
 

Page 1 of 23 
 

 

 

 

PROVO WATER AUDIT 

PROJECT ID:  CEEN_CPST_007 
 

 

by 
 

J.A.M. Engineering 

Arianna Kee 

Marcus Young 

Jared Jewell 
 

 

A Capstone Project Final Report  
 

 

Submitted to 
 

Barry Prettyman 

Provo City Water 
 

 

Department of Civil and Construction Engineering 

Brigham Young University 
 

April 8, 2024  



 

Page 2 of 23 
 

Executive Summary 
 

 

PROJECT TITLE:  PROVO WATER AUDIT 

PROJECT ID:   CEEn_CPST_007 

 PROJECT SPONSOR: Provo City Water 

TEAM NAME:  J.A.M. Engineering 

 

 

This project is an audit of a pressure zone just east of BYU.  The water supply to the zone 

has been measured and a discrepancy of approximately 50,000 gallons has been found 

between the flow into the zone and the flow into the houses in the zone. The goal of this 

project is to provide a report to the city identifying possible reasons for the discrepancy 

and supplying reasonable recommendations to decrease it. We have examined the zone 

for causes of the discrepancy, and determined that it is likely a combination of three 

things: a leak or series of leaks, the water used on nearby construction sites, or 

inaccuracies in the meter data. The city has the most direct control over the first of these 

causes. However, due to the difficulty in locating leaks in the system, our final 

recommendation is that the city wait until leaks in the zone surface, meaning no current 

action is necessary.  
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Introduction 
 

This study began as a proposal submitted by Provo City to the civil engineering 

department at Brigham Young University, suggesting an idea for an undergraduate 

capstone project. The project was accepted by the department, and then assigned to our 

team. The initial intent of our project, and the reason we were brought on to the project, 

was to determine the reason for the discrepancy between the flow of water into Provo 

City Water Audit Zone 26, and out of it into local residences. If the discrepancy was a leak, 

it was our responsibility to provide recommendations to the city as to how it should be 

addressed. However, as work began, city engineers determined that the discrepancy was 

almost certainly due to at least one leak in the system, and so the scope of this project 

shifted. Instead, the project was to focus on identifying which methods were feasible to 

locate the leak, and whether it was an effective use of funding to locate it. 

Thus, while the purpose of this study is still to address a discrepancy between the 

flow to the specified audit zone and the measured flow reaching the homes in the zone, 

it has shifted from the question of “is it a leak” to the question of “where is the leak.” We 

have employed several different methods to locate the leak, including an analysis of 

system inputs and outputs, acoustic leak detection, and visual inspection. In addition to 

locating the leak, we have also attempted to compare Provo City water data with other 

jurisdictions of similar sizes and ages to determine whether the discrepancy is 

considered abnormal or not in pipe systems of this size and age. Each of these methods, 

findings, and their implications will be addressed in turn, along with our limitations in 

available data, our assumptions made, and our recommendations on the means by which 

to diagnose the discrepancy. 
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Schedule 
 

• Weekly: 

o Met as a group and discussed progress and plans 

o Status report and other crucial communication prepared for our client and 

our faculty member 

• September 

o Teams were formed and roles assigned 

• October 

o Met with client over Capstone dinner, assessed expectations 

o Initial data retrieval 

• November 

o Data interpretation, various meetings with client 

• December 

o Opinions shared with client 

o Visited pressure regulating valve for Provo City Water Audit Zone 26 

• January 

o Received shapefiles of Provo City Water Audit Zone 26 

o Used ArcGIS to prepare a figure of our zone 

• February 

o Attended city sponsored training with sponsor to become familiar with 

acoustic leak detection equipment 

• March 

o Visited Provo City Water Audit Zone 26 and implemented acoustic leak 

detection in 3 separate locations 

o Received final data set 

o Composed conclusions based on zonal data, site visits, and discussions 

with the sponsor 

• April 

o Created the final presentation, report, and poster 

o Presented/will present the project to the sponsor and to undergraduate 

seminar  
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Assumptions & Limitations 
 

 There are two main assumptions made in this study: that one or more leaks exist 

and that Provo City has disclosed to us all pertinent resources that are available to 

address the discrepancy. The main limitation is that we were working with a limited 

amount of data, whose accuracy is unverified.  

