ability to answer judges’ questions with concisely and with
expertise

Any Deductions and Bonus Points (judges will list reasons)

TOTAL 100
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7/15/2019 Greenway Foundation Mail - CRDC Judging April 18th

L ]
G M I I Lauren Berent <lauren@greenwayfoundation.org>
pylaoogle

CRDC Judging April 18th

3 messages

Lauren Berent <lauren@greenwayfoundation.org> Thu, Apr 11, 2019 at 11:09 AM

To: Ben Wade - DNR <ben.wade@state.co.us>
Hello Ben,

We would like to invite you to join us for the Round 2 Judging Day on April 18th, 9 am - 2:30 pm at the U.S. Bureau of
Reclamation Hydraulics Lab! | realize this is again short notice, but | hope you are able to join us for at least part of the
day!

Getting_There:
The Federal Center campus is located south of 6th Ave and between Union and Kipling. The easiest way I've found to get
there is to put 'Denver Federal Center Reclamation Denver, CO 80215' into your map app.

Security:

Please remember that this competition is held in a federal campus/building, so you will need to present a US government
issued ID at both the security gate and at the building. When you are at the security gate, please tell the guard that you
are headed to the hydraulics lab in Building 56 for a student competition. Before you enter the building, please be sure
you bring everything with you that you will need. Security frowns upon people leaving/reentering the building more than
absolutely necessary. Check in at the security desk to receive a visitors badge.

Please let me know if you are able to attend and if you have any questions!
Lauren

Lauren Berent

Events & Volunteer Director
The Greenway Foundation
Phone: 303.743.9720 ext. 850

www.greenwayfoundation.org

Wade - DNR, Ben <ben.wade@state.co.us> Thu, Apr 11, 2019 at 12:59 PM

To: Lauren Berent <lauren@greenwayfoundation.org>

Well Lauren...dang it. There is another Water Plan grant I'm the PM on and they have scheduled a meeting the same
day in Keystone. Sorry to miss this. Will you be filming any of the demonstrations? | would love to see those
[Quoted text hidden]

Ben Wade
Project Manager
Water Supply Planning

0 303-866-3441 x3238 | F 303-866-4474
1313 Sherman St., Rm. 721, Denver, CO 80203
ben.wade@state.co.us | cwcb.state.co.us

Lauren Berent <lauren@greenwayfoundation.org> Thu, Apr 11, 2019 at 1:09 PM

To: "Wade - DNR, Ben" <ben.wade@state.co.us>

https://mail.google.com/mail/u/1?ik=555662de5d&view=pt&search=all&permthid=thread-a%3Ar-6311796489642676696 &simpl=msg-a%3Ar-15226301...
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Bummer! We will definitely taking photographs and there will be videos mounted in the flume, however we won't be
filming the entire presentation/demonstration for any team. Whatever we do capture, we will of course be able to share
that with you! If there is anyone else from you team who you think would be interested in attending, please let me know!

Enjoy Keystone!
Lauren

[Quoted text hidden]
[Quoted text hidden]

https://mail.google.com/mail/u/1?ik=555662de5d&view=pt&search=all&permthid=thread-a%3Ar-6311796489642676696&simpl=msg-a%3Ar-15226301... 2/2



Link to Round 2 photos from the 2018-19 Clean River Design Challenge:
https://www.dropbox.com/sh/8v5td6Isug55kyh/AAAJBJMgAANIuigD6N|3t aRa?dI=0

Additional photos from the Round 1 presentations of the 2018-2019 Clean River Design
Challenge available upon request.

In-flume videos from the Round 2 model tests of the 2018-2019 Clean River Design Challenge
available upon request.



Criteria for Judging of the Clean River Design Challenge -- Round 2 Model

Team Name: Points
(Relative Judge’s
Judge Name: level of Score
importance)

Design (of both model and full-scale device)
e Innovation and creativity
e  Captures trash on the water’s surface and in the water column
e Cost of scaled model:
e Projected cost of full scale device:
e Is design implementable and scalable? 10

e  Operational energy needs: Does it need power? Where is that power coming from?

Aesthetics (of both model and full-scale device)
e Visual appearance serves a purpose beyond function
e Is there educational value (signage or artistic design)?
e Fits in with the rest of the site 10

Impacts of Operation (of full-scale device)
e Allows passage for fish and other wildlife
e  Materials do not degrade surrounding air, water, and/or soil health
e  Safe for pedestrians and recreational users to be near 10

Hydraulic Consideration (of both model and full-scale device)
e Ability to function in a variety of flow conditions (low, high, flood)
e  Would it be able to withstand damage during flood events?
e  Would it cause sediment accumulation and/or bank erosion?
e  Minimal head loss; minimal impact on water level 10




Installation, Maintenance, and Trash Removal (of both model and full-scale device)
e FEase of installation: Does it need additional structures/work to be installed?
e Approximate longevity of materials
e Effectively/easily gets the trash to a serviceable location
e Trash collection capacity/how often would full scale model need to be emptied?

20
Model Test, Handout, and Presentation
e Number of pieces of trash collected by model:
e Handout: 4 total pages— includes team name, student names, school, a design
drawing, matetials breakdown, cost of model and cost estimate of full scale,
highlights what make their design the best
e Did the level and quality of work reflect the number of students on the team?
(especially applicable for large teams; not all members of team are required to speak 40
during presentation)
e Did the teams create anything “extra”: educational materials, art work, plan for other
aesthetics to the site; etc.
e Install and test model within allotted time
e Prepared for the presentation and testing
e Preparation level/confidence
e Professionalism of presentation and model testing
e Ability to answer judges’ questions with concisely and with expertise
Any Deductions and Bonus Points (judges please list reasons)
TOTAL 100

Notes:
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Executive Summary
In the Fall of 2018, Team Trash Trouts entered the

Clean River Design Challenge, a competition put on by
The Greenway Foundation and The Water Connection, that
brings together groups of collegiate students around the
Denver Metro area with a goal of designing and
prototyping a device that removes trash from urban
waterways. The existence of litter in public spaces is a
common occurrence in many cities. Through natural forces
or intentional means, trash finds its way into rivers and
other bodies of water. Water-bound trash is not only an
eye-sore for the general public but also has negative
impacts on the surrounding environment. Small pieces of
litter may be mistaken as a source of food by wildlife
which may cause injury or death. Large items in rivers may

cause a disruption to the natural flow or create unnatural _ _ _
blockages. Degradable trash can even release dangerous Figure I:Site Location
chemicals resulting in contaminated water sources.

The Fall 2018 - Spring 2019 Clean River Design Challenge called for a trash removal
device to be implemented on the west bank of the South Platte River, south of Shoemaker Plaza
(see Figure 1). The Design Challenge was broken up into two phases. The first project phase
included research of urban waterways, the contacting of stakeholders and the development of a
conceptual design solution. The trash collection system was designed with consideration to
stakeholders involved in installation, maintenance, environmental impact and aethstetics. A final
design concept and presentation, including a powerpoint and a handout, was given to a panel of
expert judges in December 2018. The second project phase (Spring 2019) required the
construction of a scaled model to test the mechanisms and feasibility of the design. The second
semester involved the creation, iteration, and implementation of a scaled prototype which
competed in a design competition against four other teams in April 2019. The teams gathered at
the Bureau of Reclamation to present and test their prototypes in the test flume. Team Trash
Trouts finished second place and received a cash prize. The winning design from Metro State is
scheduled to be implemented in the South Platte River.






