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CHAPTER 1
INTRODUCTION

INTRODUCTION

Orem City has retained Bowen Collins & Associates (BC&A) to prepare a master plan for the
City’s water production and distribution system. The purpose of this water master plan report is
to identify recommended improvements that will resolve existing and projected future deficiencies
in the water system throughout the City’s service area. The results of this study will be
incorporated into a Rate Study that will be used to establish water user rates for the City.

SCOPE OF SERVICES

The general scope of this project involved a thorough analysis of the City’s water production and
distribution system and its ability to meet the present and future water needs of its residents. As
part of the Water Master Plan, BC&A completed the following tasks.

Task 1:  Collected information as needed to develop the water master plan based on the
City’s general plan and existing facilities.

Task 2: Updated population projections and estimated water demand to evaluate future
growth needs.

Task 3: Evaluated Orem City source and storage requirements for existing and future
development conditions.

Task 4: Developed and calibrated a hydraulic computer model of the Orem City distribution
system to evaluate existing and projected future system deficiencies. This included
developing and calibrating the model using data from the City’s existing GIS
database and historical water use data on water system performance and pressures.

Task 5:  Identified existing operating deficiencies.
Task 6: Identified projected future operating deficiencies.

Task 7:  Evaluated alternative improvements for resolving deficiencies identified in Tasks
5 and 6.

Task 8: Developed a water system capital facilities plan identifying a plan for budgeting
and planning system improvements.

Task 9: Documented results of the previous tasks in a report with additional memoranda as
needed. Technical memoranda included at the end of this report cover the following
topics related to master planning activities:

e An Alta Springs power generation evaluation

e An Automatic Meter Reading (AMR) technology evaluation to determine
the feasibility and costs of various metering technologies

e A water source optimization evaluation based on seasonal use for the water
system including source costs, operating considerations, and best practices
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e A reuse plan to implement reuse of the water reclamation facility’s sewer
effluent

As part of the master plan, BC&A made presentations to the City’s Public Works
Advisory Commision and City Council in meetings throughout the project.

In conjunction with the tasks completed as part of the master plan, a water rate analysis was
produced for the project by BC&A sub consultant (Lewis Young Robertson & Burningham). The
results of their activities are documented in a separate report.

This document is a working document. Some of the recommended improvements identified in
this report are based on the assumption that development and/or potential annexation will occur in
a certain manner. If future growth or development patterns change significantly from those
assumed and documented in this report, the recommendations may need to be revised.
The status of development should be reviewed at least every five years. This report and the
associated recommendations should also be updated every five years.

ACKNOWLEDGMENTS

The BC&A team wishes to thank the following individuals from Orem City for their cooperation
and assistance in working with us in preparing this report:

Chris Tschirki Public Works Director

Neal Winterton Water Resources Division Manager
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Keith Larson Project Manager
Andrew McKinnon Project Engineer
Aaron Anderson Project Engineer
Mike Hilbert Clerical
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CHAPTER 2
EXISTING SYSTEM FEATURES

INTRODUCTION

As part of this Master Plan, BC&A has assembled an inventory of existing infrastructure within
the water distribution system. The purpose of this chapter is to present a summary of the inventory
of Orem City’s existing water distribution system and provide a quick reference for City personnel
regarding components of the system.

SERVICE AREA

Orem City provides water for residents within its corporate boundaries as shown in Figure 2-1. Its
service area is approximately 20 square miles and is bordered by the following: The Wasatch
Mountain Range to the east, Utah Lake and Vineyard to the west, Lindon City to the north, and
Provo City to the south and east. In 2014, this equated to an approximate Orem City service
population of 92,500 permanent residents. In addition to permanent residents, the City also serves
the Utah Valley University student and faculty population along with many other commercial,
industrial, and institutional entities. The east side of the City is largely residential and is mostly
built out. The west side of the City is mostly commercial/industrial, with some large areas still
available for future development.

In June 2011, the City amended an interlocal agreement with the Town of Vineyard to provide
Vineyard with up to 3,500 acre-ft of water per year through three meters along Geneva Road (at
400 North, Center Street, and 400 South). The agreement permits Vineyard to draw flows up to
6,300 gpm (2,100 gpm per master meter connection averaged over a month) from the Orem system.
Orem City currently provides water for approximately 1,400 equivalent residential connections in
Vineyard.

TOPOGRAPHY

The topography of the City generally slopes from northeast to southwest with the City’s primary
source of water (Utah Valley Water Treatment Plant) located at the northeast corner of the City.
Most of the City’s storage reservoirs are also located in the northeast corner of the City to provide
adequate pressure to lower pressure zones served through pressure regulating stations. Figure 2-2
shows a basic hydraulic schematic of how the City’s distribution system functions.

SUPPLY SOURCES

Orem City has nine wells in its water supply system along with two spring sources. The City is
also supplied with treated surface water from water rights to natural runoff in the Provo River and
reservoir storage in Deer Creek Reservoir and Jordanelle Reservoir. The City has agreements with
the Metropolitan Water District of Orem to purchase additional water. Facilities associated with
supply are summarized in the following sections. A more detailed discussion of each source and
its yield can be found in Chapter 4 — Water Supply Evaluation.
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WELLS

Orem City currently operates nine wells, the locations of which are shown in Figure 2-1. The
majority of wells are located on the east side of the City and provide flow to the Central, Eastside,
and Treatment Plant Pressure Zones. Table 2-1 summarizes the characteristics of each well source.

Table 2-1
Existing Wells and Springs
Size Capacity Capacity

Name Address (inches) Zone (mgd)’ (gpm)
Well #1 1450 S 800 E 14 Central 4.55 3,160
Well #2 710 N 980 W 12 Central 5.29 3,670
Well #3 479 N 400 E 10 Eastside 1.95 1,350
Well #4 65 S 1000 E 14 Eastside/Central 5.35 3,710
Well #5 56 N State St. 14 Central 5.14 3,570
Well #6 950 N 1000 E 12 Treatment Plant 2.00% 1,3907

Well #7 665 N Palisade Dr. 8 Eastside 0.73 500
Well #8 701 S State St. 12 Central 5.44 3,780
Well #9 800 S 900 E 14 Central 5.96 4,140
Subtotal Wells 36.4 25,270
Alta Springs 2.9 2,000

Canyon Springs 0.7 500
Subtotal Springs 3.6 2,500
Total 40.0 27,770

! Based on maximum production from dry year data (2013)

2 Well No. 6 is in need of maintenance and is currently operating at a reduced capacity. Orem City is planning to carry
out a rehabilitation project on Well No. 6 in the near future.

SPRINGS

Orem City operates two spring sources located in Provo Canyon: Alta Springs and Canyon
Springs. Alta Springs is located about 3 miles northeast from the mouth of the canyon.
Approximately 18,000 feet of pipe connect the spring to two tanks situated on the east bench of
the City. Alta produces about 3,000 acre feet of water per year on average and also represents a
potential hydroelectric source for the City because of its relatively high elevation and supply (see
Appendix A). Canyon Springs is located closer to the City near Mount Timpanogos Park. A small
tank and booster pump operate in conjunction with Canyon Springs, providing flow to the Eastside
pressure zone. Canyon Springs has a much lower yield than Alta, producing approximately 800
acre feet per year.

UTAH VALLEY WATER TREATMENT PLANT
The Utah Valley Water Treatment Plant (UVWTP) is owned and operated by the Central Utah

Water Conservancy District (CUWCD) and is located at approximately 1120 East Cascade Drive
on Orem City’s east bench. The UVWTP treats water for Orem City and many others, and has an
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existing capacity of approximately 80 mgd, with the potential to expand to 100 mgd. The plant is
a direct filtration water plant, which means water passes through filters to remove sediment and
potentially harmful pathogens. The plant also includes sedimentation basins and ozone and
chlorine disinfection. Orem City is currently working with CUWCD to formalize an agreement
regarding capacity at the plant. Based on historic practices, this master plan assumes that the City
currently has 42 mgd (29,170 gpm) of available supply from the plant.

STORAGE FACILITIES

Figure 2-1 indicates the location of storage facilities for Orem City, and Table 2-2 summarizes the

characteristics of each storage facility.

Table 2-2
System Storage
Volume Bottom Overflow
(million Elevation | Elevation
Tank Name gallons) | Dimensions (ft) (ft) Source Description
Alta
100’ Springs/WTP/ | Buried Concrete
Upper Tank 1 2.0 Diameter 5,232.5 5,263.5 Wells Circular
Alta
100' Springs/WTP/ | Buried Concrete
Upper Tank 2 2.0 Diameter 5,232.5 5,263.5 Wells Circular
30’ Canyon Buried Concrete
Canyon Springs 0.05 Diameter 4,928 4,938 Springs Circular
160'
Lower Tank 1 5.0 Diameter 4,936 4,967 WTP/Wells | Steel Tank
125
Lower Tank 2 3.0 Diameter 4,936 4,967 WTP/Wells | Steel Tank
Alta
75° Springs/WTP/ | Buried Concrete
Cherapple 0.4 Diameter 5,315.8 5,330.8 Wells Circular
325 Buried Concrete
WTP* 9.5 Diameter* 5,084 5,102 WTP Circular
Total 21.95

*The WTP has a total storage capacity of 37 MG. Only 9.5 MG of the storage at the treatment plant is available to
Orem City. Remaining storage is dedicated to CUWCD operations and/or for other municipalities.

It will be noted that there is a greater amount of storage located at the CUWCD treatment plant
than reported in the table (37 million gallons). Of this total, Orem City has rights to only 9.5 million
gallons of capacity. In the past, because Orem has been the plant’s largest customer, the City has
enjoyed access to nearly all of the storage at the treatment plant. However, as new customers are
added at the plant, the availability of storage to the City will decrease until it reaches its contractual
level of 9.5 million gallons.
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PUMPING FACILITIES

Since the majority of the sources and storage for the water system reside at a high elevation on the
east side of Orem, the water distribution system requires a minimal number of booster stations,
which are summarized in Table 2-3. The location of each booster pump facility is shown in Figure
2-1. The Canyon Springs Booster Station draws water from the Canyon Springs Tank to provide
additional flow to the Eastside Pressure Zone. The Cherapple Booster Station pumps water from
the Alta Pressure Zone up to the Cherapple Tank. Booster stations located at the UVWTP and
lower tanks are designed to supply flow to the upper tanks in the case that demand in the Alta,
Cherapple, and Northridge Pressure Zones exceeds the capacity of Alta Springs (see Figure 2-2).
It should be noted that the Orem City upper tanks provide backwash water for the CUWCD plant.

Table 2-3
Orem City Booster Pump Stations
Design
Size Capacity
Name Address (inches) | Zone From Zone To (gpm)
Canyon Canyon
Springs Mt. Timpanogos Park 12 Springs Eastside 1,000
Cherapple 1945 Skyline Dr. 8 Alta Cherapple 900
Lower Tank 10 Eastside Alta 3,600
Treatment Treatment
Plant Cascade Dr. Plant Alta 4,040
Total 9,540
! — data unavailable
DISTRIBUTION PIPING

Table 2-4 lists the reported pipe diameters and corresponding lengths in the Orem City distribution
system. Pipe materials include PVC, ductile iron, cast iron, and steel. Location and sizing of
distribution pipes are shown in Figure 2-1.
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Table 2-4
Water Distribution Pipe
Diameter Length Length
(inch) (ft) (mi) Percentage

Unknown 21,521 4.08 1.2%
4 85,227 16.14 4.6%

6 749,151 141.88 40.1%

8 547,672 103.73 29.3%

10 25,524 4.83 1.4%

12 233,470 44.22 12.5%

14 37,966 7.19 2.0%

16 81,254 15.39 4.4%

20 22,225 4.21 1.2%

24 31,236 5.92 1.7%

30 13,070 2.48 0.7%

36 12,274 2.32 0.7%

48 192 0.04 0.0%

60 7,052 1.34 0.4%
Total 1,867,833 353.8 100%

PRESSURE ZONES

The Orem City water distribution system is divided into 12 major pressure zones as shown in
Figure 2-1. Table 2-5 lists the approximate hydraulic grade setting for each pressure zone along
with the approximate service percentage of the zone. It is important to note that the majority of
the Springwater Pressure Zone is within Orem City boundaries, with a limited number of
connections to existing customers in the Town of Vineyard.
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Table 2-5
Pressure Zones
Existing
Peak
Approximate Day Existing | 2060 Peak Day | Percentage
Static Hydraulic | Demand | Percentage Demand of 2060
Pressure Zone | Grade Line (ft) | (gpm)' | of Demand (gpm)’ Demand
Cherapple 5,316 — 5,331 70 0.2% 80 0.1%
Alta 5,232.5—5,263.5 700 1.6% 740 1.3%
Northridge 5,164 545 1.3% 570 1.0%
Timpanogos 5,046 2,520 5.9% 2,720 4.7%
Treatment Plant 5,084 — 5,102 2,005 4.7% 2,140 3.7%
Cascade 5,098 942 2.2% 1,160 2.0%
Eastside 5,030 6,051 14.2% 6,450 11.2%
Central 4,936 — 4,967 24,180 56.6% 31,270 54.4%
Carterville 4,893 606 1.4% 650 1.1%
Lakeview 4,824 1,268 3.0% 3,130 5.4%
Westside 4,860 1,985 4.6% 3,510 6.1%
Springwater 4,747 1,844 4.3% 5,080 8.8%
Southwest Annex> 4,747 0 0.0% 2,830 4.9%
Total® 42,716 60,330

1 — Development of peak day demand estimates is discussed in Chapter 3.
2 — Note that the Southwest Annexation area will likely fall within the Spingwater pressure zone. It has been
separated here for information purposes.
3 — Vineyard City demands (up to 6,300 gpm at 2060) are not included in total.
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CHAPTER 3
FUTURE GROWTH AND DEMAND PROJECTIONS

INTRODUCTION

Before attempting to hydraulically model and evaluate the City’s water distribution facilities, one
must first have an accurate understanding of water demands. This includes an estimate of both the
quantity and distribution of existing and future demands. The purpose of this chapter is to
summarize the results, assumptions, and process of calculating both existing and future water
production requirements. Production requirements are evaluated in terms of annual and peak day
production.

WATER DEMAND

There are several methods that can be used to estimate water demands. This study develops water
production requirements based on three factors: population, employment, and industrial
development. The methodology of this study can be summarized as follows:

1. Define the service area.

2. Divide the service area into a number of smaller sub-areas using geographical
information system (GIS) mapping. Traffic analysis zones developed by MAG were
the primary unit for subdividing the City.

3. Project residential population for each sub-area based on existing and projected patterns
of development.

4. Project non-residents for each sub-area based on existing and projected patterns of
development.

5. Adjust projections as required to accommodate areas of special growth consideration
including “planned development” zones (PD Zones), Utah Valley University,
University Place Redevelopment, and the Southwest Annexation Area.

6. Estimate the water production requirements from each factor (residential and non-
residential) based on a statistical analysis of existing levels of development and historic
water use.

7. Convert projections of residential and non-residential development to future water
demands based on their historic contributions.

Each step of this process is summarized in the sections below.
STUDY AREA

The study area for this analysis is generally the same as the City’s municipal boundary as shown in
Figure 3-1 with three wholesale connections to the Town of Vineyard at 400 South, Center Street,
and 400 North. It is expected that the water distribution system will continue to expand into the
Lakeview Annex Area in the near future as discussed in the Orem City 2011 General Plan.
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TRAFFIC ANALYSIS ZONES

Division of the service area into smaller sub-areas is important for two reasons. First, it increases
the accuracy of the population and flow projections by examining land use and development
patterns at a smaller scale. Second, it yields projections that are distributed spatially across the
service area, an important requirement for water system modeling efforts.

For this study, sub-areas were defined based on Traffic Analysis Zones (TAZ). A TAZ is the
smallest geographic unit used for residential and non-residential population projections developed
by the Mountainland Association of Governments (MAG). Non-residential population data
includes employees, retail, industrial, and other non-residents. TAZ boundaries are established on
an arbitrary basis by the MAG for travel demand modeling.

TAZ boundaries were used for this analysis because population projections have already been
developed from census data for TAZ areas by the MAG. The projections are provided every 5-
years starting in 2010 and continuing to 2040. TAZ boundaries were also used because they are
small enough to give an adequate distribution of flow across the service area for use in modeling.
The TAZ boundaries used in this analysis are shown on Figure 3-2. As can be seen in the figure,
TAZ boundaries are not always consistent with the City’s service area boundaries. If a TAZ was
only partially in the study area boundary, then the percentage inside the boundary was determined.
MAG projections were multiplied by this percentage to determine the portion of the TAZ projection
within the study area boundary.

