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Purpose
As requested b the cit of Bluffdale e ere to complete their e isting secondar irrigation ater model designing for full future development of the cit A third of the model as alread completed and e
ere to design the pipes and nodes for the other t o thirds of the cit This involved dra ing pipes and nodes in EPANet
calculating demand for each node in ArcGIS Pro and running an anal sis in EPANet
to calculate pressures and velocities throughout the pipe net ork We ere to come up ith a orkable model that met the requirement for pressure and velocit in each pipe

EPANet

Model

EPANet
is a program used b cit engineers to dra and model pipe net orks
for both primar and secondar ater needs The model belo that e
developed sho s the Bluffdale secondar ater s stem s nodes pipes pressure
reducing valves and reservoirs In the design pipes ere primaril dra n
through the streets of the cit ith reservoirs being built along e isting canals
and a ater treatment plant that ill eventuall be built to the north of Bluffdale
The model ill be used for future planning and development of the cit and to
suppl the communit ith the necessar ater suppl

ArcGIS Pro Demand Areas
The pol gon function in ArcGIS Pro as used to dra individual ater demand areas for each
node based upon the secondar ater irrigation use for each node Water uses included
residential commercial and agricultural t pes This map as then used to compute ho
much ater as needed to go here

Conclusion
The final model contained
lengths of pipe and handles a peak demand flo of
gal min This model ill help
Bluffdale cit plan and implement secondar ater into the foreseeable future Because of individual circumstances and
plan changes in the future this model is not meant to be a final product but an adaptable resource to be used and
updated as needed for the cit The GIS files ith pol gons that hold demand and node data ill also be available to the
cit and a companion resource for future planning The final EPANet
model that as handed over to the cit had
balanced acceptable pressures around the cit and acceptable flo velocit for the peak demand
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Introduction

Process

Our project relates to large suspended
scoreboards, sometimes referred to as
jumbotrons, and their behavior during seismic
events. Our purpose is to quantify and better
understand the risk of collision. This will be
accomplished by developing a model and
system of equations to determine the
maximum horizontal movement, as well as a
user-friendly approach to solve this problem in
the future without expensive software,
without time-consuming analysis, and without
requiring excessive input related to the
supporting building structure.

In order to create an accurate model, we used
SAP2000 as our modeling software. We created a
box that hangs from 10 ft cables. We then placed a
2 inch displacement at the pinned supports as seen
in Figure 1. We then created a special load case
using a sine wave (Figure 2) and created a time
history function to run the special load case (Figure
3). We ran the function to receive the output
displacements.

Results
We received temporary results, as the model is not
currently fully accurate, of a 15 inch displacement
at the pinned end of the cables. From the video
analysis, we see that the cables, while the box
remains static. We are not sure why this is
happening. We will continue to modify and test the
model until we get reasonable results.

Figure 1

Figure 2

April 2, 2020

Figure 3
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Objective
Anchored bulkhead walls are used extensively in waterfront structures
and are constructed by driving a row of sheet piles to a required depth.
The wall is supported at the top by tie rods and the bottom by passive
earth resistance. The objective of this project was to evaluate an
existing bulkhead for external loading of heavy equipment for a new
power plant. The goal was to provide recommendations to Kiewit for
the offload operation, and a monitoring plan to be implemented during
the 4-6 weeks of offloading, so that the equipment can be offloaded
safely.

Results
Calculations were separated into four different failure methods; passive
embedment failure, anchor failure, buckling of the sheet pile, and slip
failure. The following graph shows the soil pressure distribution that
was used for our analyses.

Kiewit Power Plant Bulkhead Evaluation
April 2, 2020
Slip Failure
A seepage analysis program (SEEP2D) was used to calculate the pore
water pressures behind the steel bulkhead wall, and a slope stability
analysis program (UTEXAS2) was used to compute the stability of the
soil surrounding the wall. Limit equilibrium procedures were used to
calculate a factor of safety against failure. The factor of safety was
applied to the slip
failure, or the soil
causing the bulkhead
wall to “kick out”
from the bottom.
Figure 4. Diagram of SEEP2D pressure head.

