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1.0 Executive Summary 

1.1 Introduction and Background 

In 2020, the City of Tontitown’s water distribution system underwent significant operational changes. Prior 

to these changes, the City received water from Springdale Water Utilities through three connections along 

the east side of the City. In 2020, the City constructed a new elevated storage tank, booster pump station, 

and 18-inch transmission line connecting to the Benton/Washington Regional Public Water Authority 

transmission lines to the West. 

 

The previous water distribution master plan was completed in April of 2008. Garver was authorized by the 

City of Tontitown to complete an updated comprehensive water distribution master plan to reflect the 

recent distribution system changes and anticipated system growth. The updated master plan is intended 

to provide the City of Tontitown a planning document to aid in the prioritization of updates within the 

distribution system to assure that regulations and the City’s desired level of service continue to be met as 

the City grows. 

 

The master plan included assistance from several staff from the City of Tontitown. Throughout the 

process of developing the master plan, Garver coordinated with the Tontitown’s Public Works Director 

and other City employees to ensure that the plan was tailored to meet the City’s expectations. 

1.2 Existing and Future System Assessment 

Enclosed in Appendix A and Appendix B are the Hydraulic Model Calibration and Validation and the 

Future System Assessment and Capital Improvements technical memorandums, respectively. Appendix 

C includes the water loss audit on the City’s water distribution system using data from 2019.  

 

Population projections and per-capita water demands were evaluated and used to estimate total water 

system demands, shown in Table 1-1 below for average day and maximum day conditions for each of the 

planning horizons. 

 

Table 1-1: Population and Demand Projections 

Planning 
Horizon 

Projection Type Population 
Average Day 

Demand (MGD) 
Maximum Day 

Demand (MGD) 

Existing NA (Recorded) 4,358 0.428 0.872 

2025 
Linear Trend 6,699 0.670 1.340 

Exponential Trend 7,032 0.703 1.406 

2040 
Linear Trend 12,549 1.255 2.510 

Exponential Trend 22,522 2.522 4.505 

Buildout NA 64,361 6.436 12.872 

 

The design criteria generally included pressure, velocity, fire flow, and effective water storage. Based 

upon the demand projections and validation of the hydraulic model, various design scenarios are outlined 
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in Appendix B. Results for each of the planning horizons with respect to the design criteria are also shown 

in Appendix B. 

 

Improvements included in the CIP are broken into two categories: 2025 Improvements and 2040 

Improvements. Improvements listed in the 2025 category should be completed by the year 2025 and 

2040 improvements should be completed by the year 2040. These improvements, along with the 

projected cost in 2020 dollars, are listed in Table 1-2 and Table 1-3 below. Maps of these improvements 

can be seen in Appendix B. 

Table 1-2: 2025 Improvements 

Project 
Number 

Project Name 
Dia. 
(in) 

Length (LF) Cost per LF 
Estimated Cost 
(2020 Dollars) 

1A 1-MG Southeast EST NA NA NA $5,000,000 

1B 12-inch Waterline for SE EST 12” 7,821 $180 $1,410,000 

1C 8-inch Waterline for SE EST 8” 469 $120 $60,000 

2 Old HWY 68 12” 2,385 $180 $430,000 

3 Wildcat Creek 8” 8,676 $120 $1,050,000 

4 HWY 112 (1) 12” 3,179 $180 $580,000 

5 HWY 112 (2) 12” 4,213 $180 $760,000 

TOTAL $9,290,000 
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Table 1-3: 2040 Improvements 

Project 
Number 

Project Name 
Dia. 
(in) 

Length (LF) Cost per LF 
Estimated Cost 
(2020 Dollars) 

6 Harmon Road 8” 5,427 $120 $660,000 

7 Klenc Road (1) 8” 2,685 $120 $330,000 

8 Klenc Road (2) 8” 2,516 $120 $310,000 

9 
Klenc Road to Barrington 

Connection 
8” 2,594 $120 $320,000 

10 HWY 412 (1) 12” 9,390 $180 $1,700,000 

11 1-MG Northwest EST NA NA NA $5,000,000 

12 
Waterline from SE EST to 

HWY 112 
12” 2,515 $180 $460,000 

13 Barrington Road 8” 5,402 $120 $650,000 

14 Pianalto to Klenc Connection 8” 5,187 $120 $630,000 

15 
Harmon to Pianalto 

Connection 
8” 5,223 $120 $630,000 

16 
HWY 412 to Harmon 

Connection 
8” 4,106 $120 $500,000 

17 
Harmon Road Extension 

(North of HWY 412) 
8” 2,569 $120 $310,000 

18 Wc Road 852 8” 1,495 $120 $180,000 

19 
Morsani Road Extension to 

Pianalto Road 
8” 1,299 $120 $160,000 

20 
Mantegani to Pianalto 

Connection 
8” 2,465 $120 $300,000 

21 
Liberty to Ardemagni 

Connection 
8” 1,387 $120 $170,000 

22 
Barrington to Maestri 

Connection (1) 
8” 3,631 $120 $440,000 

23 
Barrington to Maestri 

Connection (2) 
8” 3,020 $120 $370,000 

24 
Mantegani to Liberty 

Connection 
8” 1,556 $120 $190,000 

25 Javello to Liberty Connection 8” 3,123 $120 $380,000 

26 
Pianalto Road Extension to 

Javello Road 
8” 1,583 $120 $190,000 

27 
Jones Road Extension to HWY 

112 
8” 3,100 $120 $380,000 

28 
Ardemagni to Sabatini 

Connection 
8” 2,654 $120 $320,000 
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1.3 Conclusion 

Cost totals for the 2025 and 2040 planning horizons are approximately $9,290,000 and $24,370,000, 

respectively. While some of the upgrades included in the 2040 planning horizon may be development 

driven, the City should begin planning to implement the upgrades included in the 2025 planning horizon. 

The new elevated storage tank will satisfy the storage requirement that the City is quickly approaching 

while the other projects will help ensure that development within the current city limits will not be limited 

by the City’s ability to provide water. 

 

Using this planning document, as well as the hydraulic model, will help support sustainable growth of 

Tontitown’s water distribution system. While some of this master plan may be conceptual, development 

trends will allow for prioritization of some longer-term improvements over others. Garver proposes that 

updates to the water master plan be made every five years to keep up to date with the existing conditions 

of the system and anticipated growt
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1.0  Introduction 

This technical memorandum (TM) was prepared for the City of Tontitown (City) as part of the Tontitown 

Water Master Plan project. The purpose of this TM is to document the steps taken to verify, calibrate, and 

validate the hydraulic model of Tontitown’s water distribution system.  

 

Data provided by the City was used to model the City’s water distribution system. Information on the 

existing infrastructure, water production, and demand were integrated into the hydraulic assessment of 

Tontitown’s distribution system documented in this TM. 

2.0 Existing System Overview 

2.1 Water Service Area 

Figure 2-1 outlines the public water service areas surrounding the City of Tontitown. The two public water 

systems adjacent to Tontitown include Springdale Water Utilities (SWU) and Washington Water Authority 

(WWA). WWA serves an area within Tontitown’s city limits south of Kelly Avenue. 

 

 
Figure 2-1: Public Water Service Areas 
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2.2 Existing System Infrastructure 

Prior to April of 2020, the City of Tontitown purchased potable water from SWU for distribution to 

customers in the City’s system. In April of 2020, the City began purchasing wholesale potable water from 

Benton Washington Regional Public Water Authority (BWRPWA) with a newly installed booster pump 

station, approximately 10-mile length of an 18-inch transmission main, and a 500,000-gallon elevated 

storage tank (EST). The SWU connections were maintained for emergency supply, which is discussed in 

further detail in Section 2.2.1. An overview of the entire distribution system can be seen in Figure 2-2. The 

following subsections describe the infrastructure within the City’s water distribution system.  

 

 
Figure 2-2: Overall Map 

2.2.1 Sources of Supply 

Prior to switching over to BWRPWA’s supply, Tontitown purchased water from SWU at three master 

meters on the East side of the distribution system, which are shown in Figure 2-3. The Tontitown 

connections supply water from the main pressure zone of the SWU distribution system, which has a 

hydraulic grade line (HGL) set by the Fitzgerald Tank Farm. This HGL typically varies from 1,510-1,518 

feet.  
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Figure 2-3: SWU Master Meter Connections 

Since transitioning to BWRPWA water, the distribution system HGL is set by the elevated storage tank, 

which has a high-water level of 1,480 feet. Water levels in the EST typically range from approximately 

1,468 feet to 1,472 feet. When the booster pump station is running, the HGL increases throughout the 

system with the western portion of the system experiencing the most drastic increase.  

 

In case of a booster pump station failure or extreme demands in the City’s water distribution system, flow 

control valves were installed near the SWU connections to allow SWU to provide Tontitown water in case 

of emergencies. 

2.2.2 Pressure Zones 

The City’s water system is comprised of a single pressure zone that is regulated by the booster pump 

station and elevated storage tank. 