OREM CITY RESIDENTIAL AND NON-RESIDENTIAL POPULATIONS

Service area population growth for Orem City and the Town of Vineyard were estimated
independently. Residential and non-residential projections for Orem were developed for two
periods: Present to 2040, and 2040 to 2060. The methodology varies slightly for each period.
Service area projections for Vineyard were developed from present to 2060 based on available
water supply from Orem City as per the City of Orem Agreement No. A-2011-0073. This
agreement stipulates that the maximum peak day production that VVineyard can use from Orem City
is 6,300 gpm. The sections that follow describe in greater detail how the projections for each of
these situations were developed.

Orem City Projections from Present to 2040

The population projections, from present to 2040, were initially taken from the MAG Population
Projection Report, 2011 Baseline. The MAG projections were then adjusted with input from City
personnel for the special areas of consideration noted above and for key “planned development”
zones (PD Zones). PD Zones are identified separately because of the relatively wide variability in
types of development that may be incorporated into a PD Zone (including commercial, industrial,
mixed use development, student housing). In general, PD Zones are intended to be consistent with
the underlying General Plan designation, but may include other development types in the zone in
accordance with City and developer interests for the site.

The modified MAG projections were used to estimate where growth will occur in the City. MAG
will be updating its projections in the near future, but for the purpose of this study, the distributions
used from the 2011 baseline were considered adequate with modifications by City personnel to
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reflect City estimates. Residential and non-residential populations were treated separately and
independently for these projections.

The Southwest Annexation Area was treated somewhat independently for these projections. This
area of the City has its own planning documents. An equivalent residential population for this area
was developed using the 2015 Impact Fee Facilities Plan (IFFP) prepared by Lewis, Young,
Robertson and Burningham, Inc. This area is shown to be completely built out by the Year 2027.

Orem City Projections from 2040 to Build-out - Residential

The detailed MAG projections only extend to 2040. Because this does not cover the full planning
window of this water master plan, growth beyond the year 2040 needed to be examined and
incorporated into this study. A build-out estimate of growth was developed for each area of the
City by extrapolating the population from 2040 to 2060 using the final growth rate in the MAG
projections for all areas with a positive growth rate (some areas have a negative growth rate
associated with declining population). This estimate was compared to the overall GOMB projection
for 2060 and adjustments were made within the special areas of consideration or PD Zones so that
the 2060 population distribution matched the 2060 GOMB population estimate.

Orem City Projections from 2040 to 2060 — Nonresidential

For non-residential growth, a build-out estimate of growth was estimated by extrapolating from
2040 to 2060 using the final growth rate in the MAG projections for all areas with a positive growth
rate. No other adjustments were made for non-residential growth.

Town of Vineyard Projection from Present to 2060 — Residential

Vineyard service area population growth was determined using the available residential water
supply from Orem City as per City of Orem Agreement No. A-2011-0073 (ratio of residential to
non-residential water use estimated using the same ratio as observed in the current system). Using
the residential peak day per capita demand for the current water system, the 2060 service area
population was estimated by dividing the total available residential water supply to Vineyard by
the per capita demand. A growth trend between present population and buildout was determined
using the GOMB projections for the Town of Vineyard through 2013 and applying a logistic
equation of growth up to 2060. In essence, this estimate reflects an “effective” population of
Vineyard which will be dependent on the Orem City water system.

Town of Vineyard Projection from Present to 2060 — Nonresidential.

A similar method to that used to determine residential service area population growth for Vineyard
was used to estimate non-residential growth. Using the available non-residential water supply from
Orem and the estimated per capita demand, the 2060 non-residential population was estimated.
Using GOMB and MAG projections, the growth trend was predicted using a logistic equation of
growth.

The results of the residential and non-residential projections described above are summarized in
Tables 3-1 and 3-2.
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Table 3-1
Residential Population Projections
Orem Vineyard! Southwest? Total

Residential Residential Annexation Residential
Year | Population Population Population Population
2010 88,328 139 0 88,467
2013 91,466 312 0 91,778
2020 99,227 1,903 1,219 102,349
2030 103,321 9,990 5,611 118,922
2040 112,288 13,663 5,611 131,562
2050 118,900 13,989 5,611 138,500
2060 123,600 14,010 5,611 143,221

The estimated maximum service area population from Vineyard is based on available peak day residential water
supply from Orem City as per City of Orem Agreement No. A-2011-0073. Service area population growth was
estimated using the 2010 and 2013 GOMB population projections and a logistic growth equation.

2The residential population indicated area was determined based on the IFFP’s prepared for the Orem City
Southwest Annexation Area. For simplicity, all water use from the Southwest Annexation Area is being represented
as residential.

Table 3-2
Nonresidential Population Projections
Orem Vineyard?
Non- Non- Total Non-
Residential Residential Residential
Year | Population Population Population
2010 129,569 164 129,733
2013 135,022 215 135,237
2020 146,643 1,351 147,994
2030 155,318 10,586 165,904
2040 161,309 19,423 180,732
2050 164,401 20,565 184,966
2060 167,552 20,650 188,202

! The estimated maximum non-residential service area population from Vineyard is based on available peak day
non-residential water supply from Orem City. Service area population growth was determined using GOMB and
MAG projections with a logistic growth equation.

HISTORICAL WATER USE

In order to predict future water production requirements for Orem City, historical water use data
was used to determine per capita demands. Table 3-3 contains the historic production data provided
by Orem City from the period of 2009 to 2013. This table includes:

¢ Annual Production and Annual Sales — Annual production is the actual quantity of water
which the City distributed into the system, while annual sales refers the quantity that was
actually charged to customers. As shown in Table 3-3, annual water sales for Orem were
estimated based on total annual water sales revenue, the number of water service
connections, and the respective water rates for each year. The difference between
production and sales is described as system loss. System loss can be attributed to two

OREM CITY
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factors: leaks and unmetered water. Unmetered water typically makes up the majority of
system losses, and includes unmetered connections, inaccurate meter reads, system
maintenance, water for construction, firefighting, incidental line breaks, or theft. In general,
the City appears to be experiencing substantial system losses, at least in recent years.
Ideally, system loss would be less than 6 percent.

e Average Day Production and Sales — Average day production refers to the total volume
of production divided by the numbers of days in the year, generally presented in terms of a
volumetric flow rate (million gallons per day or gallons per minute). Average day
production is useful for estimating future production demands of the system by expressing
the production in terms of a per capita demand.

e Peak Day Production — For the purposes of planning and computer modeling, it is
important to not only estimate the average daily production requirements for the system, but
also the production required during the peak water use day of the year (the day with the
highest demands on the system). Modeling peak day demands provides useful information
regarding system capacity and potential deficiencies.

Table 3-3
Historic Water Production from 2009 - 2013
2009 2010 2011 2012 2013 Average
Annual Production
(acre-ft) 26,050 27,184 24,902 30,273 27,641 27,210
Annual Sales
(acre-ft)* 23,807 25,380 18,301 21,652 22,930 22,414
System % Loss* 9% 7% 27% 28% 17% 17%
Residential
Population Served | 88,059 88,467 89,544 90,646 91,778 89,699
Non-Residential
Population Served | 129,791 | 130,397 | 131,925 133,471 135,057 132,128
Average Day
Production (mgd) 23.26 24.27 22.23 27.02 24.68 24.29
Average Day
Production (gpcd) 264.1 274.3 248.3 298.2 268.9 270.7
Peak Day Jul 20 Jul 21 Jul 22 June 25 July 3 N/A
Peak Day
Production (mgd) 54.91 56.34 51.51 61.51 56.43 56.14
Peak Day
Production (gpcd) 623.5 636.9 575.2 678.6 614.9 625.8
Peak Day Peaking
Factor 2.36 2.32 2.32 2.28 2.29 2.31

*Estimated based on total water sale revenue and the associated number of water connections and water rates for each

year
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Seasonal Water Use

Water use in a water system varies significantly as a function of time. Demands change throughout
the day as well as through different times of the year. While indoor water use patterns tend to remain
relatively constant throughout the year, seasonal effects have a large impact on outdoor water use.
Figure 3-3 shows the typical water use pattern over the period of 2009 to 2013.

Figure 3-3
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Water Conservation

The City currently has a water conservation goal consistent with the State of Utah conservation
goal. This goal is to reduce per capita water usage by 25 percent by the year 2025 (based on water
use as measured in the year 2000 as the starting point). Generally speaking, the majority of
conservation will occur through the reduction of outdoor water use. However, as the City strives to
meet the State conservation goal, significant reduction of indoor use is also possible. Water
conservation has not only an environmental impact, but can also benefit the City financially.
Reducing the volume of water consumed across the City can delay or potentially eliminate the need
for expensive improvement projects.

FUTURE PRODUCTION REQUIREMENTS

Future production requirements for the water system were estimated by multiplying per capita
demands by the population projections. Table 3-4 shows the projected production requirements for
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the water system through build-out. Note that Table 3-4 presents projections of water production
for two different water use scenarios:

e Without Conservation — The first set of projections in Table 3-4 are based on per capita
water use as measured in the year 2000. Per capita demand for 2000 was chosen because it
was the initial year for the implementation of the State of Utah’s conservation goal.

e With State Conservation Goal — As part of its overall supply plan (and consistent with the
State of Utah’s conservation goal), the City is encouraging conservation to reduce per capita
water use in its service area by 1% each year through the year 2025, where the goal is to
reach a 25% total reduction in per capita water use. This projection represents projected
demands if the City achieves this goal.

Table 3-4
Projected Water Production Requirements Through Buildout

2020 2030 2040 2050 2060

Average Annual
Production without
Conservation (acre-ft) 33,408 40,419 44,488 46,721 48,240

Average Annual

Production with

Conservation (acre-ft) 26,727 30,314 33,366 35,041 36,180
Peak Day Demand (mgd) 69.7 82.3 90.1 93.9 96.6

Figure 3-4 provides a visual representation of the projected annual water demand for the City
through build-out.
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Figure 3-4
Projected Annual Water Production Requirements With and
Without Conservation
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PEAK DAY PRODUCTION

For planning and modeling purposes, it is valuable to not only have an estimate of average
production requirements for the system, but also to estimate peak day demands. From 2009 to 2013,
the highest peak day demand was 61.51 MGD. Meter data acquired from the City was then used to
estimate the percentage of water use attributed to residents, non-residents, and parks. These
estimates show that Orem residents account for approximately 73% of water use, with non-
residents and parks at 23% and 4%, respectively. Using the GOMB/MAG population projections
for the Orem City service area in 2012, a residential and non-residential peak day per capita demand
was calculated. These demands are summarized in Table 3-5.

BOWEN COLLINS & ASSOCIATES 3-8 OREM CITY



WATER MASTER PLAN

Figure 3-5
Projected Peak Day Demand
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Table 3-5
2012 Peak Day Water Use by User Type
Per Capita Peak
Total Peak Day 2012 Population Day Demand

Component Demand (gallons/day) Estimate (gallons/cap/day)
Residential Population 44,666,805 90,646 492.76
Non-Resident
Population 14,023,195 133,603 104.96
Parks 2,820,000
Total 61,510,000

It will be noted that, unlike annual demands, no reduction in projected peak day demands have been
shown in association with conservation. Past studies have shown that most initial conservation
activities are focused on reducing outdoor use by adjusting watering schedules to better match
evapotranspiration. Correspondingly, most of the conservation observed in the state in recent years
has been achieved through the reduction of outdoor water use in the spring and fall. In the heat of
the summer, initial conservation efforts have been inconsistent in reducing demands. As a result,
peak day demands have been less affected by conservation than annual water use. While more
aggressive future conservation efforts may do better at reducing peak demands, this master plan
will conservatively base all peak day demand projections on recent historical use without reductions
associated with conservation.
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Using the per capita demand estimates shown in Table 3-5, future demands were estimated using
the population projections for future growth leading up to the buildout population in 2060. The
results are shown in Table 3-6.

Table 3-6

Projected Peak Day Water Use

Orem/Vineyard

Total Peak Day

Residential Orem/Vineyard Non- Demand
Year Population Residential Population (gallons/day)
2020 103,794 147,994 69,650,182
2030 125,577 165,904 82,263,806
2040 138,217 180,732 90,048,640
2050 145,155 184,966 93,911,809
2060 149,876 188,202 96,577,780
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CHAPTER 4
WATER SUPPLY EVALUATION

INTRODUCTION

The purpose of this chapter is to evaluate the adequacy of Orem City’s sources to meet projected
future production requirements. This evaluation considers supply capacity in terms of reliable
annual yield, peak day production, and seasonal availability. This includes consideration of the
water sources that Orem City is currently utilizing, as well as additional sources which the City
has already planned to acquire (i.e. Jordanelle (CUP) Project water).

It should be noted that this chapter will focus exclusively on the adequacy of City sources to meet
projected annual and peak day demand requirements for the City. In addition to making sure it
has enough water, it is also important for the City to consider how it uses this water throughout
the year. Optimizing the use of existing sources will not be considered in this chapter, but has
been addressed in a separate technical memorandum located in Appendix B.

HISTORIC SOURCE UTILIZATION

Orem City obtains its water from a combination of municipal sources including two springs in
Provo Canyon, nine City wells, and surface water treated at the Utah Valley Water Treatment Plant
(which is a combination of reservoir storage and natural river flow). Historic use of these sources
since 2009 is summarized in Table 4-1 and Figure 4-1.

Table 4-1
Historical Source Utilization (acre-ft)

Source 2009 2010 2011 2012 2013
Springs 4,777 4,107 5,076 3,900 2,958
Wells 6,161 6,331 4,888 7,733 6,935
UVWTP 15,112 16,747 14,938 18,640 17,747
Total 26,050 27,184 24,902 30,273 27,641
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Figure 4-1
Historical Source Utilization
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ANNUAL SOURCE CAPACITY

Utah Administrative Code R309-510-7 requires that municipal water sources physically and
legally meet water demands under two separate conditions. First, source capacity must be
adequate to provide one year’s supply of water, which is the average annual production
requirement. Second, source capacity must be adequate to meet peak day production requirements.
The following sections discuss the average annual production capacity of each of Orem’s sources.
Included in this discussion is the consideration of how the yield of each source might vary during
different climatic conditions (dry and average water years). For purposes of evaluating source
production capacity, Orem City sources have been grouped into three categories; springs, wells,
and surface water treated at the UVWTP.

Springs

A portion of Orem City’s municipal water originates from Alta Springs and Canyon Springs
located in Provo Canyon. Springs are an ideal choice for culinary water due to their low cost of
production and high quality of water. Alta Springs is located at a high elevation and supplies water
to the Upper Tanks without any required pumping, while Canyon Springs requires a booster station
to supply flow to the system. The springs produce very clean water and do not require treatment,
except for the addition of chlorine.

The spring yield varies seasonally, and the production is dependent on soil moisture and yearly
snowpack, in addition to other hydrologic factors. Yields under varying climate conditions were
determined by looking at past extremes in available historical water production records and
discussions with City personnel. Dry year production for spring sources has been estimated based
on metered production during the dry water year of 2013. Average year spring production is
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estimated based on average metered production during the period of 1981-2006 (from Orem City
Water Supply and Demand Model, 2006).

The average water yield of developed Orem City springs is 3,838 acre-ft. Reliable yield during dry
years is estimated to be 2,958 acre-ft per year. Table 4-2 summarizes the contribution from each
spring source.

Table 4-2
Source Summary of Existing Springs
Average
Yearly Yield Dry Year Yield Dry Year Yield
Source (acre-ft) (acre-ft) Percentage
Alta Spring 3,012 2,321 77%
Canyon Spring 826 637 77%
Total 3,838 2,958 77%

Wells

Orem City has a total of 9 municipal groundwater wells which operate under several different
water rights. The wells vary in capacity as summarized in Table 2-1 of Chapter 2. As of 2006,
Orem City’s water right allows for a maximum sustained pumping rate of 21.643 mgd (33.487
cfs), with a maximum allowable yearly removal of 18,306 acre-ft. Over the past 5 years, the
maximum annual volume of groundwater removed via wells was 7,730 acre-feet, leaving more
than half of the water right remaining. Although the City’s “paper” water rights designate the City
has a right to 18,306 acre-feet, in reality, the volume which could actually be extracted annually
without negatively impacting the aquifer(s) is likely less. For this analysis, it has been assumed
that the available yield for Orem City wells will be the same in both dry and average years.