Figure 1 shows the
unloading pad, ramp, and
anchored sheet pile wall
that are to be used for the
offloading operation. A
maximum
uniform
pressure beneath the pad
was assumed to be 2,000
psf
applied
when
offloading equipment.

Monitoring Plan
Figure 3. A graph of the soil pressure at the bulkhead wall.

Passive Embedment Failure
Figure 1. A 3D AutoCAD rendering of the ramp to be used for offloading.

Analysis
Surcharge Loading Grid
The bulkhead wall was first analyzed under in situ, unloaded conditions,
and then the analysis was repeated with the addition of the surcharge
loading. Since the weight distribution is assumed to be uniform, it was
modeled as a grid of equivalent point loads acting at the center of each
square foot of the pad, as shown in Figure 2. The pad is 12’ x 20’ with a
maximum loading of 2000 psf.

Passive Embedment failure – when the whole wall rotates out – is
caused by insufficient depth of embedment of the sheet pile. For this
analysis, a moment was taken about the depth of the tie rod to solve for
the theoretical depth of embedment below the mudline necessary to
maintain equilibrium. This depth was then compared against the known
depth of embedment of the sheet pile, which yielded a factor of safety
of 1.5.

Anchor Failure
Tie rods placed at specified intervals across the width of the wall
provide additional reinforcement. The anchor failure evaluated was of
insufficient tie rod capacity. The magnitude of force in one tie rod was
solved as a function of the force per foot of wall and the spacing and
angle of deflection of the tie rods. Comparing the required tie rod
diameter to the actual tie rod diameter, a factor of safety of 5 was found.

Sheet Pile Failure

Figure 2. A model of how the surcharge loading was applied to the bearing pad.

This failure is caused by buckling due to inadequate moment resistance
of the sheet pile wall. The maximum moment of the wall, which
corresponds to where the sheet pile would buckle, was found by
evaluating the location of zero shear. The design moment capacity of
the sheet pile was found to provide a factor of safety of 1.125, making
this the critical failure criterion that will most likely govern.

Background image: Example of a sheet pile bulkhead wall. Digital image. Blackwater Pier & Dock. http://www.blackwaterpieranddock.com/

Having a specific monitoring plan in place and following it during the 46 weeks of offloading heavy equipment will reduce the likelihood of
failure in the bulkhead wall and provide guidelines on measures to take
in the chance that there are warning signs of failure. For larger
deflections, visual monitoring should be done daily, examining the
surface of the soil near the anchor wall for cracks parallel to the wall.
For less noticeable deformations, an
inclinometer will be inserted within
1 ft. of the wall, to a depth of 4-6 ft.
below the wall, to measure
horizontal ground deflections, as
seen in Figure 5. Use of an
inclinometer will aid in monitoring
if
additional
precautionary
measures need to be taken to ensure
the stability of the wall during the
offloading period.

Figure 5. Schematic of a portable borehole inclinometer.

Conclusion & Recommendations
The conclusion of the analysis is that the
bulkhead wall is sufficient for the offloading
processes proposed. Although the calculations
do not yield a large factor of safety,
conservative values were used, so there should
be enough capacity to utilize the bulkhead under
its current conditions. The recommendation is to
proceed with caution and to be vigilant with the
monitoring plan.
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Existing Conditions Hydrograph Indicates Flooding

Existing Conditions
Bluffdale City Park Watershed
(GIS Storm Sewer Model)

Objective:
To Update the GIS and SWMM models for the Bluffdale City
Park watershed and to provide recommendations on how to
enhance or optimize capacity and conveyance.

The design storm used for the model was a
Type II SCS 24-hour rainfall distribution, with
rainfall volumes of 1.67 (in) for a 10-year
flood event and 2.36 (in) for a 100-year flood
event. The hydrology assumptions were
optimized and it was found that all of the
modeled pipes experience maximum
capacity and flooding during the peak of the
storm, indicated by a plateaued hydrograph
(see above).