2.2.3 Booster Pump Station and Transmission Line 

Prior to 2020, the City of Tontitown purchased potable water from SWU for distribution to customers in the 

City’s system. In 2020, approximately 10 miles of 18-inch transmission line and a booster pump station 

were put online to convey BWRPWA water from the Decatur Tanks to the City’s distribution system, with 

the transmission line terminating near the City’s elevated storage tank. 
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Table 2-1 summarizes the rated flows/design point and best efficiency point (BEP) for each pump at the 

pump station as well as the third pump that will be installed when future demands require an additional 

pump. BEPs were obtained from manufacturer pump curves. Typical flow indicates the approximate flow 

and head that the pumps operate at in the model. The BEPs of the pumps were used to evaluate their 

compatibility with system hydraulics. 

 

Table 2-1: Pump Station Pump Summary 

Pump Number Typical Flow (gpm) Typical Head (ft) BEP Flow (gpm) BEP Head (ft) 

1 1,750 422 2,236 360 

2 1,750 422 2,236 360 

Future 3 1,750 422 2,236 360 

 

2.2.4 Storage Tanks 

In addition to the booster pump station and the transmission line from BWRPWA, a new 50-foot diameter, 

500,000-gallon elevated storage tank was constructed and put online in 2020. This new storage tank is 

located north of Highway 412 and roughly 1,200 feet to the west of the South Mantegani Road and 

Highway 412 intersection. Information pertaining to the EST is outlined in Table 2-2. 

 

Table 2-2: Elevated Storage Tank Summary Information 

 
Storage 
Capacity 

Base Elevation (ft) LWL (ft) HWL (ft) 

Elevated Storage Tank 500,000 gal 1303.50 1,443.00 1,480.00 
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3.0 Historical Data Analysis 

3.1 Data Collection 

The following data was provided by the City for use in the model verification, calibration, and validation: 

• Map of the water distribution system with pipe size 

• Customer meter data 

• As-built drawings of multiple pipe segments in the distribution system 

• As-built drawings of the elevated storage tank in the distribution system 

• SCADA data for elevated storage tank water levels 

3.2 Distribution System Pipes 

The water distribution system contains a variety of pipe sizes and materials. Approximately 69 miles of 

pipe are active throughout the water distribution system. Table 3-1 provides a summary of the pipe 

lengths in the system organized by pipe diameter, whereas Table 3-2 provides a summary of pipe lengths 

by material. A map of the pipe material and size is provided in Figure 3-1. 

 

Table 3-1: Tontitown Water Distribution Pipe Diameter 

Pipe Diameter 
(in) 

Total Length of 
Pipe (ft) 

<4 67,516 

4 13,556 

6 66,133 

8 154,648 

10 23 

12 6,331 

18 57,635 

Total 365,842 

 

Table 3-2: Tontitown Water Distribution Pipe Material 

Pipe Material 
Total Length of 

Pipe (ft) 

Ductile Iron 81,225 

AC 3,289 

PVC 281,328 

Total 365,842 
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Figure 3-1: Pipe Size and Material 

3.3 Historical Population 

The information obtained from the U.S. Census Bureau shown in Table 3-3 contains population estimates 

for the years from 2000 to 2019. Garver used this information in developing the population projections in 

Section 4.1.  

 

Table 3-3: Tontitown U.S. Census Population Data 

Year Population  Year Population 

2000 Census 2,082  2010 Census 2,460 

2001 2,127  2011 2,479 

2002 2,154  2012 2,526 

2003 2,194  2013 2,596 

2004 2,240  2014 2,683 

2005 2,312  2015 2,799 

2006 2,376  2016 3,498 

2007 2,407  2017 3,719 

2008 2,415  2018 4,008 

2009 2,432  2019 4,358 
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3.4 Water System Demands 

Historical water production rates were based on customer meter data provided by the City. Customer 

meter data from 2019 average day demand was assigned to nearby node elements. All simulations 

discussed in this report are based off this data with various demand multipliers to simulate different 

demands conditions.  

 

Table 3-4 includes information about the City’s distribution system prior to switching over to BWRPWA 

supply. This data was derived from the City’s records. The data includes: 

 

1. Annual Purchase Volume: Number of gallons of potable water purchased by the City of Tontitown 

from SWU 

2. Annual Sales Volume: Number of gallons of potable water sold by the City of Tontitown to its 

customers 

3. Non-Revenue Water: Difference between purchase volume and sales volume. Includes water 

losses and unbilled consumption (municipal uses). 

 

Table 3-4: Water Purchased and Billed Comparison 

Year 

Annual 
Purchase 
Volume 

(MG) 

Annual 
Sales 

Volume 
(MG) 

Non-
Revenue 

Water 
(MG) 

2000 70.09 81.79 -11.70 

2001 66.90 65.46 1.44 

2002 66.93 64.00 2.93 

2003 69.91 67.20 2.71 

2004 68.83 69.97 -1.15 

2005 83.28 79.67 3.61 

2006 83.63 78.25 5.38 

2007 82.77 87.65 -4.88 

2008 88.58 72.62 15.96 

2009 85.78 72.53 13.25 

2010 95.89 83.37 12.52 

2011 100.88 88.27 12.60 

2012 106.16 91.60 14.56 

2013 92.05 81.89 10.15 

2014 89.34 78.44 10.90 

2015 96.99 82.65 14.33 

2016 100.36 88.07 12.29 

2017 110.12 84.78 25.34 

2018 144.86 91.34 53.52 

2019 153.53 103.27 50.26 
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Table 3-5 outlines the amount of water purchased by user class. The data from 2009 to 2019 shows the 

percentage of demand for each class and is broken down as follows: 

• Residential = 63.95% 

• Commercial = 28.05% 

• Irrigation = 5.79% 

• Agricultural = 2.21% 

 

Table 3-5: Total Water Consumption by User Class 

Year 
Total Residential 

Usage (MG) 
Total Commercial 

Usage (MG) 
Total Irrigation 

Usage (MG) 
Total Agricultural 

Usage (MG) 

2009 46.29 21.85 3.63 NA 

2010 50.73 35.47 4.46 NA 

2011 52.53 26.12 5.20 6.13 

2012 57.30 25.57 5.97 2.58 

2013 47.31 23.36 3.51 2.32 

2014 49.86 21.34 5.36 1.42 

2015 48.21 15.44 3.20 1.51 

2016 52.62 22.84 4.98 2.07 

2017 56.94 21.42 5.82 1.66 

2018 67.07 22.50 6.65 1.29 

2019 63.72 23.92 4.90 1.52 

 

Figure 3-2 displays how the average day purchase volume for each month has changed over recent 

years. There is a noticeable jump in average purchase volume from the year 2017 to 2018 and 2019. In 

addition to this jump, the peak months appear to have shifted to months later in the year. Comparing 

Figure 3-2 to Table 3-4, there is a similar jump after the year 2017 in non-revenue water. The correlation 

between these two items could warrant investigation into potential water loss in the system. 
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Figure 3-2: Tontitown Daily Water Purchase History by Month 

Figure 3-3 illustrates the average daily water purchase volume in comparison to the average daily water 

sales volume. This figure provides a visual for the relationship between the jump in purchased water 

compared to the sudden increase in the non-revenue water. Also note that after 2017, the water 

purchased data appears to most closely correlate with the population data. This may indicate that the 

City’s water meters need to be tested and/or replaced. 

 
Figure 3-3: Tontitown Average Daily Water Purchase vs. Sales Volume 
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4.0 Population and Flow Projections 

4.1 Population Projections 

Garver utilized population numbers reported by the U.S. Census Bureau from 2000 to 2019 and projected 

growth based on exponential trends. Garver also projected populations based on linear trends since 

2015. The projection based on the linear trend serves as the bottom of the population projection 

envelope, while the projection based on an exponential trend serves as the top of the envelope. The 

linear projection adds approximately 390 people per year, while the exponential growth is based on a 

growth rate of approximately 8% per year. The population projection envelope is shown in Figure 4-1 

while the projected 2040 populations for each are summarized in Table 4-1. 

 

 
Figure 4-1: Population Projections Envelope for Existing City Limits 

Table 4-1: Population Projections 

Projection Type Projected 2040 Population 

Linear Trend 12,549 

Exponential Trend 22,522 
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4.2 Water Demand Projections 

Monthly water purchased data provided by the City for the period of January 2000 through June 2020 

was combined with estimated population values based on U.S. Census information (with linear 

interpolation applied to estimate populations for 2001-2009 and 2011-2014). Additionally, a 1.2 factor was 

applied to average day during max month usage values to estimate maximum day values; this factor is 

based on experience with analysis of systems throughout Arkansas and Oklahoma. Furthermore, 

historical demand information for Rogers and Springdale was reviewed, as it is reasonable to assume 

that per capita usage values for Tontitown will trend towards regional averages as the City continues to 

expand. Based on all these factors, the values listed in Table 4-2 were assumed as per capita average 

and maximum day values. 

 

Table 4-2: Estimated Per Capita Demands 

Demand Condition Per Capita Demand (gpcd) 

Average Day 100 

Maximum Day 200 

 

 
Figure 4-2: Per Capita Demands (Water Purchased) 

Figure 4-2 illustrates the demand per capita results since 2000 based on water purchased data. This data 

provides Garver the ability to estimate the demand projections based on population projections. Note that 

the ADD and MDD per capita values are listed in Table 4-2, however these values do not reach the peaks 

of the historical per capita demands. The year of 2012 experienced an unusually high per capita demand 

which could be partially explained by annual rainfall data shown in Figure 4-3. Years with low amounts of 

rainfall could lead to higher demands. Garver decided to move forward with values lower than the peaks 
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as per capita demands during MDD conditions only surpassed 200 gpcd three times over the last 20 

years. 