The assumption that there are one or more leaks meant that we did not initially 

search for  other possible reasons for the discrepancy. We also conducted our work under 

the assumption that Provo City has disclosed to us all pertinent resources that are 

available to address the discrepancy. One of these resources was the instruments 

provided by the City of Provo, that would help collect the data needed to determine the 

location of leak(s). Another resource was Provo City’s flow data and shapefiles, which 

work in tandem to supply consistent conclusions. 

The limitations of our project did not hinder the progress of our moving forward 

with the project. The major limitation was that the discrepancy in our waterflow data 

could also be the result of any number of things, such as issues with data collection from 

the main pump or from several of the meters in the zone. After considering such 

limitations, we discussed possible solutions with Barry and have included those in this 

report. Another limitation was that we do not have access to all resources controlled by 

Provo City—only the ones that Provo City identified as pertinent to our project--and if there 

are other reasonable methods of addressing the discrepancy, we are unaware of them. 

Another limiting factor of the progress of our project was that we were to cooperate with 

various professionals to schedule site visits at convenient times. Therefore, progress on 

our project was dependent on frequent coordination of such meetings. 
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Design, Analysis & Results 
 

 Upon receiving this project, we initiated contact with our sponsor, Provo City, and 

their representative, Barry Prettyman. We invited him to a dinner meeting and discussed 

the project. At the close of the evening, he invited us to come with him and take a look in 

the vault where the meter providing data for our zone of interest was located, so that we 

could become more familiar with it. We accepted, and a date was selected when we could 

meet with Barry at the vault to inspect the meter. 

 

 
Figure 1: Descending into the Vault 
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 We met Barry at the vault, and after descending the ladder, as seen in figure 1, we 

were introduced to the pressure regulating valve (PRV), as seen in figure 2, that controls 

the pressure for Provo City Water Audit Zone 26. We also got to see the transmitter that 

was supplying us with the data we will discuss later. At this point in time, the transmitter 

was awaiting a replacement, so there was no live data coming from the meter. After 

spending some time in the vault to familiarize ourselves with the system, we climbed out 

and thanked Barry for the tour. 

 

 
Figure 2: PRV for Provo City Water Audit Zone 26 

 

In preparation for the tour with Barry, we had begun and completed our statement 

of work. However, as we composed it, we became concerned with what our scope 

entailed. We wondered if we were expected to find the leak or not, and we were worried 

what would happen if we didn’t. We only had limited data available to us, and we 

wondered if any more had become available. Thus, we scheduled a lunch with Barry to 

ask him this and other questions pertaining to the project. Our statement of work was 
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due before the meeting could be scheduled, but we made do, and are happy to report that 

our original scope has been completed in full, despite our initial concerns. 

Before the lunch with Barry, we decided to review the materials he had provided us 

for the project. Our first line of inquiry was comparing the water loss of this zone to other 

similarly sized zones in similar jurisdictions. However, after thorough investigation we 

discovered that this type of information is not readily made available by many 

jurisdictions, and is instead kept private. We were therefore unable to verify whether 

discrepancies of this size are common between jurisdictions. 

With our first search ended, we began two others. We read through the pertinent 

sections of the AWWA M6 manual describing how to conduct an audit of a water system. 

We also took the opportunity to parse the previously provided data, and our results 

confirmed the discrepancy in measured flow into and out of the water system. This 

discrepancy of about 50,000 gallons can be seen in figure 3, and is evident in the gap 

between the red and blue lines. Disrupting the data, however, were several spikes up and 

down that did not seem to fit the general trend, so we asked Barry what was causing the 

spikes in flow. We learned that occasionally, when there is an issue with transmitting data 

from a meter, the meter continues to take measurements, but does not record when those 

measurements took place. Thus, there is an initial drop in flow, but when its connection 

to the network is restored there is a huge spike, as the system adds all the flow missing 

from the previous days to the current day. This is also seen in the PRV meter from May 

22nd to the 27th in figure 3. 

 

 
Figure 3: Flow Meter Discrepancy 
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After this revelation, we continued to look for trends in the data. We hoped we 

would find a leak on one of the residential properties, which could be identified by an 

abnormally large amount of flow for a small home. Eventually, however, we realized that 

even if there was a leak in one of these homes, it could not be the cause of the 

discrepancy. This was because a leak from a home would occur after it passed the meter, 

whereas the discrepancy was caused by a leak occurring in between the home meters 

and the PRV. Given that our data did not specify water flow throughout the system, but 

rather only at the entrance to the zone and the exits from the zone, it could not inform us 

where the leak was. We therefore abandoned use of the data altogether, as it could not 

provide us with the information that we wanted: flow differences within the system that 

would expose a leak. 

