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Executive Summary 
 

 

PROJECT TITLE:  BLUFFDALE STORWATER POND ALTERNATIVES 

PROJECT ID:   CEEn_CPST_014 

 PROJECT SPONSOR: City of Bluffdale 

TEAM NAME:  Aspire Engineers 

 

 

The city of Bluffdale plans on constructing a stormwater collection pond in a field 

east of the Springview Farms neighborhood, on land owned by the Utah state prison. The 

city has already designed a system of pipelines that will feed into the retention pond, and 

they have asked us to design a pipeline that will allow stormwater from the retention pond 

to drain into the Jordan River. The river is located roughly 1,500 feet from the retention 

pond, with several considerable obstructions in between. The stormwater pipeline 

alternatives must be able to cross the Jordan & Salt Lake Canal, railroad tracks of UTA 

and Union Pacific, and the Springview Farms residential development. Aspire Engineers 

examined several different alternatives to determine which alignment would best 

overcome these obstructions and meet the city’s needs considering social, safety, 

environmental, and economic factors. We successfully designed a pipeline that will run 

underneath the rail lines and canal and around the perimeter of the residential 

development, eventually draining into the Jordan River.  
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Introduction 
 

For this project, the main objective was to design an efficient stormwater pipeline 
that would travel from a retention pond that the City of Bluffdale is designing to the 
Jordan River. The City of Bluffdale previously designed a path from the pond to the nearby 
Jordan & Salt Lake Canal, but this design was rejected because the Canal owners would 
not allow additional stormwater to empty into the canal.  

 
For the new alignment to be designed by Aspire Engineers, the pipeline must 

successfully bypass the Jordan & Salt Lake Canal, railroad tracks of UTA and Union 
Pacific, and a fully occupied residential development. The starting elevation is 
approximately 4428 ft with a final elevation of approximately 4365 ft. The 63-foot 
elevation drop allowed us to plan for a gravity fed flow through a 2500-foot-long pipeline.  

  
Some key factors that came into this design were minimizing expenses and 

providing a design that would work in a variety of scenarios. To design the pipeline, there 
were a few key phases we had to go through. First, we had to generate a digital surface 
map from LiDAR data that would allow us to determine necessary slopes and depths of 
our alignment for both design and cost estimating purposes. The next step was to design 
a route under the canal and to try and gain the maximum elevation afterwards to try and 
minimize the depth of our alignments. Finally, the last step in the process was to do a 
cost estimate that would give us a solid understanding of the financial aspect of every 
option so that we could determine the best possible option for the city of Bluffdale. 
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Schedule 
 

Week 1: Received and began working with LiDAR data 
 
Week 2: Ran into LiDAR issues                
 
Week 3: Team members were set back with illness, and some were out of town 
 
Week 4: Overcame LiDAR problems 
 
Week 5: Developed digital surface map. Chose 3 alignments 
 
Week 6: Pipe design regarding slope. Met with sponsor 
 
Week 7: Began cost estimations. 
 
Week 8: Cost Estimations. Worked on design 
 
Week 9: Finalized design of all alignment. Researched water permits. 
 
Week 10: Finalized cost estimations. Worked on poster. 
 
Week 11: Turned in poster. Presented in seminar. 
 
Week 12: Turned in final report 
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Assumptions & Limitations 
 

One of our design challenges was crossing the railroad tracks, which presented us 
with limitations based on UTA and Union Pacific design requirements. We initially had 
some difficulty getting in contact with representatives from either organization; however, 
we found a set of standards on the Union Pacific website and were eventually told that 
adhering to those standards would most likely be sufficient for both agencies. Based on 
those standards, which can be found in the appendix, 103 feet of our pipeline had to be 
enclosed by ½-inch thick steel pipe with a minimum inside diameter of 28 inches. We also 
had to ensure that our pipeline would be installed with even bearing, slope to one end, 
and be positioned perpendicular to the tracks with the uppermost part of the casing at 
least 4.5 feet below the base of the railroad. 

 

Our team also made assumptions and faced limitations based on the information 
we were given by our sponsors and the City of Bluffdale’s Storm Water Design Standards 
Manual. We were given LiDAR data, which we assumed to be correct and up to date, as 
well as limitations of using 24-inch diameter pipe and designing the pipeline to endure a 
100-year flood event. We found two main limitations from the city manual: deflections at 
pipe joints could not exceed 5% and manholes with 1-foot slumps had to be placed at the 
end of each line and at all changes in pipe direction or slope. Our pipeline also had to 
meet current AASHTO LRFD Bridge Design Specifications, with bearing capacities that 
satisfy AASHTO HL-93 live loadings. 