Proposed Conditions Hydrograph Indicates Adequate Capacity

Proposed Conditions
To optimize the storm water system, design
parameters included pipe diameter,
elevation, slope, and material. Conveyance
capacity had to be increased to
accommodate flooding, and with the
increased capacity and flow, maximum
velocity was also considered. The team
recommended replacement of
approximately 2000 LF of pipe within the
Bluffdale City Park sub-basin.

Approach:
The team visited Bluffdale several times to resurvey and
collect data on the existing storm drain system and the
surrounding watershed. These locations, elevations,
conditions, and capacities were then compared against the
now outdated models and checked for discrepancies. After
resolving said discrepancies, an updated existing conditions
model was created to demonstrate conveyance issues within
the system. Based on the existing conditions model, a new
proposed conditions model was simulated to demonstrate
proposed improvements.

Collecting Survey Points
Bluffdale City Park Watershed (EPA-SWMM Model)

EPA-SWMM Interface for Storm Water
Analysis

Trimble GPS equipment to collect Field
Data
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The purpose of this project was to
determine if any pump stations
located in the Ironhouse Sanitary
District in Oakley, California could be
removed. Using Google Earth and the
plan set provided by the sanitary
district, we were able to look at
elevation data of the pump stations
and ends of the force mains, and
evaluate the general layout and feed
system for each pump station. Every
pump was evaluated individually, and
our findings suggests that up to 7
pumps in the district may be able to be
removed. It should be noted that
these are recommendations, and a full
analysis is necessary to confirm the
validity of this evaluation. The full
analysis would need to include cost,
energy, efficiency, age, maintenance,
and environmental impact before any
final conclusions are made.
Additionally, the plan set was not
digitized, and only available in the
form of PDF sheets. As part of this
project, the PDFs were digitized in an
AutoCAD file that the sponsor can
provide to their client. The digitized
map provides a simplified and
streamlined experience for the user.
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Summary of pump station evaluation

Sewer system in AutoCAD

PDF of sewer system used as an overlay in Google
Earth to find elevations of pump stations

Pump Station

Possibility for Removal (Y/N)

LAURITZEN

N

BRIDGEHEAD

N

HOFFMAN

N

IRONWOOD

N

LAUREL HEIGHTS

N

CYPRESS GROVE

N

QUAIL VALLEY

N

MARSH CREEK

Y

T-7

N

T-6

N

T-5

N

D-13

N

BIP

Y

MPS

Y

WEB 14

Y

SUMMER LAKES 3

Y

SUMMER LAKES 1

N

HW-12

N

G-1

N

S-8

N

WILLOW PARK MARINA

Y

SM15

N

SM-16

N

SUMMER LAKES 2

N

W-11

N

W-4

N

P-10

N

G-2

Y

GW-3

N

S-9

N

2020
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Project scope: Rodent burrows in earth dams
Rolfson dam is a high hazard dam that
is one of many earthen dams in UT
under the impact of burrowing
rodents that make the dam susceptible
to failure. Rodent burrows can be deep
enough into the crest to reach the
phreatic surface or reach through to
the other side of the crest. When the reservoir water surface rises, these burrows create
a high potential for internal erosion and failure of the dam structure.

Grouting burrow tunnels
A common method to mitigate potential internal erosion due to rodent burrows is to fill the
burrows with grout, but this method comes with the question of how effective is grouting
in reducing potential erosion?
To answer this question, our team has replicated Darcy Weisbach experiment of conducting
a falling head permeability test for measuring the rate water flow through soil. We have adjusted
this experiment to include in the soil an artificially created burrow, in which we conducted the
experiment in two tests, the first test measures the water flow through the soil that has an empty
burrow tunnel, and the second test having the burrow tunnel filled with a grout slurry. Comparing
the results of the flow rates of the two different scenarios gives use a better metric for determining
the effectiveness of grout filling rodent burrows in prevention of internal erosion.