 When we met for lunch with Barry, we learned several more things about our 

project. First, we learned that the discrepancy was most likely a leak. Given our limited 

experience in auditing a city water system, this was very important information, from 

someone with experience. We also learned that the city’s general practice with leaks is to 

wait until they surface, rather than searching for it along suspect lengths of pipe. 

However, the city was planning to have a training meeting in a few weeks for technology 

they had purchased several years ago to locate leaks. This technology is made by 

Sewerin, a German company that sells a device for acoustically detecting leaks. We were 

unfamiliar with the device, and therefore invited to participate in that meeting. 

 At the meeting, we learned a lot about the theory of how acoustic leak detection 

works, and the various ways it can be applied to complex situations, but the training did 

not focus on the machine’s basic functionality. The training was helpful however, as it 

allowed us to meet the specialists who operate the device, and allowed us a chance to 

go out in the field and search for the leaks. We set a date with Barry, and met him that 

day out by the vault. 

Upon meeting with Barry at the vault, we discussed some of the basic 

functionalities of the device with the technician who had accompanied him, as seen in 

figure 4, and then we got to work. We each got an opportunity to test out listening for 

the leak, as well as pacing out the distances above ground to accurately pinpoint the 

spot indicated by the device. Crucial to note here is that the device is made simply to 

locate the spot along the segment with the greatest quantity of sound, which may or 

may not be the leak. Thus, if traffic, construction, or any other significant auditory 

disturbance is operating somewhere near the segment, the device picks up that location 

instead of a leak. Because of this, the testing often occurs at night, to avoid the 

possibility of incorrect readings. However, we were testing during working hours and 
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there was a good deal of traffic, and we did not locate a leak at any of the three 

locations we surveyed. 

 

 
Figure 4: Acoustic Leak Detection in the Field 

 

While we did not manage to find a leak, we realized why Provo City has not often 

used acoustic leak detection. Ensuring that the device is actually detecting a leak is 

difficult, and it is even more difficult during the day when the city employees are working. 

In order to accurately use this device, the city has to either close the road, or have 

employees test at night, which becomes very expensive. Also, testing an area might 

require each segment in the zone to be tested, which is very tedious. We strategically 

tested only 3 zones, as seen in figure 5, and the testing took a couple hours. In addition, 

testing may or may not yield results. For instance, a couple days after our testing, a 

sinkhole appeared outside of our zone. This sinkhole was not in the area contained in the 

project’s jurisdiction, but it was just upstream of the first segment we tested. It was 
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caused by a leaky pipe, but even though we were so close, we did not hear it at all. This 

demonstrates well the difficulty of using this device. 

 

  
Figure 5: Pipe Segments Tested with Acoustic Leak Detection 

 

 After proving unable to find the leak with acoustic leak detection, we turned to 

other ways of addressing the discrepancy. We had exhausted our options for 

investigating a leak, and so we began thinking about what other possible reasons there 

could be for the discrepancy. Barry brought it to our attention that within Provo City 

Water Audit Zone 26 there are currently two large construction sites whose water use 

would not show up in our data. This was because the construction sites were pulling 

water from fire hydrants rather than the houses whose meters contributed the data we 
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were using. Thus, these fire hydrants created an unrecorded water loss that could 

contribute to a discrepancy between the PRV data and the house meter data. Barry also 

reminded us that there may be several meters that measure inaccurately, or report their 

data incorrectly. With these factors brought to light, we realized that the main cause of 

the discrepancy was likely not a leak. This was the last part of the puzzle we needed, as 

it explained the sheer volume of water loss given that there were no leaks evident from 

the surface of the zone. 
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Related Issues 
 

Locating a leak in a public water system is important for many reasons, but the 

biggest motivator is money. There are high costs associated with residential water, the 

highest being treatment. In a typical public water system, residents pay for the water 

that reaches their house through their meter. This means the city only generates 

revenue from the water that reaches the residential meters. If the system has a leak, 

that water doesn’t generate any revenue. The city pays to treat and transport that water, 

even though it is going to waste. This loss of revenue may cause the city to raise the 

charge for residential water use through the city to cover the extra costs. Another cost 

that accrues from a leak is the cost of locating and repairing the leaking pipeline. 