2018-19 Clean River Design Challenge Final Design Report
Prepared by:
Kent Scott, Natalie Haber, Matthew Hansing, Isaac Jimenez Jr., Sean Kelly, John McNamara
F18-22
Team Trash Trouts

College of Engineering and Computational Sciences
Colorado School of Mines

1. Introduction

The presence of litter in our natural spaces creates unattractive visuals and can even make
them unusable. The growth and seeding of plants can be disturbed and animals can ingest trash
that may cause injury or death. Larger items can create major disruptions to water flow. There
are many different ways for trash to end up in urban waterways. These bodies of water tend to
extend along roads and public spaces which are prone to illegal dumping. Whether intentional or
by accident, trash commonly ends up on sidewalks, streets, and other open spaces. During a
rainstorm or as a result of melting snow, water flows through these open spaces picking up any
trash in its path. This trash-filled water then enters storm drains and is directed into the nearby
bodies of water. Litter in the South Platte River in downtown Denver is a major problem that
needs to be addressed. The Fall 2018 - Spring 2019 Clean River Design Challenge called for a
trash removal device to be implemented on the west bank of the South Platte River, south of
Shoemaker Plaza. Team Trash Trouts entered the Clean River Design Challenge and set out to
develop a solution to Denver’s trash problem.

The Clean River Design Challenge is hosted by The Water Connection department of the
Greenway Foundation. The Greenway Foundation (TGF) is a non-profit located in Denver,
Colorado focused on revitalizing the South Platte River and the surrounding communities. The
Water Connection serves as the primary source of water policy and water resources for the
Greenway Foundation with a focus on the issue of urban waterway trash. Other stakeholders for
this project include people who visit the part of the South Platte River where our design will be
implemented: the City and County of Denver, Denver Parks and Recreation, Denver Urban
Drainage and Flood Control District as well as water field experts and local engineering firms
who may provide consulting services on the project. The importance of The Clean River Design
Challenge is evident. As the human population continues to grow, the amount of litter and
garbage found in urban areas will increase as well. This project aims to not only tackle the
widespread issue of trash in urban waterways but to also raise awareness on the sources and
migration of litter.

Team Trash Trouts fully participated in the Greenway Foundation’s Clean River Design
Challenge. As a team, we worked collaboratively to design and prototype a device that filters
floating trash and debris from the South Platte River in order to make a positive impact on the
natural environment. The conceptual design and prototype adhered to the standards outlined in
the Clean River Design Challenge Student Handbook provided by the Greenway Foundation.



The design was considerate of stakeholders, of the natural environment, and aimed to be
effective in reducing the amount of floating trash in the South Platte River. The first half of the
project focused on the conceptual design of the device, and the second half was concerned with
prototyping and testing.

Team Trash Trouts committed to designing and prototyping a trash collection device that
will effectively remove trash from the river, while maintaining the aesthetic integrity of the site.
The team followed the provided Senior Design schedule to ensure all deliverables were finished
and provided to the client in a timely manner. Team Trash Trouts emphasized efficiency,
sustainability, and stakeholders in order to design and prototype the most effective device to be
implemented in the South Platte River.



2. Project Review

After receiving our individual assignments by the Colorado School of Mines Senior
Design Department to the Clean River Design Challenge Team #1, several team meetings were
dedicated to researching the competition and the drafting of a project charter. The first section of
the charter provided an overview of the project by defining what the project involved, who the
project was for, and the importance of the project. Below are excerpts from the project charter
comprising the project overview:

The Clean River Design Project involves the development of a trash collection solution on the
South Platte River and raising awareness for trash pollution in the city of Denver, Colorado. The
Design Challenge will be broken up into two phases. The first project phase will include research
of urban waterways and the development of conceptual design solution. The second project
phase requires the construction of a scaled model to test the mechanisms and feasibility of the
design. The trash collection system will be designed with consideration to stakeholders involved
in installation, maintenance, environmental impact and aethstetics. A final design concept must
be completed by December along with a presentation to a panel of expert judges. The following
semester will involve the creation, iteration, and implementation of a scaled prototype to
compete in the design competition by April.

The Clean River Design Challenge is hosted by The Water Connection department of the
Greenway Foundation. The Greenway Foundation (TGF) is a non-profit located in Denver,
Colorado focused on revitalizing the South Platte River and the surrounding communities. The
Water Connection serves as the primary source of water policy and water resources for the
Greenway Foundation with a focus on the issue of urban waterway trash. Other stakeholders for
this project include people who visit the part of the South Platte River where our design will be
implemented, the City and County of Denver, Denver Parks and Recreation, Denver Urban
Drainage and Flood Control District as well as water field experts and local engineering firms
who may provide consulting services on the project.

The team defined goals for the project in the form of a scope statement. Team Trash
Trout’s scope statement was stated as follows: 1) the goal of this project is to clean the South
Platte River of floating trash by means of a easy to maintain, aesthetically pleasing device that
would be designed and constructed by our team and 2) to construct a scaled model of the
proposed design (with a detailed construction cost estimate) and provide a comprehensive final
design report. The scope statement was accompanied with a list of all known restrictions,
exclusions and assumptions known by the team to limit the range of design possibilities and a list
of team deliverables that were provided to the project advisor and the client.

Project Restrictions, Exclusions, and Assumptions
e There is a maximum budget of $1000 supplied by the Greenway Foundation for the

construction of the scaled prototype
e The project has many different stakeholders that must be taken into consideration:

10



The Water Connection of the Greenway Foundation
County and City of Denver
Local engineering firms
Experts in the water field
e The final design will be based on projected implementation into the South Platte River.
e The final prototype will compete in a 2° by 3’ water channel with simulated trash
consisting of packaging styrofoam and other small floating debris
e The final design will be judged on several criteria by expert panel of judges:
Innovation and functionality of design
Aethstetics
Impact of operation on surrounding environment
Hydraulic consideration
Installation, maintenance, and trash removal
o Success of scaled model
e Final design must take into account the demands of the South Platte River
e The scaled prototype must fix and operate inside the testing rig

o O O O

o O O O O

List of Deliverables
The following list of deliverables defined the targeted output of the project. The team delivered
the following items to the client and project advisor as required throughout both semesters:

1. Letter of Intent
a. Project Charter
b. Project Schedule
c. Preliminary Client Needs Table
2. Concept Portfolio
a. Detailed Engineering Metrics/Constraints
3. Preliminary Project Drawing & Calculations Package
4. Final Design Report
a. CAD Model of the trash collection system
b. Complete Drawing Package
c. Detailed Bill of Materials or Material Takeoff
d. Construction Cost Estimate
5. Preliminary, Intermediate, and Final Design Review Presentations
6. A scaled prototype to be tested at the Colorado Bureau of Reclamation facility
a. An analysis of river filtration trials.
b. A working Prototype of the river filtration device.

