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Executive Summary 
 
 
PROJECT TITLE: Spanish Fork Irrigation-Water Conservation Study 
PROJECT ID: CEEn_2018CPST_004 
PROJECT SPONSOR: Spanish Fork City 
TEAM NAME: JAW 
 
 

Spanish Fork City began a water conservation program this last summer that provided             
residents a Rachio smart irrigation controller professionally installed for free. These smart            
controllers use precipitation, temperature, and wind data from multiple nearby weather stations            
to constantly adjust watering schedules. They start up automatically when needed in the spring,              
ramp up watering as temperatures rise and ramp down in the fall. Eventually, they will               
automatically notify residents to turn off the sprinklers when watering is no longer needed at the                
end of the season. The residents operate them from their smart phones and receive notices when                
the controller automatically suspends watering because of wind or rain.  

The goals of this project will be to provide an accurate representation of pressurized              
irrigation water usage before and after the controllers were installed. City billing information,             
SCADA data, and reports from the water department of SFC will be utilized in creating this                
representation. Students will analyze if the new sprinkler system implemented during this            
summer has contributed to peak reduction for the city of Spanish Fork. Then, the team will                
recommend an optimal schedule to set smart controllers to best reduce peak demand and estimate               
the cost benefit of the reduced water usage both in water right acquisition and water right annual                 
maintenance costs. 

This coming semester the team will meet these project requirements using the data             
collected from this semester. Collected data includes monthly water usage from 2011 to 2017,              
and monthly household usage of three control groups for 2017 and 2018.   
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Introduction 
 
The City of Spanish Fork installed 678 Rachio sprinkler systems this past summer. The              

city expects these automated controllers to reduce peak volume times, water usage, and related              
costs. The JAW team is working with Spanish Fork’s Public Works department to collect and               
analyze the city’s past water data. The team is also collecting data for a control group which will                  
compare households with and without the controllers. After analyzing the data, the team will see               
the effects from the Rachio installations. This semester the team primarily collected data so next               
semester’s work can focus on analyzation. This report will provide an overview of the team’s               
work these past months, including their project schedule, assumptions, challenges, results, and            
reflection.  
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Schedule 
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Assumptions & Limitations 
 

At the beginning of the project, the team assumed the need to have data extending back                
10 years that could be used to analyze trends and determine if there was correlation between the                 
implementation of the water conservation program and reduction of peak demand usage of             
pressurized irrigation. Originally, daily and monthly historical data was desired - one of the              
greatest limitations of the project was the availability of this desired data.  

The team learned early on that the system for recording flow data had become much               
more accurate over the past year, and that data before 2017 was more of an approximation. The                 
historical information that was available before 2017 was monthly usage back to 2011 (Figures              
1-6, Appendix A). Even though monthly data is less specific, it will help the team create an                 
image of water usage before the water conservation program. 

An assumption that is impacted by the use of monthly data is that of environmental and                
population conditions being similar in years being analyzed to find the effect of a water               
conservation program (i.e. it was not a year with a higher amount of precipitation that caused a                 
reduction in water usage). This assumption is limited by nature in the fact that each year has                 
different environmental circumstances that will affect water usage. In further analysis, weather,            
temperature, rainfall, and population change will need to be taken into consideration. Analyzing             
the annual trends between 2011-2017, the team can determine an average growth factor that will               
envelop differences in environment and population and help the team yield meaningful results. 

Another tactic used in dealing with the limitations of this assumption of equivalent             
conditions is the comparing of percentages instead of amounts. This was and will be used for                
years with daily data, 2017 and 2018. For example, peak daily water usage before the controllers                
were installed in 2018 occurred on average at 10:00 PM. The demand at this hour was 7.49% of                  
the total daily water usage (Figure 1). In 2018, after the smart controllers were installed, the peak                 
still occurred at 10:00 PM at a flow of 7.11% of the total daily water usage (Figure 2). Figures 1                    
and 2 are based off data from Tables 8 and 9 in Appendix A. Even though circumstances, such as                   
temperature and rainfall, of the days were different, this percent of volume can be compared to                
show a difference in water usage. This example evidences peak reduction due to the installation               
of 678 smart controllers in 2018.  
 