 
Figure 4-3: Annual Rainfall (Fayetteville) 

 

The projected demands over the next 20 years for both linear and exponential projections are displayed 

in Figure 4-4 while projected 2040 demands are shown in Table 4-3. 

 

 
Figure 4-4: Demand Projections 
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Table 4-3: 2040 Demand Projection 

Projection Type Population 
Average Day Demand 

(MGD) 
Maximum Day Demand 

(MGD) 

Linear Trend 12,549 1.255 2.510 

Exponential Trend 22,522 2.522 4.505 

4.3 Buildout Estimates 

Buildout population estimates were completed based on land use and planning area shapefiles provided 

by the City. City land use and the Tontitown Planning Area are shown in Figure 4-5. 

 

 
Figure 4-5: City Land Use Map 

Populations were estimated assuming 2.57 people per dwelling unit and the following numbers of 

dwelling units per acre for different land use classifications: 

• AG = 0.2 units/ac 

• RE = 1 unit/ac 

• RM = 4 units/ac 

• RC-N = 12 units/ac 

• RC-T = 9 units/ac 

• RC-C = 14 units/ac 
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For areas outside of the provided land use shape file, Garver assumed a density of one unit per acre per 

Washington County zoning.  Areas within flood plains, national forests, and developed land (besides land 

designated as agriculture land use) were excluded in these projections.  To account for commercial 

development within mixed use areas, Garver assumed that lands designated as RC-N, RC-T and RC-C 

would be 80%, 50% and 20% residential development, respectively.  To account for space required for 

streets, stormwater detention, green space, etc. in residential and agricultural areas (AG, RE, and RM) 

Garver assumed that 20% of residential area would not be used for housing.  

 

Garver used these assumptions to determine four different buildout projections, which are shown in 

Figure 4-6. These different buildout projections can be described as follows: 

 

1. Buildout 1 – City Limits: Assumes that the current Tontitown Public Water System service area 

expands to the current city limits. 

2. Buildout 2 – Planning Area: Assumes that the current Tontitown Public Water System service 

area expands to the Tontitown Planning Area and also includes the area of the current service 

area that lies outside of the Tontitown Planning Area. 

3. Buildout 3 – Western Expansion: Assumes that the current Tontitown Public Water System 

service area will expand west to the BWRPWA connection. 

4. Buildout 4 – Existing WSA: Assumes that the current Tontitown Public Water System service 

area does not expand. 

 

The City of Tontitown decided to move forward with the assumption that Buildout 3 would be the 

boundary of the City’s ultimate buildout. 
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Figure 4-6: Buildout Scenarios Map 

Table 4-4 outlines the results of these projections as well as the associated average day and max day 

demands. The per capita values used in the previous subsection were also used in these projections to 

determine demands. Note that buildout projections were cross-referenced with the linear and exponential 

trend population projections to ensure compatibility between the population numbers. 

  

Table 4-4: Planning Area Buildout Projection 

Service Area 
Alternative 

Population 
Average Day Demand 

(MGD) 
Maximum Day Demand 

(MGD) 

City Limits 62,275 6.228 12.455 

Planning Area 72,032 7.203 14.406 

Western 
Expansion 

64,361 6.436 12.872 

Existing WSA 52,509 5.251 10.502 
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5.0 Model Development 

Garver recently created an AutoCAD file that included overall layout, pipe diameters, and pipe material 

within Tontitown’s distribution system. Garver had previously modeled the transmission line to assist with 

design of the booster pump station that was put online in 2020. The model developed for the booster 

pump station was then updated to include the rest of the distribution system. 

5.1 Model Water Demand 

The City of Tontitown provided Garver with 2019 customer water meter data that was inserted into the 

WaterGEMS model. These average demands were assigned to a nearby pipe or node within Tontitown’s 

distribution system.  

 

Using data from the City’s SCADA system that logs the water surface elevation within the elevated 

storage tank, a diurnal curve was developed to simulate the system’s demands as they fluctuate during 

the average 24-hour period. This curve is discussed in Section 5.2. 

5.2 Diurnal Curve Development 

Historical data from the EST SCADA system was utilized to develop a diurnal demand multiplier curve. 

Changes in the water surface elevation within the elevated storage tank were logged throughout multiple 

days ranging from May 15, 2020 to May 29, 2020 were used to determine an average hourly demand. 

General knowledge on how the pumps are controlled allowed Garver to determine when pumps were 

active and idle so that data influenced by the pumps could be omitted. Calculations were performed to 

produce a composite average day demand. Maximum day conditions were simulated by multiplying the 

average day demands by a factor of 2.00 which was determined after looking at recent maximum day 

demands compared to average day demands. The demand curve is presented in Figure 5-1 and Table 

5-1. 

 

 
Figure 5-1: Diurnal Curve 
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Table 5-1: Diurnal Pattern 

Time 
(hr) 

Demand Multiplier 

1 0.50 

2 0.50 

3 0.50 

4 0.50 

5 0.50 

6 0.55 

7 1.12 

8 1.20 

9 1.25 

10 2.25 

11 1.16 

12 1.00 

13 1.13 

14 1.35 

15 1.13 

16 1.04 

17 1.04 

18 1.15 

19 1.48 

20 1.15 

21 1.11 

22 1.05 

23 0.71 

24 0.63 

 

5.3 Model Pipe Geometry 

The pipes in the model were developed using an AutoCAD file recently developed by Garver, and 

additional updates were provided by City staff. As such, the existing infrastructure within the model has 

been updated as accurately as possible. 

5.4 Model Water Supply and Pumping 

The City’s water distribution system contains one pump station which is located on the northwest corner 

of US Highway 412 and Robinson Road. The pump station receives water from the Decatur Tanks on the 

northwest corner of Y City Road and Bredehoeft Road near Gentry, Arkansas. Since the booster pump 

station and transmission line was recently designed by Garver, all pump data was included in the existing 

model.  

5.5 Model Storage 

The City utilizes one elevated storage tank in their water distribution system that has a capacity of 

500,000 gallons and overflow elevation of 1,480 feet. The EST is located on the north side of West Henri 
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De Tonti Boulevard approximately 1,100 feet west of the intersection of N. Mantegani Road and US 

Highway 412. The EST was put online in May of 2020 as part of the City’s transition from receiving flow 

from SWU to BWRPWA.  
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6.0 Hydraulic Field Data Collection 

6.1 Continuous Pressure Monitoring 

Garver installed pressure loggers at eight different locations throughout the distribution system to monitor 

pressures over the course of a few days during two separate time spans. The first round of pressure 

loggers collected data from March 27, 2020 to April 9, 2020. The second round of pressure loggers were 

installed from April 27. 2020 to May 5, 2020. Locations of these pressure loggers can be seen in Figure 

6-1. Loggers are indicated with an ‘L’ followed by ‘A’ or ‘B’. ‘A’ indicates the location of a logger during the 

first round and ‘B’ indicates the location of a logger during the second round. ‘C’ indicates the logger was 

moved to a new location during flow testing to record additional pressure drop data. 

 

The intent for the two separate rounds of data collection was to compare the conditions from when the 

City received water from SWU (first round) to the conditions when the City received water from BWRPWA 

(second round) with the newly activated booster pump station and EST. 

6.2 Flow Tests 

In addition to the pressure loggers installed throughout the distribution system to monitor pressures, 

seven individual fire flow tests were conducted on May 5, 2020. For each flow test, one hydrant was 

opened (flow hydrant) and allowed to flow while the pressure was measured at another nearby hydrant 

(test hydrants). The pressures during the flow tests were also recorded by the pressure loggers. Static 

pressures were recorded before the flow hydrant was opened, and residual pressures were recorded 

while the flow hydrant was open. 

 

These flow tests provided additional information that could not be acquired from continuous pressure 

monitoring under normal conditions. Combining the data from the SCADA system on the EST levels and 

the fire flow tests, Garver could determine boundary conditions such as whether the pumps were on at 

the time of the flow test and the tank water surface elevation.  

 

The fire flow tests are especially useful when it comes to determining a Hazen-Williams C factor for pipes 

throughout the system. Performing these tests creates high flows in the area that the test is being 

conducted, which leads to a pressure drop resulting from the friction losses in the pipes. Using the 

pressure drops obtained from the flow tests Garver was able to adjust C values in the water model to best 

simulate the City’s distribution system.  

 

The locations of these Flow Hydrants (F) and Test (Pressure Gauge) Hydrants (G) are shown in Table 

6-1 and Figure 6-1. The flow test results are shown in Table 6-2. 
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Table 6-1: Flow Test Locations 

Test # Location 

1 South Maestri Road and Freedom Place 

2 South Maestri Road and US Hwy 412 

3 3,800 feet south of East Fletcher Avenue and Piazza Road intersection 

4 West Baker Avenue and Sabatini Road 

5 South Pianalto Road and Kelly Avenue 

7 Liberty Avenue and Wc Road 903 

8 1,500 feet east of Rocky Lane and Wildcat Creek Boulevard 

 

Table 6-2: Flow Test Results (May 5, 2020) 

Test # Time of Flow 
Hydrant Flow 

(gpm) 

Static Test 
Gauge 

Pressure (psi) 

Residual Test 
Gauge 

Pressure (psi) 

Drop Test 
Gauge (psi) 

1 9:35 AM 287 92 2 90 

2 9:50 AM 1,132 84 56 28 

3 11:10 AM 1,266 98 60 38 

4 10:24 AM 1,208 88 62 26 

5 12:00 PM 1,168 92 62 30 

7 12:30 PM 684 82 38 44 

8 1:10 PM 1,353 NA NA NA 
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Figure 6-1: Flow Test and Logger Location Map 
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7.0 Hydraulic Model Calibration and Validation 

The hydraulic model was calibrated and validated based on the results from the model verification and 

field data described in Section 6.0. The model calibration included adjustment to friction factors and 

additional pipe diameter and configuration updates. 