In addition to the scope statement and the project restrictions, the team utilized the
judging criteria provided in the CRDC Student Handbook to further drive the creation of the
conceptual design and functional prototype. Each judging category presented new criteria that
the final design aimed to meet. The competition featured a panel of expert judges who evaluated
each team’s conceptual design during Round 1 and the physical model prototype of the design
during Round 2. The judging panel scored each design according to a variety of different
categories. Descriptions of the criteria for Round 1 and Round 2 are provided below:
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1) Design (Round 1 and 2)

o

o

o

o

o

Level of innovation

Cost of trash removal device

Captures floating trash and trash in water column
Scalability and implementability

Operational energy requirements

2) Aesthetics (Round 1 and 2)

o

o
o
o

Visual appearance with purpose
Educational value

Noise of operation

Associated smell with trash collection

3) Impacts of Operation (Round 1 and 2)

o

o

o

Allows passage for fish and other wildlife
Materials do not harm health of surrounding environment of air, water, and soil
No issues with safety of surrounding pedestrians or recreational water users

4) Hydraulic Consideration (Round 1 and 2)

o

o

o

o

Functions in variety of flow conditions (low, normal, bank full, flood)
Damage resistant during flood or high flow events

Potential for sediment accumulation and/or bank erosion

Minimal head loss

5) Installation, Maintenance, and Trash Removal (Round 1 and 2)

o

o

o

o

o

Ease of installation: does it require additional structures or work to be installed?
Longevity of materials: will pieces need to be replaced and how often?

Trash collection capacity

Efficiently moves trash to a serviceable location

Process of unloading trash and resetting device to collect more trash

6) Presentation, Design Handout, and PowerPoint (Round 1)

o

o O O O O

o

o

Does quality and level of work reflect the number of students on the team?
Professional PowerPoint File

Professionalism of presentation

Preparation and level of confidence

Voice Projection

Handout: 1 page (2-sided) includes team names, student names, school, a design
drawing, materials breakdown, potential operational impacts, trash servicing plan
Writing skills: grammar, spelling, etc.

Ability to answer judges’ questions concisely and with expertise

7) Testing, Design Board (Round 2)

o

o

Did the level and quality of work reflect the number of students on the team?
Install and test model within allotted time
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Minimal head loss

Preparation and level of confidence

0O O O O O O

Prepared for the presentation and testing

Can withstand both low and high flow test rates

Professionalism of presentation and model testing
Handout: 1 page (2-sided) includes team names, student names, school, a design

drawing, materials breakdown, potential operational impacts, trash servicing plan

o Ability to answer judges’ questions concisely and with expertise

Team Trash Trouts analyzed the problem by
establishing the required project goals and applying
all project restrictions. Each team member’s
engineering knowledge and experience contributed
to the development of the most applicable solution
for the project site in the South Platte River.
Through brainstorming, iteration, and design
analysis, the team decided to pursue the “Trash
Trap” shown in Figures 2 and 3.

Team Trash Trouts faced many

challenges during the building of our Figure 2: Trash Trap SolidWorks Model with lifted inner cage

prototype. The first difficulty was the

scaling of the design. The rail system was

modified from garage rollers to a curved
sliding rail due to the compactness of the
available area. In addition, the full flotation
system for the outer cage could not be
implemented as it would lift the cage above
the water level during the low flow conditions.
Another challenge was the design of the
floating boom to direct trash into our cage
system. The boom surface needed to be

smooth to prevent trash from sticking. The
boom also needed to adjust with the water level and
required an appropriate tightness so the force of the
water did not change its angle in the water.

Figure 3: Trash Trap SolidWorks Model
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3. Application of Design Methodology

The first semester consisted of the development of a conceptual design for the trash
removal system. Background information was gathered from a variety of sources, including
information from the Mines competition team from the 2017-2018, stakeholder interaction, and
independent research. From analysis of last year’s team and previous winners, Team Trash
Trouts was able to examine past designs and prototypes for successful characteristics. These
previous projects influenced our design and demonstrated that simplicity and aesthetics were just
as important as overall function. Stakeholder interaction answered many of our questions, which
helped us focus our design on important specifications. By reaching out and making connections,
the team was able to better understand multiple perspectives to cater to the needs of the
end-users. Independent research filled in the other gaps, and provided us with information about
similar projects outside of the Clean River Design Challenge. Technical information, such as
average flow rates, was gathered to supplement our engineering knowledge. The knowledge
accumulated throughout the semester helped drive the concept selection and final design
selection. Our final conceptual design was presented to a judging panel comprised of engineers
and water experts. The judges rated our proposal on several criteria. Constructive advice from
the panel was taken into consideration during the building of our prototype.

In September, Team Trash Trouts participated in the Fall South Platte Stewardship Day
presented by The DaVita Village, The Nature Conservancy, and Jacobs. This event was held
near the project site in the South Platte River in downtown Denver. The team utilized this
opportunity to give back to the Denver community, to make connections with stakeholders, and
to make observations about the river and its trash problem. Several observations were made
about the project location:

Observations
e Wide variety of types and sizes of trash
o Plastic bottles (12 oz to 5 gal), plastic bags, scraps of
paper, aluminum cans, tires, couch cushions,
shopping carts, etc.
e Trash already collects in one corner of the river as seen in
Figure 4
e River also have a lot of natural debris such as tree branches
and leaves
e Project location is in a highly visible area and must be
aesthetically pleasing

The site visit was instrumental to the team in the generation
of initial design ideas. Our preliminary observations were combined
with the given project constraints to begin design development.

One impression of the existing river infrastructure was to take
advantage of the natural collection of trash by the old dam and
lock system. A design that redirects trash further upstream or

Figure 4 : Project Site Photo
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creates a natural flow toward our design would simplify collection by preventing our design from
spanning the entire river. After observing large pieces of trash with the ability to damage any
design in high flows, the team stipulated that any design would require a system to separate trash
collection into two categories of small floating trash and large heavy trash.

To supplement the beginning of the
brainstorming process, research was conducted on
designs from past years of the Clean River Design
Challenge as well as on current trash collection
devices to identify successful design characteristics.
These devices included the Bandalong Litter Trap in
Washington DC (Figure 5) and the Mr. Trash Wheel
in Baltimore, Maryland (Figure 6). Each design had
distinct advantages and disadvantages to its design,
operation, and maintenance. Our team aimed to pull
the best aspects of each design in order to create the
best possible design for the South Platte River.

Figure 5 : Bandalong Litter Trap in Washington DC

Figure 6 : Mr. Trash Wheel in Baltimore, MD
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Concept Exploration

Concept 1: Trash Trap

Our first concept was inspired by the television show “Deadliest Catch” and the
fishermen’s use of crab traps. The fishermen use a simple, efficient pulley system to retrieve a

heavy load of crabs from the bottom of the
ocean. Our design team attempted to
replicate a version of this process with our
Trash Trap design.