Utah Valley Water Treatment Plant

The majority of water used by Orem City is treated surface water from the UVWTP. Water treated
at this location can come from either Provo River direct flow rights or from storage rights in several
different mountain reservoirs in the Provo River Drainage via the Metropolitan Water District of
Orem.

Surface Water Storage

The Metropolitan Water District of Orem, through various canal companies, currently maintains
the rights to a total of 13,861 acre-ft per year of surface water from mountain storage reservoirs.
The breakdown of reservoir storage is shown in Table 4-3. While Orem currently has the right to
6,520 acre-feet of storage from the Bonneville (CUP) Project, this allotment increases by 500 acre-
feet each year until 2017 when the total available volume will be 7,520 acre-feet. Table 4-3
provides a summary of Orem City’s surface water storage reservoirs.
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Table 4-3
Summary of Surface Water Storage Reservoirs
Storage Quantity
Reservoir Name Description* (acre-ft)
Jordanelle Upper Lakes 1,161
Jordanelle Bonneville (CUP) Project 6,520
Deer Creek DC Project Issue 1 1,300
Deer Creek DC Project Issue 2 200
Deer Creek DC Project Issue 3 754
Deer Creek Dixon Irrigation Co. 300
Deer Creek Provo Bench Canal Co. 900
Deer Creek PRWUCO 3,246
Total 14,381

*Source: Orem City Water Supply and Demand Model, 2006
Provo River Direct Flow Rights

As of 2006, Orem City maintains a ‘Class A’ Provo River direct flow right of 35.01 mgd (54.168
cfs) during the period of April 20" to October 15". However, this allotment decreases to 84% of
the original value on June 21" each year (down to 24.4 mgd/45.5 cfs), with another reduction on
July 21" which further reduces the right to 79% of the original value (27.7 mgd/42.8 cfs). In
average water years, the total yield is approximately 16,812 acre-ft, with a peak day demand
production of 27.64 mgd (42.8 cfs). During dry years, water yields from the Provo River can be
significantly reduced. In the City’s 2006 Supply and Demand model, it was estimated that dry
year yields could be as little as 20 percent of average year flows. Total yield during a dry year
(assuming 20 percent of average year yield) is estimated to be 3,706 acre-ft with an approximate
peak day production of 5.53 mgd (8.56 cfs).

Total Supply

Tables 4-4 and Table 4-5 summarize the amount of water available to Orem City currently and in
2060, respectively. Estimated usable yield is provided for both average and dry years.

Table 4-4

Current Usable Yield of Existing Orem City Culinary Water Sources

Usable Yield Usable Yield

in Average Year in Dry Year

Water Source (acre-ft) (acre-ft)
Springs 3,837 2,958
Wells 18,306 18,306
Provo River Rights 16,812 3,706
Deer Creek Storage 6,700 6,700
Jordanelle Storage 1,161 1,161
CUP Water 6,520 6,520
Total 53,336 39,351
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Table 4-5

Usable Yield of Existing Orem City Culinary Water Sources in 2060

Usable Yield Usable Yield

in Average Year in Dry Year

Water Source (acre-ft) (acre-ft)

Springs 3,837 2,958
Wells 18,306 18,306
Provo River Rights 16,812 3,706
Deer Creek Storage 6,700 6,700
Jordanelle Storage 1,161 1,161
CUP Water 7,520 7,520
Total 54,336 40,351

Comparison of Annual Source Yield to Projected Demand Requirements

Figure 4-2 compares the available annual water supply for the City with the predicted annual
system demand through build-out. Annual source yield in the figure is presented in terms of dry
year yield in order to provide the City with a conservative comparison of supply and demand.
Included in the figure are two sets of demand projections:

1. Required production without conservation — This projection is based on per capita water
use measured in 2000.

2. Required production with conservation — In this projection, per capita water use has been
reduced to meet the State’s conservation goal of a 25 percent reduction by 2025 (as
discussed in Chapter 3).

As shown in Figure 4-2, the City is projected to have sufficient annual water supply if the State
Conservation goal is met. However, without conservation, Orem may approach an annual supply
deficit by the year 2030 and will need to acquire an additional 8,000 acre-feet worth of supply to
meet annual demands at build-out. Figure 4-2 indicates that, while the City has reduced water
consumption on average since the year 2000, water use in 2013 exceeded 2000 baseline demands.
Thus, the City will likely need to place increased emphasis on conservation if it wants to meet City
and State-wide long-term goals.

It should be noted that the conclusions above are based on a number of assumptions relative to
future yields associated with each source. Any changes to the yields assumed here will require
reconsideration of City water needs. Of specific concern are annual groundwater yields. While
the City has water rights to the volume of water shown, the amount of water that is physically
available or restrictions associated with State of Utah groundwater management efforts could
result in actual yields that are less than the amounts shown. It is recommended that the City
continue to monitor production from its several sources and revisit projected yields periodically.
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Additional Sources

If reductions in water use associated with conservation are less than expected, or if existing source
yields are restricted for any reason, the City may need to consider pursuing additional sources to
meet annual demands. If this becomes necessary, the most likely sources of future water for Orem
City based on current information are as follows:

e Wastewater Reuse — One source the City could add to its water portfolio is effluent reuse
from the Water Reclamation Facility (WRF). A technical memorandum on reusing WRF
effluent is located in Appendix C. Projected yield associated with this source based on the
recommended alternative identified in this memorandum is 516 acre-ft.

e Additional Surface Water Supply — Any additional source capacity needed beyond
existing supplies and reuse would most likely need to come from additional surface water
sources. This would likely come in the form of additional Provo River water purchased
from existing irrigation shareholders. This water could then be treated at the UVWTP.

Table 4-6 lists the estimated additional source yield required to meet future annual production
requirements if the City does not reduce its per capita water use through conservation.

Table 4-6
Future Annual Source Yield
Additional Source Yield for Annual Demands
Source (acre-feet/year)
Reuse 516*
Additional supply 7,484**
Total 8,000**

*Based on recommended reuse system to Sleepy Ridge Golf Course and Lakeside Sports complex.
See WRF Reuse Evaluation memo in Appendix C.
**Additional annual supply needed only if the City doesn’t achieve its conservation goals

PEAK DAY PRODUCTION CAPACITY

To this point in the report, only the annual yield of each source has been considered. The following
sections discuss the peak production capacity of each of Orem’s sources.

Springs

The total reliable production from the springs is 2,985 acre-feet during dry years and 3,838 acre-
feet during average years. Since peak production requirements have historically occurred in July,
peak day spring production is estimated based on historical data from this month. Peak day
production during average years is estimated based on historical spring production data from 1981-
2006, while the peak day production capacity during dry years is estimated from metered data for
the dry year of 2013, both evaluated for the month of July. Peak day capacity of the City’s spring
sources is summarized in Table 4-7.
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Table 4-7
Source Summary of Existing Springs
Dry Water
Average Water Dry Water Year Peak Day

Year Peak Day Year Peak Day Yield

Source Yield (mgd) Yield (mgd) Percentage
Alta Spring 4.43 2.46 56%
Canyon Spring 0.73 0.68 93%
Total 5.16 3.14 61%

Wells

As mentioned in the discussion of annual source production, the City has a total of 9 municipal
groundwater wells with varying capacity. From a water rights stand point, the maximum allowable
sustained pumping rate for the wells is 21.643 mgd (33.487 cfs). However, historical data indicates
that the City has at times exceeded this pumping rate for a short duration. Peak day capacity for
each well was estimated based on actual well production data from 2013. It is recommended that
the assumed reliable peak production of the wells be reduced for planning purposes to account for
potential problems that may arise regarding water quality, pump maintenance at individual wells,
or lower aquifer levels during dry periods. This considered, the reliable peak day capacity for each
well is estimated as 80% of the recorded maximum daily flow during the year of 2013. Table 4-8
presents the location, size, pressure zone, and estimated reliable peak day capacity of each well.

Table 4-8
Existing Wells Reliable Peak Capacity
Reliable Capacity

Name Address Size (inches) Zone (mgd)
Well #1 1450 S 800 E 14 Central 3.64
Well #2 710 N 980 W 12 Central 4.23
Well #3 479 N 400 E 10 Eastside 1.56
Well #4 65 S 1000 E 14 Eastside/Central 4.28
Well #5 56 N State St. 14 Central 4,11
Well #6 950 N 1000 E 12 Central 1.6*
Well #7 665 N Palisade Dr. 8 Eastside 0.58
Well #8 701 S State St. 12 Central 4.35
Well #9 800 S 900 E 14 Central 4,77
Total 29.12

*Well No. 6 is in need of maintenance and is currently operating at a reduced capacity. Orem City is planning to carry
out a rehabilitation project on Well No. 6 in the near future to bring well production up to the reliable capacity shown.

As shown in Table 4-7, the reliable peak day capacity from Orem’s wells is approximately 29 mgd

(54 cfs).

BOWEN COLLINS & ASSOCIATES

4-8

OREM CITY



WATER MASTER PLAN

Surface Water Treated at the UVWTP

Water treated at the UVWTP is the combination of direct flow from the Provo River and surface
water stored in Deer Creek and Jordanelle Reservoir. As has been discussed previously, Orem
City has historically been the primary water user at the plant. As a result, it has always had
adequate treatment capacity to meet its needs. As additional users begin to take more water from
the plant, it seems prudent for the City to formalize its use of peak day production capacity at the
plant. This needs to be negotiated between Orem and CUWCD. For the purposes of this analysis,
Orem City’s portion of the plant capacity has been assumed to be 42 mgd.

Comparison of Peak Source Production to Projected Demand Requirements

Figure 4-3 compares the projected peak day demand requirement for the Orem City distribution
system through build-out (as calculated in Chapter 3) against the available peak day capacity of
Orem’s current sources. Since dry year conditions are of the greatest concern, only the estimated
reliable production during a dry year is shown. Projected peak day production capacities for each
of Orem City’s current sources are summarized in Table 4-9.

Table 4-9
Peak Day Production Capacity of Current Orem City
Peak Production | Peak Production
during Average during Dry Year
Source Year (mgd) (mgd)
Springs 5.16 3.14
Wells 29.12 29.12
UVWTP 42 42
Total 76.28 74.26
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Figure 4-3
Projected Peak Day Demand
120 And Available Supplies

100

(o]
o

w Additional Supply
mmm New Well Sources

= WRF Reuse

mmm Existing Well Sources

Peak Day Demand (mgd)
(o))
o

40
mm Existing Springs

mmm Existing UVWTP
20 ——Projected Peak Day

Demand
e Historic Production

0
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060

Notes: Existing Well capacity based on 80% of max 2013 production, Spring capacity based on dry year yield (2013), Existing
UVWTP capacity based on available data (42 mgd)

BOWEN COLLINS & ASSOCIATES 4-10 OREM CITY



WATER MASTER PLAN

If Orem continues to grow as projected in Chapter 3 of this report, peak day demand on the system
will continue to increase and will likely exceed the peak day capacity of the City’s existing sources
within the next 10 years. The City has already planned on adding approximately 7 mgd of
additional groundwater capacity with 1.5 mgd of additional supply via reuse water. However,
there will still eventually be a deficit in peak day supply without additional sources. To satisfy
future peak day demands on the system, it is recommended that the City develop additional source
capacity at the UVWTP or in additional groundwater wells. Figure 4-3 shows the required
increases in peak day source capacity to meet future system deficiencies, with a summary of the
additional source capacity summarized in Table 4-10.

Table 4-10
Future Peak Day Source Capacity

Additional Source Capacity for Peak Day Demands
Source (mgd)
Wells 7
Reuse 1.48*
UVWTP 14.5
Total 22.98

*Based on recommended reuse system to Sleepy Ridge Golf Course and Lakeside Sports
complex. See WRF Reuse Evaluation memo in the Appendix C.

While the actual necessity of additional source capacity to meet average annual demands is
uncertain at this point in time, additional peak day source capacity will almost certainly be required
in the coming years.
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CHAPTER 5
STORAGE CAPACITY EVALUATION

The purpose of this chapter is to evaluate Orem City’s water storage capacity. This chapter
provides an overview of State rules and regulations pertaining to public water system storage
facilities. As part of this evaluation, the size and location of existing storage reservoirs was
analyzed to determine if the City has sufficient storage to adequately meet peak demands and to
provide emergency and fire flow storage.

STORAGE EVALUATION CRITERIA

Regulations regarding required system storage are found in Section R309-510-8 of the Utah
Administrative Code. The first portion of the code outlines the types of storage required:

“(1) General. Each public water system, or storage facility serving connections within a specific
area, shall provide:

(a) equalization storage volume, to satisfy average day demands for water for indoor use
and irrigation use,

(b) fire flow storage volume, if the water system is equipped with fire hydrants intended to
provide fire suppression water or as required by the local fire code official, and

(c) emergency storage, if deemed appropriate by the water supplier or the Director.”
Each of these storage components is discussed below.
Equalization Storage

Equalization storage is the water needed to supply the system for periods when demands exceed
the supply. Equalization storage requirements are defined in the code as follows:

“(2) Equalization Storage.

(@) All public drinking water systems shall provide equalization storage. The amount of
equalization storage varies with the nature of the water system, the extent of irrigation use,
and the location and configuration of the water system.

(b) Table 510-4 lists required equalization storage for indoor use. Storage requirements for
non-community systems not listed in this table shall be determined by calculating the
average day demands from the information given in Table 510-2.
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TABLE 510-4
Storage Volume for Indoor Use

Type Volume Required
(gallons)

Community Systems
Residential;
per single resident service connection 400

Non-Residential;
per Equivalent Residential Connection (ERC) 400

Non-Community Systems
Modern Recreation Camp; per person 30

Semi-Developed Camp; per person

a. with Pit Privies 2.5
b. with Flush Toilets 10
Hotel, Motel and Resort; per unit 75
Labor Camp; per unit 25
Recreational Vehicle Park; per pad 50
Roadway Rest Stop; per vehicle 3.5

Recreational Home Development (i.e.,
developments with limited water use);
per connection (See Note 2 in Table 510-1) 400

(c) Where a drinking water system provides water for irrigation use, Table 510-5 shall be
used to determine the minimum equalization storage volumes for irrigation. The procedure
for determining the map zone and irrigated acreage for using Table 510-5 is outlined in
R309-510-7(3).
TABLE 510-5
Storage Volume for Irrigation Use

Map Zone Volume Required
(gallons/irrigated acre)

1,782
1,873
2,528
2,848
4,081
4,964

OO0 WN PR
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Calculated Need for Equalization Storage

From this section of code, there are two important issues to highlight. The first is described in the
following sentence:

“The amount of equalization storage varies with the nature of the water system, the extent of
irrigation use, and the location and configuration of the water system.”

Staff at the Division of Drinking Water have interpreted this to mean that the need for equalization
storage will vary between systems. This means that, where reliable water use data exists, the
volume of equalization storage needed should be calculated based on actual water use patterns.

Because Orem City has a good database of water use records, BC&A prepared a City specific
calculation of equalization storage for the master plan. Figure 5-1 shows the dominant demand
pattern for Orem City based on measured flows through the Alpine 11B and Reach Il flow meters
during the peak week of demand in 2012. As can be seen in the figure, water demands peak in the
early morning hours when most people are irrigating their lawns. Demand then drops off
significantly during the day as water use is primarily limited to smaller indoor uses.

While demands vary significantly during the day, the same is not true for most supplies. It is
usually most economical to size sources, major conveyance pipelines, and pump stations to
produce water at a relatively constant rate. This is especially true for major surface water treatment
facilities that have a difficult time changing production rates rapidly. As a result, most systems
(Orem City’s included) are designed supply to water at a relatively constant rate throughout the
day. Storage is then used to satisfy any demands above the rate of supply.

With this in mind, Figure 5-1 shows the difference between demand and supply throughout a peak
day of demand. During the hours of greatest demand, water from storage is used to meet demand
in excess of supply (as shown in red). During periods of lower demand, supply continues at its
steady pace to refill storage reservoirs in preparation for peak demands the next day (as shown in
blue). Based on the measured flows and as shown in the figure, the required equalization storage
for the City was calculated to be approximately 25 percent of average peak day demands.

Using this approach, the calculated existing equalization storage requirement for the City is 15.4
million gallons. This is 25 percent of the City’s existing peak day demand of 61.5 million gallons
(42,720 gallons per minute).
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Figure 5-1
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Minimum Requirement for Equalization Storage

As noted previously, there is a second important issue in the section of the Utah Administrative
Code regarding equalization storage that needs to be discussed. This is highlighted in the following
section of the code:

“Table 510-4 lists required equalization storage for indoor use. Storage requirements for non-
community systems not listed in this table shall be determined by calculating the average day
demands from the information given in Table 510-2.”