7.1 Flow Test Calibration 

The pressure logger data and pressure gauge measurements taken during the flow test on May 5 were 

compared to model results under the same conditions. A base scenario was created that modeled 

pressures throughout the day on May 5, 2020, which was used to assess the static pressures measured 

in conjunction with the flow testing. For each hydrant test, a scenario was created that included the 

hydrant flow as a point demand in the model. Model pressures were obtained at the model location 

corresponding to the hydrants used for pressure measurements (test hydrants). 

 

Figure 7-1 and Figure 7-2 show the calibration results for static pressures and pressure drops, 

respectively. In both figures, results measured in the field are plotted along the horizontal axis for each 

location, while the results calculated in the model are plotted along the vertical axis. On Figure 7-1, static 

pressures when the booster station is operating are shown in green, and static pressures with the pumps 

off are shown in blue.  

 

On Figure 7-2, the results before calibration are shown as blue dots and the results with the calibration 

adjustments are shown as red dots. The data point labels include the test number followed by the 

pressure gauge (G) or logger (L) number. Based on the pressure logger data recorded in the field, the 

pumps began operating during each flow test. To most accurately calibrate the model to mimic field 

conditions, it is necessary to determine the effects of the pumps on the loggers. The static pressures with 

the pumps operating were compared to the residual pressures during the flow tests to determine the 

pressure drops in Figure 7-2. 
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Figure 7-1: Static Pressure - Field vs. Model 
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Figure 7-2: Pressure Drop - Field vs. Model 

Perfect agreement between the field measurements and model results is represented by points that fall 

directly on top of the 1:1 line in the figures. A range of ± 5 psi is shown to account for the anticipated level 

of precision for static pressures, which depends on agreement between the elevation data (used in the 

model) and pressure gauge measurement (for field values). Additionally, a range of the greater of ± 2 psi 

or ± 10% of the measured pressure drop is shown to account for the anticipated level of precision for 

pressure drops. 

 

Some pressure gauge (‘G’) data points in Figure 7-2 appear to fall farther from perfect agreement with the 

model for pressure drops. This may have been caused due to variability in when the pressure gauge 

measurements were taken when the pump operating status changed during each flow test. The pressure 

logger (‘L’) data points appear to show acceptable agreement with the model, with the exception of flow 

test location 1 at the end of a long dead-end and small-diameter water line. 
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In order to reach the level of accuracy demonstrated in the aforementioned figures, adjustments to the 

infrastructure in the model were necessary. Figure 7-3 displays the changes that were made to the model 

throughout the calibration process. Pipes shown in red indicate pipes where the roughness coefficients 

were changed (either increased or decreased) to match residual pressures. 

 

Noteworthy changes to the characteristics of the infrastructure in the distribution system include: 

1. The transmission line ‘C’ value was raised to decrease the amount of head loss from the booster 

pump station to the tank. 

2. The ‘C’ values in the 6-inch pipes in the northwest corner of the system were decreased to create 

a more significant pressure loss when experiencing higher flows. 

3. The ‘C’ values in the 8-inch pipes in the southwest corner of the system were increased to create 

less of a pressure drop when experiencing higher flows. 

4. After analyzing the results of both Garver’s fire flow tests and fire flow tests conducted by the 

City, it is likely that there is a valve closed in the 8-inch loop (notated in Figure 7-3). Throughout 

the calibration process Garver assumed that this valve was closed. 

 

 
Figure 7-3: Model Calibration 
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7.2 Hydraulic Model Validation 

7.2.1 Historical SCADA Data Validation 

Garver received multiple sets of SCADA data for tank levels for the days following the switch from SWU 

water to BWRPWA water with the newly activated booster pump station. Figure 7-4 contains SCADA tank 

level data from May 27, 2020 and compares it to the results from the model extended period simulation 

(EPS). Demands were adjusted to closely resemble an average day in May as opposed to running a 

typical average day demand.  

 

The tank levels in the model range from 164.5 feet to 168.5 feet, while the field data indicates that the 

EST operates within the range of 175 feet to 179 feet. Although this appears to be a large discrepancy, 

the HGLs were compared between the model and field data from the pressure loggers appear to be 

similar. Therefore, it appears that the SCADA water level measurements may have a different reference 

elevation than the ground level at the base of the tank. The patterns shown in the two sets of data 

generally match, with the tank level fluctuating between the pump on and pump off setpoints at the 

booster pump station.  

 

 
Figure 7-4: Tank Level - Field vs. Model 

Figure 7-5 shows the fluctuations in the HGL throughout the day on May 4, 2020. Given that pressure 

logger #6 is close in proximity to the EST, the HGL’s should closely align with the tank levels and is 

primarily how Garver decided that the EST was not operating between 175 and 179 feet, but rather 

between 168 and 172 feet. 
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Figure 7-5: Logger 6 HGL Data (5/4/20) 

7.2.2 Pressure Monitoring Validation 

The pressure logger data for May 1 was compared to the results of the extended period simulation with 

the calibrated model, as shown in Figure 7-6. The model results show good agreement with the recorded 

pressures. 

 
Figure 7-6: Pressure Loggers - Field vs. Model 
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Table 7-1: Pumps On vs. Pumps Off Pressures 

  Pumps On Pumps Off 

Logger 
Number 

Field 
(psi) 

Model 
(psi) 

Field 
(psi) 

Model 
(psi) 

1 92 92 83.5 84 

2 82 84 74.5 76 

3 106 105 98.5 98 

4 92 93 84.5 85 

5 92 91 83.5 83 

6 81.5 81 73.5 74 

7 96 97 85 85 

8 155 158 143 145 

 

Table 7-1 compares the average pressures of the loggers when the pumps are on versus when they are 

off in the field and in the model. This data was used to ensure that the pumps were providing an accurate 

pressure increase throughout the system when the pumps at the booster pump station turn on.  
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8.0 Design Criteria 

Table 8-1 summarizes the system criteria that were used for system assessments. These criteria will also 

be used for future system assessments. 

 

Table 8-1: Summary of System Requirements 

Criteria Limiting Source Description 

Supply 
BWRPWA – City of 

Tontitown Water 
Purchase Contract 

The maximum purchase amount of this contract is 
64.5 MG per month. Increases in the maximum 
purchase amount may be completed by amendment 
and with the approval of a majority of the Seller’s 
Board of Directors. 

Pumping 10 States Standards 

Each booster pumping station shall contain not less 
than two pumps with capacities such that peak 
demand can be satisfied with the largest pump out 
of service. 

To ensure continuous service when the primary 
power has been interrupted, a power supply shall be 
provided from a standby or auxiliary source. 

Storage 
 

10 States Standards 
Storage structures should be designed to ensure 
water age does not exceed five days 

ADH 

Sufficient useable storage shall be provided with 
consideration given to average daily demand, peak 
hourly demand, power outages, and fire flows, if 
applicable. 

BWRPWA Requires storage equal to average daily demand 

Minimum Pressure ADH 
A minimum pressure of 20 pounds per square inch 
shall be maintained, except under emergency 
conditions such as a fire flow or main break. 

Fire Flow IFC 

The City of Tontitown enforces the International Fire 
Code (Volume 3). A system-wide minimum pressure 
criteria of 20 psi will be used to determine available 
fire flow. 

Maximum Flow Velocity AWWA (guideline) 

Water distribution lines should not experience a 
maximum flow velocity of 5 ft/s. 
 
(Note: AWWA guidelines suggest keeping velocities 
under 4 – 6 ft/s, however Garver will use 5 ft/s as 
the threshold moving forward) 
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9.0 Existing System Assessment 

9.1 Supply 

The City of Tontitown currently purchases potable water from BWRPWA. In the BWRPWA – City of 

Tontitown Water Purchase Contract, Tontitown is allowed to purchase 64.5 million gallons of water per 

month which equates to approximately 2.08 million gallons per day. Since the year 2000, Tontitown’s 

maximum month demand according to water purchased data was 528,653 gallons, leaving an excess 

supply of over 1.5 million gallons per day during that month. 

 

Using the per capita demands in Table 4-2 and an approximate max month to average day ratio of 1.7, it 

was determined that to exceed this purchase limit the population would need to reach approximately 

12,235. Referring back to population projections, this number would not be surpassed until 2033 with an 

exponential population increase and 2040 with a linear population increase. Max month demand 

projections are shown in relation to the contractual monthly purchase allowance in Figure 9-1. 

 

 
Figure 9-1: Max Month Demand Projections 

9.2 Storage 
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day water demand. In 2020 the City activated the 500,000-gallon EST. Tontitown purchased an average 

of roughly 390,000 gallons of water per day from SWU in 2019.  

 

The demand projections indicate that the average day demand will exceed 500,000 gallons when the 

population is 5,556. Referring back to population projections, this would occur between the years of 2022 

and 2023 depending on whether the City experiences linear or exponential growth. 

