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Executive Summary 
 

 

PROJECT TITLE:  CENTRAL UTAH WATER CONSERVANCY DISTRICT WATER 

DEVELOPMENT PROJECT 

PROJECT ID:  CEEn_CPST_019 

 PROJECT SPONSOR: CUWCD 

TEAM NAME:  Team 19 

 

Central Utah Water Conservation District (CUWCD) has developed a hydraulic model of 

the CUWCD Water Development Project (CWP). This water transmission system uses both treated 

surface water from a treatment plant and groundwater from deep wells. This model has not been 

calibrated. This project will use extensive Supervisory Control & Data Acquisition (SCADA) data 

to calibrate the hydraulic model. The necessary engineering specialties include hydraulics and 

water system modeling. The desired outcome is a calibrated hydraulic model of the water 

transmission system, including pipelines, pumps, storage tanks, pressure relief valves, and other 

similar features.  

The overall objective of the project is to calibrate, run, and analyze the results of the 

existing CWP water transmission model. The tasks necessary to complete the project are to receive 

and organize SCADA data, interpolate the data into an EPANet acceptable format, and calibrate 

against the observed values. Two progress reports were written throughout the project’s lifespan 

and the model was adjusted to better match previously recorded data. After determining the 

accuracy of the existing model against observed data, the team created realistic demand patterns 

representing the water flowing through the system. Using the pressures calculated by the EPANet 

model, the team could analyze what further steps needed to be made in the calibration process. 

The scheduled timeline for the project consisted of a start date of November 24, 2021, and a 

completion date of April 11, 2022. A more detailed schedule-timeline is provided in a later section 

of this document. The deliverables for the project are as follows: a report about the calibration 

status of the hydraulic model, a presentation stating the team’s findings and recommendations, and 

a poster to present to the Capstone class. A more detailed deliverable description is also provided 

in a later section of this document.  
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Introduction 
 

Utah is the second fastest growing state in the United States, with an almost two percent 

growth according to the 2020 Census. In addition to the large population increase from 2020 to 

2021, Utah is also one of the driest states and experiences severe to extreme drought conditions 

according to the U.S. drought monitor. Therefore, it is crucial that water demands are continually 

met as Utah grows. To accomplish this, existing pipeline networks must be analyzed precisely to 

understand their current capacity and achievable outputs. Modeling of the existing pipelines is 

required to simulate how current networks would function under higher demands and identify 

adjustments that may need to be made in the future. Accurate modeling allows water distribution 

to be more efficiently planned and would decrease excessive water storage. Understanding the 

exact demands required by current customers is essential to providing necessary water to clients 

in one of the fastest-growing and driest states in the US.  

Central Utah Water Conservancy District (CUWCD) proposed the project of calibrating a 

previously designed pipeline network for the area of Saratoga Springs, Utah to Vineyard, Utah. 

The project is entitled Central Utah Water Conservancy District Water Development Project Water 

Transmission System, shortened to CWP. This system was recreated in a hydraulic model drawing 

from treated surface water via a treatment plant and groundwater from wells. The purpose of this 

project is to create a digital representation of the water transmission system to model existing 

conditions and be used to simulate future expansions. With growing populations in Utah Valley, 

water demand forecasting is essential for ensuring existing systems can provide necessary water 

to CUWCD clients.  

Completion of this project included regular meetings with the sponsor and faculty advisor, 

extensive research on EPANet, interpolation of SCADA data, and calibration of the hydraulic 

model. The project timeline was from November 24, 2021, to April 11, 2022. In the schedule 

section of this report is a week-by-week plan made by the capstone team, in which understanding 

of the model is prioritized in the first half of the timeline and completing calibration in the second 

half. The second half of the schedule also included the team meeting two to three times a week 

regularly to calibrate the model, write the final report, and create the project’s poster.  

