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Executive Summary 
 
 
PROJECT TITLE:  SPRINGVILLE IRRIGATION CANAL MITIGATION 
PROJECT ID:  CEEn_2018CPST_012 
 PROJECT SPONSOR: City of Springville 
TEAM NAME:  Centilium Engineering 
 
 
The irrigation canal leading from the Wayne Bartholomew Family Park in Springville, Utah, has 
experienced a breach subsequent loss of water. The canal spans approximately 2,000 feet with an adjacent 
paved walking-trail and residential dwellings. The Springville City and Springville Irrigation Company 
operate and maintain the canal that is currently shut off with very little water remaining in the canal.  
 
Centilium Engineering Capstone (CEC) was selected by the City of Springville to analyze and model 
solutions to mitigate the breach. CEC was also asked to evaluate options to alter the current configuration 
of water flow from Strawberry Reservoir into the Bartholomew Family Park Pond.  
 
Each of the proposed designs have been evaluated according to cost, social and environmental impact, ease 
of construction, aesthetics, maintenance, and liability. Proposed solutions are divided into two categories: 
those involving mitigating the breach, and those for improving circulation within the pond. 
 
CEC received a recommended deadline of mid-March from the City of Springville for completion of the 
analysis. Project Deliverables include a final report, slideshow, and formal presentation for the City of 
Springville’s engineers on April 8, 2019. The presentation will discuss CEC’s recommended solutions. 
 
Approximate costs of examined alternatives range from approximately $200K to $1.7M. Cost of materials 
and construction vary according to each solution. Some solutions span the entire 2,000-foot length of the 
canal while other span approximately 300 feet.  
 
The recommended solutions are piping the entire ditch, or to install a French drain to mitigate the breach. 
CEC also recommends installing a pipe to divert a portion of the Strawberry water to enter the pond at the 
location of the “New Creek” in order to improve water quality. These solutions were chosen because they 
solve the problem of the canal breaching the retaining wall. The French drain is recommended because it 
is the cheapest option and easy to install as it only spans 300 feet. The pipe is suggested because it prevents 
the possibility of the canal overtopping. The option to improve water quality was chosen because it is the 
least expensive.  
 
 
  

Lila Lasson
Should we capitalize engineers?

Lila Lasson
I added to/ edited this paragraph. Feel free to edit or change what I added.
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Introduction 
 
 
The origins of this project date back to 2010 when the Rivers subdivision was constructed. Several homes 
were built on parcels along the irrigation canal. During the construction process, the Springville Irrigation 
Company insisted that the canal be piped to reduce liability should the canal breach and flow downhill 
through the new subdivision.   
  
The decision was brought before the City Council, and the vote to keep the canal open was made in order 
to preserve the natural beauty of the area. Features such as the open water source and existing walking-trail 
running parallel to the irrigation canal were important to preserve. In some locations, trees on either side of 
the canal transpire up to 100 gallons of canal water per day per tree. One of the deciding factors behind 
keeping the canal an open water source was to maintain the water source for the trees. It is not known if 
there is another water source located along the canal, such as a spring, and CEC assumes that the trees 
would die if the water source from the canal were to be stopped.  
 
Eventually, homes were constructed on parcels located directly downhill (south) of the open canal. In some 
cases, the homebuilder cut into the hillside just below the trail and open canal, installing rockery walls to 
hold back the hillside. In these locations, the elevations of the homes are below the elevation of the canal. 
 
In 2018, the canal breached along the properties that undercut portions of the canal. One particular portion 
of the breach reportedly had water shooting out of the side of the canal like a faucet, while other locations 
simply leaked. The water quickly pooled in the backyards below the breached areas, posing an immediate 
risk of damage to the adjacent homes.  
  
In addition to the problems with the breach, the city has found that water in the retention pond at Wayne 
Bartholomew Family park is not circulating well. The main source of water from Strawberry Reservoir 
enters the pond close to the outlet for the canal and short-cuts directly to the outlet rather than traveling 
throughout the entire pond. CEC was asked to investigate possible solutions to cause the water to circulate 
more before exiting the pond. It is anticipated that this would improve water quality within the pond. 
 
The City of Springville has tasked CEC with creating and evaluating possible solutions to mitigate the 
breach along the irrigation canal and improve water circulation the Wayne Bartholomew Family Park pond.  
 