9.3 Pump Stations 

The 10 States Standard requires that each booster pump station shall be designed so that if the largest 

pump were to be taken out of service, the remaining pumps will be able to provide peak demand. The 

current pumps in the booster pump station operate around 2,000 gpm each. The booster pump station 

could therefore supply approximately 2.88 MGD with one pump out of service.  

 

The demand projections indicate that the maximum day demand will exceed 2.88 MGD in 2035 under the 

assumption that the town experiences exponential growth or in 2045 assuming linear growth.  

9.4 Fire Flow 

The available fire flow results for ADD and MDD are shown in Appendix A, Exhibits 1 and 2. The available 

fire flow throughout most of the distribution system is greater than 1,500 gpm. In general, fire flow 

deficiencies throughout the City’s distribution system are primarily the result of undersized lines. 

9.5 Minimum Pressure 

The minimum pressure results for the ADD and MDD scenarios are shown in Appendix A, Exhibits 3 and 

4. As shown in the figure, minimum pressures are not currently an issue within the City. With the booster 

pump station tied directly into the distribution system, pressures should not drop below acceptable levels 

even if the tank level temporarily dropped outside of its normal operating range. Arkansas Department of 

Health requires a minimum pressure of 20 psi. For peak hour demand conditions, the hydraulic model 

results indicate the minimum distribution system pressure is 57 psi. 

9.6 Maximum Pressure 

Excessive pressure within a water distribution system can lead to problems such as leaks or damage to 

infrastructure. After running EPS simulations for both ADD and MDD scenarios it was determined that 

pressures within the system may be verging on exceeding acceptable limits. The highest pressure in the 

system was recorded near pressure logger #8 at 160 psi. The results of the two simulations are shown in 

Exhibits 5 and 6 in Appendix A. If maximum pressure is deemed a problem, there are relatively simple 

solutions that could alleviate the issue. One way that could prevent excessive pressures would be to 

install pressure reducing valves in high pressure areas to limit pressures to a certain value or lower. If 

minor pressure reduction would suffice, the valves connecting to the transmission line could be closed to 

eliminate pressure increases when pumps kick on. 
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9.7 Pipe Velocity 

AWWA guidelines recommend that no pipe should experience a maximum velocity of greater than 5 feet 

per second during peak flow. Exhibits 7 and 8 in Appendix A display the results regarding maximum 

velocity for each segment of pipe within the distribution system during average day and maximum day 

conditions. All modeled pipe velocities are below the AWWA maximum velocity guideline. 

9.8 Water Age 

All water age simulations were run assuming a water age of zero at the connection to the BWRPWA 

transmission line. Water age at that point would need to be added to the modeled water ages in this TM 

to obtain the total water age from the point of chlorination. 

 

Garver completed two simulations to analyze water age in the water distribution system. Both simulations 

were performed using average day demand conditions. The first of the two used the assumption that the 

valves on the connections to the transmission line were closed, meaning that the booster pump station 

feeds the elevated storage tank without being tied into the distribution system. The second assumed 

these valves were open, meaning that the booster pump station not only feeds the elevated storage tank 

but also pumps water throughout the system. 

 

Exhibits 9 and 10 in Appendix A display the results of both these simulations. The results indicate that 

water age moderately improves with the connections to the transmission main closed. When looking at 

the water age in the tank, the maximum water age with connections open is roughly 4.25 days while the 

maximum water age with the connections closed is roughly 3 days. 

 

If it is determined that water age is a problem with the distribution system, there are a few different 

actions that can be taken. These potential solutions are as follows: 

 

1. Close valves at connections to transmission line – Forcing the water from the booster pump 

station directly to the elevated storage tank would be anticipated to decrease water age by 

approximately 1.25 days. The connections allow water to bypass the EST and go directly from the 

booster pump station to the distribution system, which increases the time water spends in the 

EST. 

2. Increase Drawdown Cycle – Increasing the drawdown cycle by broadening the set points of the 

pump could improve water age. This would allow more water to leave the elevated storage tank 

before the pumps turn on thus increasing turnover in the tank. This would also increase the 

mixing time in the tank since pumps would be operating for a longer period of time helping to 

ensure adequate mixing before water enters the distribution system. 

 

The City can monitor chlorine residual and disinfection by-product (DBP) concentrations with the new 

source of supply to determine if water age becomes a problem. 
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APPENDIX A 

Exhibits 

Exhibit 1: Available Fire Flow (ADD) 

Exhibit 2: Available Fire Flow (MDD) 

Exhibit 3: Minimum Pressure (ADD) 

Exhibit 4: Minimum Pressure (MDD) 

Exhibit 5: Maximum Pressure (ADD) 

Exhibit 6: Maximum Pressure (MDD) 

Exhibit 7: Maximum Velocity (ADD) 

Exhibit 8: Maximum Velocity (MDD) 

Exhibit 9: Maximum Water Age (Connections Closed) 

Exhibit 10: Maximum Water Age (Connections Open) 
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1.0  Introduction 

This is the second technical memorandum (TM) prepared for the City of Tontitown (City) as part of the 

Tontitown Water Master Plan project. The first TM was the Existing System Assessment TM. 

 

After meeting with the City, Garver made slight modifications to demand and population projections and 

refined the the potential buildout service area.  In addition to addressing the changes made since the first 

workshop, this TM discusses how future water distribution system scenarios were developed and 

recommends capital improvements to keep the system operating efficiently with the growing demands. 

2.0 Water Model Buildout Demands Update 

Garver documented population and demand projections in the first TM. During the first workshop, Garver 

and the City discussed these population and demand projections.  Initially, Garver considered four 

scenarios when developing projections.  Coordination with the City ultimately led to identification of a 

single buildout boundary that encompasses the existing water service area, as well as a westward 

expansion which terminates near the connection with the BWRPWA transmission line, as shown in Figure 

2-1. 

 

 
Figure 2-1: Buildout Boundary 
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Garver adjusted the demand projection based on discussions  with the City. Then, Garver developed a 

method to spatially allocate these demands to junctions in the hydraulic water model. Changes to the 

original projections and development of spatial demand assignment are discussed in the following 

sections. 

2.1 Demand Projection Methodology 

Two assumptions have changed since the first workshop that impact the demand projections: 

 

1. Land use zoned as “RM” changed from a density of 5 units per acre to 4 units per acre. 

2. Occupants per household originally had been assumed to be 3 (a conservative value) but was 

altered to align with the Washington County average of 2.57. 

 

Table 2-1 illustrates the buildout population and demand for the original projection and for the updated 

projection, after the new assumptions were applied. 

 

Table 2-1: Buildout Projection Comparison 

 Original Updated 

Buildout Population 78,819 64,361 

Average Day Demand (MGD) 7.882 6.436 

Maximum Day Demand (MGD) 15.764 12.872 

 

2.2 Demand Allocation Methodology 

While the focus of the demand projection was intended to determine expected future demands in the 

system, demand allocation spatially distributes those future demands in the hydraulic water model. The 

process of allocating demand started similarly to the original demand projection – assigning parcels within 

the buildout area with the underlying City’s land use designation.  All fully-developed land was excluded, 

along with land lying within National Park grounds and floodplains.  All land use designations were 

assigned a unit density, which mirrors the same densities of the adjusted demand projections with the 

addition of commercial areas.  Since the original demand projections simply utilized a demand per capita 

assumption, it was not necessary to separate demands into different user classes.  Instead, the per capita 

values encompassed all possible demands under a blanket value.  Spatially allocating demands 

warranted a more detailed approach to determine where agricultural, industrial, residential, and 

commercial demands would be located.  The details of the assumptions for land use are displayed in 

Table 2-2. 
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Table 2-2: Demand Allocation Assumptions 

Land Use Designation Units Per Acre Percent Residential Percent Commercial 

Agricultural (AG) 0.2 NA NA 

RE 1 100% NA 

RM 4 100% NA 

RC-N 12 80% 20% 

RC-T 9 50% 50% 

RC-C 14 20% 80% 

LI 0.2 NA NA 

Washington County 
Zoning (WC) 

1 100% NA 

 

 

The “Units Per Acre” column in Table 2-2 only applies to the residential portion of the mixed use areas 

designated as RC-N, RC-T, and RC-C.  Garver determined the commercial density to be approximately 

0.5 units per acre which was used to calculate the number of commercial units in the mixed-use areas.  

Garver also utilized the same open space percentage of 20% for all land use designations to account for 

right of way, green space, etc. 

 

After determining the number of units in the buildout area by user class, Garver analyzed recent system 

summary billing reports provided by the City.  Both average day and maximum day scenarios were 

evaluated, and relatively conservative values were chosen to be assigned to each unit in the model.  The 

breakdown of daily demands per unit in a customer class is shown in Table 2-3. 

 

Table 2-3: Demand Per Unit by Customer Class 

Customer Class Average Day Demand (gpd) Maximum Day Demand (gpd) 

Residential 268 536 

Commercial 490 980 

Agricultural 1,008 2,016 

Industrial 576 1,152 

 

3.0 Future Scenario Demand Adjustment 

For each future scenario, demands were scaled down from buildout demand to align as closely as 

possible to the projected demands from the first TM.  For each scenario, the City’s distribution system 

was divided into different regions to account for certain regions developing faster than others. 