 

Since we were not given any specific data for expected flow rates, we assumed 
said rates would result in flow velocities within the city standards of 3 ft/s to 15 ft/s and 
account for NOAA Atlas 14 precipitation data, the FEMA 100-year flood plain, and peak 
runoff flows as outlined in the city manual. We also assumed that the materials and pipes 
used for the HDP carrying pipe and the steel casing beneath the railroad would be 
compliant with the appropriate AASHTO standards and that all joints would meet 
corresponding ASTM standards. Our final assumption for this project was that all 
construction would meet any additional requirements as outlined in the city’s current 
14600 S. Storm Drain plans, specifically those found on drawings G4-G5 and D1-D8. 
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Design, Analysis & Results 
 

As we began the design process, first we needed to convert their LiDAR data into 
a usable format such as a DSM. In order to do this, we used Autodesk ReCap to read the 
elevation data. (See Figure 1) 
 

 
Figure 1: LiDAR data visualized in Autodesk ReCap 

 

ReCap allowed us to export the data points into a point cloud that was readable by 
AutoCAD, which we then used to generate a surface. This surface map was combined 
with map data that we got from Microsoft’s satellite imaging to determine the ideal routes 
for our alignments. (See Figure 2).  
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Figure 2: DSM of the Region generated with Civil 3D (left) and DSM combined with 
satellite data(right) 
 

Once we were able to generate those maps, our design procedure required us to 
develop a way to get under the railroad and canal. Our first process had this whole section 
as one pipeline under both of these obstacles at a fixed elevation. One challenge, 
however, is that due to Union Pacific’s standards, the deeper the pipeline is, the longer 
the steel casing around it needs to be. This also produced a large amount of head loss 
that made it challenging to generate enough energy to gain elevation after the canal 

 

 
Figure 3: Design to Drop below the Canal 
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This was the most challenging part of the design process, as the majority of the 
alignment goes under a surface that is 4400 ft high. This is already 12 ft above the height 
of the starting point, which makes for very large excavation costs. We determined that if 
we followed the minimum depth under the railroad, the steel casing could be short 
enough that we could drop down with a manhole just before the canal and then 
experience minimal head loss before filling another manhole up to the below the hydraulic 
grade line at that point before continuing on (See Figure 3). 

 
 

North Path Alignment
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Gray Wulff Design 
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The cost estimate was developed by first defining the major tasks associated with 

the given project. We decided to include general construction tasks and conditions such 
as “Move on Site,” “Clear and Grub,” “Clean Up,” etc. in order to get a more accurate 
estimate. For the majority of the specified tasks, we referenced Utah County Construction 
databases (Ralph L. Wadsworth Construction database) and quotes submitted in the past 
two years to determine a reasonable cost/ unit. For the tasks that we were unable to 
simply look up, we used the production rates of construction crews and equipment to 
determine the number of days it would take to complete a task. The material costs for a 
given task were all based on quotes given by contractors in the Utah County area. In most 
cases, the cost of material included the equipment and labor prices as well. Once the 
duration and pricing for each task was determined, we were able to multiply them and 
solve for a total cost associated with each task. In order to make the estimate more 
realistic, costs such as profit markup (12% being standard for most construction 
companies), trucking and environmental fees, mobilization and demobilization were 
accounted for. Overall, the cost difference between the Gray Wulff and North Trail 
alignments came out to be fairly minimal (roughly $120,000 difference). Both alignments 
carried significant yet even costs associated with boring the pipe under the railroad and 
canal, installing manholes to access the pipe from various locations, and repairing the 
road/ walkways. Although additional excavation, backfill materials, labor, and time 
associated with laying the pipe increased the total cost of the Gray Wulff alignment, the 
primary difference in cost came in the amount of linear feet of pipe that would need to be 
installed. With profit markup included, both alignments easily surpassed the million dollar 
mark in terms of total cost.  
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Related Issues 
 

This project presents several social, environmental, and economic issues. The 
construction phase of this project will manifest the prevalent social impacts. The 
alignment we looked at that ran through the middle of Springview Farms, along W. Gray 
Wulff Drive, especially raised social and safety concerns since it would require 
construction along one of the main roads within the neighborhood, impeding access to 
several homes. In order to run pipe down this alignment, we would need to tear out all or 
part of the road in order to have enough room to excavate deep enough to bury the 
pipeline. The associated noise disruption, dust buildup, and road closures would surely 
inconvenience Springview Farms residents. Our proposed alignment, which runs along 
the outskirts of the development and is not as close in proximity to the majority of homes 
in the neighborhood, will significantly decrease the duration and prevalence of these 
social impacts. Construction along this alignment will close down a pedestrian pathway 
that runs along the perimeter of Springview Farms; however, we believe the social 
impacts of this closure to be minimal. 

 

         The predominant safety issues related to this project will also occur during the 
construction phase but can be largely avoided by implementing safe practices. After 
construction has concluded, most notably as the excavation and trenches are backfilled 
and the ground is once again brought to grade, the prevailing safety issues should be 
mitigated. 
 