Regarding this project, it was assumed that the existing model was accurate to the pipelines, 

pumps, storage tanks, and pressure relief valves already in place. Elevations and tank levels were 

also assured to be correct in the model, allowing the team to focus on data interpolation instead of 

building the model. The assumption was made that calibration to an average water demand month, 

like May, would be the most effective way to calibrate the model. This is due to May not being 

one of the hottest or coldest months in the year, providing a reliable demand average. As mentioned 

in the recommendations section of this report, calibration to higher (June) and lower (February) 

demand months would create an even more accurate hydraulic model. 
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To begin the project, the team first organized the given data to identify monthly flow 

averages. Using data from May of 2020, water demand patterns were created to simulate what 

percentage of water would be flowing through each junction in the system. Average daily pressures 

were also included in the model for EPANet to calibrate against. The goal of calibrating in EPANet 

is for all flow demands to be met and use resulting pressures to compare to observed pressure 

previously inputted into the model. Graphs and statistics comparing computed pressure and the 

observed pressure are used throughout this report and can be found in Appendix D. The 

“correlation between means,” or correlation coefficient is how the model’s accuracy was 

measured. The plan was to perform future forecasting by increasing demands and identifying 

locations that would require pumps or pressure control vaults (PCV) within the pipe network if 

time allowed.  

The initial expectations of the project included finding the current accuracy of the model, 

calibrating the model to given SCADA data, and analyzing the model with future forecasting data 

to provide CUWCD with recommendations on additional pumps or PCVs to meet increased 

demand. Due to the complexity of the model, the scope of the project changed to only include 

analyzing the model’s accuracy as is and then tracking adjustments made in the calibration process 

for an average demand month. The team will include calibration recommendations so the model 

can be used in future forecasting but delivering those additional calibrated models was not in the 

adjusted scope. 

There are three main deliverables of the project. The first deliverable was the calibrated 

CUWCD model. This includes the WaterCAD model initially given to the team, the EPANet 

model, and excel sheet calculations. A final report was also required that included the schedule, 

methods, design, analysis, and final recommendations for the model. The final report was then 

reformatted into a presentation for CUWCD. Finally, a poster was created expressing the project’s 

objective, the calibration process, and the water transmission model’s initial and current accuracy 

as the overall results. 
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Schedule 
 

Week Team Goals Brayden Jaide Olivia 

11/22 Meet with CUWCD - Email CUWCD -Propose a work 

and meeting 

schedule 

-Clarify objectives 

11/29 NA- Thanksgiving -Finish facilities 

and performance  

-Complete schedule -Finish facilities 

and project budget 

12/6 Submit SOW 

Begin Calibration 

-Proofread SOW 

before submitting 

-exchange data with 

Derek (SCADA 

and WaterCAD 

model) 

-contact Dr. 

Williams about 

WaterCAD 

12/13 NA- Finals week -download 

WaterCAD 

-download 

WaterCAD 

-download 

WaterCAD 

12/20 NA- Christmas 

Break 

- - - 

12/27 NA- Christmas 

Break 

- - - 

1/3 WaterCAD -WaterCAD 

training videos 

- WaterCAD 

training videos 

-WaterCAD 

training videos 

1/10 Calibration Process -Meet with Dr. 

Williams about the 

calibration process 

-Calculate monthly 

averages 

-Practice calibration 

in WaterCAD 

1/17 Data Entry -Meet with Derek 

to interpret the data 

parameters 

-Entering demands 

into model 

-Interpreting 

demand data and 

with Derek 

1/24 Calibration in 

WaterCAD 

-Meet with Dr. 

Mitchel about 

contacting sponsors 

-Meet with Dr. 

Mitchel about 

contacting sponsors 

-Meet with Dr. 

Mitchel about 

contacting sponsors 
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-Trial and error 

calibration 

-Trial and error 

calibration 

-Trial and error 

calibration 

1/31 Switching to 

EPANet 

-Meet with Dr. 

Sowby about 

EPANet 

-Creating demand 

patterns in EPANet 

-Meet with Dr. 

Sowby about 

EPANet 

-Creating demand 

patterns in EPANet 

-Meet with Dr. 

Sowby about 

EPANet 

-Creating demand 

patterns in EPANet 

2/7 Demand patterns 

and model 

adjustments 

-Assigning demand 

patterns to 

junctions 

-Calculate demand 

multipliers for each 

junction 

-Creating demand 

patterns 

2/14 Pressure data and 

calibration 

-Meet with Dr. 