 

The regions for each of the future scenarios include: 
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1. Southeastern Region 

2. Eastern Region 

3. Midwestern Region 

4. Hickory Meadows and South Pointe Subdivisions (HMSP) Region 

5. Western Expansion Region 

 

Table 3-1 contains the demands for the existing condition in the water model to provide a baseline for 

demand growth in the five regions. While each of the scenarios in the following sections contain the 

Western Expansion Region, the only scenarios that contain any additional future demands in that region 

are the two buildout scenarios. All other scenarios contain junctions that were assigned to the Western 

Expansion Region; however, no additional demands were added. 

 

Table 3-1: Existing Demands by Region 

Region 
Existing Demand 

(gpd) 
Demand at Buildout 

(gpd) 
Percent of Buildout 

Southeastern 31,219 184,781 16.9% 

Eastern 323,539 3,504,211 9.2% 

Midwestern 72,634 1,137,370 6.4% 

HMSP 0 342,461 0.0% 

Western Expansion 0 1,254,413 0.0% 

 

3.1 2025 Horizon 

The regions and their associated junctions within the model are displayed in Figure 3-1.  In both ADD and 

MDD scenarios, most of the demand increase is associated with the HMSP Region, Midwest Region, and 

East Region. The HMSP region was scaled down from the total buildout demand to a total demand that 

would account for the anticipated subdivision developments. 
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Figure 3-1: 2025 Demand Regions 

3.1.1 2025 ADD 

Table 3-2 contains the demand total in each region in comparison to the final buildout demand in the 

same region. Demands were added in each region to represent anticipated demands in the 5-year 

horizon.  

 

Table 3-2: 2025 ADD Progress Toward Buildout by Region 

Region 
Demand at 2025 

(gpd) 
Demand at Buildout 

(gpd) 
Percent of Buildout 

Southeastern 31,219 184,781 16.9% 

Eastern 413,280 3,504,211 11.8% 

Midwestern 98,640 1,137,370 8.7% 

HMSP 161,827 342,461 47.3% 

Western Expansion 0 1,254,413 0.0% 
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3.1.2 2025 MDD 

The original demand projections from the first TM used a 2:1 MDD to ADD ratio, so to develop maximum 

day demands for the scenarios in this TM the average day demands were doubled. Irrigation demands 

were added on top of this. 

3.2 2040 Horizon 

The regions for the 2040 Scenario are shown in Figure 3-2. The boundaries of the regions are identical. 

The only difference between the regions is the addition of new junctions in the 2040 Scenario resulting 

from anticipated pipes to be constructed between 2025 and 2040. 

 

 
Figure 3-2: 2040 Demand Regions 

3.2.1 2040 ADD 

Table 3-3 shows the percent of the buildout demand that each region contains. 
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Table 3-3: 2040 ADD Progress Toward Buildout by Region 

Region 

Demand 
at 2040 
(gpd) 

Demand 
at 

Buildout 

(gpd) 

Percent 
of 

Buildout 

Southeastern 38,909 184,781 21.1% 

Eastern 1,690,618 3,504,211 48.2% 

Midwestern 266,400 1,137,370 23.4% 

HMSP 253,555 342,461 74.0% 

Western Expansion 0 1,254,413 0.0% 

 

3.2.2 2040 MDD 

Similar to the 2025 MDD Scenario, the demands for the 2040 MDD Scenario were developed by applying 

a peaking factor of two to the average day demands and included additional irrigation demands. 

3.3 Buildout Demands 

The total buildout demands by region are broken down in Table 3-4. This information may be helpful for 

future planning and provides the City with anticipated demands if the decision is made to expand west. 

 

Table 3-4: Buildout Demands by Region 

Existing/Future 
WSA 

Region Average Day Demand 
(gpd) 

Percent of Total 
Demand 

Existing Southeastern 184,781 2.9% 

Existing Midwestern 1,137,370 17.7% 

Existing Eastern 3,504,211 54.6% 

Existing HMSP 342,461 5.3% 

Future Western Expansion 1,254,413 19.5% 

Existing WSA Subtotal 5,168,823 80.5% 

Future WSA Subtotal 1,254,413 19.5% 

 

Garver utilized a diurnal curve that more closely aligns to expected demands based on data collected in 

Northwest Arkansas from larger municipalities.  The diurnal curve used in the buildout scenarios can be 

seen in Figure 3-3 and Table 3-5. 
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Figure 3-3: Diurnal Curve 

Table 3-5: Diurnal Pattern 

Time 
(hr) 

Demand 
Multiplier 

1 0.46 

2 0.39 

3 0.37 

4 0.42 

5 0.62 

6 1.01 

7 1.34 

8 1.52 

9 1.24 

10 1.13 

11 1.17 

12 1.13 

13 1.05 

14 1.08 

15 1.05 

16 1.05 

17 1.14 

18 1.12 

19 1.22 

20 1.34 

21 1.41 

22 1.29 

23 0.82 

24 0.63 
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4.0 Improvements by Scenario 

4.1 2025 Improvements 

Improvements in the 5-year planning scenario are included in the following sections.  The City has 

multiple projects in the design phase that are anticipated to be constructed within the next few years, as 

discussed in Section 4.1.1. 

4.1.1 Projects in Progress 

The 2025 Scenario includes three projects that have already been proposed and are currently in 

progress.  All three are set to be completed by 2025 and are described below: 

 

1. Wildcat Creek Waterline – This includes approximately 1,357 LF of 8-inch waterline along Wildcat 

Creek Boulevard that will replace the existing 3-inch waterline. 

2. Highway 412 Waterline – This project includes approximately 12,075 LF of 18-inch waterline that 

will be installed along the north side of Highway 412 from the EST to Highway 112. 

3. Hickory Meadows and South Pointe Development – This project includes the two subdivisions 

being developed south of Highway 412 and between Klenc Road and Pianalto Road.  It also 

includes approximately 2,400 LF of 8-inch waterline along Klenc Road extending north from Kelly 

Avenue. 

These three projects are included in the 2025 Scenario but are not included in cost estimates. 

4.1.2 New Southeast Elevated Storage Tank 

BWRPWA requires that the City provide storage equal to the average day demand at a minimum.  With 

the City’s average day demands quickly approaching the current storage capacity of 500,000 gallons, a 

new elevated storage tank will be required in the near future.  In the first workshop with the City, multiple 

sites were discussed for the next tank location.  From that discussion, it was determined that the 

preferred tank site would be a piece of property south of Industrial Road that the City currently owns. The 

existing grade of this property is similar to the grade at the existing EST site, which would allow a similar 

tank height to be utilized. 

 

This new tank requires additional upgrades to operate efficiently.  These upgrades include the following: 

 

1. Approximately 7,821 LF of 12-inch waterline replacing the waterline along Barrington Road from 

Highway 412 to East Fletcher Avenue and then east along Fletcher Avenue to the proposed EST. 

2. Approximately 469 LF of 8-inch waterline from the 6-inch waterline along Industrial Road to the 

proposed 12-inch waterline connecting the proposed EST. 

 

The proposed 12-inch waterline will increase transmission capacity to the proposed EST and will also 

increase available fire flow at the site proposed for a new school on the northeast corner of Barrington 

and Fletcher. Increased residential development is anticipated around the school following its 

construction. 
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The proposed EST will have a capacity of one million gallons as opposed to the existing EST, which has 

a capacity of 500,000 gallons.  Garver proposes an altitude valve be installed to prevent the tank from 

overflowing in the case that the future Eastern Supply Source has a higher HGL than the existing water 

distribution system.  Utilizing the demand projections from the previous TM, this additional storage should 

be adequate until 2035 with the assumption that the City experiences exponential growth. 

4.1.3 Old Highway 68 Improvement 

The final proposed upgrade within the 5-year planning horizon includes approximately 2,385 LF of 

waterline to be upsized from a 6-inch to 12-inch pipe along Old Highway 68 and Highway 412.  This 

upgrade improves fire flow in the northwest corner of the distribution system, increases minimum 

pressures during peak demand periods, and helps prepare for the third elevated storage tank that is 

proposed in the 20-year planning horizon. 

 

With the large industrial users in the northwestern region, along with much of the area zoned as mixed 

use, this segment of pipe is seen as an upgrade that would greatly benefit the City within the next few 

years.  Eventually, Garver advises that this 12-inch upgrade be continued all the way along Highway 412 

to the central EST to allow for connections to a large-diameter local distribution main rather than the 

existing 18-inch transmission line. 

4.1.4 Wildcat Creek Improvement 

Following discussions with the City of Tontitown, it was determined that upsizing the 3-inch waterline 

along Wildcat Creek would be prioritized in the 2025 Horizon. Upsizing to an 8-inch waterline will increase 

fire flows throughout the southwest region of the distribution system, improve looping, and better prepare 

the City for development in the region. 

4.1.5 Highway 112 Improvements 

With the Highway 112 widening project being planned in the near future, Garver recommends that the 

City begin coordinating with the Arkansas Highway Commission for potential aid in financing the waterline 

improvements. 

 

The waterline improvements along the highway will be broken into two parts. The first segment includes 

roughly 3,000 linear feet of pipe running from Highway 412 south along Highway 112 which will be 

upsized to 12 inches. This will nearly complete the 12-inch loop feeding the proposed Southeast Elevated 

Storage Tank. 