Lab experiment
We ran a grain-size analysis on the
obtained soil sample from the land
side of Rolfson dam. The soil type is
classified by the USDA chart of being a
loam soil with 43% being Sand, 20%
being clay, and 37% being silt. For the
test we were able to source a local
loam soil in Provo, a loam soil that was
similar in
composition.
Here is a graph
of the gradation curve of

both samples from the
two different locations.
With a soil type similar to
the Rolfson dam, we
compacted the soil into a
large
PVC pipes. To
create the burrow tunnel,
a OD pipe was placed in
the soil during compaction
than removed after.
Attached to one end is a
water standpipe for the
falling head permeability

Rolfson Dam
test, an empty standpipe is
attached to the other end for
the water to equilibrate. In the
second test, we recreated the
grout mixture used for filling the
burrows at the dam. A slurry of
a 1:1 ratio of water and Portland
cement with 5% of bentonite.
The grout mix is then poured into
full set up of test
the burrow tunnel of a second soil
pipe we created. The second test begins after 24 hr. of curing. It is our
aim that for both tests of the soil with a rodent burrow and with a
burrow grouted, that we will be able to collect data on the flow rate of
permeability when the soil is at regular in-situ moisture content, and
when fully saturated. This is to represent scenarios of if the water line
suddenly meets the location of a burrow, or when the phreatic line
comes in contact with a burrow.
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Introduction
UTA recently implemented a pilot microtransit service in the Draper area
of south Salt Lake County in partnership with WSP and VIA. The
microtransit pilot, UTA on Demand, is a ride sharing service that allows
users to request rides in vans shared with others headed in the same
direction. UTA collaborated with VIA to provide an app allowing users to
select pickup and drop off locations. The purpose of the pilot project is to
evaluate whether this system is a more effective form of transit in lowdensity areas, such as where the pilot program is taking place. UTA began
the pilot in November 2019, and the BYU team was asked to provide
support in determining a baseline from existing services (fixed and flex bus
routes) and in collecting and analyzing ridership data now that the service
has begun. The microtransit service will run for one year as a pilot
program, overseen by WSP. Our analysis will help UTA determine if it is
effective at meeting the transit needs of the area and identify any needed
improvements after the first quarter.

UTA INNOVATIVE MOBILITY SOLUTIONS PROJECT SUPPORT
April 2, 2020

Comparison of Survey Results: Had you heard of UTA on Demand before today?

UTA on Demand Survey: What types of trips do you think you could use it for?

Project Deliverables
Create Baseline Survey and Analysis
• Write survey aimed at current UTA riders
• Conduct surveys at transit stations in the pilot service area, Nov. 2019
• Prepare a report discussing survey results
Analyze Ridership Statistics
• Compare actual ridership and costs with expectations
• Evaluate ridership on existing local bus routes
Create First Quarter Survey and Analysis
• Write two surveys, one aimed at current UTA users and another for
VIA riders
• Conduct surveys at transit stations in the pilot service area, Feb. 2020
• Prepare a report discussing survey results

Heat map showing pick up and drop off locations within the service area

UTA on Demand Survey: How would you have made this trip without UTA on Demand?

Results
Survey - comparison between baseline and first quarter
• Increased awareness of the service in the pilot area
• A larger percentage said they were less likely to use it
• People with larger households and fewer cars are more likely to use it
• Those most likely to use the service would use it to go to school or
work
• Barriers to using the service include: limited service area, cost, and
inadequate understanding of how to use a student or employer UTA
pass with the VIA app
The first quarter performance of the pilot met expectations in terms of
raising public awareness and satisfactorily meeting the needs of the
residents. In addition, ridership exceeded goals and the pilot was under
budget. We recommend that the microtransit service continue operating
in the pilot area and that UTA, in conjunction with VIA, begin identifying
other areas that are currently poorly served by fixed-route bus service and
could implement a microtransit service in the future. Our survey results
have been shared with UTA s marketing team to help them more
effectively reach those most likely to use microtransit and address
concerns that current riders had.

CEEN-2019CPST-010 - Santaquin Water Conservation

March 30, 2020

Daniel Arana, Trevor Oberender, Thomas Shoaf

Introduction
The City of Santaquin desires to effectively manage its current water conservation
program and to increase the efficiency of the City’s current pressurized irrigation
system.
Two outcomes are expected from the water conservation program.
1) Reduce the peak demand on the system by distributing peak demands over
a longer period of time, thus potentially decreasing the required storage and
transmission capacity.
2) Potentially reduce the average pressure irrigation usage per ERU (Equivalent
Residential Unit).