Sowby about 

calibration graphs 

and model errors 

-Create pressure 

calibration data to 

compare to 

–EPANet research 

into demand 

dependent models 

2/21 Begin drafting final 

reports 

-Renaming nodes to 

match calibration 

data 

-Meet with Derek 

for naming 

convention 

-Reworking 

schedule 

-Meet with Derek 

for naming 

convention 

-Beginning 

introduction and 

adjusting 

deliverables  

2/28 Calibration and 

report writing 

-Adjusting “C” 

values to get 

observed pressures 

-Tracking 

calibration statistics 

between observed 

and calculated 

pressures 

-Introduction and 

Deliverables of 

project 

3/7 Calibration and 

report writing 

-Related Issues 

-Conclusion 

-Lesson Learned 

-Design Analysis & 

Results 

-Recommendations 

-

Appendix/formattin

g 

-Lesson Learned 

-Design Analysis & 

Results 

-Introduction 

-Assumptions & 

Limitations 

-Lesson Learned 

-Design Analysis & 

Results 
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3/14 Calibration and 

report writing 

-Adjusting nodes to 

be visible 

-Creating new 

reservoirs 

-Recording 

statistics 

3/21 Calibration and 

report writing 

-Adjusting well 

locations 

-Calculating 

drawdown and 

head  

- Recording 

statistics 

3/28 Work on Poster -Compile images -Compile final data 

to be used in poster 

-Work on 

converting paper to 

poster 

4/4 Turn in Poster -Proof read final 

report 

-Work on Final 

PowerPoint 

-Finalize Paper 

4/11 Turn in Report 
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Assumptions & Limitations 
 

One of the main assumptions of the project was that the existing model is accurate to real-

life conditions. Additionally, an assumption of the project was that the month of May could be 

used as the average data for any given month in the year, given its average temperatures. This 

created the limitation that the model would be calibrated to only one month’s average, providing 

a slightly less accurate calibration. With direction from the sponsor, it was also assumed that a five 

percent error would provide an accurate enough calibration of the model.  

Another assumption made before being assigned the scope of work is that the manning's 

roughness values (C values) are the exact same for every pipe at 130. After the teams own 

calibration, it was discovered that this was a safe assumption to keep. Although each pipe could 

slightly differ in C value considering variation in slight wear and tear on each pipe, the average 

remained 130. While this is an assumption, the fact that the C values need to stay right around 130 

also acts as a limitation.  

It was also initially assumed that the project would require the use of the program 

WaterCAD, but due to technical difficulties, the team started using EPANet. This decreased the 

amount of time allotted to calibrate the model. This decision limited the scope of work that could 

be done for the project. It was adjusted to reflect that only the calibration of the model would be 

required and forecasting data would be completed only if time allowed. 

Considering the fact that the model of the pipeline is geographically representing reality, 

this introduces limitations that the team faced during calibration. Each junction has an invert 

elevation, and each pipe has a length, slope, and C value. These physical properties function as 

limitations as they should not be adjusted while calibrating the model. It also is not expected that 

the calibration should be perfect, knowing that all of these physical properties do not exactly match 

reality.  

Another interesting limitation faced was in the raw data the team received. The only full 

year of data the team had to work with was 2020. As everyone knows, Spring of 2020 was the time 

when the Covid19 pandemic hit. While the average water demands in May 2020 do not seem to 

be too different from other spring seasons, there might be slight variation due to the unique 

situation that was experienced during the pandemic. The data received also did not give matching 

flow data and pressure data for each junction. These limitations were challenging to work around 

at times, but still enabled the team to reach a higher calibration of the model than when they 

started.  
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Design, Analysis & Results 
 

The design process for this project included running the model, interpolating data, and 

adjusting the model to match observed data. The hydraulic model was provided to the capstone 

team in an as-built state, with existing elevations and locations of all major pipes, junctions, and 

reservoirs. For the team to effectively work with the model, the water transmission system was 

converted into EPANet. Figure 3 shows the model in EPANet without a background map. The 

choice to move from WaterCAD to EPANet was made because of available resources to EPANet 

expertise through a faculty mentor and a simpler interface for the one function of calibrating the 

model. After successfully running the water transmission model the team moved on to data 

interpolation.  