To accomplish this, CEC has created, analyzed and evaluated several solutions for both problems. Data and 
samples have been collected and analyzed to further aide CEC in evaluations of possible causes behind the 
breach. CEC obtained measurements of the dimensions of the canal. Water flow was then analyzed at 
various flow rates. Several analyses were done to establish the potential risk of installing each solution to 
ensure the solution did not magnify the problem or cause new ones to occur. One of the larger problems 
CEC analyzed was the possibility of the canal overtopping and flooding the houses south of the canal. 
 
In the following sections of this report, CEC will propose several solutions that have been designed to 
mitigate current breaching of the canal and prevent further breaching in the same locations. Several 
solutions will also be proposed that should increase water circulation within the pond. Each of these 
solutions have been cost analyzed based on both financial factors and other factors such as social impact. 
 

Lila Lasson
Added this in. Feel free to edit.Also, I felt the METHODOLOGY heading wasn’t needed since this is the introduction.
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Assumptions & Limitations 
 
 
One of the challenges CEC faced during investigation was an unknown water depth. This information was 
needed to analyze the fluid flow through the soil. In order to solve this problem, measurements of the canal 
were obtained and the flow through the canal was analyzed using Hydraulic Toolbox. During this step, 
several assumptions were made. First, it was assumed that the irrigation canal experiences continuous flow. 
This allowed CEC to use Manning's equation. In turn, the slope of the canal was assumed to be continuous 
and was calculated using approximately 50% of the length of the canal. CEC also assumed that the smallest 
cross sections of the canal would control the flow and height of water in the canal. 
 
While creating flow nets, the critical section was defined as the location where the retaining wall was 
highest and the distance from the canal to the rear wall of the house was the shortest. The flow nets were 
created using values received from Hydraulic Toolbox for hydraulic head at critical flow, approximately 
30 cfs. From the gradation analysis performed, the soil was determined to be Sandy CLAY. Using 
correlations from NRCS, CEC assumed he hydraulic permeability coefficient, K, to be 0.142 ft/day or 0.5 
micrometers/second. 
 
For the flow net design, CEC assumed the soil to be isotropic in nature, and that the soil is homogeneous 
to a depth of approximately 20 feet below the surface. CEC also assumed that a sheet pile or cut off wall 
could easily be installed within five feet of the retaining wall without disturbing the structural integrity of 
the wall. Later, we learned the soil would not hold the wall while solutions were installed so the distance 
was moved to approximately 10 feet. The length of the back yard was assumed to be 25 feet, a value which 
was measured using ArcGIS Pro. Additionally, basement depth was assumed to be eight feet below ground 
level. As a result, CEC found that the height of a certain solutions would need to be approximately 6.5 feet 
below the surface. With the new distance from the wall, CEC assumed that the height of the solutions would 
only need to be 3.5 to 4 feet. 
 
CEC also assumed that the two homes closest to the junction with retaining walls were the only houses with 
an elevation difference that could permit breaching to occur through the retaining wall. For the other homes, 
it was assumed that a breach would be unlikely to occur. Additionally, CEC assumed that driving sheet 
piles approximately 25 feet from existing structures would not damage foundations. This assumption is 
based on the proximity of a new well in Springville that did not damage structures within a close proximity 
of the project. 
 
Limitations that CEC experienced are as follows. The main limitations found during the project are those 
caused by not being professional engineers. CEC is made up of students who do not have not experience 
with in-depth engineering work. Therefore, before any suggested solutions are implemented, a licensed 
engineer is required to analyze any results CEC finds. 
 
Other limitations that CEC experienced include public opinion, cost, property boundaries, space, and 
hydrologic uncertainty. Any solution that is presented is subject to public opinion. Along with this, CEC 
has been informed that the aesthetic qualities of an open water source are desirable to citizens in the area. 
These opinions have been taken into account in some of the project designs but ignored in others to find 
high quality solutions. Cost is the main concern on this project. Many of the current project designs are 
expensive and may not be feasible. Additionally, the canal passes through two privately owned parcels, 
with the majority of the easement located between other privately-owned parcels. This could increase costs 
as well as limit physical space to implement proposed solutions.  Due to the abundance of springs in the 
area, there is a possibility that a natural spring may be contributing to the canal breach, causing the problem 
to be more difficult to resolve than anticipated. 

Lila Lasson
Reed, did we change these numbers?

Lila Lasson
I think we should keep this original number just to say this was our original assumption and then later say that our assumption changed based on new information. But I can’t remember our new number…….