The Trash Trap, as seen in Figure 7,
design consists of a floating boom and a
system of cages and rails designed to make
collection and disposal of trash both simple
and efficient. The floating boom spans the
full width of the river and includes a nylon
skirt extending beneath the water surface to
guide floating trash carried by the river
current into our cage system. The boom sits
at a steep angle to prevent trash from

catching on the boom surface. Once the trash
has reached the cage system, it first passes

Figure 7: Drawing of Trash Trap

through an outer cage designed to deflect large debris that could damage our inner cage. This
outer cage, called the “cattle guard’, will have evenly spaced bars creating slots sized for
common trash items. After bypassing the debris filter, the trash reaches the inner cage which is
held in place by a rail system attached to the concrete wall at the collection site in the South
Platte River. The inner cage will be buoyant (using a flotation device) to move up and down the
rails with water level variation due to weather or seasonal changes. It will also be dimensioned
with a length exceeding its width, allowing ample space for trash to pile up before reaching the
inner cage entrance. After the cage reaches its maximum capacity, a pulley system will raise the
inner cage up the rails to the sidewalk allowing the trash to be emptied and collected by park
employees. This will be a cheaper and more simple design than our second concept as shown in
Table 1 exploring the advantages and disadvantages of this design.
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Table 1: Pros and Cons Table of Trash Trap Design

Pros Cons

Fewer moving parts Less functional in various flow rates
Lower construction cost Less aesthetically pleasing

Lower maintenance cost Greater flow disruption™®

Greater protection against large debris Wildlife may become trapped
Incorporated trash removal system

No power required

*flow disruption is unlikely to be a problem in either design

This concept was designed to be simple and inexpensive. The greatest obstacles we will
have to overcome if we move forward with this design are improving its aesthetics and filling the
cage with trash in an efficient manner. Preventing the trash from building up along the boom
will also need to be addressed with proper angles and frictionless surfaces.

Concept 2: Trash Wheel

Our second concept was
inspired by a trash removal design
already operating in the Baltimore
Harbor. Affectionately named Mr.
Trash Wheel, the design uses a water
wheel powered conveyor belt which
dips into the water and lifts trash into
a garbage bin on a floating platform.
This design has proven to have been
successful  but required over
$720,000 for construction and
installation.

The Trash Wheel, as seen in
Figure 8, uses a conveyor belt to lift
trash out of the water and into a garbage bin on a
floating platform. The conveyor belt will be
powered by a water wheel also mounted on the floating platform. When river flow is not
sufficient to turn the water wheel, a solar powered pump will be used to pump water to the top of
the wheel to provide a turning force. Long buoys or a continuous floating boom will be used to
direct trash in front of the conveyor belt. The belt, partially submerged in the river, will pull the
trash up the ramp and deposit it into the garbage bin. The bin will be covered by an aesthetic

Figure 8: Drawing of Trash Wheel
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housing that can be removed to allow access to the trash bin for removal by crane. Since it will
be located out of the water, our design would allow use of a large trash bin to maximize time
between each bin emptying . In addition to carrying the trash out of the water, the conveyor belt
could be designed so that it would create water flow, drawing trash to itself during operation at
low flow rates. As shown in Table 2 this will be a more complex and expensive design than our
first concept.

Table 2: Pros and Cons of Trash Wheel Design

Pros Cons

Greater functionality in various flow rates More moving parts

More aesthetically pleasing Higher construction cost

Less flow disruption* Higher maintenance cost

Less frequent trash removal Vulnerable to large debris
Requires a crane for trash removal

*flow disruption is unlikely to be a problem in either design

This concept was designed to be as functional as possible in all environments. The
greatest challenges we will face if we move forward with this design are a simple power transfer
system that will be minimize construction and maintenance costs, and a trash bin emptying
system that does not require the use of a crane.

Concept Selection

After presenting our two concepts to The Greenway Foundation and receiving additional
input from our stakeholders, we decided to move forward with our first concept, the Trash Trap,
as seen in Figure 9. This design was less complex than our second concept, the Trash Wheel, and
as a result was easier and less expensive to design, construct, implement, and maintain.

The Greenway Foundation’s strong emphasis on ease of maintenance was the main
proponent behind our selection of the Trash Trap. The lack of moving parts involved with trash
collection, such as a conveyor belt, and the integrated trash emptying system, as opposed to
using a crane, were the Trash Trap’s greatest selling points. This design will require minimal
maintenance and has the potential to be outfitted with a control system that would automatically
send the cage up the rail system to be emptied.

The Trash Trap concept requires a number of improvements if it were to be installed in
the South Platte River. First, its functionality at low flows needs to be addressed. It is anticipated
that the boom used to direct trash into the mouth of the cage will tend to build up trash on itself,
especially during low flows on this section of the South Platte. Several ways to correct this flaw
include increasing the angle of the boom upstream, changing the boom material to minimize
friction or having the boom move in a loop bringing built up trash towards the mouth of the cage.
An additional concern will be the potential of large river debris to dislodge the boom and block
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Figure 9: Concept of Trash Trap

the trash from entering the cage system. Although our interior cage will be protected by a sloped
exterior cage designed to deflect large debris, our boom currently has no protection.

The next improvements will
address functionality at high flows.
Since the cages will be partially
submerged, the rear, bottom, and river
facing sides of the cage will need to
allow water to easily pass through while
preserving collected trash. The inner
cage also requires adequate sturdiness to
hold its form against the forces of the
river and when it is lifted by the rail
system shown in Figure 10. The interior
cage will likely be constructed from a
combination of sheet metal with drilled
holes, woven metal rods, and a precisely
sized metal mesh to capture a wide
variety of trash sizes.

Additionally, the team would
have to ensure the rail system has the

strength to raise the interior cage without
deforming. Depending on the width of the cage
and its trash carrying capacity, the weight could

Figure 10: Ilustration of rail system

put a substantial moment on the rails. The total volume of the inner cage that fills with trash is
another concern. Since it will be partially submerged, floating trash will remain on the top of the
water leaving a large portion of the cage filled with air and water respectively. The team would
need to investigate uses of a simulation software to model different cage designs before fully

committing to cage construction.

The final design concern to be addressed will be the mouth of the interior cage. The front
side will need to remain open during trash collection and covered to secure the trash during the
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emptying process. The team has researched several possibilities including sliding and swinging
front door designs that will be triggered by the initial upward motion of the inner cage.

Concept Critique

To assist in the development of our design, Team Trash Trouts utilized several
engineering standard tools. In the fall semester, our Clean River Design Challenge project was
scored with the Engineering for Social Justice Checklist (ESJC). The ESJC is a great tool to
identify social impact from our project. The checklist was designed around humanitarian
engineering projects and encompases our project very well. The ESJC considers influenced
parties, structural, political, self assessment, community risk, and human capability factors.

The are limitations with this form of analysis. Every category included in the checklist is
not applicable to our project. In addition, the ESJC is not the most in-depth analysis available.
The ESJC was still a very useful and relevant tool for our project. The limitations only changed
the scale at which our design scored in the checklist. For example the ESJC can produce scores
ranging from -48 to 48 but a positive score regardless of its distance from zero is still positively
impacting the community.

The results of the checklist are located in Appendix A-1. Our project scored high in
stakeholder engagement. The site visits that our team attended allowed our team to engage with
the people who maintain and coordinate events in the area. Some of the stakeholders that
communicated concerns and recommendations include Denver Parks and Recreation
maintenance teams, nonprofits who organize clean up days, kayakers that use the area for
recreational use, engineering groups that design projects influencing the waterways, and
community members that utilize the parks and river. Our team scored average in categories like
Structural Conditions and Increase Opportunities and Available Resources. This average score
can be attributed to the project not having a large impact when compared to a major construction
project such as a building. Instead, our project is a low impact run-of-river design that has
minimal structural components. The project will increase the quality of the water which is a
resource that many people like kayakers and swimmers use during the summer months. This
allows us to score above average on reducing risk to users and community by providing cleaner
river systems.