This section is then followed by a series of tables that can be used to estimate average demands if
a system does not have reliable flow data. While the tables provide some interesting information
regarding typical average day water demands, the most important issue to note is that the minimum
equalization storage allowed by the State is equal to the average day demand. Where reliable data
exists, the entity is not required to use the values in the table (which are conservatively high in
most cases), but may use actual average day demands.

Based on historic use patterns, the expected average day demand for the City (existing, without
conservation) is 26.8 million gallons (30,000 acre-ft/year). This means that Orem City must have
a minimum of 26.8 million gallons of equalization storage in its system. It will be noted that this
is significantly more storage than the 15.4 million gallons needed for equalization purposes based
on actual measured variations in demands. However, the State does allow for emergency storage
to be counted against this minimum requirement as will be discussed subsequently.

Fire Flow Storage

Fire flow storage requirements are defined in the code as follows:
*“(3) Fire Flow Storage.

(a) Fire flow storage shall be provided if fire flow is required by the local fire code
official or if fire hydrants intended for fire flow are installed.

(b) Water systems shall consult with the local fire code official regarding needed fire
flows in the area under consideration. The fire flow information shall be provided to the
Division during the plan review process.

(c) When direction from the local fire code official is not available, the water system shall
use Appendix B of the International Fire Code, 2015 edition, for guidance. Unless
otherwise approved by the local fire code official, the fire flow and fire flow duration
shall not be less than 1,000 gallons per minute for 60 minutes.”

As stated in the code, the primary authority responsible for establishing needed fire flows and fire
flow storage is the local fire code official. As established by Orem City’s fire marshal in a recent
ISO survey, the maximum fire flow requirements varies by development type and size and ranges
from 1,500 gpm in predominantly residential areas to 4,000 gpm in commercial areas. For the
purposes of the master plan, fire flows in residential areas have been established at 2,000 gpm for
2 hours, while commercial areas require 4,000 gpm for 4 hours. Although not specifically outlined
in the code, State Division of Drinking Water officials have historically allowed for fire flow for
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individual water pressure zones to come from storage within the zone itself or from storage in
higher zones in the system. This is a positive for Orem because it means that the City does not
have to build fire flow storage in every zone (e.g. fire suppression storage in the Cherappple
Pressure Zone can also be counted as available fire suppression storage for all the regulated zones
below Cherapple). For the system as a whole, the required fire flow volume is equal to the largest
single fire flow demand. In the case of Orem City, this is 4,000 gpm for 4 hours (960,000 gallons).

Emergency Storage

Emergency storage is the volume of water required to meet water demand during an emergency
situation. Emergency storage requirements are defined in the code as follows:

“(4) Emergency Storage.

Emergency storage shall be considered during the design process. The amount of emergency
storage shall be based upon an assessment of risk and the desired degree of system
dependability. The Director may require emergency storage when it is warranted to protect
public health and welfare.”

It will be noted that no specific requirement is given for emergency storage in the code. The
determination of required emergency storage is left largely to the entity designing and operating
the water system.

In Orem City, the most common water supply emergencies relative to storage analysis are power
outages. During power outages, water supplies are unable to produce needed water. In the event
of an extended citywide outage, all wells and the treatment plant would not be able to operate.
While some water delivery during a power outage can be accomplished through auxiliary power
to selected water system facilities, it is also wise to include some additional emergency water at
storage reservoirs. This also gives system operators the benefit of a little extra buffer for system
operations. Orem City’s water supply is also heavily dependent on water from the UVWTP. If
the treatment plant were to go offline unexpectedly, it would be difficult for Orem to meet city-
wide demands. In the short-term, Orem could satisfy critical indoor demands with its wells and
spring water under this type of scenario. However, in the long-term, this would create a major
problem for water deliveries to the City.

Based on conversations with City personnel and common practice in the industry, it is
recommended that all zones include emergency storage adequate to supply the system during a 6
hour power outage during peak day demands (or roughly 25 percent of peak day demand). This
results in an existing emergency storage need of 15.4 million gallons for existing conditions.

Combined Emergency/Equalization Storage

With the volume of recommended emergency storage identified above, the combined
equalization/emergency storage required for Orem City is 30.8 million gallons (existing
conditions). Since the State does not specifically require emergency storage, this full volume can
be compared against the State’s minimum equalization storage requirement based on average day
demand (26.8 million gallons). For Orem City, it appears that the recommended volume with both
equalization and emergency storage is adequate to meet State minimum requirements.
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It should be noted that Orem City could modify its emergency storage criteria to reduce the total
amount of storage required. As long as the combined emergency/equalization storage is above
26.8 million gallons (existing conditions), it would meet the minimum requirements of the State.
However, this would leave the City with less than desired protection during emergency events and
would reduce the available buffer it has for operations. As a result, a reduction in emergency
storage is not recommended.

TOTAL EXISTING AND FUTURE STORAGE REQUIREMENTS

The evaluation of City water storage facilities for existing and future conditions is shown in Tables
1 and 2. As can be seen in the tables, the analysis indicates there is an existing storage shortage of
almost 10 million gallons. By 2060, the shortage increases to approximately 22.5 million gallons.
It should be emphasized that these tables reflect Orem City demands only; Vineyard demands have
not been included in the tables. Note that storage at Canyon Springs (50,000 gal) has been included
in the WTP storage because it flows to the same tank service area.

Up to this point, these deficiencies have likely not caused any operational issues due to the fact
that Orem currently has access to unused storage at the UVWTP. However, as demands increase
in the City and storage from the plant is allocated to additional entities, this buffer will shrink and
storage will become much more important for satisfying peaks in demand.
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Table 5-1
2014 Storage Facilities Evaluation
Equalization Total
Peak Day Storage Storage Storage
Peak Day Summer Total Surplus by Surplus by Surplus
Tank Summer Equalization | Emergency | Fire Flow | Required Available | Service Area | Service Area Total
Service Demand Storage Storage Storage Storage Storage (deficit) (deficit) (deficit)
Area (gpm) (gallons) (gallons) (gallons) (gallons) (gallons) (gallons) (gallons) (gallons)
Cherapple 71 25,560 25,560 240,000 291,120 400,000 374,440 108,880 108,880
Upper
Tanks 4,709 1,695,240 1,695,240 - 3,390,480 4,000,000 2,304,760 609,520 718,400
WTP 8,056 2,900,160 2,900,160 720,000 6,520,320 9,550,000 6,649,840 3,029,680 3,748,080
Lower
Tanks 29,885 10,758,600 10,758,600 - 21,517,200 | 8,000,000 (2,758,600) (13,517,200) | (9,769,120)
Total 42,721 15,379,560 15,379,560 | 960,000 31,719,120 | 21,950,000 (9,769,120)
Table 5-2
2060 Storage Facilities Evaluation
Equalization Total
Peak Day Storage Storage Storage
Peak Day Summer Fire Total Surplus by Surplus by Surplus
Tank Summer Equalization | Emergency Flow Required Available | Service Area | Service Area Total
Service Demand! Storage Storage Storage Storage Storage (deficit) (deficit) (deficit)
Area (gpm) (gallons) (gallons) | (gallons) (gallons) (gallons) (gallons) (gallons) (gallons)
Cherapple 74 26,640 26,640 240,000 293,280 400,000 373,360 106,720 106,720
Upper
Tanks 5,174 1,862,640 1,862,640 - 3,725,280 4,000,000 2,137,360 274,720 381,440
WTP 8,573 3,086,280 3,086,280 | 720,000 6,892,560 9,550,000 6,463,720 2,657,440 3,038,880
Lower
Tanks 46,439 16,718,040 16,718,040 - 33,436,080 8,000,000 (8,718,040) | (25,436,080) | (22,397,200)
Total 60,260 21,693,600 21,693,600 | 960,000 | 44,347,200 | 21,950,000 (22,397,200)

!Does not include peak day summer demands for Town of Vineyard; Orem City will not provide storage to Town of Vineyard.
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CONCLUSIONS AND RECOMMENDATIONS

The following conclusions can be made regarding storage in the Orem City water distribution
system:

1.

3.

Total Storage — The Orem City water system currently has a total of 21.95 million gallons
of storage. Based on the criteria established previously, the water system currently has a
deficiency of 9.8 million gallons of storage. By 2060, the system will have a storage
deficiency of 22.4 million gallons if additional storage facilities are not constructed. It
should be noted that these totals only reflect the system as a whole.

Storage deficiencies in the system affect the Lower Tanks, which provide storage to the
Central pressure zone and zones below the Central zone. These zones represent the
majority of the Orem City service area. Up to this point, these deficiencies have likely not
caused any operational issues due to the fact that current source capacities exceed peak
system demands and also because Orem currently has access to unused storage in the
UVWTP. However, as demands increase in the City and storage from the plant is allocated
to additional entities, this buffer will shrink and storage will become much more important
for satisfying peaks in demand. Fortunately, because the storage deficiencies occur at the
lower portions of the system, the City will have more options with respect to the site
location of a new storage facility.

While Orem currently only has 9.5 million gallons of dedicated storage at the UVWTP, the
plant has a total combined volume of 37 million gallons of storage. Rather than
constructing an additional storage tank, it may be cost-effective for the City to look into
acquiring additional storage capacity at the plant. While there is likely not enough available
storage at the plant to cover all storage needs for the City through build-out, it may provide
sufficient storage to delay and reduce the size of new tank construction. Coordination with
CUWCD will help the City coordinate the timing of when additional storage may need to
be constructed.

Based on these conclusions, BC&A would recommend the following actions:

1.

Construct a New 10 Million Gallon Storage Reservoir — To remediate the current
storage deficiency in the water system, BC&A recommends that the City construct a new
10 million gallon storage facility. As soon as possible, the City should initiate a tank siting
study to locate an ideal location for construction. As discussed previously, because the
storage deficiencies exist in the lower pressure zones, the City has the liberty of looking at
a variety of tank locations which would provide adequate elevation for the system.

Consider Options for Future Storage Requirements — While a new 10 MG water storage
facility will help alleviate the existing storage deficiencies in the system, the City will still
face an additional 12.7 million gallon storage deficit between now and projected build-out
in 2060. While additional storage improvements will likely not be included in the 10-year
capital facilities plan, the City should begin to consider options to meet future storage
needs. Options may include constructing additional storage facilities or acquiring
additional storage capacity at the UVWTP. Table 5-3 displays the timing and estimated
cost of the recommended storage improvements for the City.
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Table 5-3
Recommended Storage Tank Improvements

Estimated Cost
Project Project Year (2015 Dollars)
10 Million Gallon Storage
Tank Siting Study 2015 $100,000
10 Million Gallon Storage
Facility* 2018 $10,322,000
12.5 Million Gallon Storage
Facility* (With Study) 2030 $12,960,000
TOTAL COST $23,382,000

*Does not include the potential cost of land acquisition
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CHAPTER 6
HYDRAULIC MODELING

INTRODUCTION

A critical component in evaluating the performance of the Orem City water system is the
development of a hydraulic computer model. A hydraulic model was developed using Innovyze’s
InfoWater software. The purpose of this chapter is to present a summary of the methodology used
to develop this model.

WATER SYSTEM MODEL

A hydraulic computer model is a digital representation of physical features and characteristics of
the water system, including pipes, valves, storage tanks and pumps. Key physical components of
a water system are represented by a set of user-defined parameters that represent the characteristics
of the system. The computer model utilizes the digital representation of physical system
characteristics to mathematically simulate operating conditions of a water distribution system.
Computer model output includes pressures at each node, flow rate for each pipe in the water
system, and water surface levels in storage tanks. There are several well-known computer
programs for modeling water distribution systems. InfoWater 10.2 developed by Innovyze was
used for this Master Plan. This program uses the EPANET computing engine.

The City’s existing water system hydraulic model was updated by Bowen, Collins & Associates
for this study using available GIS data in conjunction with historic demand and production data
provided by Orem City personnel. The model was set up to run a “steady state” simulation, and is
primarily intended to identify pressure and pipe deficiencies in the distribution system, such as
undersized water lines. The steady state model does not track dynamic, time-dependent variables,
such as the depth of water in a storage tank throughout the course of a day. Additional information
regarding the history and calibration of the model is discussed in Appendix D.

GIS DATA

The GIS data used to update the water system model included:
¢ Pipeline locations, diameters, and lengths
e Water system valves, pumps, and water tanks

e Flevation contours
CALIBRATION

Calibration is the task of adjusting hydraulic model parameters so that model output results
correlate with actual observed conditions in the water system. Model calibration was achieved by
checking model pressure outputs against field measured pressure readings at a number of PRV’s
throughout the system as well as through communication with City personnel. A few assumptions
regarding the calibration of the model are listed below:
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e Pipe Roughness — Pipe roughness in the distribution system varies between 110 and 130
with an average of approximately 115.

e Pipe Size Data — Pipe diameters and locations in the model were determined based on the
available GIS data from the City. The diameters assigned in the City’s existing model were
checked against updated GIS information and updated or revised where necessary.

e Pipe Depth — Junction elevations in the model were extracted from a Digital Elevation
Model which represents the elevation of the ground surface throughout the City. In reality,
pipes sit 4 to 5 feet below the ground surface, but the relative model elevations are the
same.

e Pump Curves — Model pump curves remained the same as they were input into the City’s
original model. Pump curve data for Well #9, which was installed relatively recently, was
provided by City personnel and updated in the model.

MODEL DEMANDS AND DEMAND DISTRIBUTION

A key component in hydraulic modeling is the development of system demands. There are two
components to consider when developing the demands for the model: total system demands and
distribution of demands. Total system demands are discussed in Chapter 3 of this report. For
modeling purposes, the demand scenarios of most concern are those that represent the highest flow
demands on the system. These scenarios are peak hour demand and peak day demand with a
simultaneous fire flow event. A peak hour to peak day factor of 1.8 was used in the model
simulations. This value was calculated using flow meter data for the peak week of demand in
2012. Total model flows for peak day and peak hour demands are summarized in Table 6-1.

Table 6-1
Projected Peak Demands
Peak Day Demand Peak Hour Demand
Year (mgd) (mgd)
Existing 61.5 110.7
2020 69.7 125.5
2030 82.3 148.1
2040 90.0 162.0
2050 93.9 169.0
2060 96.6 173.9

It should be noted that demands in the table include Orem City demands as well as contractual
demands to Vineyard. In the case of Vineyard, Orem City is only required to satisfy peak day
demands with Vineyard providing its own storage to meet peak hour demands. Thus, actual
demand on the City’s transmission and distribution system will be lower than the values contained
in the table. The interaction of Vineyard’s storage on overall demands is an issue that will need to
be considered closely as future plans for storage are finalized.
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The distribution of system demands was accomplished with the aid of meter data provided by the
City. Metered water usage data from June and July of 2013 which contained metered flows and
geospatial references were imported into the model and assigned to a model junction based on the
geographic coordinate. Meter data for municipal meters was then assigned to the model based on
the service area of each meter. Since not all meters had a corresponding geospatial location and
meters do not account for system losses, model demands were then scaled to appropriately match
the total peak day demand for the system. Demand distribution for future system model scenarios,
such as the “build-out” demand scenario, were developed using the MAG TAZ growth projections
across the City as discussed in Chapter 3.
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CHAPTER 7
DISTRIBUTION SYSTEM EVALUATION

The purpose of this chapter is to document the results of the hydraulic modeling evaluation of the
Orem City distribution system.

MODEL SCENARIOS

As discussed in Chapter 6, the Orem City model is set up to run a steady state flow simulation.
This provides a snapshot of the system under steady state conditions. The steady state conditions
that were modeled represent the most extreme demand conditions that the system will experience
including peak hour demands and peak day demands with fire flow. The following is a description
of each model scenario simulated in the hydraulic model:

1.

2014 Peak Day Demand —This scenario represents the average demands on the system
during the peak usage day for existing conditions (2014).

2014 Peak Hour Demands — The purpose of this scenario is to identify existing
deficiencies under peak hour demand conditions. For this simulation, a peak hour factor
of 1.8 was used based on flow meter data provided by the City.

2014 Peak Day Demand with Fire Flow — This scenario identifies potential
deficiencies in the system under existing peak day demand conditions with fire flow
demands.

2014 Winter Demand Set — This scenario identified locations with potentially high
system pressures during low demands when pipe friction losses are minimal. Winter
demands were developed by multiplying summer demands by approximately 0.05 to
represent winter nighttime demands.

2060 Peak Day Demand — This scenario represents the average demands on the system
at build-out (2060) during the projected peak usage day during the year.