4.1.6 2025 Improvements Summary 

The projects and associated costs included in the 2025 Planning Scenario are summarized in Table 4-1.  

The estimated costs include professional services, contingency, and construction.  Totals are rounded up 

to the nearest $10,000. 
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Table 4-1: 2025 Proposed Improvement Summary 

Project 
Number 

Project Name 
Dia. 
(in) 

Length (LF) Cost per LF 
Estimated Cost 
(2020 Dollars) 

1A 1-MG Southeast EST NA NA NA $5,000,000 

1B 12-inch Waterline for SE EST 12” 7,821 $180 $1,410,000 

1C 8-inch Waterline for SE EST 8” 469 $120 $60,000 

2 Old HWY 68 12” 2,385 $180 $430,000 

3 Wildcat Creek 8” 8,676 $120 $1,050,000 

4 HWY 112 (1) 12” 3,179 $180 $580,000 

5 HWY 112 (2) 12” 4,213 $180 $760,000 

TOTAL $9,290,000 

 

4.2 2040 Improvements 

Improvements that are recommended within the 20-year horizon are listed in Table 4-2 and can be seen 

on a map in Appendix A, Exhibit 3.   
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4.2.1 2040 Improvements Summary 

Table 4-2: 2040 Proposed Improvement Summary 

Project 
Number 

Project Name Dia. 
(in) 

Length (LF) Cost per LF Estimated Cost 
(2020 Dollars) 

6 Harmon Road 8” 5,427 $120 $660,000 

7 Klenc Road (1) 8” 2,685 $120 $330,000 

8 Klenc Road (2) 8” 2,516 $120 $310,000 

9 Klenc Road to Barrington 
Connection 

8” 2,594 $120 $320,000 

10 HWY 412 (1) 12” 9,390 $180 $1,700,000 

11 1-MG Northwest EST NA NA NA $5,000,000 

12 Waterline from SE EST to 
HWY 112 

12” 2,515 $180 $460,000 

13 Barrington Road 8” 5,402 $120 $650,000 

14 Pianalto to Klenc Connection 8” 5,187 $120 $630,000 

15 Harmon to Pianalto 
Connection 

8” 5,223 $120 $630,000 

16 HWY 412 to Harmon 
Connection 

8” 4,106 $120 $500,000 

17 Harmon Road Extension 
(North of HWY 412) 

8” 2,569 $120 $310,000 

18 Wc Road 852 8” 1,495 $120 $180,000 

19 Morsani Road Extension to 
Pianalto Road 

8” 1,299 $120 $160,000 

20 Mantegani to Pianalto 
Connection 

8” 2,465 $120 $300,000 

21 Liberty to Ardemagni 
Connection 

8” 1,387 $120 $170,000 

22 Barrington to Maestri 
Connection (1) 

8” 3,631 $120 $440,000 

23 Barrington to Maestri 
Connection (2) 

8” 3,020 $120 $370,000 

24 Mantegani to Liberty 
Connection 

8” 1,556 $120 $190,000 

25 Javello to Liberty Connection 8” 3,123 $120 $380,000 

26 Pianalto Road Extension to 
Javello Road 

8” 1,583 $120 $190,000 

27 Jones Road Extension to HWY 
112 

8” 3,100 $120 $380,000 
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28 Ardemagni to Sabatini 
Connection 

8” 2,654 $120 $320,000 

29 Apple Blossom Lane 8” 10,158 $120 $1,220,000 

30 Taldo Loop 8” 3,755 $120 $460,000 

31 Wc Road 753 8” 3,083 $120 $370,000 

32 Harmon Road (South of 
Wildcat Creek) 

8” 2,983 $120 $360,000 

33 Wc Road 857 8” 5,377 $120 $650,000 

34 Morsani Avenue 8” 3,956 $120 $480,000 

35 South Mantegani Road 8” 1,343 $120 $170,000 

36 HWY 412 (2) 8” 6,559 $120 $790,000 

37 Washington Avenue 8” 1,349 $120 $170,000 

38 HWY 412 (3) 8” 3,162 $120 $380,000 

39 Via De Tonti Lane 8” 1,864 $120 $230,000 

40 Pozza Lane 8” 754 $120 $100,000 

41 Maestri Road 8” 6,077 $120 $730,000 

42 Belmont Way 8” 1,516 $120 $190,000 

43 Malbec Road 8” 914 $120 $110,000 

44 Sbanotto Avenue 8” 354 $120 $50,000 

45 Sabatini Road 8” 1,227 $120 $150,000 

46 Ardemagni Road 8” 2,296 $120 $280,000 

47 Jevello Road 8” 1,051 $120 $130,000 

48 HWY 412 to Pialto Connection 8” 482 $120 $60,000 

49 HWY 412 Service Connection 
Upsize 

8” 1,472 $120 $180,000 

50 Brush Creek 8” 10,064 $120 $1,210,000 

51 Lynch Ave 8” 2,287 $120 $280,000 

52 Wc Road 2033 8” 2,184 $120 $270,000 

53 Wc Road 3805 8” 3,769 $120 $460,000 

54 White Oak Drive 8” 752 $120 $100,000 

55 Oak Hills Drive 8” 719 $120 $90,000 

56 Leelynjean Lane 8” 968 $120 $120,000 

TOTAL $24,370,000 
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4.3 Buildout Improvements 

Two buildout scenarios were created due to the uncertainty of where the City would purchase water once 

demands exceed the existing source’s capacity.  One of these scenarios includes an Eastern Supply to 

compliment the BWRPWA transmission main connection.  The second scenario utilized the BWRPWA 

connection as the sole water supply, assuming improvements would be made to increase its capacity. 

 

Both scenarios contain a westward expansion of the distribution system which terminates near the 

BWRPWA transmission line connection. As part of the westward expansion, an additional 1.25 million 

gallon EST would be constructed. Both scenarios also upsize all water mains to a minimum of 8 inches 

and proposes an 18-inch  waterline to connect the Southeastern EST to Highway 412. Maps of the 

buildout scenarios can be seen in Appendix A, Exhibits 4 through 7. 

4.3.1   East and West Supply 

Major improvements unique to the East and West Supply Scenario include an eastern supply source to 

accommodate demands exceeding the current capacity of the BWRPWA booster station and 

transmission line, and upsizing the existing 12-inch line along the eastern portion of Highway 412 to an 

18-inch line. Also included in the proposed improvements is a 2.25 million gallon ground storage tank 

(GST) near the proposed Southeast EST and additional 500,000 gallon EST next to the existing Central 

EST. The additional storage is intended to satisfy the requirement that the City contains storage 

equivalent to the average day demand. Utilizing a GST rather than constructing more EST’s will save 

capital in construction costs. Although the current placement of this GST is near the proposed Southeast 

EST, other locations may be considered. 

 

Along with the GST, a flow control valve and pump station will need to be constructed to control flow in 

and out of the GST. With the majority of the flow in maximum day conditions provided from the eastern 

supply, the proposed booster pump station will help provide the flow and head needed to cycle the 

Central and Northwestern EST’s. 

4.3.2 BWRPWA Supply 

To increase the BWRPWA supply capacity to meet Buildout MDD, an additional parallel 24-inch 

transmission main would be required originating at the BWRPWA transmission line connection.  In 

addition to the transmission line, the existing booster pump station would need upgrades to ensure that 

the pumps could provide sufficient flow and head. 

 

Similar to the East and West Supply Buildout Scenario, a GST is proposed to satisfy requirements for 

total storage within the City’s distribution system. The proposed GST is a 2.75 million gallon tank with a 

flow control valve and booster pump station that will help regulate flow in and out of the GST. In this 

scenario, the GST is located in close proximity to the existing Central EST, but other locations may be 

considered.  
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5.0 Scenario Results 

A series of simulations were performed for each scenario to ensure that the proposed improvements are 

adequate to keep the distribution system functioning efficiently. The simulations include available fire flow, 

minimum pressure, maximum pressure, and maximum pipe velocity. 

 

Refer to Table 8-1 in Section 8.0 of TM1 for the design criteria that Garver used to determine acceptable 

results. 

5.1 2025 Horizon 

The hydraulic model results from the 2025 Scenario can be seen in Appendix B. 

5.1.1 Fire Flow 

There is a noticeable increase in available fire flow throughout the system after the 2025 proposed 

improvements in comparison to the existing system fire flow in TM1.  With the addition of the Southeast 

Elevated Storage Tank, the eastern portion of the system experiences drastically improved available fire 

flow on lines 6-inch and greater. 

 

The replacement of the 6-inch waterline along Old Highway 68 with the 12-inch waterline significantly 

improves available fire flows. Without this improvement, the minimum fire flow on the looped 6-inch lines 

in the northwest corner would be approximately 1,115 gpm under maximum day demand conditions. With 

the new 12-inch waterline, available fire flow would increase to available flows exceeding 1,500 gpm on 

junctions that are not on dead-end lines. The dead-end lines in this area, however, are still not able to 

provide adequate fire flow. 

 

The Wildcat Creek waterline upsizing allows for fire protection in the area and further improves system 

looping. Not only does it allow fire protection along Wildcat Creek Road, it also increases available fire 

flow to the East and West parts of the system. The improvements along Highway 112 increase fire flows 

to acceptable ranges and will allow development along the Highway. 