The outcomes of the analysis provided insight into what our team was doing well and the
areas in which our team had room for improvement. Although some of the criteria did not
directly relate to our project, the team continued our process with all criteria in mind. Our
positive score of 15 indicated that our team’s efforts were making and will continue to make a
positive impact in the community.

Based on the analysis, we modified our design process to include more of the Social
Justice criteria. Many of the subcategories had scores of 0, so these areas were incorporated into
our design process. Another applicable area of the ESJC was in the category of Identify
Structural Conditions, especially in the subcategory of mapping resource flows. As we used
resources for Phase II of the competition as well as the potential for resource use with the
full-scale model, it was important to understand the life cycles of the resources we intended to
use and to understand where these materials are coming from and how this may impact the
sustainability of our design. By introducing these categories into further consideration, we were
able to better design for sustainability and positive community growth.
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The process and results of the ESJC analysis identified small issue we may have
overlooked, but did not identify any major issues with our project. Our analysis had no negative
scores, which suggested are design will do minimal harm to the community. Though there were
no negatives, there were many scores of 0, which are indicators of room for improvement.
Overall, our team’s thoughtful consideration of the community and sustainability greatly
improved our project.

Clean River Design Challenge Round 1

Figure 11: Clean River Design Challenge Round 1

In early December of 2018, Team Trash Trouts presented the “Trash Trap” to a panel of
expert judges as part of the first round of competition in the Clean River Design Challenge.
Round 1 consisted of a digital PowerPoint presentation along with a printed handout. The
handout consisted of one two-sided 8.5” x 11” page. Information on the handout included our
team name, group members, our university, design diagram(s), materials, installation plan,
energy needs, anticipated costs, detailed description of the trash collection system, and broader
impacts of operation. Team Trash Trouts achieved first place out of five teams and was awarded

a cash prize.

The second semester included the construction and testing of a scaled prototype. With a
team budget of $1,000 provided by the Greenway Foundation, the team’s first step was to
collaborate on the overall size and structure of the prototype. Several modifications were made to
the conceptual design both for ease of construction and based judging feedback from Round 1.
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Instead of crafting the cage frames from aluminum rods, team members with welding experience
proposed aluminum flat bar to simplify the welding process and for stronger connections. Next,
the number of rods making up the cattle guard were reduced to streamline construction. A third
design change was inspired by a judge’s comments that called for the lowering of the crossbar on
the cattle guard. By adding an extension to the cage, the crossbar would be dropped to prevent
the collection of trash. After receiving preliminary test flume dimensions from the client, the
team generated a rough estimate of the necessary materials for the formation of the prototype.
Figure 12 provides an initial sketch of the prototype’s dimensions along with material estimates.

Figure 12: Dimensions of dual-cage system

Throughout the building process, Team Trash Trouts remained vigilant on future plans
for design testing/analysis and risk mitigation. The trash collection system that will be installed
in the South Platte River should meet all stakeholder specifications. In order to meet all of the
hydraulic, structural, mechanical, and project considerations, Team Trash Trouts consistently
engaged stakeholders for design feedback. The main goal for prototyping was to start early to
allow for time to modify our cage system. Testing at the Bureau of Reclamation hydraulic lab
facilities was accessible to our team on any weekday. To take advantage of this resource, project
days were planned to improve and critique our trash collection design. Due to the scale of our
prototype being significantly smaller than our full-scale design, some unforeseen issues were
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expected while working with the compressed subsystems. Our plan to build the prototype early
and to test it frequently aimed to address any unanticipated problems in the design.

The goal of the Clean River Design Challenge is to design a device to effectively collect
and remove floating trash in urban waterways. The engineered device will be constructed and
implemented into the existing infrastructure at the site location in downtown Denver. With this
in mind, Team Trash Trouts decided to analyze the potential impacts of our design on the
surrounding environment. The health and safety of the public is an important aspect of
engineering, and Team Trash Trouts believed it to be vital to analyze the risk associated with our
design.

With an interactive mechanical design and the potential to be incorporated into existing
infrastructure, the team agreed that a Failure Modes and Effects Analysis (FMEA) shown in
Appendix A-2 would be the best risk assessment tool for our project. This tool helped the team
break down the design into separate subsystems/processes to identify any potential failure
modes. The FMEA is divided into two sections. The first section is used for granting numeric
ratings to potential failure modes based on three criteria: 1) the likelihood that a failure will
occur, 2) the likelihood that a defect will be detected by process controls, and 3) the amount of
harm or damage that a defect may cause to a person or equipment. The numeric ratings are
multiplied together to assign a Risk Priority Number (RPN) to that particular failure mode. After
analyzing all potential failure modes, the sum of individual RPNs provides an RPN for the entire
process. The second section of the FMEA provides a space for the team’s recommended actions
for each failure mode and the resulting impact these actions would inflict on the RPN. This
rating system allows the team to compare defects and to address the most important failure
modes. The team can also set goals for the overall RPN while working to improve the design.

There are a few limitations with this form of analysis. Without actual testing of our
design, the team must identify any future problems using only engineering knowledge and prior
experience. Unforeseen design flaws are possible. Additionally, the accuracy of the rating system
is dependent on the team’s expectations. The team can incorrectly rank failure modes by
overestimating or underestimating the performance and hypothetical impacts of a particular
subsystem. Nonetheless, the FMEA tool will be instrumental in the improvement of the team’s
design. Listing out failure modes and brainstorming solutions should prevent any major issues
during the construction of the scaled prototype and a future full-scale model.

Potential design problems were scored according to the three criteria stated above and
were assigned recommended team actions. Descriptions for the severity, occurrence, and
detection scales used in the analysis can be found in Appendix A-3, A-4, and A-5 respectively.
The outcomes of the analysis provide insight into possible design issues and the areas in which
our team can improve. The score of 60 for the welded connections poses the highest risk to the
integrity of our design. Though this score is high, often structures fail in connections, so this is
not an unexpected result. To mitigate this risk, our team will focus on perfecting our welding
skills in order to ensure the best welds possible for the prototype. For the full scale model,
professionals will be hired to weld to ensure that the device is able to withstand the changes in
the river.
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To address any technical or societal risks associated with the design, the team identified
mechanisms for risk mitigation. Firstly, Team Trash Trouts wanted to ensure that our trash
collection system would raise awareness on the issue of trash in urban waterways. To
accomplish this goal, news teams and other media platforms were a key component to this
project. The Greenway Foundation reached out to local news stations in an attempt to have our
project become a featured news story. Some of the media coverage included educational
information on the risks of trash for wildlife and water quality. Since Confluence Park is an
increasingly popular area for recreational purposes, people will likely want to keep their water
clean and void of litter. If our project can educate people on the consequences of improper trash
disposal, the safety and cleanliness of our waterways will improve. Included in our awareness
initiative is an educational plaque that would be installed on the sidewalk directly above our
device. Figure 13 presents a mockup of the educational plaque and its content.