Although this cost can be high, it becomes much higher after the leak surfaces. Once 

the leak surfaces, the repairs are more expensive because they require emergency 

services and cannot be planned far in advance.  

Water leaks have social impacts as well. If a leak is in a pipe between the 

resident’s meter and their house, that resident will be charged for the water that is going 

through their meter, which may be much more than they are using. This makes 

residents unhappy and can cause distrust in the government agencies. People will also 

be very upset if their water is unclean or if they cannot trust that their water is being 

treated and transported with integrity. An important part of government agencies is 

public trust and taxpayer support.  

Leak detection is also very important in protecting public health. For example, 

wastewater treatment plants use leak detection to make sure that they are only 

discharging clean and safe water. If untreated water leaks into the groundwater or gets 

discharged into water bodies, it could end up in drinking water supply, causing a public 

health crisis. Contact with contaminated water could cause various illnesses, infections, 

and diseases. In a drinking water system, such as Provo City Audit Zone 26, a leak into 

the system could bring groundwater contaminants into the water supply, supplying 

unsafe water to unknowing residents. These groundwater contaminants can come from 

agriculture fields, construction sites, or leaks in a wastewater infrastructure system. 

These contaminants can be difficult to detect as they may not have a taste or an odor, 

so consumers may not realize their water is unsafe. If the system is pressurized, as it is 

in our case, contaminants are unlikely to make their way in through a leak. Despite this, 

it is important to be aware of the possibility. 

A leak in a wastewater treatment plant would also cause environmental concerns 

as contaminated water is harmful to wildlife as well as humans. Discharging 
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contaminated water into a water body may cause fish and other aquatic animals to 

suffer from the treatment chemicals or untreated water. Another environmental impact 

of water leaks is the resources of treatment plants where the water is coming from. 

These treatment plants will have a larger environmental footprint as they are treating 

more water than is needed. 

Clean water is a precious resource around the globe. In many communities 

through the world and United States, droughts are a constant concern for agriculture 

and residential use. Conserving as much of the clean water in the system is important, 

especially in these areas where clean water is scarce. Pipes that do not leak are a vital 

component of global health. If a pipe has a leak and the water is not highly pressurized, 

contaminants will enter the water supply. Globally, this is an issue because these 

contaminants cause various illnesses and could wipe out entire communities.  

Water leaks are a safety concern before and after they surface. Prior to surfacing, 

a leak can compromise the geotechnical stability of structures and other infrastructure. 

These issues can be dangerous because they are beneath the ground and cannot be 

seen at first glance. A surface leak can damage equipment and possibly be a fire hazard 

if a leak occurs near electrical equipment. Water content in soil has a direct relationship 

to the stability of the soil. Soil that has a leak beneath the surface may be less stable 

than before, posing a safety hazard for those walking or driving on it.  

Leak detection and location is an important piece of water infrastructure around 

the world. Leak detection helps protect public health, safety, and the environment. 

Public trust in the agency supplying water is an important issue socially and culturally 

and can be greatly affected by water leaks due to safety and economic reasons.    
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Lessons Learned 

 

During this project, we learned many lessons. Overall, we learned that coordination 

with professionals in the field of city engineering and inspection yielded enhanced 

results. Our use of data was more dependable, our conclusions more consistent, and our 

work more efficient.  

In terms of data dependency, if one or more data-producing instruments are 

underperforming, this may lead to a series of unintended consequences and can cause 

false assumptions to be made. This path of unintended consequences can be difficult to 

trace back to its source. When there are inaccuracies present in collected data, it can be 

hard to localize the cause of the problem because the inaccurate data confounds the 

conclusions. However, the existence of data retrieval tools is very efficient and can 

enhance an entire city’s combined functions, especially water piping networks. 

In terms of consistency, conclusions are more consistent when organizational and 

technical knowledge is passed between employees, ensuring continuity when employees 

come and go over the years.  In the area of city engineering, exchange of information 

passed down from one professional to be replaced by another may lead to loss of 

important methods of data collection and presentation. We learned, or it was heavily 

emphasized, that it is important for data retrieval members to understand how data 

analysis works. This will provide consistent results. Otherwise, incorrect assumptions 

and practices can negatively impact leak detection efforts. 