Lila Lasson
Same as above

Lila Lasson
Should we keep this in assumptions and limitations or should we move it down to the conclusion?
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Design, Analysis & Results 
Design Process: 
To create and evaluate design options, CEC first visited Ditch #1 in September 2018, and obtained canal 
dimensions and soil samples at several different locations along the length of the canal. A simple soil sample 
analysis was performed to determine the mechanism of breach within the canal walls. The results indicated 
that the fine-grained soil had been washed away in the area around the breach location. Next, CEC used the 
canal dimensions to model fluid flow in the canal and determine the water depth. This information provided 
hydraulic head values. These values were used to create flow net models which were essential in evaluating 
potential solutions. Finally, after several flow nets were created to determine optimal placement and depth 
of different rehabilitation options, cross sections of the designs were created. Cost estimates and feasibility 
rankings were generated for each solution using different weighting methods that sought to evaluate each 
design based on economic, social and environmental criteria. 

Soil Analysis: 
Two soil samples were obtained, and tests were performed by CEC in the Brigham Young University 
laboratory. The first soil sample was taken from the site of the breach and the second from upstream in the 
canal to assess whether the breached soil was significantly different in composition. The soil was sampled 
eight inches below the surface from the bank of the canal and was taken with a square-nosed shovel to 
minimize bias in sampling.  
 
The soil went through an Atterberg limits test and a full gradation was performed using ASTM standard 
sieves. Based on the discovered difference in fines content between the soil at the breach location and the 
upstream soil, CEC determined that the fines in the area where the breach occurred have been washed away. 
In fact, there were twice as many fines present in the upstream soil compared with the soil near the breach. 
The soil at the breach site was then classified as a Clayey SAND using the USCS soil classification system. 
However, considering that the fines near the banks have been washed away, CEC concluded that the soil 
near the breach at greater depths would likely be a Sandy CLAY, much like the upstream soil sample.  

 
Figure 1: Soil gradation at breach location 

Fluid Flow Analysis: 
To calculate the water depth within the canal at the design flow rate of 20 cfs, the canal was assumed to 
have continuous flow. This assumption allowed for a fluid flow analysis to be completed using a hydraulic 

Lila Lasson
Is it too pretentious to say soils laboratory? Can we just say soils lab?
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toolbox, a software which uses Manning’s equation to calculate flow rate or flow height within a channel. 
Due to the inconsistency of canal bank conditions, several Manning’s coefficients and canal cross sections 
were analyzed using the minimum specified design flow rate of 20 cfs to produce the maximum water 
depth. The data generated included Manning’s coefficients and results can be seen in Tables 3 and 6 located 
in Appendix C. 
 
A worst-case scenario was analyzed using a typical cross-section of the canal with a height of 3 feet, and 
widths of 12 feet and 4 feet. The specified minimum flow rate of 20 cfs was increased to 30 cfs. A typical 
cross section with 30 cfs yields a maximum water depth of approximately 1.6 feet. This was calculated 
using a Manning’s coefficient for earth channels made of stone or cobbles. The returned depth of 1.6 feet 
was used as a design parameter and was assumed to be a maximum depth throughout the length of the canal.  
 
The generated results indicated that there would be little risk of overtopping events during normal operation 
of the canal. The worst-case fluid flow analysis results are depicted below in Figure 2.  
 

 
 

Figure 2: Fluid flow analysis results for governing water depth using the Manning's coefficient for earth channel with stone and 
cobbles and a flowrate of 30 cfs 

Flow Net Analysis: 
CEC created several flow nets to aid in analysis. Each of the flow nets were created using GMS 10.4.2, 
using the previously mentioned assumptions. The flow nets were designed using a section of the canal with 
the highest elevation difference between the canal and adjacent homes. The distance between the canal 
embankment and home was also minimized. This was considered the critical case for flow net calculations. 
The flow nets were created using hydraulic head values from the worst-case scenario conditions of 30 cfs 
water flow. CEC considered several placements for sheet pile and cut-off walls and created a computer 
modeled flow net for each. The flow nets included in this report were considered best options due to non-
turbulent flow. Turbulent flow would increase the risk of soil failure due to piping. Figures 3 and 4 are 
examples of a flow net calculating using a cut-off wall and sheet pile, respectively.  
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Figure 3: Flow net calculated using cut off wall options 

 
Figure 4: Flow net calculated using sheet pile option 

High Risk Low Probability Event Analysis 
To provide a more complete analysis, CEC evaluated low probability high risk events. The highest risk 
(outside of accidental death) was found to be flooding damage to the surrounding homes due to the canal 
obstruction. Using FEMA’s estimated flood loss potential tables, CEC calculated the cost per inch of 
water in the average home along the canal. Using an average basement size of 1000 square feet (typical 
for the surrounding homes). CEC then calculated the height of water that would accumulate in 5 homes 
due to the worst-case flood scenario of complete canal obstruction located at the canal midpoint with peak 
flow. Figure 5 shows the cost of the worst-case flood scenario versus the response time. CEC found that, 
even if the canal were shut off immediately, there would still be enough excess water in the canal to 
overtop and cause over $100,000 in damage. One extreme flooding event could cost as much as piping 
the entire canal. 