Figure 13: Trash Trap Educational Plague

Secondly, the team held paramount the safety, health, and welfare of the public. Considerations
for public safety were implemented into the design. With recreational water users in close
proximity to the project site, our floating boom will be brightly colored to ward off any curious
kayakers. Furthermore, “No Swimming” signs similar to Figure 14 will

be strategically placed on the floating boom and sidewalk. If a person

were to inadvertently enter the water, the cattle guard should block entry

into the cage system. As stated above, water-bound trash can have

adverse impacts on the ecosystem and water quality. Team Trash Trouts

aspired to create design that would remove trash and not evolve into a

piece of trash itself. Aluminum material was chosen for the cages due to

its strength and erosion-resistant properties. Our design should be

long-lasting and only have positive impacts on the South Platte River

environment. Figure 14: “Mo Swimming™ Sign
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4. Engineering Analysis
To create the best possible design, the team needed to account for several factors relating
to the South Platte River. The site investigation played a key role in how our designs were laid
out and created. The river's width spans approximately 90 ft depending on the current flow
conditions, as seen in Figure 15. To address the large width, we chose to utilize a floating boom
on our final design. The floating boom will assist
with redirecting trash from the right side of the
river to the left side towards are collection cage.
The boom will require different angles for
different flow rates but the range will fall in
between 12 to 20 degrees, as seen in Figure 16.
The boom angle is the amount of degrees away
from the perpendicular distance from the side of
the river. The angle was calculated based of of
Urban Drainage and Flood Controls Districts flow
rate averages that range from 250 to 300 cfs. As
we test our prototype and in offseasonal flows
this boom angle may have a larger range.

Figure 15: Aerial View of Site Location

Figure 16: Required boom angle based on river velocity
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The final design also needed to account for varying seasonal flows and rainfall. The Urban
Drainage and Flood Control District mentioned flows from 13,000 cubic feet per second to
16,000 cubic feet per second in 2013. Figure 17 provides the annual peak streamflow in the
South Platte River from 1982 - 2017 recorded at Commerce City, Colorado. During exceedingly
high flows or flood conditions, the floating boom will possess a “break away” feature that will
detach the boom from the cage system. The boom will continue to be secured on the other side of
the river and will swing open parallel to the water flow. Without a boom obstruction, flood
debris can safely pass our design without incurring any head loss.

Figure 17: Peak annual flow rates for South Platte River

The next major concern was the design’s ability to adjust with the changes in water level of the
South Platte River. Engineering calculations were performed to determine the required amount
of buoyancy for the cage system to be halfway submerged. A simplified Free Body Diagram
(Appendix C-1) was created to show the various forces acting on the outer cage. Using the FBD,
an equation for the buoyant force was derived:

Equation 1 :
Fp= Py Vf*g

Where F ' is the buoyant force, p, is the density of the displaced fluid, V' ,is the volume of
displaced fluid, and g is the acceleration due to gravity.

During the design process, along with moment and stress calculations regarding the materials

used, the buoyancy force equation (Eq.1) was used. This equation was particularly important
because it determined the amount of buoyant material and where to place it in order to keep the
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system at the appropriate level. Without appropriate flotation, trash would have the ability to
float above or below the system. Based on the full scale design, the weight of the cages and the
weight of collected trash was estimated to compute the necessary volume of flotation foam.

Cage material: Aluminum 1060, 2”

Inner Cage: 167.63 pounds

Outer Cage: 155.76 pounds

Total Weight: 323.39 pounds

Total Weight of Wet Trash for 50 cubic feet: 2,298.4 pounds
Total Weight of System: 2,621.79 pounds

Total Buoyancy Force = Total Force from Weight of System (to achieve equilibrium)
_Fs _ 3
V= =42.02 /1

The roughly 167 feet of aluminum tubing will take up approximately 3.6 cubic feet and if we
estimate 3 of the volume of trash will not be saturated that will make the V', = 21.75f£ This
amount of low density material is needed to be added to achieve equilibrium. This can be
achieved with two 10°x3°x9” sections of foam attached to both sides of the outer cage or by
adding foam to the bottom of the outer cage.

5. Final Deliverables

The final deliverable for the Clean River Design Challenge was a functional, scaled
prototype of the design presented in Round 1 of the competition. The final scaled prototype was
consistent with the initial design presented in Round 1, but the full-scale model will include
modifications to improve the functionality of the device.

The Trash Trap itself was constructed using aluminum materials. For the inner cage, the
aluminum flat bar was welded to create the cage shape, and the mesh sections were riveted to the
cage on all faces excluding the front face, as seen in Appendix B-1. The outer cage was
constructed in a similar manner to the inner cage with respect to the aluminum flat bar. The cage
guard was constructed of aluminum rods, welded in the proper orientation and welded to the
front face of the outer cage, as seen in Appendix B-2. Both the inner and outer cages had welded
tabs that allowed for the connection to the rail system. The face opposite that mounted on the rail
system held the flotation system. The flotation was a one inch thick piece of foam, chamfered to
reduce head loss, that was attached to the side of the cage using epoxy.

The rail system was constructed of steel rods, flat bar, and a pulley. The rails themselves
were made of steel rods, bent at 180 degrees and connected to the flat bar frame. This frame
included holes that allowed for attachment to the side wall and sidewalk areas of the test flume,
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and can be seen in Appendix B, Figure 3. A section of flat bar extended back and was the mount
for the pulley, which facilitated the removal function of the system.

The boom was made of tubular, foam insulation and was about 5 feet long. A piece of
paracord ran through the boom and was fastened on one end to a tab on the outer cage and to the
boom extension connection on the other end. “No swimming” signs were attached to the boom in
four spots to ensure that those using the waterway are aware of the device and will not get stuck
in it.

To evaluate the success of the project overall, the following chart was created. The
criteria used for the evaluation were pulled directly from the judging criteria of the challenge.

Table 3: Design Constraints Pass/Fail

Design Criteria Pass/Fail Full Pass/Fail Scaled
Scale Design Prototype

Innovative X X

Collects trash from surface of water and in water X X

column

Implementable and scalable X X

Low impact (no sound, smell, etc.) X X

Educational and safety aspects X X

Allows for passage of fish/wildlife X X

Materials do not degrade in weather conditions X X

Functions in multiple flows X

Resistance to damage during flood conditions X

Minimal head loss X X

As seen in Table 3 above, the scaled prototype passed the majority of the criteria for design.
Areas of failure included: functionality in multiple flows, and resistance to damage during flood
conditions. During the competition, the device did not function during the high flow situation
due to a failure in the flotation system. Because the flows were not high enough to test for flood
conditions, the prototype also failed in this aspect. For the full scale model, there will be
modifications that allow the device to retain its integrity during flood conditions.
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6. Project Management

To better understand the impacts of the project, Team Trash Trouts ran Failure Modes
and Effects Analysis and used the Checklist for Engineering Social Justice. The Checklist for
Engineering Social Justice was used to analyze the social impacts of the device and the results
can be seen in Appendix A-1. The purpose of using this impact assessment tool is to better
evaluate how stakeholders, sustainability, and good practices were considered throughout the
process. The final score was 15, but there were no negative scores which indicates a positive,
social impact to the project.