Within the scope of this project, we were also exposed to the nature of time-

sensitive matters. Timely action is especially important in projects such as ours, where 

accident prevention and hazard avoidance are prized outcomes. Where inconsistencies 

are present in data or in the field, the urgency of errors can be unknown, which may lead 

to unintended consequences down the road. 

  



 

Page 18 of 23 
 

Conclusions 
 

We have drawn several conclusions about the Provo Water Audit project. Some of 

these include the nature of city-scale waterflow networks being vastly complex, collection 

of data with regards to these systems has improved immensely within the past few years, 

and that discrepancies in the actual data we were observing were likely due to a nearby 

construction project. 

Waterflow networks in the city of Provo are intricate and require sensitivity in order 

to supply consistent water to citizens. Citizens of a city expect constant waterflow, and 

systems are in place to ensure this demand is always met. We observed that everyone 

entrusted to this responsibility with whom we’ve come in contact has proven able to 

complete this task. The organization of city engineering in Provo is thorough and intricate, 

just like the issues they’re facing. We noted that proper tools, software, and trainings are 

being supplied to maintain this ecosystem. 

The collection of waterflow data for these intricate systems has been enhanced 

over the past few years and can provide more consistent and accurate data than ever 

before. Upgrades to the waterflow system data are either being executed or planned in 

nearly every aspect of waterflow data retrieval within the area that we observed. However, 

verifying the data can be a lengthy process and can require physical inspection of several 

points to guarantee conclusions. When one of these systems is malfunctioning, it 

becomes much harder to have accurate data. 

Our terminating conclusion drawn about our project was that the discrepancies in the 

data present in Provo City Water Audit Zone 26 are likely due mostly to nearby 

construction projects, which have been underway during the entirety of our Capstone 

project. These construction sites have been using lots of water and may have been 

drawing directly from the mainline, without going through a residential meter. However, 

possible meter inaccuracies and leaks also play a role, with the latter of these most within 

the city’s ability to control. Thus, with leaks being the portion of the discrepancy the city 

can most directly address, this is what our technical recommendations will center 

around. 
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Recommendations 
 

While we’re far from experts in city engineering and inspection, we feel it important 

to supply recommendations for our client and future stakeholders. The areas in which we 

would make recommendations for the state of the project we were able to work on are in 

the joint understanding and operation of tools, enhanced awareness of external factors, 

and the maintenance of professional relationships. 

With joint understanding of operational tools, any given project will progress in a 

more organized and fluid manner. In Provo City, we realized that there were professionals 

that were in charge of each aspect of data collection. There were inspectors, collectors, 

and analyzers of data. The common understanding of data retrieval along each of these 

steps leads to a more fluid and accurate analysis. For example, an inspector can be 

notified to ensure equipment at each site is functional so that a data analysis expert can 

have consistent results. 

In addition to our organizational observations, we realized that discrepancies such 

as this are likely common. Despite the unavailability of similar data, the causes of the 

discrepancy are common across jurisdictions, so the flow discrepancy is likely common 

as well. Real-time analysis of the connection between nearby construction/other water-

usage projects, local data collection devices, and other similar factors will likely lead to a 

better understanding of these discrepancies in this and similar jurisdictions. Through 

such a process, discrepancies in data can be better addressed both now and in the future. 

We also recommend that everyone involved in this and other projects maintain 

healthy professional relationships. Within the steps of the project that we completed, 

through site visits and the visit to the city offices, we observed good relations among 

different sectors of city organizations. Such professional relationships should be 

maintained in order to communicate potential problems and avoid unnecessary voids in 

project understanding. 

Finally, we present the technical results of our study. We have concluded that 

there are three possible reasons for the discrepancy: a leak or series of leaks, the water 

used on the construction sites, or inaccuracies in the meter data. It is most likely due to 

a combination of these three, two of which, construction and meter inaccuracies, are 

largely out of our control. The leak or leaks can be addressed by the city by means of 

acoustic leak detection, however, given the amount of time and money it would take to 

find the one or more leaks within the zone and the city’s current leak detection 

technology, we do not recommend actively searching out the leak or leaks. The money 

lost in detecting the leak is likely larger than the amount of money lost to the city by the 

missing water flow. Thus, Provo City’s current approach of waiting for a leak to surface 
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is, in this case, our recommended approach. The discrepancy is not currently causing 

any disruption of service to residents, and until it does, we propose that this 

discrepancy requires no further action. 
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