 
Figure 5: Potential flood cost versus canal shut off reaction time 
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Design: 
All designs were created using the following criteria: 

• 25-30 feet between the rockery wall and back of home 
• Average basement depth of 8 feet 
• 30 cfs critical flow in the ditch 

 
Drains behind Retaining Wall: 
A perforated pipe will be placed approximately 5-6.5 feet below ground surface. Gravel will be backfilled 
above the drain. The French drain will redirect water from the canal to the storm drain in the road. Installing 
drains directly behind the rockery walls will cost an estimated $210 K. 
 

 
Figure 6: Drains behind retaining wall cross section 

Reline Ditch: 
The canal will either be relined with clay, cobble, or geomembranes to prevent/water seepage from the 
canal. This would be among the most affordable options with an estimated cost of $426 K for the concrete 
liner, and $220 K for the geomembrane liner. Relining the ditch would have minimal negative 
environmental impact and would not negatively impact the trees along the canal. The canal would remain 
uncovered, however. The geomembrane liner also has a very short design life. The concrete liner would 
last longer but would still require significant maintenance. 

 

 
Figure 7: Cross section for relining ditch option 

Sheet Pile: 
The lots with large retraining walls which are most susceptible to breach, a sheet pile could be driven 
between the canal and the retaining walls. These sheet piles would form an impermeable barrier which 
would prevent the canal from breaching the retaining wall. This option is estimated to cost $225 K. After 
more information about the soil was obtained, it was determined that a sheet pile would not be feasible due 
to the size of the large rocks within the soil. This option is not recommended.  
 

Lila Lasson
This number was changed but I can’t remember what we changed it to.

Lila Lasson
Feel free to edit the wording in this part.
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Figure 8: Cross section of sheet pile option 

Pipe Entire Ditch: 
The entire length of the canal would be piped to prevent water seepage. The estimated cost is $760 K. 
Piping the canal would stop any breaches from occurring and minimize liability. There is a risk that there 
is an unknown spring in the area and if that is the case it could still cause a breach if the canal were only 
piped. This approach would also deprive the trees along the canal of water and most likely kill them. 
 

 
Figure 9: Cross section of piping the ditch 

Pipe Ditch behind Last Two Houses: 
This option would pipe the segment the canal where houses were built with large retaining walls. Piping 
part of the ditch would be cheaper than piping the entire canal with an estimated cost of $250 K but would 
not protect against hydrostatic pressure from possible springs in the area. This option also keeps most of 
the canal exposed. 
 
Cut off Wall: 
Another means of mitigating the breach would be to dig out a section of the embankment and replace it 
with compacted clay fill. This section of extremely low permeability would prevent water from breaching 
the wall, instead driving it deeper into the ground. This option has an estimated cost of $525 K. 

 

Lila Lasson
Should we put a cross section for this option or put it into the next section and skip the cross section? Our formatting for everything should be the same so we either need to put a cross section in or put it down in the next option. 

Lila Lasson
Should we move this down the to other options that have cut-off walls in them?
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Figure 10: Cross section of cut off wall 

 
Cut-off Wall Plus Long Strawberry: 
Similar to the proposed cut off wall solution, this option includes filling a segment of the space between 
the ditch and the canal with clay. There would be an impermeable clay pipe, with Strawberry water flowing 
through it, back to the retention pond. This would help increase water circulation. This option is estimated 
to cost $1.7 M. 

 

 
Figure 11: Cross section of cut off wall with long strawberry included 

Cut-off Wall Plus Long Strawberry and Pipe Entire Ditch: 
This option is similar to the cut off wall option with Strawberry water running through it. There would be 
a second pipe within the cut off wall running the canal water parallel to the Strawberry water. In this option 
some water could be allowed to continue to flow through the canal to allow for the survival of the 
surrounding trees. This option is estimated to cost $1.75 M. 

 

 
Figure 12: Cross section of cut off wall with long strawberry and piped canal 
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Short Strawberry: 
To increase the quality of the pond water, the Strawberry water inlet could be moved to another location to 
give the water enough time to thoroughly mix. This option brings the inlet from where strawberry is 
currently entering the pond and redirects the flow to enter at the new creek and mix into the pond, increasing 
water quality. This option is estimated to cost $340 K. 
 