The team was given daily and six-hour averages for parameters including pressure, flow, 

drawdown, and other variables. The team chose to isolate the daily averages of the month of May 

2020. This data year was the only complete calendar year and may be the closest to an average 

year of water usage before the Coronavirus pandemic in 2020. The month of May was selected as 

an “average” month and promoted by the sponsor to calibrate to this time period due to the mild 

weather conditions. At each major junction, flow demands were averaged from each input and 

used to compute “multipliers” comparing daily flow to the monthly flow. These demand 

multipliers were used to create patterns to be used in the hydraulic model as shown in Figure 6. 

The demand patterns dictate the percentage of the daily average flow passed through the associated 

junction each day. EPANet uses those demand patterns to run the water transmission system and 

calculate the resulting pressures after meeting demands at each major junction. Loading the 

pressure data to compare the calculated pressures was done in a similar way to creating the demand 

patterns. As shown in Figure 7, calibration pressures were averaged and inputted into the model 

using text files. Graphs similar to Figure 8 were then produced to show the model’s accuracy. The 

graphs compare the calculated values from the model to the observed pressures from SCADA 

data.  

Analysis on the model was done using the previously mentioned graphs and calibration 

statistics. Initially, the model seemed very well calibrated with a correlation coefficient of 0.928. 

However, a closer look at the correlation plot revealed a wide range of pressure values computed 

by the model instead of more precise measurements. Using demand patterns in the model created 

more precise computed pressures as shown in Figure 9, but instead had a lower correlation 

coefficient, 0.806 (Table 1). The team consulted with Dr. Sowby to identify faults in the model 

and how to increase accuracy while maintaining precision. Dr. Sowby was able to assist the team 

in modeling variable speed pumps instead of single speed that was creating skewed data. The 

original arrangement of wells and reservoirs was preventing Well 13 from meeting expected 

demands. The team came to learn that the central reservoirs (QTAquiferA) was too far away from 
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the wells and did not accurately depict the wells’ function. To combat this issue, reservoirs were 

added for each well in the system that the team had data for. 

The final well field depicted in Figure 1 resulted in the most accurate hydraulic model. 

The results presented in this report include a correlation coefficient of 0.922 and five of the twelve 

junctions analyzed with a percent error lower than 10%. The correlation plot below shows much 

more precise computed pressure than the “before” model and several junctions close to the 1:1 line 

on the plot. The junction that remained the farthest from calibrated still saw a nearly 14% increase 

in accuracy, decreasing from a mean error of 58 to 49. The team saw an overall increase in 

precision from the model and recommendations are provided later in the report to improve the 

model’s accuracy. 

 
Figure 1. Final well field 
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Related Issues 
 

The project has several implications to public health, safety, and community welfare. 

Water is essential to social, environmental, and economical aspects of life across the world. 

Although sounding very extreme, water projects like CWP are crucial to ensure peoples’ water 

needs are met. It is crucial that any model of a current or future pipeline is accurate in forecasting 

flow capacity, pressure capacity, demand, and changes to be completed within the pipeline. The 

calibration of the CUWCD pipeline will have serious implications with the community it serves. 

The team was entrusted with the responsibility of producing an accurate representation of the 

CUWCD pipeline.  

A calibrated model provides accurate and up to date data of the water transmission 

system, eliminating any miscalculations from using mathematical hand-predictions. The model 

can change with the growing demand of the population it serves and aid employees in 

forecasting possible areas of upgrading faster than before. This saves money, ensures public 

safety, creates a more efficient work environment, and helps to conserve water. Additionally, the 

work completed in this project could be used as a baseline of data for other similar pipelines, 

further innovation, and engineering.  

Tax paying citizens trust the city engineers to spend an appropriate amount of time 

creating a safe and reliable water transmission system. The capstone team falls under these same 

responsibilities. The team was tasked to create an accurately calibrated model that will be used 

by CUWCD to provide a safe and reliable water transmission system. If the calibration of the 

model is not correct or can no longer be used by the city, CUWCD employees will have to go 

back and redo the work. It would result in tax-payer dollars being used to fix a problem that 

should have been completed by the team. The model can be used when demand forecasting and 

can help plan any changes and upgrades to the pipeline so that the most cost-efficient changes 

can be made in a timely manner. This would decrease the amount of work time spent on 

improving the pipeline and also help save tax-payer dollars. It is crucial that the team completes 

the project to the highest degree to keep an economical trust between CUWCD, Brigham Young 

University, and the people CUWCD serves.  