Page 8 of 24 
 
 



 

 
Figure 1: Hourly percentage of average daily flow of 3 days before smart controller 

installations in 2018 

 
Figure 2: Hourly percentage of average daily flow of 3 days after smart controller 

installations in 2018  
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Results 
 

This semester the team mainly collected data. This included monthly usage well data             
from 2011-2017, hourly data from June 1-3 and August 27-29 of 2018, and sprinkler household               
data. The monthly well data can be seen in Tables 1 through 7. From this well data, the team will                    
analyze peak demands across recent years. From the household data, control groups will be              
created that will help the team evaluate how the Rachio controllers are affecting peak demands               
and water usage. This household data was obtained recently and is still being organized by the                
team so a table of this data has not been included in this report. The hourly data for the six dates                     
in 2018 has been collected and analyzed. The June dates have data before the Rachio               
installations and the August dates have data for after. The team found that the peak demand was                 
reduced from 7.49% to 7.11%. This data is displayed in Tables 8 and 9 and the results are shown                   
in Figures 1 and 2.  

The number of connections in the water system in Spanish Fork increased by 4% in 2018.                
Despite this growth in connections, with Rachio controllers there was only a 1.2% of the city’s                
supplied water for drinking and irrigation; the supplied water was increased from 10,230 ac-ft in               
2017 to 10,345 ac-ft in 2018. The team’s work for next semester will yield analytical results for                 
all the stated data collections, which will provide further information regarding water            
conservation and cost benefits from the Rachio installations. 
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Lessons Learned 
 

First, the team encountered problems with knowing what data would be used for             
comparison between water usage before the sprinkler controllers were installed and the water             
usage after. Due to the fact that previous years’ data was not as accurate or organized, and had                  
missing values, the team didn’t know how useful it could be. In addition, because all the Rachio                 
sprinkler controllers were installed during this summer, there was limited data to analyze that is               
“post-installation.” Finally, the team was not sure how certain environmental factors (e.g. hot             
weather, rain) would affect the comparison between pre- and post-Rachio.  

The team members learned the importance of having close communications with the            
faculty mentor, in their case Dr. Williams. He explained why more data is always better for                
analysis. Therefore, even when previous years’ data is inaccurate, the decision was made to use               
all data available. In spots where information is missing, the team will fill the blanks with                
estimated values. To the team’s knowledge the system for recording flow data has become much               
more accurate over the past year, and data before 2017 is more of an approximation. Therefore,                
pivot tables will be created to organize this data and help with later analysis, as well as creating                  
an image of water usage before the water conservation program. 

The team discussed and decided the best data comparison would be to compare June 1-3,               
2018 to August 27-29, 2018 because this is accurate data from this year representing before and                
after the sprinkler controllers were installed. In comparing to previous years, it was decided to               
obtain data from those days (6/1-6/3 and 8/27-8/29) from the past five years to create a robust                 
comparison between how water usage per capita has existed in past years, and how that               
compares to this year’s data which includes the integration of the smart irrigation controllers.  

To create more accurate comparisons between data, the team decided to compare within             
years and not across years. Meaning that although the data of last year won’t be as accurate as                  
the data from this year, 2017 will not be compared directly to 2018 data. Instead, there will be a                   
comparison between June 2017 and August 2017, in which both will have the same level of error                 
and a percent difference can be obtained between them that will be comparable to 2018.  

The team has monthly data from 2011 to present, which will be used to find historical                
peak volumes for recent years. This will give an idea on how peak volumes are being affected                 
with the new sprinkler system and eventually how or if the sprinkler system is providing a cut                 
cost. The team will use maximum usage days of past years and continue with our specific dates                 
for June and August from 2017 to compare.  

Finally, in order to have a better use of the data, 3 control groups of 40 houses within the                   
same area (wind fan vs non wind fan) will be created. This evaluation will be only for 2017 and                   
2018 , and will give us a trend that will be later discussed with Dr. Williams for further analysis. 
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Conclusions 

 
The team has learned about how to effectively gather and compare data between years              

that would provide meaningful results in regards to water conservation. Monthly data can be              
used to look at trends. This is important because as total usage goes up, peak reduction is                 
essential in having an effective system. A 1% annual increase in water usage may not seem                
significant, but long-term that trend will lead to expenses in regards to water rights acquisition               
and the need to add to the pressurized irrigation system. Daily data can be used to determine how                  
people behave differently with the use of smart controllers. 

The team conclusion at this point is that peak reduction was made possible by the water                
conservation program. With the 678 controllers installed, the highest daily peak demand was             
reduced from 7.49% to 7.11% of total daily water usage. Also, with the 4% growth in                
connections to the Spanish Fork City water systems in 2018, we were able to help conserve                
water and have an approximate (December drinking water estimated) 1.2% increase in supplied             
water for both drinking water and pressurized irrigation, with a measured value of 10,230 ac-ft in                
2017 and 10,345 ac-ft in 2018. This peak reduction and conservation will be proved further in                
the coming semester with evidence from the 3 control groups. 
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Recommendations 
 

At the current point in the project, the capstone team recommends that the city continue               
with rigorous data collection so that in the future, daily measurements can be used to analyze city                 
pressurized irrigation use.  