 
Figure 13: Plan view of short strawberry option 

Medium Strawberry: 
Another option for the Strawberry water is to bring the inlet from the location where it is currently flowing 
into the pond and bring it around to the NE side of the pond. This option is estimated to cost $460 K. 
 

 
Figure 14: Plan view of medium strawberry 
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Long Strawberry: 
Another option proposed is to bring the Strawberry water in from the junction at the lower end of the canal 
back up to the east side of the pond. This option is estimated to cost $1.16 M. 
 

 
Figure 15: Plan view of long strawberry 

Table 1 lists generated cost estimates for each design option listed above. 
 

Table 1: Cost Estimates 

Project Options Cost Estimates 
Drains behind Retaining Wall $210,000.00 
Reline Ditch Concrete $426,000.00 
Reline Ditch Geomembrane $220,000.00 
Sheet Pile $225,000.00 
Cut-off Wall $522,000.00 
Pipe Ditch behind Last Two Houses $248,000.00 
Pipe Entire Ditch $760,000.00 
Cut-off Wall Plus Long Strawberry $1,702,000.00 
Cut-off Wall Plus Long Strawberry and Entire Ditch Piped $1,750,000.00 
Short Strawberry $337,000.00 
Medium Strawberry $458,000.00 
Long Strawberry $1,160,000.00 

Table of Feasibility: 
To assess which options were more optimal than others, a ranking system was constructed. The categories 
assessed included cost, social impact, environmental impact, speed of implementation, aesthetic appeal, 
potential for liability, and maintenance costs. Each solution was given a number between 1 and 5 to indicate 
feasibility for each category. If a solution performed well in the category, then it was given a 1 and if it did 
not perform well, it was given a 5. Each solution was then given a total ranking with weights that took 
multiple perspectives into account. 
 
The idealized perspective of cost to the City showed results as follows: 0.4 for cost, 0.05 for social impact, 
0.1 for environmental impact, 0.15 for speed of implementation, 0.05 for aesthetic, 0.15 for liability, and 
0.1 for maintenance. From the perspective of the City with respect to liability, the weights are as follows: 
0.3 for cost, 0.05 for social impact, 0.15 for environmental impact, 0.05 for speed of implementation, 0.05 
for aesthetic, 0.2 for liability, and 0.2 for maintenance. From the perspective of homeowners in the area, 
the weights are as follows: 0.2 for cost, 0.2 for social impact, 0.15 for environmental impact, 0.15 for speed 
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of implementation, 0.15 for aesthetic, 0.05 for liability, and 0.1 for maintenance. From the perspective of 
the environmentalists, the weights are as follows: 0.1 for cost, 0.2 for social impact, 0.3 for environmental 
impact, 0.1 for speed of implementation, 0.2 for aesthetic, 0.05 for liability, and 0.05 for maintenance.  
 
Table 2 lists the feasibility final scores of each of the design option listed above.  
 

Table 2: Final Scores for Table of Feasibility 

Project Option Cost Liability Social Impact Environmental 
Impact 

Reline Ditch (Geomembrane) 2.40 2.85 2.05 1.90 
Reline Ditch (Concrete) 3.40 3.65 2.95 3.05 

Pipe the Entire Ditch 3.65 3.45 4.25 4.50 
Pipe Ditch behind Last Two Houses 2.35 2.45 2.30 2.30 

Sheet Pile 2.10 2.05 1.90 1.75 
Cut-off Wall 3.15 2.95 3.00 3.15 

Cut-off Wall Plus Strawberry 3.70 3.40 3.25 2.85 
Cut-off Wall Plus Strawberry and 

Piped Ditch 3.95 3.50 3.55 3.35 

Drains Behind Retaining Wall 1.90 1.90 2.10 1.90 
Long Strawberry 3.40 2.90 3.00 2.40 

Medium Strawberry 1.90 1.90 2.10 1.90 
Short Strawberry 1.35 1.55 1.75 1.70 
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Lessons Learned 
 
 
Defining the scope of the project was a difficult challenge for CEC to overcome. This was a large project 
and a potentially infinite number of solutions could be considered. The members of CEC learned to be 
discerning and only evaluated solutions that seemed viable and efficient. 
  
Time management was critical in this project as in any project. As mentioned previously the team had to 
learn how to evaluate what endeavors were worth the time needed. The decision to estimate hydraulic 
conductivity based on gathered results was made because further testing was time prohibitive. This decision 
allowed CEC to create a concise, but full analysis of all proposed options. Additionally, CEC experienced 
challenges managing fulltime school work, part time employment and the challenges involved in this 
capstone project. Time management skills were therefore invaluable to CEC. CEC often met on weekends 
and in the evening to accomplish all assigned tasks.  
 