2060 Peak Hour Demand — The purpose of this scenario is to identify potential
deficiencies under peak hour demand conditions in the year 2060. This scenario was
developed by applying a 1.8 peaking factor to the 2060 peak day demand.

2060 Peak Day Demand with Fire Flow — This scenario was used to identify potential
fire flow deficiencies at build-out. Since fire flow deficiencies are usually the result of
locally undersized pipes, buildout fire flow deficiencies closely match existing fire flow
deficiencies.

2025 Peak Hour Demand — This scenario was developed in order to aid in the timing
of future system improvements between the current system and the system at build-out.

2035 Peak Hour Demand —This scenario was developed to help determine the timing
on pipeline improvements between now and build-out.
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Source Failure Scenarios

Along with the model scenarios outlined above, additional model scenarios were simulated to
determine the ability of the system to deliver water to customers during a source failure. The
following source failure scenarios were evaluated.

UVTWP Failure — The most impactful source failure scenario for the City of Orem
involves the complete shutdown of the UVWTP. Under such a scenario, the system would
not be capable of supplying peak day demands once emergency storage has been depleted.
In the case of a treatment plant failure, well and spring water would become the primary
sources for the City. Under this scenario, sources would only have the capacity to satisfy
indoor (winter) demands. From a distribution stand point, spring flow would be utilized in
the upper zones (Alta, Cherapple, Northridge, Timpanogos, Cascade, and Treatment Plant)
while well flow would satisfy remaining demands.

Individual Well Failure —The hydraulic model was used to evaluate the system pressures
with each well turned off one by one. This is done to verify that there are no portions of
the system that are dependent on the operation of a particular well to provide adequate
pressure during peak demands.

EVALUATION CRITERIA

The performance of the system was evaluated using the following criteria:

Pressure within the system during peak demands - The State of Utah requires that a
public water system maintain a minimum pressure standard of 30 psi during peak hour
demands and 40 psi during peak day demands. Orem City personnel have indicated its
design criteria is to keep pressures above 50 psi during peak hour demands with a
maximum pressure of 150 psi for static demand conditions. For most parts of the City, the
City tries to maintain pressures between 60 psi and 120 psi.

Pressure within the system during peak day demands with fire flow — The State of
Utah requires that a public water system be capable of conveying the required fire flow
with a residual pressure of 20 psi. Any node in a residential area incapable of supplying
1,500 gpm with a 20 psi residual was identified as deficient. Commercial areas were
evaluated with a fire flow of up to 4,000 gpm with a 20 psi residual pressure (including
areas around University Place).

Maximum pipe velocities — While high instantaneous velocities in a pipeline are not
generally as much of a concern to the system as low pressures, they can cause damage to
pipes and potentially lead to pipe failure. High velocities alone do not generally require
improvements to eliminate the velocity issues, but indicate areas where additional
conveyance improvements will have the most benefit. Pipelines with velocities above 7
ft/sec indicated areas where additional conveyance improvements would be beneficial.
Any pipeline which displayed a maximum velocity greater than 10 ft/sec was flagged as a
deficient pipe.
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SYSTEM EVALUATION RESULTS
Existing System with Current Development Conditions

The hydraulic computer model was used to simulate system conditions for the 2014 Winter
(Static), 2014 Peak Day, 2014 Peak Hour, and 2014 Fire Flow (with PDD) demand scenarios.
Model results for critical model scenarios under existing demands are included in the following
figures:

1. Figure 7-1 shows pressures for the 2014 Winter Demand Scenario
2. Figure 7-2 shows pressures for the 2014 Peak Hour Demand Scenario

3. Figure 7-3 the available fire flow in conjunction with 2014 Peak Day Demands

As shown in Figure 7-1, the majority of the system pressures under a winter demand scenario range
from 50 to 120 psi. However, a limited number of locations in the system, namely at the lower end
of the Alta, Timpanogos, and Westside pressures zones, display relatively high pressures above
120 psi. These are locations that the City should be aware of in case maintenance is needed, but
do not require any specific remedies.

As can be seen in Figure 7-2, all areas of the City’s system currently meet State of Utah guidelines
for pressure, but there are many areas in the Central pressure zone that fall below the City’s
preferred criteria of 50 psi during peak hour demands, with some areas in the Central pressure zone
dropping below 40 psi.

Figure 7-3 indicates the results of the fire flow simulation during peak day demands. As shown in
the figure, there are a number of model junctions with available fire flow less than the
recommended 1,500 gpm. The deficient nodes are a result of undersized water lines or long dead
ends. Many of these deficiencies can be remedied by upsizing or looping existing waterlines.

Existing System with Buildout Development Conditions

Model results for critical model scenarios under buildout demands are included in the following
figures:

1. Figure 7-4 shows pressures for the 2060 Peak Hour Demand scenario without
improvements.

2. Figure 7-5 shows pressures for the 2060 Peak Hour Demand scenario with
improvements.

With the existing infrastructure in the model, buildout peak hour demands drop pressures
significantly throughout the system as shown in Figure 7-4. Velocities through system pipes also
exceed 10 ft/sec in many locations. In order to remedy deficiencies in the system, new pipes were
added to the build-out model until pressures across the system were at or above the City evaluation
criteria as shown in Figure 7-5. Recommended improvements to satisfy the City’s evaluation
criteria are discussed below.
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RECOMMENDED DISTRIBUTION SYSTEM IMPROVEMENTS

Based on the results of the computer model evaluation and input from City personnel, several
system improvements have been identified through build-out. Once these improvements are
completed, the Orem City transmission and distribution system will be capable of meeting the
performance criteria outlined previously. It should be noted that the build-out model demand
inputs take into account a reduction in demand at the Sleepy Ridge Golf Course and Lakeside
Sports Complex as a result of the Water Reclamation Facility Reuse plan discussed in the technical
memorandum located in Appendix C. This is an essential project to the long-term conveyance
plan of the City. If reuse does not occur for any reason, the modeling results and subsequent
improvements identified in this master plan will need to be re-evaluated.

Major Conveyance Improvements

As the City of Orem continues to grow, improvements will need to be made to the water
conveyance system to keep up with increasing demands. Since the majority of the east side of the
City has already reached or is approaching build-out development conditions, new development is
mostly occurring in the western region of the City. However, the bulk of Orem’s sources are
located in the northeast region of the City. This will require major conveyance improvements from
east to west and north to south to meet the increased water demands in the west/southwest regions
of the City.

Because replacing large transmission lines can be difficult and expensive, the majority of major
conveyance improvements involve the installation of parallel water lines to meet the required
capacity. The following is a description of each recommended major conveyance improvement.
Figure 7-6 shows the location and size of proposed projects, and Table 7-1 provides an overall
summary of the projects. Note that many of the projects are shown as parallel pipelines. During
the design process, the alignments for proposed projects should be evaluated to determine the best
route to provide conveyance to intended destinations. Factors that may affect alignments include
traffic, existing utility congestion, right-of-way width, easements, and other special considerations.
In some cases, a parallel pipeline may not be the best option and the City may end up replacing an
existing pipeline at a larger diameter.

It should also be noted that a significant number of the recommended improvement projects for
the City are a result of growth occurring in areas to the west of Orem, including the Town of
Vineyard. Cost share for improvements which provide benefit for both the City of Orem and the
Town of Vineyard should be evaluated in the next Impact Fee Facility Plan and Impact Fee
Analysis. During this evaluation, the City should develop a pro rata cost share using the hydraulic
model to allocate costs to each entity. Since the City of Orem cannot collect impact fees directly
from new development in the Town of Vineyard, developing a cost share plan for improvement
projects will require coordination and specific agreements between each municipality.

C-1. 400 South Transmission Line. To address low pressure issues in the Central Pressure Zone
at build-out, a new water line is recommended to be installed in the vicinity of 400 South running
parallel to the existing 16-inch water pipe. The new line begins with a 30-inch pipe connected to
the existing Reach II Pipeline, ends with a 12-inch diameter pipe at 800 West, and has intermediate
diameters of 24-inch and 20-inch along the stretch of pipe. This pipeline will serve as primary
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means of conveyance from the Reach II Pipeline to new development in the western region of the

City.

C-2. 1600 North Transmission Line (To Murdock Canal). Build-out model simulations
indicate future pressure deficiencies in the Northridge, Timpanogos, and northern region of the
Central Pressure Zones due to inadequate transmission line capacity. To remedy these future
deficiencies, it is recommended that a new parallel waterline be installed at approximately 1600
North starting at 800 East. The first phase of this project would extend a new 30-inch/24-inch pipe
from 800 East down to the PRV fault located near Murdock Canal.

C-3. South Orem Boulevard between 800 South and 1200 South Transmission Line. Model
outputs indicated pressure deficiencies in the south region of the Central Pressure Zone near the
Orem/Provo city border. To provide adequate system pressures and reduce high pipe velocities, a
new 12-inch waterline is recommended as approximately 800 South parallel to the existing 24-
inch pipe starting near State Street then heading west and turning down at approximately South
Orem Boulevard to 1200 South (following the alignment of the Reach II Pipeline).

C-4. 200 East from 1200 South to 1400 South Transmission Line. This project is the
continuation of Project C-3. It is intended to increase the capacity of the water transmission line
carrying water from the Reach II Pipeline to the southern portion of the Central Pressure Zone and
the Lakeside Pressure Zone. Existing pipes at the end of Project C3 have reduced diameters. To
maintain adequate conveyance, this project includes the installation of a new 24-inch waterline
running parallel to the existing water lines along 1200 South from South Orem Boulevard to 200
East and then turning south down 200 East and ending at 1400 South. Because the existing
roadway has parallel 16-inch pipes for a portion of the roadway, the alignment for this project may
need to vary from the alignment shown in Figure 7-6.

C-5. 1400 South Transmission Line. As the final portion of Projects C-3 and C-4 designed to
improve system pressures and address undesirably high pipe velocities caused by development, it
is recommended that an 20-inch/16-inch parallel pipe be installed at approximately 200 East
beginning at 1400 South and following the existing pipeline which runs behind the existing
shopping center (Jo-Ann Fabric) and continuing on along 1450 south and ending at South Main
Street.

C-6. Reach II Parallel Transmission Line. The largest recommended improvement project for
the City is the installation of a new parallel waterline to the Reach II Pipeline. This project involves
the installation of a new 48-inch pipeline from the UVWTP to the intersection of 1600 North and
800 East, followed by a 42-inch pipeline from the intersection of 1600 North and 800 East to the
intersection of 400 East and 400 South. This large improvement is driven by the fact that future
development in Orem will occur in the western portion of the City, particularly in the Southwest
Annexation and the Town of Vineyard. This improvement will provide the necessary capacity to
serve future development through build-out.

C-7.1600 North Transmission Line. A continuation of Project C-2, Project C-7 will extend the
parallel water line further west with 24-inch, 20-inch and 16-inch pipe. This project will provide
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the necessary system pressure and remediate potentially high pipe velocities which will come as a
result of development.

C-8. Reach II Parallel Transmission Line (Continued). Continuing the improvements carried
out in Project C-6, this system improvement extends a 12-inch parallel water line along the Reach
II alignment on 400 East from 400 South to 700 South, eliminating pressure and velocity
deficiencies caused by a lack of capacity in the existing line. This project serves as another
component in connecting sources in the northeast with users in the southwest.

C-9. University Parkway Transmission Line. To meet the anticipated demands from future
development, it is recommended that additional capacity be added to the existing 12-inch waterline
by adding a new 14-inch waterline parallel to the existing line. The proposed water line will run
along the south side of University Parkway starting at 400 West and running due west in front of
the Wal-Mart and tying into the existing line at Sandhill Road.

C-10. 400 West Transmission Line. To eliminate excessively high peak flow velocities, it is
recommended that a 12-inch waterline be installed parallel to the existing waterline on 400 West
between 1200 South and University Parkway.

C-11. 800 North Transmission Line. This project was included in the recommended
improvements due to high velocities in the build-out model simulation. The improvement is not
particularly necessary to address a pressure deficiency, but an additional 12-inch parallel waterline
would reduce these potentially harmful pipe velocities.
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Table 7-1
Major Conveyance System Improvements Summary
Construction
Cost
Project Estimated Project Estimate*

Identifier Project Description Year (2015 Dollars)
C-1 400 South Transmission Line (30, 24, 20, 12 inch) 2024 $1,686,000
C-2 1600 North Transmission Line (30, 24 inch) 2026 $661,000
C-3 South Orem Blvd between 800 South and 1200 South (12 inch) 2028 $562,000
C-4 200 East from 1200 South to 1400 South Transmission Line (24 inch) 2029 $409,000
C-5 1400 South Transmission Line (20, 16 inch) 2031 $297,000
C-6 Reach II Parallel Transmission Line (48, 42 inch) 2034 $7,351,000
C-7 Continue 1600 North Transmission Line (24, 20, 16 inch) 2036 $1,184,000
C-8 Continue Reach II Parallel Transmission Line (12 inch) 2038 $287,000
C-9 University Parkway Transmission Line (14 inch) 2040 $362,000
C-10 400 West Transmission Line (12 inch) 2042 $98,000
C-11 800 North Transmission Line (12 inch) 2045 $194,000
TOTAL $13,091,000

*Does not include engineering/administrative costs
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Improvements to Increase Fire Flows

Figure 7-7 shows pipelines that should be upsized to a minimum diameter of 8” to increase fire
flows to required levels. Fire flow projects are summarized in Table 7-2. Projects are prioritized
into 3 different categories based on the severity of the deficiency.

e Priority 1 — These projects primarily resolve fire flow deficiencies where current available
flow is less than 500 gpm. This includes areas with undersized pipes or inadequate
looping.

e Priority 2 — These projects primarily resolve fire flow deficiencies where current available
flow is less than 1,000 gpm.

e Priority 3 — Priority 3A and 3B projects include all other fire flow deficiencies where
current available flows are less than 1,500 gpm. Phase A projects are generally considered
to be higher priority than Phase B projects, but the exact timing of these projects is flexible.
The City can complete phase these projects in any order desired to reduce overall
construction costs (e.g. match timing of projects with road reconstruction activities, etc.).