In creating even greater results, a new watering schedule will be recommended based on              
results of data analysis in the coming semester. This schedule will need to be created using trial                 
and error. Because the controllers can be controlled from the city dashboard, such iterations may               
be possible. Currently the smart controllers’ schedules are formatted according to geographical            
position and address, as shown in Figure 3. 
 

Acronym Description Time Block Start Time Block End 
NFO Non-Wind Fan Area Odd Address 3:45 AM 6:00 AM 
NFE Non-Wind Fan Area Even Address 8:00 AM 10:00 AM 
F12 Wind Fan Area Addresses ending with 1 or 2 10:00 AM 3:00 PM 
F34 Wind Fan Area Addresses ending with 3 or 4 11:00 AM 4:00 PM 
F56 Wind Fan Area Addresses ending with 5 or 6 12:00 PM 5:00 PM 
F78 Wind Fan Area Addresses ending with 7 or 8 1:00 PM 6:00 PM 
F90 Wind Fan Area Addresses ending with 9 or 0 2:00 PM 7:00 PM 
NA Non-Adjustment Requestees - - 

Figure 3: Current recommended watering schedule 
  
The wind fan area referred to in Figure 3 is a section of Spanish Fork near Spanish Fork                  

canyon that is affected by more wind during the night. In Figure 4 below, it appears as the red                   
area within the wind boundary line. It is recommended that homes within this are water during                
the day because wind evaporates water 6 six times more than the sun. The schedule that the team                  
compiles at the completion of the report will continue to take the wind fan area into                
consideration. 
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Figure 4: Map of Spanish Fork wind boundary  
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Table 1: Historical Data from 2011 

 

 
 

Table 2: Historical Data from 2012 

 

 

 

Page 16 of 24 
 
 



 

Table 3: Historical Data from 2013 
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Table 4: Historical Data from 2014 

 

 
 

Table 5: Historical Data from 2015 
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Table 6: Historical Data from 2016 

 

 
 

Table 7: Historical Data from 2017 
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Table 8:  Hourly Flows for 6/1/18 - 6/3/18 

Pre-Rachio GPM Average GPM Percent of Daily Flow 

10,885 4.17% 6.17% 

9,960 4.17% 5.64% 

9,034 4.17% 5.12% 

9,041 4.17% 5.12% 

10,049 4.17% 5.69% 

10,030 4.17% 5.68% 

8,662 4.17% 4.91% 

6,708 4.17% 3.80% 

5,153 4.17% 2.92% 

4,658 4.17% 2.64% 

4,407 4.17% 2.50% 

3,725 4.17% 2.11% 

3,656 4.17% 2.07% 

3,194 4.17% 1.81% 

3,181 4.17% 1.80% 

3,468 4.17% 1.96% 

3,984 4.17% 2.26% 

4,639 4.17% 2.63% 

5,773 4.17% 3.27% 

7,348 4.17% 4.16% 

11,124 4.17% 6.30% 

13,228 4.17% 7.49% 

13,006 4.17% 7.37% 

11,597 4.17% 6.57% 
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Table 9:  Hourly Flows for 8/27/18 - 8/29/18 

Post-Rachio GPM Average Percent of Daily Flow 

12,204 4.17% 6.34% 

10,327 4.17% 5.36% 

10,883 4.17% 5.65% 

11,020 4.17% 5.72% 

11,161 4.17% 5.79% 

11,858 4.17% 6.16% 

10,410 4.17% 5.40% 

8,229 4.17% 4.27% 

5,621 4.17% 2.92% 

6,314 4.17% 3.28% 

5,372 4.17% 2.79% 

4,181 4.17% 2.17% 

3,596 4.17% 1.87% 

3,187 4.17% 1.65% 

3,151 4.17% 1.64% 

3,118 4.17% 1.62% 

3,218 4.17% 1.67% 

3,975 4.17% 2.06% 

6,054 4.17% 3.14% 

7,433 4.17% 3.86% 

11,260 4.17% 5.85% 

13,694 4.17% 7.11% 

13,531 4.17% 7.02% 

12,829 4.17% 6.66% 

   

Page 21 of 24 
 
 



 

Josephine Paxton 
463 S 2400 W Apt 6 • Springville, Utah 84663 • josie.bastian8@gmail.com • 530.249.9453  

Education 
Bachelor of Science in Civil and Environmental Engineering 
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