Creating cost estimates was far more difficult than anticipated, stretching the ability of the members of 
CEC. CEC was initially forced to learn how to be detail oriented and consider every aspect of the 
construction project. Critical thinking was also needed to find and evaluate reliable sources for unit material 
costs, labor costs, rental fees, and restoration costs. 
  
Developing good communication practices was a great asset to CEC as our schedules rarely lined up to 
work together. Communicating as a team to ensure that every avenue of failure was considered, and every 
solution was well evaluated was a challenge. The team initially struggled to efficiently share engineering 
calculations and data collected with other team members through various computer programs. Professional 
communication skills were developed as the team updated and sought feedback from the City and other 
professionals. 
 
 
  

Lila Lasson
Feel free to edit or take out
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Conclusions 
 
 
The canal breach will become a recurring problem if a solution is not implemented. Through soil analysis, 
the failure was determined to have been caused by piping through the canal bank and retaining wall. This 
piping was likely caused by a tree root that stretched from the canal to the wall. From the analysis of the 
soil, it is likely that the soil is a Sandy CLAY, with a permeability of approximately 0.5 micrometers per 
second. Through fluid flow analysis, CEC determined that the critical or highest possible hydraulic head 
for the design flow was roughly one and one half (1.5) feet. CEC also determined through groundwater 
modeling that turbulent flow through the soil and heaving of the soil embankment are highly unlikely. The 
problems that needed to be addressed in the designs were a way to prevent water from reaching the retaining 
walls, which would then flood the properties below the canal. 
   

Lila Lasson
Again, did we change this number?
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Recommendations 
 
 
Based on the feasibility results, CEC recommends either placing a French drain behind the retaining walls 
at the critical section of the canal or to pipe the entire canal. The drain is the cheapest option, while installing 
pipe would minimize future liability and eliminate unforeseen problems. CEC recommends the 
implementation of either of these options to mitigate the breaching of the canal. Additionally, CEC 
recommends using the short strawberry option to increase water quality in Bartholomew Pond. This option 
is the cheapest alternative and will be easiest to maintain. 
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Meeting Minutes with Dr. Lee: 
Information about project that will be useful to know 

• The canal, trail, and trees predate all of the homes that have been built in the area 
• The homeowners often complain about how many people use the walking trail even though they 

knew there was a trail when they purchased their homes 
• Leakage developed along the trail about a year ago.  The irrigation company (who owns the 

canal) came forward and said that they wanted to pipe the canal because they were liable for 
damages caused by the leak.  The city and residents said no, and now the city is liable for 
damages.  If we pipe the canal, all of the trees die unless other provisions are made.  

• There is concern about the pond to the north which is being fed from multiple places--the water 
quality is bad in drought years like this year because of algae.  The pond directly feeds the canal. 
On a good year, the canal could overtop the dike and flood homes which were built at a lower 
elevation near the canal. We need to figure out how to be sure the pond always has adequate 
water for good water quality.  

• One solution is to pipe water into the pond (strawberry could be a good source) 
• Is there a compromise on the problem of pedestrians 
• Main issues are the water quality an the major flooding 
• The city and public haven’t liked any of the proposed solutions which is why they asked us to 

solve this for them.   
• They hope that our different perspective will help solve the problem in a better way--we see 

things that they don't see 
• There are a few requirements: 

o It must be economical--keeping costs down.  Must be cheap solution 
o There must be solutions that please many people, project needs to make sense--appeal to 

their logic 
o be able to do it quickly--they want to have quality water 
o Is there a combination of solutions that could work 

• This is a different project because we are dealing with people, the government, and the irrigation 
company 

• Springville wants to do it right so that they don't’ have the liability problem in the future 
• We won't be able to please everybody 
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• What if the leak isn’t actually from the canal??? Because of this, We don't know if any of the 
proposed solutions will actually fix the problem 

• There will be A LOT OF OPPOSITION FROM EVERYONE about choosing the piping solution 
• At the end of the year, they want US to go and present our findings to all the big important people 

from the city of springville 
• The strawberry water issue is big 
• Option 4 has a lot of negatives--try and find the positives in the problem, but also list reasons why 

it is a bad idea 
• Solution 3 build a wall, doesn't’ solve overtopping problem--build a short wall to prevent 

overtopping 
• The best water source is strawberry.  Get that water source into the pond so it will flow down 
• If they are worried about the trees dying, they could install irrigation so that the trees don’t 

die.  Make it an appealing area rather than covering the pipe with concrete--turn the negatives 
into positives--keep in mind that we don't actually know where the leak is coming from 

 
Advice from Dr. Lee about how to work with clients: 

• Never give them one option. Always provide 2 or more options--we have these options what do 
you think? They will ask which one we recommend, and we need to provide reasons to backup 
the option that we recommend, always lead them to ask you questions so you can tell them what 
you know they need to know.  If we get them to ask us questions that we already know the 
answer to, everyone will feel smart.  Them for asking us questions and us for being able to 
answer the questions we go there mto ask. Minimize the random questions. 