Additional Improvement Projects

In addition to the capacity related system improvements identified through system modeling, the
City has provided a list of condition related maintenance and renewal improvements that need to
be completed. These projects include new pipelines, pipeline replacements, PRV replacements,
and security upgrades. A summary of these projects is contained in Table 7-3. It is recommended
that all projects contained in this list be included in the 10-year capital facilities plan in order to
prevent existing system deficiencies from becoming more serious. The 10-year capital facilities
plan is discussed in Chapter 8 of this report.
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WATER MASTER PLAN

Table 7-2
Summary of Recommended Fire Flow Improvements
Construction
Cost

Project Estimated Project Estimate*
Identifier Project Description Year (2015 Dollars)
FF-1 Priority 1 - Replace 6,300 feet of undersized waterlines (8 inch) 2015-2017 $871,000
FF-2 Priority 2 - Replace 24,170 feet of undersized waterlines (8 inch) 2018-2024 $3,336,000
FF-3A | Priority 3 (Phase 1) - Replace 38,950 feet of undersized waterlines (8 inch) 2024-2034 $5,375,100
FF-3B | Priority 3 (Phase 2) - Replace 38,950 feet of undersized waterlines (8 inch) 2034+ $5,375,100
TOTAL $14,957,200

*Does not include engineering/administrative costs
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Table 7-3
Summary of Condition Related Improvement Projects Identified by Orem City
Construction
Cost
Priority Length | Estimate*
Rank Project Project Description (Feet) | (2015 Cost)

1 New Water Line 400 West, Center Street to 1200 South - 12" old cast 8,000 $1,208,000

2 Replace Water Line | Main Street, 1880 North to 2000 North 1,130 $155,940

3 Replace PRVs Reach I PRV's 1200 N. 600 E., 1200 N. 400 E., 200 N. 400 E., 710 S. 400 E., 1200 S. Orem Blvd. NA $250,000

4 Security System Install security system at all water sources. NA $35,000

5 Meter Replacement | Upgrade all 3" and larger meters as needed (Commercial and City owned) NA $800,000

6 Replace Water Line | 980 West, 400 North to 675 North (Designed, 2013 Slurry) 1,800 $37,950

7 Replace Water Line | Replace with new 8" main line on 800 East, 1600 South to 1700 South. Master Plan project. 670 $92,460

8 New Water Line Install new main line on 1400 South, 800 East to 950 East 820 $113,160

9 Replace Water Line | Replace 4" main line on Memo Drive loop off of 75 East, 840 North to 885 North. 830 $114,540

10 Replace Water Line | Replace Alta Springs water line from Johnson's Hole turnout to old head house. 8,400 $2,000,000

11 Replace Water Line | Replace water line on 600 East, 200 North to 400 North. 1,350 $186,300

13 New Water Line Install new main line 1800 South, 400 East to 250 East & 250 East, 1800 South to 2000 South 2,300 $317,400

13 Replace Water Line | Replace main line on State Street, 1600 North to 2000 North on the Westside. Master Plan project. 3,040 $419,520

14 Replace Water Line | Replace main line on State Street, 100 North to 1200 North on the Westside. Master Plan project. 5,000 $690,000

15 Replace Water Line | Replace with 12" main line on 1600 North, 1330 West to 1430 West. 1,240 $171,120

16 Replace Water Line | Replace main line on Geneva Road, 1000 North to 800 North. Master Plan project. 2,640 $193,200

17 Replace Water Line | Replace water line on 1500 South, State to 400 E. & 400 East, 1500 S. to 1800 S. 2,640 $392,600

18 Replace Water Line | Replace old cast main line on 200 North, Palisade Drive to 400 West. 10,565 $1,785,485

19 Replace Water Line | Replace water line on State Street, 800 North to 2000 North on the eastside. Master Plan project. 8,300 $1,253,300

20 Replace Water Line | Replace shot coat steel main line on State Street, 1120 South to 1400 South on the eastside. 1,400 $211,400
TOTAL $10,427,375

*Does not include engineering/administrative costs
BOWEN COLLINS & ASSOCIATES 7-10 ORrRemM CiTY
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Recommended PRYV Settings Modifications

As system growth occurs gradually over the next several years, demand patterns and demand
distribution will vary. In addition to pipeline improvements intended to remediate low system
pressures, PRV settings may also be modified to aid in maintaining adequate system pressures.
Table 7-4 provides a list of the PRV’s which were adjusted in the build-out model to help improve
system pressures. The table displays the original setting as well as the adjusted valve setting.
Valves not shown in the table maintained the same setting as currently reported for the existing
system. As shown in Figure 7-4, peak flows at build-out with the existing infrastructure will likely
result in substantial pressure deficiencies across the majority of the system. In some cases, PRV
settings were adjusted in the build-out model in order to better provide flow where it is anticipated
to be needed. The list of proposed future valve settings represents one of many possible sets of
PRV settings, and the City will be able to more accurately determine the best valve regime as the
system continues to grow in the future. Hence, while the PRV settings proposed for the future
system are beneficial in helping to remediate predicted low pressures at build-out, the proposed
PRV settings may ultimately be changed depending on the needs of future growth.
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Table 7-4
Pressure Reducing Valve Settings — Existing Settings and Proposed Future Settings
Existing Build-Out
System PRV System PRV
Address Setting (psi) Setting (psi)

Home Base 39.3 48
290 W 2000 N 52 74
325 W 1890 N 52 71
300 W 1600 N 52 74
1500 N 290 W 52 67
1440 N Main St. 52 55
630 E 1225 N 61.3 72
660 N Palisade Dr. 55 60
660 N Palisade Dr. 50 60
810 N 800 E 52 65
210 E 600 N 51.9 60
615 N 400 E RII 65 78
615 N 400 E RII 65 78
1190 N 400 E RII 65 78
285 E 500 N 51.1 60
275 E 400 N 51.9 60

360 E 200 N 55 61.5

360 E 200 N 55 61.5
390 E 200 N RII 69 70
180 N 400 E 50.6 62
600 E Center St. 51.1 55
140 S Campus Dr. 51 61
25 S Palisade Dr. 64 54
25 S Palisade Dr. 64 54
250 S900 E 53 58
200 S 800 E 58 59
410 S400 E RII 55 72
410 S400 E RII 55 72
420 S 400 E RII 68 72
695 S 400 E RII 55 77
1395 S 200 E RII 75 85
742 E950 N 53 66
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CHAPTER 8
CAPITAL IMPROVEMENT PLAN

In coordination with Orem City personnel, a capital facilities plan has been developed to serve as
a guideline for the budgeting and implementation of recommended system improvements over the
next 10 years. The purpose of this chapter is to present recommendations regarding levels of
funding for system maintenance, renewal, and capital improvement projects.

RECOMMENDED CAPITAL IMPROVEMENT BUDGET

Before establishing a 10-year capital improvement plan, it is necessary to determine how much
funding should be set aside each year for capital improvements. One of the best ways to identify
a recommended level of funding is to consider system service life. As with all utilities, each
component of a water system has a finite service life. If adequate funds are not set aside for regular
system renewal, the collection system will fall into a state of disrepair and be incapable of
providing the level of service that Orem City customers expect. To determine the target level of
yearly spending on the system, the replacement value of the current system was evaluated. The
total cost to replace all pipes, pump stations, and wells in the City would be approximately
$300,000,000. Based on the assumption that most water system components have an average
service life of about 50 years, the City should plan to spend about 2% of the total system value per
year in order to prevent utilities from falling into disrepair. Based on this assumption, it is
recommended that the City plan to spend $6,000,000 per year for the water system.

In addition to the water system improvements, the City has an annual budget item assigned for
fleet replacement and repair, which is approximately $300,000 per year. This considered, the
recommended level of investment for capital improvements in the water fund is $6,300,000. This
number represents a significant increase in annual investment compared to the City’s actual level
of investment in the system in recent years.

CAPITAL IMPROVEMENT PLAN SUMMARY

The recommended capital improvements for Orem’s water system are summarized in Table 8-1.
Included in the table is a summary of each project along with the estimated construction cost. The
table includes improvements to the conveyance system, storage facilities, a new water reuse
system, development of new groundwater sources, automated metering infrastructure, and other
improvements. Not included in the table is routine rehabilitation and replacement of system
components that will also need to be accounted for in future budgets.
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Table 8-1
Orem City Water System Capital Improvement Projects

Estimated Project

Estimated Cost

Project type Project Identifier Project Description Year (2014 Dollars)
Major Conveyance C-1 400 South Transmission Line (30, 24, 20, 12 inch) 2024 $1,686,000
Major Conveyance C-2 1600 North Transmission Line (30, 24 inch) 2026 $661,000
Major Conveyance C-3 South Orem Blvd between 800 South and 1200 South (12 inch) 2028 $562,000
Major Conveyance C-4 200 East from 1200 South to 1400 South Transmission Line (24 inch) 2029 $409,000
Major Conveyance C-5 1400 South Transmission Line (20, 16 inch) 2031 $297,000
Major Conveyance C-6 Reach Il Parallel Transmission Line (48, 42 inch) 2034 $7,351,000
Major Conveyance C-7 Continue 1600 North Transmission Line (24, 20, 16 inch) 2036 $1,184,000
Major Conveyance C-8 Continue Reach Il Parallel Transmission Line (12 inch) 2038 $287,000
Major Conveyance C-9 University Parkway Transmission Line (14 inch) 2040 $362,000
Major Conveyance C-10 400 West Transmission Line (12 inch) 2042 $98,000
Major Conveyance C-11 800 North Transmission Line (12 inch) 2045 $194,000
Fire Flow FF-1 Replace 6,300 feet of undersized waterlines (8 inch) 2015-2017 $871,000
Fire Flow FF-2 Replace 24,170 feet of undersized waterlines (8 inch) 2018-2024 $3,336,000
Fire Flow FF-3A Replace 38,950 feet of undersized waterlines (8 inch) 2024-2034 $5,375,100
Fire Flow FF-3B Replace 38,950 feet of undersized waterlines (8 inch) 2034+ $5,375,100
Storage ST-1a 10 million gallon storage reservoir — siting study 2016 $100,000
Storage ST-1 10 million gallon storage reservoir 2015-2018 $10,322,000
Storage ST-2 12.5 million gallon storage reservoir 2030 $12,960,000
Reuse Water RW-1 Tertiary wastewater treatment improvements 2016 $1,200,000
Reuse Water RW-2 Reuse waterline to Lakeside Sports Complex (12 inch) 2016 $189,000
Reuse Water RW-3 Booster Station from WRF to Sleepy Ridge Golf Course 2016 $150,000

Booster Station from Sleepy Ridge Golf Course to Lakeside Sports
Reuse Water RW-4 Complex 2016 $650,000
Southwest Annex SW-1 Install 18,775 feet of waterlines in the SW Annex (paid for by developer) | 2015-2017 $1,735,000
Wells W-1 Develop New Well Source 2017 $3,000,000
Wells W-2 Develop New Well Source 2020 $3,000,000
Automated Metering | AMI Install new automated meter infrastructure 2015-2018 $8,300,000
Miscellaneous Replacements/Improvements Identified from Previous
Misc. Replacement R-1 Plans 2021-2024 $10,427,375
TOTAL $80,081,575
BOWEN COLLINS & ASSOCIATES 8-2 OREM CITY
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10-YEAR CAPITAL IMPROVEMENTS SCHEDULE

While Table 8-1 displays all projects needed to serve the system through build-out, of particular
interest is the development of a project schedule over the next 10 years. Based on the City’s
identified project needs and recommended level of capital investment, BC&A has developed four
potential capital improvement scenarios covering the next 10 years. These scenarios are shown in
Figures 8-1 through 8-4 and detailed in Tables 8-2 through 8-5. The process of developing the
several scenarios was as follows:

Identify the Revenue Available for CIP Based on Current Rates — Each of the figures
show the revenue that is projected to be available for capital improvement projects based
on current water rates charged to customers. This represents the revenue the City would
have available for capital improvements over the next 10 years if it does not make any
changes to its existing rates. It will be noted that this revenue increases gradually over time
as additional users join the system.

Identify the Recommended CIP Funding Level Based on System Value — Each of the
figures also show the recommended capital improvement project funding level for the water
system. This is the level of funding sufficient to perform maintenance related projects and
system renewal as discussed previously. This level of funding increases over time to keep
up with both system growth and inflation.

Develop a Transition Plan between the Current and Recommended Levels of Funding
— From the several figures, it is apparent that the projected revenue associated with existing
rates will be woefully inadequate to implement the capital improvement projects needed in
the City’s water system. Because of the dramatic difference between existing revenue and
recommended CIP funding, a budget plan is needed to gradually transition between the two.
The several scenarios look at different ways to reach the recommended level of funding:

0 Scenario 1, 5-year Phase In (Figure 8-1, Table 8-2): As a starting point, BC&A
looked at the immediate needs of the City and identified a transition plan that would
address all the most pressing needs while limiting annual rate increases. This
resulted in the development of Scenario 1. This scenario includes transitioning to
the recommended long-term level of funding over a period of 5 years. This scenario
would allow the City to construct all of the recommended projects identified in the
planning window and begin to implement additional maintenance and renewal
projects.

0 Scenario 2, 7-year Phase In (Figure 8-2, Table 8-3): To minimize the required
annual increases to the rates, BC&A also looked at slower implementation options.
Scenario 2 includes a transition from current to recommended levels of funding over
a period of 7 years. While this would reduce rate increases and would allow the City
to complete several of its very highest priority projects, it would require the City to
postpone a number of projects. Most notably, the 7-year phase in would delay the
completion of the City’s meter replacement and AMI project by three years. It
would also postpone several recommended maintenance and renewal projects.
While it may be possible to delay some of these projects for a short period of time,
neglect to these areas for any extended period of time will result in a reduced level
of service and lead to more frequent and costly emergency repairs.
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Selection of Scenario 2 over Scenario 1 would result in the deferment of $5.6 million
in system maintenance improvements.

0 Scenario 3, 10-year Phase In (Figure 8-3, Table 8-4): This scenario is similar to
Scenario 2, but would transition from current to recommended levels of funding over
a period of 10 years. Selection of Scenario 3 over Scenario 1 would result in
delaying a number of important projects. Compared to Scenario 1, this scenario
delays the meter replacement and AMI project by 4 years, completion of the highest
priority fire flow improvements by 4 years, and defers $10.7 million in system
maintenance improvements.

0 Scenario 4, Bonding (Figure 8-4, Table 8-5): The previous three scenarios have
looked at funding capital improvements on a pay as you go basis. As has been
discussed previously, Scenarios 2 and 3 result in the delay of some important project
components that may not be acceptable to the City. As an alternative to delaying
these projects, the City could consider using bond funding as a way to accomplish
more of the recommended projects without increasing rates as dramatically up front.
Bond funding would also allow some of the costs incurred today to be paid for by
future users that will benefit from the improvements. Scenario 4 includes funding
all of the same projects as identified in Scenario 1, but uses bond funding to limit
rate increases to levels slightly below those identified in Scenario 3. To accomplish
this plan, the City would need to take out bonds of $12.5 million in 2018 and 2021.
The first bond would be used to pay for fire flow improvements, a new well, reuse
water facilities at the WRF, and some of the highest priority maintenance related
improvements. The second bond would be used to pay for a new storage reservoir.
Normal rate revenue could then be used for system maintenance and renewal, as
well as the other scheduled improvement projects.

Tables 8-2 through 8-5 list the improvement projects that could be completed within the next 10-
years for Scenarios 1 through 4, respectively. Figures 8-1 through 8-4 show this same information
graphically. For comparison purposes, Figure 8-1 includes the total level of funding for all four of
the scenarios. System improvement projects have been grouped into the following major budget
categories:

Fire Flow — Fire flow projects included in the 10-year plan include areas of the City with
the most severe fire flow deficiencies (Priority 1 and Priority 2 deficiencies). While it would
be ideal to eliminate all fire flow deficiencies over the next 10 years, consideration must
also be given to available budget and other system priorities. Under the current plan, the
most urgent fire flow improvements would be completed within this planning window, with
the remaining improvements completed thereafter as quickly as budget allows.

Storage — Storage projects include the cost of adding water storage in the City to alleviate
equalization deficiencies. The City does not have a current storage deficiency because the
City currently has access to storage at the water treatment plant beyond its contractual
agreement with CUWCD. While access to this storage will not be eliminated immediately,
it is likely to be curtailed over the next several years as other communities begin to pull
more water from the plant. For this reason, storage has been worked into the improvement
plan as soon as available budget allows.

WRF Reuse — This item includes the cost to install facilities to implement reuse of effluent
water from the City’s water reclamation facility for irrigation purposes (see Appendix C for
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further discussion). This project is a high priority because it will allow the City to postpone
many other costlier conveyance projects.

e Wells — Well projects include the installation of new wells to expand the City’s peak day
supply. Because these improvements are driven by projected growth in demand, there is
little flexibility in when they can be completed.

e AMI - The AMI item includes the cost to install new water meters in the City to more
accurately account for water used and to improve operation efficiencies through smart meter
technology. Because of this nature of this project, it is expected that it will be completed in
phases over a period of about four years. There is some flexibility in when this project
occurs. However, the sooner the meters are replaced, the sooner the City will start realizing
increased water sales and savings associated with reduced meter reading costs (see
Appendix E for further discussion). As a result, it is recommended that this project be
completed as early as funding allows.

e Maintenance Related Replacement — This budget item includes those specific
maintenance related projects already identified by City personnel.

e Major Conveyance — This item includes large diameter pipelines intended to bring flow
from the northeast end of the City south and west to areas of high demand and help relieve
pressure deficiencies under existing conditions or that may occur as a result of growth within
the next 10-years. Because these improvements are driven by projected growth, there is
little flexibility in when they can be completed. Fortunately, completion of the reuse project
identified above will allow nearly all major conveyance projects to be pushed outside the
10-year planning window. Only one major conveyance project is included in the 10-year
plan.

e Unplanned Repairs — This budget category includes funds which should be reserved in
order to cover the potential cost of unexpected system failures, such as pipe breaks.

e Fleet Replacement — City personnel have developed a schedule for vehicle replacement
based on approximate use, depreciation, and reliability for maintenance vehicles in the City.
Because the City has been behind on its replacement schedule over the last several years,
the first two years of the recommended water budget include a larger proportion of total
capital costs for vehicle replacement as the City replaces some of its vehicles that are already
beyond their useful service life. However, these costs should decrease and then remain
relatively constant as the City replaces vehicles at more regular intervals in the future.

e System Replacement — After accomplishing all of the specific improvements identified
above, any remaining capital improvement budget would be dedicated to system
replacement. System replacement costs indicated in Figures 8-1 through 8-4 and Tables 8-
2 through 8-5 are based on identifying those areas of the City’s water system that appear to
be aging and in need of repair or replacement.