The responsibility of managing water pressure in all pipes and at all junctions could have 

a direct impact on the safety of the public and workers who work in close proximity to these 

locations. The model shows the amount of flow and pressure that flows through the given 

pipeline. The team completed a calibrated model to show the accuracy of the initial model to 

real-world data. It is important for any maintenance crew working on a pipeline to know the flow 

and pressure of that pipeline to ensure the safety of every crew member. It is also essential that 

the calibration of the model is accurate because if the model shows the pipeline can support more 

flow than in reality a pipe could burst. A burst pipe would endanger any pedestrian in proximity 

and affect every community member the pipeline serves.  
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Every citizen who is served by this pipeline is entitled to the same access and quality of 

water. The water transmission model can be used to evaluate water distribution to each 

community the pipeline serves. It is the job of engineers to ensure equity is factored into every 

project. The calibrated model will aid CUWCD in providing reliable service of current water 

demands to their customers. The model can also be a resource for future water demands as well. 

As the Utah Valley’s population increases, the water demand for the pipeline will also grow. 

CUWCD will be able to reference and run the calibrated model with varying data to ensure the 

best service is given to its customers. It will also be able to identify weak areas of the system that 

may need to be updated for the pipeline to grow with the increasing community, such as where 

more pumps are needed along the pipeline.  

The ratios between observed and calculated data from the calibration data are used to 

show the model’s accuracy and can act as a baseline for similar models. In addition, if future 

observed values are still within a 5% error to the calibrated model, then the model remains a 

good representation of reality. All changes made to calibrate the model can also be tracked to 

adjust models in the future to achieve similar results. This would give any company attempting 

to create a pipeline model, data to reference and compare. Potentially, the data from this model 

could be used as a basis for any similar project in or outside the United States. The work done 

with this calibration could provide the same safety, economic, environmental, and social benefits 

for any other Utah communities the pipeline serves. 

Droughts are common in Utah. As of today, most of Utah is experiencing severe drought 

and 33.34% of Utah is experiencing extreme drought. It is crucial that every person and company 

work together to conserve as much water as possible. Droughts affect not only the residents in a 

community, but also nearby wildlife. It is important to ensure the local reservoirs stay as filled as 

possible. If water is over pumped into the pipe system, the natural water reserve will deplete, and 

the well system will overflow with water that could be used elsewhere. The model can help this 

issue by forecasting future water demand and ensuring the amount is not over-estimated. This 

will aid in conserving water and bettering Utah’s beautiful natural environment. 
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Lessons Learned 

 

During the time spent on the project, the team experienced a variety of challenges including 

choosing a calibration software, coordination with the sponsor and the individual team members, 

learning how to calibrate the model, and re-evaluating the planned scope of work.  

Before receiving the hydraulic model, the team decided that WaterCAD would be the best 

calibration software to use because it was the software used to build the model and seemed to have 

a user-friendly interface. However, WaterCAD did not provide great resources on the calibration 

process, the teams advisor had limited knowledge on WaterCAD, and there were coordination 

issues with the sponsor. To overcome this challenge, the team changed the software to EPANet 

and found an expert, Dr. Sowby, to help navigate the program. The file format of EPANet 

fortunately works interchangeably with WaterCAD.  

During the calibration phase of the project, there were many barriers to work through to 

complete calibration. The junctions needed to be labeled with identification numbers, multiple 

junction inputs needed to be combined/averaged, demand patterns needed to be created and 

assigned, etc. For the success of the project to prioritize understanding the data and organizing it 

into correct program inputs.  

There were a variety of situations that occurred over the course of the project that made it 

difficult to meet with the sponsor. The solution for this was contacting Dr. Mitchell and the advisor, 

Dr. Williams to also reach out to the sponsor. Communication is key for any project to succeed. 

To help aid the communication of the team and sponsor; the team planned works session twice a 

week, regular check-ins with the sponsor and faculty advisor every two weeks, and established an 

effective system to relay urgent information to one another.  

The team also learned the value of feedback and rough drafts. There were multiple times 

between the end of February and March that the team thought calibration was complete. Each time 

the model was presented to Derek, the team learned more and more about what else needed to be 

included and the next steps in calibration. Receiving this feedback with each draft only increased 

the team’s knowledge of EPANet, the data, and an important lesson of patience. The team did not 

get discouraged with each return to the lab, but rather became more curious and thoughtful of the 

model. This repeated method allowed the team to complete the model to the best of their ability 

and within the mean error desired by Derek.  