Tactics
Smart Meters
• Santaquin plans on using smart meters to achieve the two previous outcomes
following the successful plan of implementation of Spanish Fork.

Implementation of Smart Meters
Santaquin plans on using grants or other alternatives to provide funding for Smart Meters.
Grants
• WaterSMART
• Funding Group I projects receive $300,000 and can be completed in 2 yrs.
• Funding Group II projects receive $1.5 million and can be completed in 3 yrs.
• 2021 application opens August of 2020.
• Central Utah Water Conservancy District
• Every resident that buys a smart Meters receives a 50% rebate up to $150.

Alternatives
INNOV8: smart meter and register
• INNOV8 registers install onto every existing meter. These devices contain
Leak detection, Schedule Restricting, and Data Logging. $150 per unit.

• Spanish fork households saved on average 18,300 gallons of water per year.
Sensus: smart meter and sprinkler controller
• Currently in use by American Fork and Eagle Mountain. The Smart meter, iPerl, collects
data, reports leaks, reduces non revenue water. $300 per unit

Racchio: Sprinkler Controller
• Controllers give home owners remote shut off and live data to help reduce water
consumption on lawns. $150 per unit.
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The Homestead Detention Pond will be converted into a retention pond
by the City of Riverton (this means the water will be permanently
retained in the pond, as opposed to being temporarily detained and
slowly released through a pipe). The scope of work included engineering
a system to remove pollutants from the water that will be retained by
the pond. We provided the City of Riverton with construction drawings,
a cost estimate, and a pollution analysis.
The figure to the right depicts the area that
drains into the pond. The pond itself is noted
with a yellow star. The purple markings show
how much impervious land there is (roadways,
sidewalks, etc) per unit area of the watershed.

Nitrogen, Phosphorus, and BOD Load
1200
1000

lb/yr

800
600

N Load (lb/yr)
P Load (lb/yr)
BOD Load (lb/yr)

400

200
0

Scope of Work
Labor
Mobilization
Existing Concrete Boxes
Sawcut Existing Boxes, Jackhammer, and Remove Concrete
Cut and Plug Existing Pipes
Relocate NE Corner Concrete Box
Landscaping
Prairie Grasses - Each
Prairie Grasses - Installation
Red Twig Dogwoods - Each
Red Twig Dogwoods - Installation
Other
Contingency
Contractor's General Conditions
Contractor's Fee

Quantity

Unit Price
1 $

The figure to the left shows the amount of
Nitrogen, Phosphorus, and Biochemical Oxygen
Demand (BOD) that are estimated to be removed
from the storm water as a result of converting
the detention pond into a retention pond.
Total

500.00 $

500.00

3 $ 500.00 $ 1,500.00
4 $ 500.00 $ 2,000.00
1 $ 3,000.00 $ 3,000.00
50
50
50
50

1
1
1

$
$
$
$

10.00
5.00
13.00
5.00
Subtotal:

$ 500.00
$ 250.00
$ 650.00
$ 250.00
$ 8,650.00

2%
8%
12%
Total:

$ 173.00
$ 692.00
$ 1,038.00
$ 10,553.00

The chart to the left is a
summary of the cost estimate
that was provided to the city.
The chart to the right
details the reasoning behind
the plant recommendations.

Plant Type

Function

Dissipate heavy flows of
Red Twig Dogwood
storm water

Prairie Grasses

Remove pollutants

References: EPA.gov, Riverton Watershed Report, Jordan River TMDL Water Quality Report

Reasoning
The Red Twig Dogwood thrives in wet and dry
environments. It has a strong root system, and thus is
resilient against heavy flows of water. This plant is often
found in river bottoms with strong river currents. These
plants require very little maintenance.
Prairie Grasses are great at phytoremediation, the
process of removing pollutants from soil and water. By
placing these plants in the pond area, they will help
remove the pollutants present in storm water runoff.
These plants require very little maintenance.
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Problem Statement
Traffic Counts