Ultimately, selection of an implementation scenario has been left up to the City’s discretion. All of
the scenarios will accomplish the City’s most pressing capital improvement projects and will fund
the system at the long-term recommended level of funding by the end of the 10-year planning
window. Selection of a more or less aggressive implementation plan will ultimately depend on the
City’s desire to proactively invest in its system versus its tolerance for rate increases. In general, it
is recommended that the City implement the transition as quickly as possible since system
investment to protect existing assets has been consistently shown to reduce total long-term costs

BOWEN COLLINS & ASSOCIATES 8-5 OREM CITY



WATER MASTER PLAN

Table 8-2
10-Year Capital Improvement Plan — Scenario 1, 5-Year Phase In Plan
Estimated
Total Cost
Project Identifier Project Description (2016 Dollars) | FY 2017 FY 2018 FY 2019 FY 2020 FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026

FF1 Replace 6,306 feet of existing 2 and 4 inch pipe

with 8 inch pipe $871,000 | $299,043 | $308,015 | $317,255
FF2 Replace 24,173 feet of existing 4 inch pipe with

8 inch pipe $3,336,000 $1,025,715 | $1,056,486 | $1,088,181 | $1,120,826
ST1 Construct 10 million gallon storage reservoir $10,422,000 | $100,000 $4,650,000 | $7,189,454
RW 1 Tertiary wastewater treatment improvements $1,200,000 $1,273,080
RW 2 12 inch pipe extending existing reuse line to

Lakeside Sports Complex $189,000 $200,510
RW 3 Booster Station from WRF to Sleepy Ridge Golf

Course Pond $150,000 $159,135
RW 4 Booster Station at Sleepy Ridge Golf Course

Pond $650,000 689585
SW1 Install 18,774 feet of pipe for SW Annex (Paid

for by developer) $1,735,000
W1 Drill a new well in Orem Water System $3,000,000 $3,278,181
W 2 Drill a new well in Orem Water System $3,000,000 $3,582,157
AMI Install new automated meter infrastructure $8,300,000 | $2,343,250 | $2,201,368 | $2,267,409 | $2,110,329
R1 Maintenance related replacement/improvement

projects $10,427,375 $3,206,089 [ $3,302,272 | $3,401,340 | $3,503,380
Major Conveyance 400 South pipe replacement $1,686,000 $2,199,848
System Replacement Replace system where needed $14,098,004 | $210,979 | $429,488 | $442,373 $29,826 $8,866 | $3,876,845 | $3,489,588 | $3,627,836 | $1,575,701 | $3,888,910
Repairs Unplanned repair fund $750,000 $77,250 $79,568 $81,955 $84,413 $86,946 $89,554 $92,241 $95,008 $97,858 | $100,794
Fleet Replacement Fleet maintenance and replacement $2,629,045 | $498,016 | $375444 | $343,157 | $320,340 | $272,917 | $235171| $235970 | $242,954 | $245969 | $253,253

TOTAL $62,443,423 | $3,528,538 | $5,716,192 | $6,730,329 | $7,194,908 | $7,558,183 | $7,783,727 | $8,049,602 | $8,324,555 | $8,608,896 | $8,867,163
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Table 8-3
10-Year Capital Improvement Plan — Scenario 2, 7-Year Phase In Plan
Estimated
Total Cost
Project Identifier Project Description (2016 Dollars) | FY 2017 FY 2018 FY 2019 FY 2020 FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026

FF1 Replace 6,306 feet of existing 2 and 4 inch pipe

with 8 inch pipe $871,000 | $299,043 | $308,015 | $317,255
FF2 Replace 24,173 feet of existing 4 inch pipe with

8 inch pipe $3,336,000 $1,025,715 | $1,056,486 | $1,088,181 | $1,120,826
ST1 Construct 10 million gallon storage reservoir $10,422,000 |  $100,000 $4,306,073 | $3,309,746 | $3,988,676
RW 1 Tertiary wastewater treatment improvements $1,200,000 | $1,236,000
RW 2 12 inch pipe extending existing reuse line to

Lakeside Sports Complex $189,000 $194,670
RW 3 Booster Station from WRF to Sleepy Ridge Golf

Course Pond $150,000 |  $154,500
RW 4 Booster Station at Sleepy Ridge Golf Course

Pond $650,000 | $669,500
SW1 Install 18,774 feet of pipe for SW Annex (Paid

for by developer) $1,735,000
W1 Drill a new well in Orem Water System $3,000,000 $3,182,700
W 2 Drill a new well in Orem Water System $3,000,000 $3,582,157
AMI Install new automated meter infrastructure $8,300,000 $2,335,431 | $2,405,494 | $2,477,659 | $2,551,988
R1 Maintenance related replacement/improvement

projects $10,427,375 $3,206,089 [ $3,302,272 | $3,401,340 | $3,503,380
Major Conveyance 400 South pipe replacement $1,686,000 $2,199,848
System Replacement Replace system where needed $9,007,320 $0 | $200,000 $0 $0 | $100,000 | $1,200,000 [ $937,599 | $3,627,836 | $1,575,701 | $3,888,910
Repairs Unplanned repair fund $750,000 $77,250 $79,568 $81,955 $84,413 $86,946 $89,554 $92,241 $95,008 $97,858 | $100,794
Fleet Replacement Fleet maintenance and replacement $2,629,045 | $498,016 | $375444 | $343,157 | $320,340 | $272,917 | $235171| $235970 | $242,954 | $245969 | $253,253

TOTAL $57,352,739 | $3,228,979 | $4,145,726 | $5,048,439 | $6,049,930 | $6,854,032 | $7,584,540 | $8,049,602 | $8,324,555 | $8,608,896 | $8,867,163
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WATER MASTER PLAN

Table 8-4
10-Year Capital Improvement Plan — Scenario 3, 10-Year Phase In Plan
Estimated
Total Cost
Project Identifier Project Description (2016 Dollars) | FY 2017 FY 2018 FY 2019 FY 2020 FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026

FF1 Replace 6,306 feet of existing 2 and 4 inch pipe

with 8 inch pipe $871,000 $336,576 | $346,673 | $357,073
FF2 Replace 24,173 feet of existing 4 inch pipe with

8 inch pipe $3,336,000 $1,025,715 | $1,056,486 | $1,088,181 | $1,120,826
ST1 Construct 10 million gallon storage reservoir $10,422,000 |  $100,000 $3,978,255 | $4,772,908 | $2,829,402
RW 1 Tertiary wastewater treatment improvements $1,200,000 | $1,236,000
RW 2 12 inch pipe extending existing reuse line to

Lakeside Sports Complex $189,000 $194,670
RW 3 Booster Station from WRF to Sleepy Ridge Golf

Course Pond $150,000 |  $154,500
RW 4 Booster Station at Sleepy Ridge Golf Course

Pond $650,000 | $669,500
SW1 Install 18,774 feet of pipe for SW Annex (Paid

for by developer) $1,735,000
W1 Drill a new well in Orem Water System $3,000,000 $3,182,700
W 2 Drill a new well in Orem Water System $3,000,000 $3,582,157
AMI Install new automated meter infrastructure $8,300,000 $2,405,494 | $2,477,659 | $2,551,988 | $2,628,548
R1 Maintenance related replacement/improvement

projects $10,427,375 $3,206,089 [ $3,302,272 | $3,401,340 | $3,503,380
Major Conveyance 400 South pipe replacement $1,686,000 $2,199,848
System Replacement Replace system where needed $4,557,605 $0 $0 $0 $0 $0 $0 $0 | $700,000 | $1,450,000 | $3,888,910
Repairs Unplanned repair fund $750,000 $77,250 $79,568 $81,955 $84,413 $86,946 $89,554 $92,241 $95,008 $97,858 | $100,794
Fleet Replacement Fleet maintenance and replacement $2,629,045 | $498,016 | $375444 | $343,157 | $320,340 | $272,917 | $235171| $235970 | $242,954 | $245969 | $253,253

TOTAL $52,903,025 | $2,929,936 | $3,637,712 | $4,403,366 | $5,177,661 | $5,931,334 | $6,731,214 | $7,469,076 | $8,025,268 | $8,483,195 | $8,867,163
BOWEN COLLINS & ASSOCIATES 8-8 OREM CITY



WATER MASTER PLAN

Table 8-5
10-Year Capital Improvement Plan — Scenario 4, With Bonding
Estimated
Total Cost
(2016
Project Identifier Project Description Dollars) FY 2017 FY 2018 FY 2019 FY 2020 FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026
FF1 Replace 6,306 feet of existing 2 and 4 inch pipe
with 8 inch pipe $871,000 $924,044
FF 2 Replace 24,173 feet of existing 4 inch pipe with
8 inch pipe $3,336,000 $3,539,162
ST1 Construct 10 million gallon storage reservoir $10,422,000 | $100,000 $11,966,027
RW 1 Tertiary wastewater treatment improvements $1,200,000 $1,273,080
RW 2 12 inch pipe extending existing reuse line to
Lakeside Sports Complex $189,000 $200,510
RW 3 Booster Station from WRF to Sleepy Ridge Golf
Course Pond $150,000 $159,135
RW 4 Booster Station at Sleepy Ridge Golf Course
Pond $650,000 $689,585
SW1 Install 18,774 feet of pipe for SW Annex (Paid
for by developer) $1,735,000
W1 Drill a new well in Orem Water System $3,000,000 $3,182,700
W 2 Drill a new well in Orem Water System $3,000,000 $3,477,822
AMI Install new automated meter infrastructure $8,300,000 | $2,137,250 | $2,201,368 | $2,267,409 | $2,335,431
R1 Maintenance related replacement/improvement
projects $10,427,375 $2,212,480 [ $569,714 | $1,173,610 $604,409 | $1,867,625 | $1,923,653 | $1,320,909 | $1,360,536 | $1,401,352
Major Conveyance 400 South pipe replacement $1,686,000 $2,199,848
System Replacement Replace system where needed $14,098,004 $30,670 $273,853 $57,531 | $165,457 $23,981 | $2,350,474 | $3,072,408 | $4,277,203 | $2,424,071 | $5,226,232
Repairs Unplanned repair fund $750,000 $77,250 $79,568 $81,955 $84,413 $86,946 $89,554 $92,241 $95,008 $97,858 | $100,794
Fleet Replacement Fleet maintenance and replacement $2,629,045 |  $498,016 $375,444 | $343,157 [ $320,340 $272,917 | $235,171 | $235,970 | $242,954 [ $245969 | $253,253
TOTAL $62,443,423 | $2,843,186 | $15,110,929 | $3,319,765 | $4,079,251 | $16,432,102 | $4,542,823 | $5,324,272 | $5,936,074 | $6,328,281 | $6,981,631
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WATER MASTER PLAN

Figure 8-1
Recommended Water Fund Expenditures, Scenario 1 - 5-Year Phase In
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WATER MASTER PLAN

Recommended Water Fund Expenditures, Scenario 2 - 7-Year Phase In

Figure 8-2
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WATER MASTER PLAN

Figure 8-3

Recommended Water Fund Expenditures, Scenario 3 - 10-Year Phase In
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WATER MASTER PLAN

Recommended Water Fund Expenditures, Scenario 4 - With Bonding

Figure 8-4
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APPENDIX A
TECH MEMO:
ALTA SPRING HYDROELECTRIC EVALUATION



Bowen Collins

& Associates, Inc.
CONSULTING ENGINEERS

TECHNICAL MEMORANDUM

DATE: September 9, 2014

TO: Neal Winterton
Orem City Municipal Corp
1450 W 550 N

Orem, Utah 84057

FROM: Andrew McKinnon, Keith Larson
Bowen, Collins & Associates
154 East 14000 South
Draper, Utah 84020

PROJECT: Water Master Plan
SUBJECT:  Alta Springs Hydroelectric Evaluation

INTRODUCTION

Orem City has two significant spring sources above the City on the foothills of Mt Timpanogos
(Alta Springs and Canyon Springs). Alta Springs represents the higher of the two sources and
could potentially be a source to generate hydroelectricity for the City. The City would like to
consider alternatives for micro-hydroelectric turbines to utilize this source. The purpose of this
memo is to summarize the types of turbine technology that would be available for the Alta Springs
Pipeline and types of improvements that might be needed to construct micro-hydro.

PIPELINE PLAN AND PROFILE

Figure TM 1-1 indicates the location of Alta Springs along with the Alta Springs pipeline. The
pipeline currently supplies the Upper Tanks in the City’s water distribution system. Figure TM 1-
2 shows the estimated profile for the pipeline based on digital elevation data obtained from the
Utah Automated Geographic Reference Center (AGRC) and some survey data provided by Orem
City personnel. The actual profile may be slightly different. The maximum potential hydraulic
grade line is also shown in Figure TM 1-2 based on an assumed Hazen-Williams roughness of 110.
Under current conditions, the Alta Springs waterline mostly runs less than full down to the City’s
Upper Tanks; so it is unclear if the City’s existing pipeline is rated for the potential pressures
indicated in Figure TM 1-2. The system curve and power curve shown in Figure TM 1-3 are based
on the maximum potential pressures available from Alta Springs. Included in Figure TM 1-3 is
information regarding average flows from the springs based on historic records.
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MICRO-HYDRO TURBINE SELECTION

TURBINE TECHNOLOGIES

There are a number of different types of technology used for hydroelectric turbines. Generally,
turbine technologies can be separated into two categories: reaction turbines and impulse turbines.
The following paragraphs describe each type of turbine in more detail.

Reaction turbines - Reaction turbines are used to convert pressure and flow into energy and are
generally fully enclosed (pressurized) systems. In general, a reaction turbine should be thought
of as a pump in reverse. A reaction turbine produces energy using pressure and flow, rather than
producing pressure and flow using energy (as a pump does). Reaction turbines generally include
the following categories:

e Francis

o Kaplan, Propeller, Bulb, Tube, Straflo
e Tyson

e Gorlov

e Custom (Includes energy recovery pressure reducing valves)

Impulse turbines — Impulse turbines use the velocity of moving water on blades or bowls to
perform work. As a result, these types of turbines generally discharge to atmospheric conditions.
Impulse turbines include:

e Waterwheel

e Pelton

o Turgo

e Crossflow (also known as the Michell-Banki or Ossberger turbine)
e Jonval turbine

e Reverse overshot water-wheel

e Archimedes' screw turbine

e Custom

Most of the turbine technologies listed are not appropriate for micro hydroelectric turbine
applications. Figure TM 1-4 illustrates the suitability of some turbine technologies for various
flow conditions. The Figure also shows the Alta Springs Pipeline system curve in black.
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MICRO-HYDRO TURBINE SELECTION

Figure TM 1 - 4
Turbine Technology
For Various Heads and Flow Rates
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Based on the available head, flow, and discharge characteristics of the Alta Springs Pipeline, the
most appropriate turbine type to use would be an impulse style Pelton turbine. Impulse turbines
are generally much more efficient over a wider range of flows if it is possible for the pipeline to
discharge to atmosphere. Because Alta Springs is the primary feed for City’s Upper Tanks, a
turbine site could be constructed to discharge to atmosphere at an elevation somewhat above the
tank overflow elevation.

If site constraints cannot accommodate an impulse turbine, a reaction style Francis turbine may be
a better fit. However, reaction turbines would not likely be able to accommodate the full range of
flow from Alta Springs and would result in somewhat less power production compared to a Pelton
turbine. This is because reaction turbines function much like pumps in reverse and usually function
over a limited range of flow and head. Just as pumps can use variable frequency drives to adjust
flow rates to some extent, there are methods to adjust the flow range for turbines. However, the
range of flow is still more limited compared to impulse turbines. Rentricity, an energy recovery
system manufacturer that has had some concept discussions regarding its custom reaction turbine
with Orem City, would have similar constraints.
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MICRO-HYDRO TURBINE SELECTION

Efficiencies for impulse turbines are highest at their maximum design flow rate and decline
gradually as flows decrease. Efficiencies for reaction turbines are highest at a specific design flow
and decline as flow increases or decreases from the design flow.

OTHER CONSIDERATIONS
Land Ownership

Potential sites for a Pelton Turbine would likely border on State of Utah owned land managed by
the Division of Wildlife Resources. The precise location will be driven by the pipeline elevation
and discharge requirements. Most reaction turbine sites could be constructed on City owned land
closer to the Upper tanks.

Existing Pipeline Air Vents

The hydraulics of the existing Alta Pipeline may need to be modified somewhat to improve
hydraulics for a turbine application. The pipeline currently uses air vents to prevent vacuum
pressures in the pipeline for changing flow rates. These vents can overflow under some flow
conditions and may need to be replaced with air vacuum valves to allow the pipeline to provide
the most power production.