5.1.2 Minimum Pressure 

Although the results indicate that there are a few junctions that fall within the 40 – 60 psi range under 

maximum day demand conditions, the minimum pressure of the system within the existing water service 

boundary is 57 psi which is not a cause for concern. 

5.1.3 Maximum Pressure 

The maximum pressure concerns in the southwest corner of the distribution system remain a concern. 

However, replacing the undersized waterline along Wildcat Creek Road may diminish the chances of 

infrastructure failure due to these high pressures. 

 

Aside from the southwest corner of the distribution system, there are not any other significant 

improvements in the maximum pressures needed throughout the rest of the system. 
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5.1.4 Maximum Velocity 

There are no concerns with maximum velocity in the existing water distribution system.  The 2025 

Scenario showed results similar to existing velocities.   

5.2 2040 Horizon 

The hydraulic model results from the 2040 Scenario can be seen in Appendix C. 

5.2.1 Fire Flow 

Results from the 2040 fire flow simulations indicate that there are no significant deficiencies in the City’s 

ability to provide fire flow. Aside from a few undersized dead-end lines, all other areas within the 

distribution system are capable of providing a minimum of 1,500 gpm. 

5.2.2 Minimum Pressure 

While the exhibits showing the results of the minimum pressures within the system indicate that there are 

junctions with pressures falling within the 40 – 60 psi range, the minimum system pressure only reaches 

55 psi. This is not a pressure that should be cause for concern. 

5.2.3 Maximum Pressure 

Maximum pressures in the southwest corner of the distribution system remain an issue in the 2040 

planning horizon. 

5.2.4 Maximum Velocity 

There are no concerns with maximum velocity throughout the distribution system in the 2040 Scenario. 

5.3 Buildout – East and West Water Source 

The first of the two buildout scenarios assumes that the City will purchase water from BWRPWA as well 

as a future source to the east, whether that be SWU, BWD or another water provider.  This scenario is 

preferred and more likely compared to the alternate buildout scenario. 

 

Results for the simulations described in the following sections can be found in Appendix D. 

5.3.1 Fire Flow 

Aside from dead-end lines, there are no significant deficiencies within the existing water distribution area.  

As a result of the improvements with looping throughout town and upsizing undersized lines, the City can 

provide sufficient fire flow to customers throughout the existing service area. The Western Expansion 

Area, contrarily, does not always have the ability to provide sufficient fire flow to all types of development. 

 

The 8-inch loop to the west of the booster pump station contains multiple junctions where fire flows lie 

within the 1,000 – 1,500 gpm range. If the area remains zoned for residential development, fire flow 
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should be sufficient.  However, if the area is rezoned for commercial or industrial development these fire 

flows may be inadequate.  Another option would be to terminate the westward expansion at the booster 

pump station. 

5.3.2 Minimum Pressure 

With the rolling terrain in the Western Expansion Area, minimum pressures reach levels that are less than 

adequate. The lowest value reached by a junction in the Western Expansion Area is 52 psi. Although 

there are a few junctions that fall within the 40 to 60 psi range within the existing water service boundary, 

the lowest service pressure falls to 56 psi. This is not necessarily a regulatory problem as much as it is a 

level of service goal. Issues with minimum pressures can be mitigated by either avoiding development in 

certain areas where pressures would be a problem or implementing infrastructure such as pressure 

sustaining valves to maintain adequate pressures. 

5.3.3 Maximum Pressure 

Similar to the issues with minimum pressure, maximum pressure issues arise in the Western Expansion 

Area as a result of the rolling terrain. The maximum pressure within the Western Expansion Area reaches 

175 psi in the area nearest to the BWRPWA transmission lines. Issues with maximum pressures can be 

mitigated or avoided altogether by preventing development in those problem areas or utilizing PRV’s in 

areas with excessive pressures. 

5.3.4 Maximum Velocity 

Compared to the previous scenarios, the results in these exhibits contain a substantial number of pipes 

that lie within the 4 – 5 ft/s and 5 – 8 ft/s range. A few segments of pipe have velocities exceeding 8 ft/s. 

Pipe velocities in these areas may need to be re-evaluated as development progresses throughout the 

water system. 

5.4 Buildout – BWRPWA Supply 

In this buildout scenario, Garver uses the assumption that all water will be provided from the west. Much 

of the infrastructure between the two buildout scenarios is the same, however, the single source scenario 

requires an additional 24-inch transmission line originating at the BWRPWA transmission line connection 

and booster pump station upgrades. 

 

All results described in the following sections can be found in Appendix E. 

5.4.1 Fire Flow 

The results of the fire flow simulation resulted in a nearly identical outcome to the fire flow simulation for 

the East and West Source Scenario. The City may determine that some areas in the Western Expansion 

Area should be avoided, or that adequate fire flow will not be provided for every development in the area. 
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5.4.2 Minimum Pressure 

The minimum pressures in the Western Expansion Area again appear to be nearly identical to the East 

and West Supply Scenario. One minor difference in minimum pressures between the two scenarios, 

however, is lower minimum pressures around the eastern portion of Highway 412 due to the lack of an 

eastern water supply source. Refer to Section 5.3.2 for ways to combat the issues with minimum 

pressures. 

5.4.3 Maximum Pressure 

Results for maximum pressure are nearly identical to the East and West Supply Scenario.  Refer to 

Section 5.3.3 for ways to mitigate maximum pressure issues. 

5.4.4 Maximum Velocity 

The results for the maximum velocities within the distribution system indicate that there are a few 

segments of pipe that lie within the 4 – 5 ft/s and 5 – 8 ft/s range. Pipe velocities in these areas may need 

to be re-evaluated as development progresses throughout the water system. There are also pipes around 

the proposed GST that reach velocities exceeding 8 ft/s. These pipes may need to be upsized depending 

on the layout of the facilities. 
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APPENDIX A 

Existing System Map and Scenario 

Improvements 

Exhibits 

Exhibit 1: Existing Distribution System 

Exhibit 2: 2025 Improvements Map 

Exhibit 3: 2040 Improvements Map 

Exhibit 4: East/West Supply Buildout Map (1 of 2) 

Exhibit 5: East/West Supply Buildout Map (2 of 2) 

Exhibit 6: BWRPWA Supply Buildout Map (1 of 2) 

Exhibit 7: BWRPWA Supply Buildout Map (2 of 2)  
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APPENDIX B 

2025 Scenario Results 

Exhibits 

Exhibit 1: Available Fire Flow (ADD) 

Exhibit 2: Available Fire Flow (MDD) 

Exhibit 3: Minimum Pressure (ADD) 

Exhibit 4: Minimum Pressure (MDD) 

Exhibit 5: Maximum Pressure (ADD) 

Exhibit 6: Maximum Pressure (MDD) 

Exhibit 7: Maximum Velocity (ADD) 

Exhibit 8: Maximum Velocity (MDD)  
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APPENDIX C 

2040 Scenario Results 

Exhibits 

Exhibit 1: Available Fire Flow (ADD) 

Exhibit 2: Available Fire Flow (MDD) 

Exhibit 3: Minimum Pressure (ADD) 

Exhibit 4: Minimum Pressure (MDD) 

Exhibit 5: Maximum Pressure (ADD) 

Exhibit 6: Maximum Pressure (MDD) 

Exhibit 7: Maximum Velocity (ADD) 

Exhibit 8: Maximum Velocity (MDD)  
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APPENDIX D 

East and West Supply Buildout Results 

Exhibits 

Exhibit 1A: Available Fire Flow (ADD) 

Exhibit 1B: Available Fire Flow (ADD) 

Exhibit 2A: Available Fire Flow (MDD) 

Exhibit 2B: Available Fire Flow (MDD) 

Exhibit 3A: Minimum Pressure (ADD) 

Exhibit 3B: Minimum Pressure (ADD) 

Exhibit 4A: Minimum Pressure (MDD) 

Exhibit 4B: Minimum Pressure (MDD) 

Exhibit 5A: Maximum Pressure (ADD) 

Exhibit 5B: Maximum Pressure (ADD) 

Exhibit 6A: Maximum Pressure (MDD) 

Exhibit 6B: Maximum Pressure (MDD) 

Exhibit 7A: Maximum Velocity (ADD) 

Exhibit 7B: Maximum Velocity (ADD) 

Exhibit 8A: Maximum Velocity (MDD) 

Exhibit 8B: Maximum Velocity (MDD)  
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APPENDIX E 

BWRPWA Supply Buildout Results 

Exhibits 

Exhibit 1A: Available Fire Flow (ADD) 

Exhibit 1B: Available Fire Flow (ADD) 

Exhibit 2A: Available Fire Flow (MDD) 

Exhibit 2B: Available Fire Flow (MDD) 

Exhibit 3A: Minimum Pressure (ADD) 

Exhibit 3B: Minimum Pressure (ADD) 

Exhibit 4A: Minimum Pressure (MDD) 

Exhibit 4B: Minimum Pressure (MDD) 

Exhibit 5A: Maximum Pressure (ADD) 

Exhibit 5B: Maximum Pressure (ADD) 

Exhibit 6A: Maximum Pressure (MDD) 

Exhibit 6B: Maximum Pressure (MDD) 

Exhibit 7A: Maximum Velocity (ADD) 

Exhibit 7B: Maximum Velocity (ADD) 

Exhibit 8A: Maximum Velocity (MDD) 

Exhibit 8B: Maximum Velocity (MDD) 
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2019 Water Loss Audit 
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