Without a well-designed stormwater system, stormwater runoff can cause 
significant environmental consequences. Runoff in areas in and around this project will 
pick up sediments, trash, debris, and other pollutants as it runs along the ground. Since 
water cannot be absorbed into groundwater through paved roads, sidewalks, or houses, 
uncontrolled stormwater would increase both the volume and flow rates of runoff into 
the Jordan River and the Jordan & Salt Lake Canal. This would lead to pollution of both 
the river and the canal, damage their ecology, and cause more frequent flooding, all of 
which could lead to other issues concerning safety and health factors. The presence of 
our stormwater pipeline and other connected stormwater infrastructure relieves many of 
these issues. 

 

We designed our pipeline with numerous manholes, placed in strategic locations 
where buildup of waste and debris could lead to pollution overflowing into the Jordan 
River. Each of these manholes includes a 1-foot slump to collect pollutants carried by the 
stormwater. If city maintenance follows best practices, these slumps will be cleaned out 
frequently enough to mitigate negative environmental impacts. Bluffdale’s construction 
best management practices delineate additional erosion and sediment controls that will 
further assuage any negative environmental impacts. The city might consider looking into 
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ways to reduce the loss of groundwater recharge caused by the presence of stormwater 
infrastructure. 

 

The main concerns of building our proposed pipeline regarding the railroad, 
correctional facility land, elevation drop, and canal are primarily economic and design 
factors. The primary cost for this project dealt with boring the pipe under the railroad and 
canal, as well as the cost per linear foot to install the piping from the retention pond to 
the Jordan River. In an attempt to reduce the total cost, we ran the pipe at a depth closest 
to grade as permissible by Bluffdale City Standards. By doing so, we were able to save on 
costs linked to the time and labor it would take to excavate, as well as limit the amount 
of backfill material required to bring the trench back to grade. 

 
However, in order to significantly reduce costs associated with the project, we 

would recommend the following: a pump of sorts to be utilized, and the retention pond 
being built closer to the Jordan River. By utilizing a water pump, this would allow constant 
water pressure through the pipe which would eliminate the need for multiple manholes. 
It would also allow the entirety of the pipe design to run just below the frost line. 
Additionally, if the retention pond was designed closer to the Jordan River, possibly on 
the East side by the Jordan River Parkway Trail, roughly 75% of all associated costs could 
be eliminated. More specifically, there would be no need for boring or an inverted siphon, 
the linear feet of pipe installation could be reduced by hundreds of thousands of dollars, 
and the overall duration of the project could be cut in half. Not only would this result in 
huge economic savings, but social issues such as disrupting the adjacent neighborhood 
be completely eliminated.  
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Lessons Learned 

 

We learned that projects will often not go according to plan, and unforeseen 

problems will likely arise. It is important to get started early because these problems may 

prevent you from finishing on time. Luckily, we worked hard in the beginning and were 

able to address these problems early enough to give ample time to solve them.  

 

 Another thing we learned is the benefit of having multiple opinions. We each 

brought a different viewpoint to the project and our design received contributions from 

each member. Our mentors and sponsors also offered insights that were unique to their 

area of expertise. While working on real life projects we will be sure to get opinions from 

multiple people of multiple disciplines.  

 

Conclusions 
 

This project has taught us a myriad of lessons. One being the number of permits 

that are required to perform a task of any size. While researching we found that permits 

were required for putting water into the river, permits for land use, permits to go under a 

rail line and many others. There is possibly other permits that we have not yet been made 

aware of. All of these permits take time to fill out and to get approved from the respective 

party.  

 

 We all learned a great deal about cost estimating as it was a large part of our 

project. We learned how what may seem like a minor issue in design can actually 

generate large differences in cost, and that cost will almost always be the limiting factor 

of a design 

 

 ArcGIS and AutoCAD Civil 3D were used heavily in the design of our pipeline. 

Through hours of time spent with them, we learned the synergistic nature of the two and 

how we can effectively use them in tandem to complete tasks.   

 

 We are grateful for this capstone project that allowed us to learn these things.  
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Recommendations 
 

Given our findings, we would recommend that the city consider the North Path 

Alignment for their pipeline, as it will be somewhat cheaper to implement, it will cause 

the least disturbance to current residents, and it will avoid the existing utilities that the 

Gray Wulff route would encounter. 

 

Another thing that would be useful to consider would be an inverted siphon design 

to drop below the canal. This would not currently be an option given the city’s current 

restrictions. This design would have sharper deflections and changes in slopes without 

manholes, with the intent to create a pressure system that drops down and is able to 

maintain an energy grade line high enough that our pipeline could be at a shallower point 

after crossing the railroad and canal. 

 

Finally, due to the depth of this pond in relation to the elevation after crossing the 

railroad and canal, it would be very challenging to create a shallow design. It may be 

beneficial to consider locating the pond at another location that would allow easier 

access to the Jordan River. 
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