• If you can turn a negative into a positive people will love you.  Be able to turn failure into an 
opportunity, or anything else at that matter--continually negotiate projects as you work on 
projects 

• Don't be afraid to share ideas--focus on being open not defensive.  Turn everything into an 
opportunity.  If you are creative you can always find projects--in 15 years down the road we can 
be a hot commodity on the market.  The difference between average and outstanding is that the 
person who is outstanding pays attention and comes up with solutions for the customer--help the 
customer win 

• Modifying their ideas is perfectly acceptable 
• Justify all the reasons why something isn't a good idea 

 
Questions for capstone 
 

1. Can we pipe strawberry water before it reaches pump system so that it doesn't have to pump 
upstream? 

2. What’s the change in elevation from the pump station to the pond 
3. Natural spring water - is piping feasible? Will it fix the problem? 
4. Irrigating for trees after piping canal? 
5. Min depth needed in pond to ensure water quality 
6. Lining temporarily  
7. Build small retaining wall on side of canal to prevent flooding.  
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Waterboard Council Meeting Minutes: 
Water Meeting Questions: 
 
Q. How valuable is the plant life around the canal? We understand that it is important, however we are 
concerned that one of our solutions may cause some loss to plant life along the canal, mainly the trees 
along the south side of the canal.  
 
A. Very important to the people who live there, the people who pay for the water don’t carea about 
the tree. It comes bac to dollars. Who is going to pay for it 
 

Decided not to pipe it originally because of the older hertigage trees. People might not choose to 
wawter it. And the trees “could” die 

 
Q. How can we mitigate use of the canal during construction and in the future? Especially privately used 
sections. 
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A. We should have access and rights, that is something that we don’t need to worry about, there are 
no water rights for animal use, so manure man has to deal with it.  
 

Q. At the junction where the canal ends, where does the water go? Where can we get elevations and pipe 
capacities? Are there plans for the junction? 
 
A. There won’t be any issues with the junction, we don’t need to worry about it 
 
Q. What purpose does the irrigation pipe running under 1100 S/River Bottom Rd currently serve? 
Logistically, is there a possibility of running a second irrigation pipe under 1100 S/River Bottom Rd to 
connect to the junction, bypassing the canal? 
 
A. Expensive, 36 inch PI pipe that runs both directions (some of them like this idea), they talked a 
lot about springs or leakage causing water in the canal right now, then talked more about the trees. Didn’t 
throw the idea out it's just going to be more expensive 
 
Q. We want to get your thoughts, ideas, and concerns about finding a solution to cause more water 
circulation in the pond. Options that we have come up with thus far include: 
a. Water feature (similar to lazy river near city library in St. George, Utah, or that of City Creek 
Mall in Salt Lake City) 
b. Underwater wall 
c. Piping a small portion of strawberry water to other end of pond 
A. There is a pipe that goes along where we thought to put the river, open box under concrete that 
would have to be changed. PI pipe makes a left hand turn when the water demand is high and doesn’t go 
into the pond--valving issue. Be imaginative 
 

Contact Information 
1. Albert Harmer--Springville Irrigation, (801) 310-2344 
2. Marlin Boyer--Springville Irrigation, (801) 361-8075 
3. Patti Anderson--Springville Irrigation Front Desk, (801) 491-2985 
4. Shawn Barker --Springville City Water, (801) 420-0421, sbarker@springville.org 
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 SECTION 00310 
 
 BID SCHEDULE 
 
PROJECT IDENTIFICATION    
 
Name:  1150 NORTH STORM DRAIN        
              
      
 
Submitted to:  Springville City  
110 South Main  
Springville City, Utah  84663  
 
RELATED SECTIONS 
  
Section 01025: Measurement and Payment 
 
SCHEDULES TO BE ADDED TO THE AGREEMENT 
 
This Bid Schedule contains the schedule of values which will be incorporated into the 
Agreement (Section 00500) by reference. 
 