Overall, the team learned the value of consistency, communication, and overall teamwork. 

The ability to bounce ideas off each other during difficult times or when making plans was 

immensely helpful. The team learned that communication was not just important in an individual 

team, but also how to seek guidance from sponsors and facility. 
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Conclusions 
 

The team has found that the existing model from CUWCD is nearly calibrated to real life 

conditions. The purpose of calibrating a digital water transmission system was to create an accurate 

model that could be used for forecasting future demands and appropriate adjustments. After 

completing calibration to the month of May 2020, the team found the model to have a high 

coefficient of correlation, equaling 0.922. After calibration, the model was producing much more 

precise values across the entire system, with 43% of the model having a percent error below 10%. 

 These conclusions were made after a lengthy calibration process of data interpolation and 

model manipulation. The team identified daily average flow data and created demand patterns for 

the EPANet model. After renaming major junctions to match the naming convention of the demand 

pattern data, the team could run the hydraulic model and start analyzing its results. The EPANet 

model computed resulting pressures from meeting the demand patterns the team input. The 

computed pressures were then compared to the observed pressures provided by CUWCD. The 

calibration statistics created by EPANet are provided in Appendix D.  

 The original objective of the project was to create a model with a 5% error or below. This 

objective was nearly achieved throughout the entire system with the correlation coefficient of 92%, 

just 3% short of the initial objective. The calibration statistics provided by EPANet helped the 

team track the model’s accuracy and the included correlation plots showed the model’s precision. 

Using a combination of correlation data, the team was able to conclude that the most precise and 

accurate state of the model was 92% accurate. All junctions saw at least a 14% growth in accuracy 

and the team is confident the model better represents realistic conditions.  
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Recommendations 
 

After calibration, the capstone team found that the model was initially near accurate, but 

not very precise. Adjustments to produce a more precise model while maintaining accuracy have 

been documented for the CUWCD’s reference.  

During the calibration process, it was difficult to correlate the names of each pipe and 

junction with the raw data that was given. One major recommendation between data collection and 

modeling would be to coordinate naming conventions. With a uniform system of identifying nodes, 

there is less translation between collected data and the model.  

The scope of the work included the calibration of one average month in one year, the team 

chose May 2020. Further calibration is recommended for high and low water usage months like 

July and February, respectively. Any additional calibration would increase the overall accuracy of 

the model, but the team recommends completing the average calibration to nearly a 100% 

correlation before attempting other periods. The low and high-water usage months would be the 

next step to further calibrate the model to fully capture the water demands through a calendar year.  

 For future capstone teams, the team recommends identifying experts in the modeling 

software early in the process. Determining the best lines of communication for questions and 

proper resources is essential to success. With any new software there is a large learning curve and 

understanding the workings of the model is crucial before any changes can be made. Identifying 

important data is another recommendation the team has to future capstone groups and mentors. 

Having clear communication of what data should be used and how would prevent roadblocks and 

backtracking in the future.  
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Appendix A: Team Resumes 
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Appendix B: Stages of the Model 
 

 
Figure 2. Original WaterCAD Model created by CUWCD 

 
Figure 3. Original model loaded into EPANet 
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Figure 4. Final EPANet model 

 
Figure 5. Enlarged view of the final well field 
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Appendix C: Data 
 

Table 1. Raw SCADA flow data. (May 2020) 
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Table 2. Calculations to find the daily flow demand multipliers with multiple inputs 

 



 

Page 26 of 30 
 

 
Figure 6. Demand patterns loaded into EPANet 
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Figure 7. Pressure data for an individual junction in EPANet for calibration 
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Appendix D: Calibration Statistics 

 
Figure 8. Pressure correlation Plot (PCP) for the initial model 

 
Table 3. Calibration Statistic for pressure of the initial model 
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Figure 9. PCP for the model with observed demand patterns 

Table 4. Calibration Statistic for pressure of the model with observed demand patterns 
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Figure 10. Calibrated PCP 

Table 5. Final calibration statistics for pressure 
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