The provided budget for the project was $1000 from The Greenway Foundation. The
projected cost of the prototype, presented in the IDR (Appendix A-6), was about $90.00. The
final total cost of the prototype, including all materials and services, was $377.80, as seen in
Appendix A-7. Although the final cost was above the projected cost, it was still well under
budget. All of the work requested by The Greenway Foundation was done in the alloted time.
The deliverable of the scaled prototype was ready for testing by the Bureau of Reclamation
Round 2 competition day. The full scale model cost is about $21,000 and the breakdown of the
cost can be seen in Appendix A-8. The next steps for the client are to implement our full-scale
design.

For future projects, a system that includes all aspects of the river collection system is
important. Team Trash Trouts focused on the cage and removal system but a guaranteed
winning design would have a unique boom system and removal system. Other possibilities
include something unseen or never before created. Our team believes that the greatest challenges
are reducing some of the trash that ends up in the rivers. Homeless communities upstream,
improper disposal, and over packaging of products need to be reduced and the source of the
problem could be eliminated.
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7. Lessons Learned

Throughout the Clean River Design Challenge, the members of Team Trash Trouts have
grown individually, and as a whole, in order to successfully collaborate on the design and
construction of a prototype for trash collection in the South Platte River.

The Clean River Design Challenge has taught high-quality and considerate design. Since
the device will be installed in a public place, it is necessary that it must function properly as well
as be non-intrusive to the natural environmental. Reputable design is not solely about the
functionality of the device, but requires that the design has been considered from multiple
different perspectives. Many technical requirements for our prototype dealt with aesthetics,
education, and safety. A good design takes a holistic approach to tackling a problem to ensure
that the final product is highly functional, implementable, and goes above and beyond the project
requirements.

Working as a team was a vital part of the process, and this team functioned very well.
The competition pushed our team to further develop our technical and professional skills in order
to finish the prototype on time. Sean and Isaac focused on learning about welding aluminum and
steel and perfecting their skills in order to build the cage frames and rail system. By the end of
the competition, they were confident in both TIG and MIG welding. The remainder of the team
practiced with power tools, including drills and a variety of saws, while constructing other
aspects of the prototype. When working on this team we learned the importance of
communication and planning. We needed to communicate to each other how each of our
individual aspects of the project were coming so we could plan for the next meeting. At the end
of every session, we would meet and discuss what we needed to do during our next meeting
time. These planning sessions allowed us to stay on track so we were able to finish our prototype
on schedule. The variety of perspectives and inputs that working on a team provides is vital to
the success of the project.

Some aspects of the construction proved harder than expected and some were easier than
expected. The rail system and flotation were expected to be easy aspects of the design, but they
came with issues in the particulars of construction. The rail system was difficult because the final
prototype system varied from the initial design. We had to rethink the design in order to create a
rail system that functioned for the removal of the device. The flotation was expected to be easy,
but proved to be difficult during Round 2 of the competition, when it failed. In hindsight, more
time and effort should have been spent on the flotation to ensure its success during the
competition. The mesh on the cage was expected to be a difficult piece of the puzzle, especially
in the connection to the cage, but once we decided on rivets, the connection was simple and took
little time. Overall, the project was more challenging than expected, but the results and final
prototype functioned well and the team was satisfied with the results.
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Appendix A: Project Management

A-1: Engineering Social Justice Checklist

Engineering Social Justice OVERALL SCORE
Self-Assessment Checklist
Project: Fl18-22
Point of Contact: Natalie Haber
Date: 11/15/18 15

How to use this
soorecard

Under each of the six catagories below, check off any tools that you have used as part of your
design process to address the social justice criterion listed. Then give a score for each
category frorm -3 to +3, with O representing & neutral effort that neither hurts or progresses a
specific social justica criterion. A -3 indicates active and immeadiate harm, while +3 indicates

active and imrediate benefit to the social justice criterion. Once done, sum the six scores and

write your overall score at the top, right-hand side of the form. For more information on the
sin criteria review: httpyfojs.licrary.queensu_cafindex.phpfiglefarticlefview/ 5447

NOTES

1) Listen Contextually

=]

Applied House of Quality w/Cultural Risk Indicators

Interviewed stakeholders using interviewing tools from FGtoHCD*

3
3| Took part in onzite observations using tools from FGtaHCD
3|Completed one or more immersion experiences using tools from FGtoHCD

Other:

2] Identify Structural Conditions

0| Mapped resource flows using tools from FGtoHCD

J|Applied iDE PRISM methodology

Other:

3) Acknowledge

Political Agency

2 |Created a stakeholder map

0| Held a co-creation session per FGtoHCD

Other:

4] Increase Opportunities and Available Resources

=]

Applied LEED best practices ifor structures)

Applied ENVISION best practices [for site development)

Coampleted

another form of assessment.

Completed

an aspirational mapping exercise

0o | a| -

Applied the three hypothesis from LDW Method

Other:

5] Reduce Risk to Users/Community

1|Campleted

a hazard/risk analyzis (PRASFMEA/Other]

0J|Have identified, and will measure, an impact hypothesis frem LDW Method

Other:

6] Increase Human Capabilities

L)

Applied Universal Design best practices

Other:

* FHteHLD stands for the Field Guide to Human Centered Design {available online)
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A-2: Failure Modes and Effects Analysis
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A-3: FMEA Severity Scale

33




A-4: FMEA Occurrence Scale
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A-5: FMEA Detection Scale
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A-6: Preliminary Prototype Cost Estimate

A-7: Final Prototype Budget and Cost

February
02/07/2019 |El Dorado Breakfast Burritos Visa Giftcard | $23.62 S0.00| $23.62
2/14/2019 |Home Depot |Prototype Materials Visa Giftcard | $63.31 $0.00|( $63.31
2/21/2019 |Home Depot |Prototype Materials Visa Giftcard $8.25 $0.00 $8.25
2/26/2019 |Home Depot |Prototype Materials Visa Giftcard | $78.21 $0.00| §$78.21
2/27/2019 |Home Depot |Prototype Materials Visa Giftcard $16.49 $0.00| S$16.49
2/27/2019 |El Dorado Breakfast Burritos Visa Giftcard | $ 18.00 $S0.00| $18.00
2/27/2019 |POS n/a Visa Giftcard | $(0.01) $0.00( $(0.01)
Total:| $ 207.87
March

03/04/2019 |[Home Depot |Prototype Materials Visa Giftcard | $32.98 $0.00| $32.98
03/05/2019 [Home Depot |Prototype Materials Visa Giftcard | $22.16 $0.00| $22.16
03/05/2019 |POS Home Depot Return Visa Giftcard |$ (32.98) $0.00($ (32.98)
03/05/2019 |[Home Depot |Prototype Materials Visa Giftcard S 8.64 $0.00 $8.64
03/06/2019|P0OS Home Depot Return Visa Giftcard |S (29.55) S0.00| S (29.55)
03/06/2019 |[Home Depot |Prototype Materials Visa Giftcard | $19.91 $0.00| $19.91
03/08/2019 |El Dorado Breakfast Burritos Visa Giftcard | $25.37 $S0.00| $25.37
03/15/2019 [Home Depot |Prototype Materials Visa Giftcard | $33.88 $0.00| $33.88
03/15/2019|P0OS Home Depot Return Visa Giftcard |$ (48.74) $0.00(S (48.74)
03/22/2019|CSM Printing Visa Giftcard $1.40 $0.00 $1.40
03/20/2019 |POS Home Depot Return Visa Giftcard |$ (11.79) $0.00($ (11.79)
03/20/2019 |[Home Depot |Prototype Materials Visa Giftcard | $ 14.92 $S0.00| $14.92
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03/21/2019 |[Home Depot |Prototype Materials Visa Giftcard | $ 18.25| $S0.00| $18.25
April