BID SCHEUDLE 
 
Approach To Work and Constraints 
The following shall be considered in preparing the Bid Schedule: 
1150 North must remain open to traffic with a minimum of one lane of traffic in each 
direction at all times. Access to all adjacent streets will need to be provided at all time 
during the project.  
Night work will be allowed (if requested), but not required.   
Cost of mobilization is limited to no greater than 5% of the cost of construction. 
Schedule of Values 
 
 

ITEM DESCRIPTION  ESTIMATED 
QUANTITY  UNIT UNIT 

COST 
TOTAL 
AMOUNT 
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1 Mobilization 1 LS  $                   
2 Traffic control 1 LS  $                   

3 
Remove and Dispose of 
Existing Storm Drain Pipe 662 LF  $                   

4 
Remove and Dispose of 
Existing Drainage Structure 5 EA  $                   

5 
Remove and Dispose of 
Existing Pavement 15500 SF  $                   

6 
Remove and Dispose of 
Existing Concrete Flatwork 200 SF  $                   

7 

Remove and Dispose of 
Existing Concrete Cross 
Gutter 150 SF  $                   

8 

Remove and Dispose of 
Existing Concrete Curb and 
Gutter 110 LF  $                   

9 15 Inch RCP 450 LF  $                   
10 18 Inch RCP 132 LF  $                   
11 24 Inch RCP 980 LF  $                   
12 6” Water Main Loop 2 EA  $                   

13 
Plug Existing Storm Drain 
Pipe 1 EA  $                   

14 
Remove and Replace Sewer 
Lateral 1 EA  $                   

15 
Furnish and Install 5’ Storm 
Drain Manhole 

5 
 EA  $                   

16 
Furnish and Install Storm 
Drain Combo Box 3 EA  $                   

17 

Furnish and Install Dual 
Storm Drain Inlet Box(APWA 
Plan 315.2) 1 EA  $                   

18 
Furnish and Install Storm 
Drain Inlet Box 2 EA  $                   

19 4” Asphalt 15500 SF  $                   

20 
Adjust Existing Manhole to 
New Finished Grade 3 EA  $                   

21 

6” Concrete Flatwork 
(includes associated 
roadbase) 200 SF  $                   

22 

Concrete Cross Gutter 
(includes associated 
roadbase) 150 SF  $                   

23 

24" Concrete Curb and Gutter 
(includes associated 
roadbase) 50 LF  $                   
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24 

30" Concrete Curb and Gutter 
(includes associated 
roadbase) 60 LF  $                   

25 
Landscaping/ Landscaping 
Restoration 220 SF  $                   

BID TOTAL      $                    
  
BIDDER’S ACKNOWLEDGEMENT 
 
The BIDDER acknowledges to the OWNER that the BID provided herein includes total cost 
required to build a fully functioning project including all work, materials, appurtenances, 
accessories, and related items as outlined within these specifications and shown in the 
drawings. 
 
COMPANY:  _______________________________________________ 
 
Signed:    _______________________________________________ 
 
Title:                                                                                                 
 
Date:  _______________________________________________ 
 
Email:  _______________________________________________ 
 
Phone #:  _______________________________________________ 
 
 
  
 
- END OF SECTION – 
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Appendix C: Data Analysis and Design 
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Data collection 
 

Table 3: Canal Measurements 

 
Table 4: Additional Canal Measurements 

 
Table 5: Springville City Ditch 1 Survey Data 
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Soil Analysis 
 

 

 

Fluid Flow Analysis 
Table 6: Manning's Coefficients 

 
How to perform mannings equation: https://www.lmnoeng.com/Channels/trapezoid.php  

https://www.lmnoeng.com/Channels/trapezoid.php
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Assumed height of canal = 3 ft and assumed channel flow = 20 cfs 
• What is the elevation change? 

• East Elevation: 4785.685 
• Mid Elevation: 4783.817 
• Distance: 400 ft 

Slope = 0.00467 
Worst Case: Culvert  
Top - 12 Bottom - 4 
Z1 & Z2 = 1.3333 
 
Results with smooth earth 

 
 
Results with clean earth channel 

 
 
 
 
Results with gravelly earth channel 
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Results weedy earth channel 

 
 
Results stony, cobbles earth channel 

 
 
 
 
 

Results 30 cfs stony, cobbles earth channel 
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Flow Net Analysis 
 

Cost Analysis 
Table 7: Costs of Materials and Labor 

 
 

Table 8: Cost Analysis 
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Feasibility 
Table 9: Table of Feasibility 
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