Data Collection

Surveys

N
I
O
U
T

Wilkinson
Student
Center

900 East

Figure 3. Survey response about safety

Engineering Building

TO CAMPUS

J-DAWGS
McDonald Parking Lot
FROM CAMPUS

800 North
Parking Lot Vehicles
IN
OUT

Figure 1. Project Site Location

EBR

T-intersection vehicles
EBL
NBL
SBR

Figure 2. Sample pedestrian count sheet

Figure 4. Project Site Location

Solutions

Results
Mitigation Measure #1 -

Cost Estimates
1

2
Figure 5. Survey question about close encounters

Figure 6. Survey question about safer way to get to school

Example A-Frame Decision Point 1

Decision Point 2

Mitigation Measure #2 -

Mitigation Measure #3 If mitigation measures 1 & 2 do not have the desired results, a path
can be painted in the parking lot to delineate a travel way for
pedestrians. While this may not reduce the number of pedestrians
in the parking lot, it will concentrate them and help drivers know
where to expect them.
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CITY OF MAPLETON SOURCE WATER PROTECTION
Project Overview

Source Protection Zones

Protection Plans

The City of Mapleton obtains their drinking water
from four wells and various springs in the mountains.
The City is required by the Utah Department of
Water Quality to submit documentation of their
drinking water sources and how they are protected.
In the past, these reports have been outsourced to a
consulting firm. The city requested for the previous
reports to be reevaluated and a new living document
of each report created that can be updated
internally. Compiling these reports included creating
an updated groundwater model that shows where
the city wells collect their water and GIS maps that
show potential contamination sources in relation to
these protected aquifers.

The area of groundwater collected by a well is
divided into source protection zones. Using the
computer programs MODFLOW and WhAEM, we
were able to develop a model of how the
groundwater flows in these areas. MODFLOW was
used to help determine the hydraulic conductivities
(K) used for the groundwater flow. The higher image
shown below is from MODFLOW and shows
rasterized K values of the region. Those K values
were input into WhAEM. WhAEM used these K
values, aquifer properties, and pumping rates to
create the zones. For each well, three zones were
calculated and are shown in the lower image below.
These zones show the 5-year, 10-year and 15-year
travel paths of water going through the aquifer to
the well. The protection zones were exported to GIS
to overlay on a map of Mapleton.

Once the source protection zones are created, they
are used in developing GIS maps of potential
contamination sources, such as the one shown
below. Some of the potential contamination sources
shown on these maps are septic tanks, abandoned
wells, and farming areas. Mapleton City can use the
source protection zones and potential contamination
maps to create plans and ordinances to protect their
underground aquifers. These plans and ordinances
are reviewed regularly by the Utah Department of
Water Quality to ensure that our water quality
continues to meet high standards.
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•
•
•

REQUIREMENTS
Site survey of existing terrain
Design Paving surface and grade requirements based
on existing soil type.
Specify stormwater runoff volume, and collect inlet
location and elevation.
Design the amphitheater, including
• Tiered Seating
• Research of a shade structure
• Stage and fir pit
• Walkways
• Seating-to-ground anchorage
Parking lot layout design
Parking lot access from roadway design
Wasatch County Municipal Code Interpretation

•
•
•
•
•

CHALLENGES
Lack of team experience
Funding issues
Contract renegotiation
Cross-discipline communication
Scope definition

•
•
•
•

OVERVIEW
Wasatch Mountain State Park no longer
has an amphitheater and needs a new one
as a venue for their community education
program. The new amphitheater needs to
accommodate 100 people, including ADA
provisions, and the associated parking lot
needs to accommodate 40 cars. The
construction of the project is slated for
Summer 2020.
The new amphitheater will be located next
to Pine Creek, the Pine Creek Trail, Pine
Canyon Road, and the campground, which
will make for a beautiful, easily accessed
location for outdoor education.
The park specified that the shad structure
have a removable cloth covering. They
want to be able to remove the cloth to
facilitate their night sky educational
programs. They also specified tiered
seating in the amphitheater to prevent and
blocked views of the stage.
3-D Site Surface Map showing existing contours
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