The Home

04/03/2019 |Depot Paint and Aluminum Primer |Visa Giftcard | $ 27.86 S0.00| $27.86
The Home

04/03/2019 [Depot Paint and Aluminum Primer|Visa Giftcard | $59.17 $S0.00| $59.17

04/02/2019 |POS Home Depot Return Visa Giftcard |$ (29.70) $0.00($ (29.70)
The Home

04/05/2019 [Depot Materials Visa Giftcard | $18.73 $0.00| $18.73

04/11/2019|POS Home Depot Return Visa Giftcard |$(21.97) $0.00($ (21.97)
The Home

04/11/2019 [Depot Materials Visa Giftcard | $11.34 S0.00| S11.34
The Home

04/16/2019 [Depot Materials Visa Giftcard | $ 19.86 $S0.00| $19.86

04/16/2019 |El Dorado Breakfast Burritos Visa Giftcard | $24.57 S0.00| S24.57
The Home

04/17/2019 [Depot Materials Visa Giftcard $5.62 S0.00 $5.62

Date Source Total

Starting Budget 1/8/19 [The Greenway Foundation 500

Total Funds $500.00

Total Spent $377.80

Remaining Funds $122.20

A-8: Final Full-scale Design Cost Estimate
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Appendix B: Final Prototype Drawings
B-1: Inner Cage Detail Sheet
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B-2: Outer Cage Detail Sheet

B-3: Floating Boom CAD Drawing
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B-4: Cage Slider CAD Drawing
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B-5: Prototype Cages on Rail System
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Appendix C: Engineering Calculations

C-1: Free Body Diagram of Outer Cage
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Summary:

Our Previous Knowledge Surveys indicate that a majority of students had previously not known about The
Water Connection/The Greenway Foundation. Results of these surveys also indicate that students had
experience the issue of trash in urban waterways and that all teams visited the competition site and
experienced the South Platte River.

The “all of us” response was higher in the Post Competition Survey question which asked ‘who is responsible
for removing trash from our urban waterways’. This indicates that this competition may have increased a sense
of stewardship in more of the student participants!

Quotes from the 2018-2019 Clean River Design Challenge Post Competition Survey:

Q3: Have your thoughts changed about who is responsible for removing trash from in and around urban
waterways in Denver? Briefly explain:

“Yes. | know City works usually are responsible. Now | know how much work it really is”

“My thoughts have changed to consider that instead of it being someone’s responsibility to remove the trash, it
should be people’s responsibility to not litter in the first place”

“No. It is unfortunate that the Park Dept. has to spend resources to clean up after people who dump trach in
the river or on the ground”

“Not really, but if someone were to make a device that collects and removes the trash, | don’t see why a private
entity wouldn’t take more responsibility”

“Yes. | think that since citizens of Denver are the main source of litter that they should be more involved with
removing it”

Results and Findings from the Surveys:

Q1 and Q2 from the Previous Knowledge Survey show that this competition is a great way to connect The
Water Connection/The Greenway Foundation to an issue that most students have already experienced.

Q1 from the Post Competition Survey shows that this competition gets students to experience the urban
waterways and the issues they may face.



Previous Knowledge Survey Q3 and Post Competition Survey Q2 show that the trash found on our competition
site is similar to trash students have experienced at other places along urban waterways in Denver. This
means that our competition site was representative of the issues of urban pollution issues.



Previous Knowledge Survey Q4 indicated that the student teams had a fairly good perception of how trash is
removed along our urban waterways (which is manually/by hand). However, the chart below indicates that the
students believe that there are specialized tools and/or nets that people use to collect and remove trash from
urban waterways. To our knowledge, Denver does not utilize such tools.



Previous Knowledge Survey Q5 shows that students had a limited understanding of who actually cleans up
trash in our urban waterways. There are two charts from Post Competition Survey Q4 which indicate that some
students showed a change in perception of who is responsible, and an increased knowledge of who takes care
of our urban waterways. If you notice the “All of us” slice which is a bright blue color in both the Previous and
Post Surveys. The Post Competition survey is significantly larger, which leads us to believe that this
competition may have increased a sense of stewardship in more of the student participants!



Post Competition Survey Q4 shows that the student teams have a good grasp of the complexities of designing
a device to operate in an urban waterway.




The questions regarding the environmental and hydrological impact of trash on our urban waterways do not
show a major shift in the students’ knowledge or perception.




CBS Channel 4 Story and Video Link:
https://denver.cbslocal.com/2019/04/18/clean-river-design-platte-pollution/

Clan River Design Challenge Focuses On Platte River

By Joel HillanApril 18, 2019 at 11:59 pm

Filed Under:Greenway Foundation, Lakewood News

LAKEWOOD, Colo. (CBS4)- Trash is making its way into our rivers and
eventually to the ocean. The Greenway Foundation is trying to find innovative
solutions and are turning to the next generation of thinkers for ways to remove
the pollutants.



Drone4 flies over the South Platte River (credit: CBS)

This year’s Clean River Design Challenge focuses on a section the Platte River
adjacent to the REI building where an old Denver Water diversion gate has
become a collection spot for trash and debris.

(credit: CBS)

The challenge was held at the U.S. Bureau of Reclamation Hydraulics Lab at the
Denver Federal Center. There, a specially-created hydraulic lab flume simulates
the specific waterway conditions at Confluence Park.



(credit: CBS)

Team Trash Trouts’ Isaac Jimenez Junior from the Colorado School of Mines is
proud of his team’s prototype.



(credit: CBS)

“I'm just checking out to see how our trash removal is working, it looks like it's
working good, pretty proud of it.”



(credit: CBS)

The team’s prototype did well in a low-flow scenario, but didn’t do as well in the
high-flow trial.



(credit: CBS)

“Our outer cage didn’t raise up so we missed a lot of trash, | mean our concept is
there, our implementation wasn’t perfect,” he said.



(credit: CBS)

Lauren Berent is the Events Director for The Greenway Foundation, the
environmental non-profit who organized the challenge.



(credit: CBS)

“Our goal is to have them create a scaled model of a device that would go in
stream, in one of our urban water ways to pull some trash out that's made its way
into our river,” she said.



Drone4 flies over the South Platte River (credit: CBS)

Even with a year of planning, things didn’t go as planned for the River Guardians,
also from the Colorado School of Mines—they learned their battery fried during
an earlier test.

“The last time we came here we were a lot more successful with our tests than
we were today.”



(credit: CBS)

Although the top prize ended up going to an industrial design team from Metro
State University, Bryan Cazier was grateful for the opportunity.

“If you just try your hardest, you're going to gain some kind of experience and
some kind of skills you wouldn’t otherwise develop,” said Cazier.



(credit: CBS)

The winner of the first challenge in the 2015-2016 school year, was also won by
an industrial design team from Metropolitan State University. The Greenway
Foundation is currently awaiting permits from the City of Denver to pilot that
prototype in a section of the Cherry Creek in Denver. They hope to have it in the
water by the end of the year.

LINK: The Greenway Foundation | Clean River Design Challenge
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