Permitting

The Hydropower Regulatory Efficiency Act of 2013 will likely apply to any turbine constructed
on the Alta Pipeline or other Orem City pipelines. The hydropower act is intended to streamline
processing of hydropower applications for sites similar to the Alta Pipeline. The Hydropower Act
condenses the application process to a single “Notice of Intent” application with a maximum 60-
day review period. This new legislation should expedite review and reduce design costs for the
turbine.

Net Metering

Rocky Mountain Power has a net metering program that allows power users to subtract any power
produced from their power bill. This is often the most cost effective method of obtaining a return
on investment with regards to renewable energy sources. This is because the cost of buying power
from Rocky Mountain Power is usually higher than the rebate from selling power to Rocky
Mountain Power. However, because of the location of the hydroelectric turbine site, it will not
likely qualify for Rocky Mountain Power’s Net Metering program. Key requirements to utilize
net metering require the “Net Meter” to be contiguous to the site of power use, with the same rate
schedule, and same account.

If Orem City wanted to sell power produced by the turbine to Rocky Mountain Power, the City
would have to meet more stringent review requirements by Rocky Mountain Power and would
also only receive the “deferred” power rebate payments from Rocky Mountain Power (which are
roughly 50 percent or less of typical power costs). At deferred power cost rates (~$0.03/kWh -
$0.04/kWh), it is unlikely that the turbine will pay for itself within the turbine’s life cycle.
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An alternative to selling power to Rocky Mountain Power would be to lease a turbine site to the
Central Utah Water Conservancy District (CUWCD) which owns and operates the nearby Utah
Valley Water Treatment Plant. CUWCD could qualify as a net metering customer relatively easily
because of the proximity of the potential Alta Spring turbine sites. Instead of using the power
directly, Orem City may be able to reduce its treatment costs from CUWCD at a rate of
approximately $0.09/kWh (the estimated cost of power for CUWCD). Additional information
regarding CUWCD’s existing power costs would need to be investigated and an agreement would
need to be negotiated with CUWCD regarding use of the turbine site. However, this would likely
result in the best return on investment for the City. Note that this principal applies to any other
potential hydroelectric site in the City. If hydropower is constructed, Orem City will need to be
able to use the power itself or obtain a lease agreement from an entity that can.

3-Phase Power

Because of the constraints of net metering, 3-phase power would likely need to be run from the
turbine site to the Utah Valley Water Treatment Plant. The estimated distance from the treatment
plant would be 1,800 feet for a Pelton Turbine site and 1,200 feet for a Francis Turbine site. Note
that a Francis turbine could be constructed closer to the City’s existing Upper Tanks than a Pelton
Turbine because of different discharge requirements (a Francis is a fully enclosed and pressurized
turbine). This will primarily affect the cost of conduit and conductor to the turbine location.

Other Turbine Sites

Note that there may be potential for energy recovery at other sites in the City. However, a site
above the Upper Tanks will likely provide the largest net power savings. Any other site would
likely require a reaction style turbine to be installed, and would face some of the same hurdles with
regards to net metering as the Alta Springs site.

TURBINE COMPARISON

Table TM 1-1 shows a cost comparison for a Pelton style turbine and for two parallel reaction
style turbines for a 25-year standard operating life (the turbine industry standard).
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MICRO-HYDRO TURBINE SELECTION

Table TM 1-1
Turbine Conceptual Cost Estimate

Project Technical Data Pelton Turbine  Reaction Turbine
Effective Hydraulic Head at Turbine (feet) 185 (80 psi) 185 (80 psi)
Average Flow Rate (gpm) 2,047 1,825
Turbine Efficiency 94% 90%
Generator Efficiency 90% 85%
Average Power Output (kW) 59 48
Annual Energy Production (kWh) 521,069 420,080
Hy'dro Equipment Cost' (turbine, generator, $430,000 $328.000
switchgear/controls, drive components, etc.)
Building Cost ($300/sqft, 170 sqft) $51,000 $51,000
Installation/Construction Cost $30,000 $30,000
Total Project Construction Cost $511,000 $409,000
Total Project Design/Permitting/Management Cost $97,531° $82,231°
Total Project Cost $608,531 $491,231
Project Life Cycle 25 25
Annual O&M Cost (2014 Dollars) $3,000 $3,000
Present Value Cost (25 year Standard Operation Life) $660,770 $543,470
Commercial Energy C kWh) - ming all r
qualifies for Net I\%I};ter(i)rsltg(iiogar)n TS ETPORE S S
Average Annual Energy Escalation Rate 3.00% 3.00%
Average Annual Inflation Rate 3.00% 3.00%
Discount Rate 5.00% 5.00%
Present Value Energy Savings (25 year Operation) $921,869 $743,199
Project Net Present Value (2014 Dollars) $261,099 $199,729

2 The average flow is based on 7-years of historic dedspring flow and represents the assumed average flow that the
turbines can utilize efficiently.

® Note that design/permitting costs can be highly variable depending on agency availability and review requirements
(which change from time to time).

 This assumes all power can be used by Orem City. If power is sold back to Rocky Mountain Power, the
reimbursement rate from Rocky Mountain Power is not as high (~$0.03/kWh - $0.04/kWh)
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CONCLUSIONS AND RECOMMENDATIONS

Based on the comparison discussed above, the following conclusions and recommendations can
be made:

Net Metering — To make any return on investment for Alta Springs, the City will need to
arrange for power to be used by a single customer that uses more power than is generated
by the turbine. If the City opts to pursue hydropower, it is recommended that the City
investigate a lease agreement with Central Utah Water Conservancy District to utilize the
hydroelectric potential.

o On a general basis, any other potential hydroelectric sites (at pressure reducing
valves) in the City would face a similar challenge. Any power generated should be
used by a single user to maximize the return on investment.

Turbine Technology — An impulse style Pelton turbine would provide the best return on
investment for the City based on the available head and flow from the Alta Springs
Pipeline. However, a reaction style turbine may provide a better fit for site conditions
(depending on land ownership). A decision on which technology to use can be made once
preliminary layout of the turbine location is refined.

Return on Investment —A hydroelectric turbine would represent a “green” form of energy
production that could be utilized by the City. However, the payback period for
hydroelectric power at Alta Springs is nearly 20 years based on existing power rates.
Permitting — Permitting for the turbine should be simpler than past permitting efforts as a
result of the Hydropower Regulatory Efficiency Act of 2013.
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TECHNICAL MEMORANDUM

TO: Neal R. Winterton
Public Works, Water Resource Division Manager
City of Orem
56 North State Street
Orem, Utah 84057

COPIES: Chris Tchirki/Orem City

Michael Collins/BC&A

Andrew McKinnon/BC&A

File
FROM: Keith Larson, Andrew McKinnon, Aaron Anderson
DATE: May 2015

SUBJECT:  Source Optimization

JOB NO.: BC&A #374-13-01

INTRODUCTION AND PURPOSE

Orem City has a variety of water sources with different costs, source availability, and water quality.
Accordingly, the City would like to be able to identify methods that will help its water system
operators use each source as efficiently as possible. This includes balancing costs of productions,
conveyance, treatment and water source availability and water quality. The purpose of this
technical memorandum is to document methods to optimize use of Orem City water sources.

This memorandum is organized into five sections:
e Section I - Supply Availability— Identifies the annual availability of each Orem City water

source.

e Section II - System Operation — Provides a discussion of system operation, including
where each source enters the system and what areas are served by each source.

e Section III - Source Costs — Discusses the costs associated with operating each source
throughout the year.



SOURCE OPTIMIZATION

e Section IV - Water Quality — Identifies water quality of the City’s sources and how they
influence source utilization.

e Section V —Other Optimization Considerations — Other optimization considerations that
may help overall system operation.

e Section V - Conclusions and Recommendations — Provides conclusions and
recommendations on how to optimize Orem’s culinary water sources.

SECTION I - SOURCE AVAILABILTY

In the discussion of water source operation, the first point to consider is the availability of sources.
Water is supplied to the Orem City culinary water system via 3 types of sources: springs, wells,
and the Utah Valley Water Treatment Plant. The production capabilities of each source varies
seasonally as well as from year to year. This section provides an overview of the annual availability
of each source and how the availability will influence source utilization.

Springs

A spring is essentially the location at which the elevation of the water table intersects the ground
surface elevation. Since the production of springs is directly related to the elevation of the water
table, there is seasonal variation of availability based on hydrologic conditions, exemplified by a
typical increase in yield during runoff season. To illustrate this concept, Figure 1 displays the 5-
year average spring production for Orem’s 2 spring sources, Alta Springs and Canyon Springs.

Figure 1
5-year Average Spring Production
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As shown in the figure, peak production from springs occurs during the summer months, with
decreased yield during the winter. There is no way to store spring water over an extended period.
It must either be used when it is available or lost. Because springs are high quality, low cost
sources, Orem City should fully utilize its springs to the extent possible.
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Wells

The City has a total of 9 groundwater wells operating under a number of water rights. The
combined allowable removal of all groundwater rights is 18,306 acre-feet per year, with a
maximum sustained pumping rate of 33.5 cfs. From a water rights perspective, the City has the
ability to use groundwater at any time of the year. However, from a watershed management
perspective, groundwater wells come from an aquifer with limited recharge. As a result, it is
uncertain whether or not the City could actually pump 18,000 acre-feet per year of groundwater
without dramatically drawing down the aquifer over time. This considered, it would be wise to
prioritize other available sources such as flow from the UVWTP, especially if direct river flows
are available during runoff season.

Utah Valley Water Treatment Plant

The source with the largest capacity is the UVWTP. The UVWTP can treat both direct flows and
storage in the Provo River Water System:

e Direct Flows

Storage water can generally be used anytime it is needed, subject only to conveyance and
treatment capacity limitations. Orem City currently holds the rights to 54 cfs from the Provo
River from April 20" to October 15%. However, this right decreases to 84 percent of the total
right on June 20" and is reduced again to 79 percent of the original right on July 20", resulting
in a right of 42 cfs for the remainder of the year. Although Orem City maintains these Provo
River rights, the actually yield is volatile from year to year. The City has conservatively
estimated a direct annual yield from the Provo River of approximately 3,700 AF. From a supply
availability perspective, the City should utilize direct Provo River rights whenever available.
Since direct river rights cannot be stored, any unused water is essentially lost.

e Storage

Storage water supplied to Orem from the treatment plant is categorized as Central Utah
“Project" storage and non-Central Utah Project (non-CUP) storage. Table 1 provides a
summary of the available storage supply to the treatment plant.
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Table 1
Orem City Available Reservoir Storage
Volume

Description Type (AF)
Jordanelle — Upper Lakes Non-CUP | 1161
Deer Creek — Dixon Irrigation
Co. Non-CUP 300
Deer Creek — Provo Bench
Canal Co. Non-CUP 900
Deer Creek — Provo Reservoir
Water Users Co. Non-CUP | 3246
Jordanelle — Bonneville Project! CUP 6520
Deer Creek — Project Issue 1 CUP 1300
Deer Creek — Project Issue 2 CUP 200
Deer Creek — Project Issue 3 CuUPpP 754

! This allotment increases by 500 AF each year until 2017 (Total of 7520 AF)
Summary of Source Priority Based on Availability

Although other factors such as cost will influence how the system should be optimized, source
availability is arguably the most important component. From this perspective, sources should be
used as follows:

e Alta Springs and Canyon Springs — Use all available spring water as first priority source.

e Provo River Natural Flow Rights — Use the maximum volume available during usage
period. Second in priority only to spring water.

e CUP/Non-CUP Storage and Wells — Use as needed to satisfy demands throughout the
year. Selection between individual sources within this category to be based on factors other
than supply availability.

The bullets above provide a general guideline for source utilization based solely on availability.
Additional factors such as system operation and source costs in the following sections provide
more detail for recommended source utilization.

SECTION II - SYSTEM OPERATION

In addition to understanding the availability of various sources, it is important to understand which
sources are needed to supply water to the various parts of the City’s water system. Figure 2 shows
a schematic of the Orem City water system. From this schematic, it is possible to identify where
sources enter the Orem City water system and which areas they serve. The following paragraphs
outline the key aspects of each source from an operational stand point.
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Alta Springs

During an average water year, Alta Springs can provide all of the water needed for winter day
demands in the Cherapple, Alta, and Northridge pressure zones. Flow enters the Upper Tanks and
can flow by gravity to any pressure zone in the City except for the Cherapple pressure zone (which
has its own booster pump station). Under extreme drought conditions, it is also possible to pump
water into these higher elevation pressure zones using the Treatment Plant Pump Station and the
Lower Tank Pump Station. However, this would be a relatively costly way to provide water for
these upper pressure zones because of the associated power and energy costs. Alta Springs
represents a high quality, low cost source that should be fully utilized within the City, and
especially to satisfy demands in these upper pressure zones.

Central Wells

Well Nos. 1, 2, 5, 6, 8, and 9 all deliver flow to the Central Pressure Zone which is provided
pressure via the Lower Tanks. Wells can potentially operate 24-hours a day in this pressure zone
because the storage tanks can fill and drain based on system demands. This makes optimization
of well sources easier in this pressure zone because it is possible to run wells longer and reduce
overall unit costs for each well. In addition to being able to pump into the Lower Tanks, Well 5 is
gas powered, hence no power charges are incurred if the City operates it infrequently. This
provides a little more flexibility in terms of use. In the event of a problem at the treatment plant, a
booster station located at the Lower Tanks can pump water to the Upper Tanks.

Eastside Pressure Zone Sources

Wells Nos. 3, 4, and 7 pump into the Eastside pressure zone along with the Canyon Spring. This
is a regulated or closed pressure zone which means demands within the pressure zone must always
be equal to the supply into the pressure zone. If supply exceeds demand, pressures within the
distribution system could spike and cause pipe ruptures. This makes optimization of sources for
this pressure zone more challenging because sources must be shut off if demands drop below
source capacity.

If possible, all of the water available from Canyon Spring should be used within the Orem City
water system. The spring has a small tank that can be used to equalize the difference between
daily demands. However, if necessary, a pressure relief valve could be used to convey excess
flows in the Eastside pressure zone into the Central Pressure Zone. Because the spring is a
relatively small source, it appears that situations in which demand is lower than the supply from
the spring will be rare (during the night in the winter).

Treatment Plant

The Treatment Plant provides the largest potential peak source capacity within the City and also
holds the largest amount of storage available within the City that may fill or drain depending on
the demands within Orem City and demand on the treatment plant from other CUWCD customers.
The treatment plant can also provide service to the majority of the City via gravity, with the
exception of the upper pressure zones serviced by the Upper Tanks.
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During the winter, there are sufficient other sources within the City to be able to avoid using any
water from the treatment plant. However, a contract with the treatment plant requires Orem City
to use a minimum of 10 cfs (6.46 mgd) throughout the year.

Summary of Source Priority Based on System Operation

The majority of water sources in the Orem City system are capable of supplying water to any point
in the system, although not all sources can do so cost effectively. For example, while Well #2
could in theory serve the Cherapple pressure zone, it would need to flow through 2 booster pumps
stations (a high energy cost to serve Cherapple) . As noted in the previous section, Orem should
generally utilize the springs and Provo River direct flows as much as possible. Operationally,
Wells Nos. 1, 2, 5, 6, 8, and 9 are simpler to operate because the Lower Tanks are available to fill
or drain depending on system demands. Wells Nos. 3, 4, and 7 which pump directly into the
Eastside zone must be closely monitored in order to match demands and prevent over
pressurization of the system. Because the majority of sources can supply water to the entire system,
the City has some flexibility as to how sources are utilized relative to system operation.

SECTION III - SOURCE COSTS

Thus far, it has been concluded that Orem should utilize spring sources and Provo River direct
runoff to the full extent possible because these sources are wasted otherwise. This is not true of
surface water storage (Deer Creek Reservoir or Jordanelle Reservoir) and groundwater storage.
To optimize use of groundwater storage versus surface water storage, understanding costs for each
source is an important factor.

Orem City water system operators maintain records of the cost of water in the City per acre-ft
based on power costs, storage costs, treatment costs, and maintenance costs. Based on data
assembled for the 2014 water year, Table 1 summarizes the cost of the different sources used by
the City.
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Table 2
Summary of Water Production and Power Costs for 2014
Winter® | Summer® | Total
Winter | Summer | Average Average Use
Use Use Cost Cost (acre-
(acre-ft) | (acre-ft) | ($/acre-ft) | ($/acre-ft) ft)
Alta Spring " 903 1,100 $11 $22 2,002
Canyon Springs® 350 247 $17 $18 598
Well 1° 0 351 $0 $110 351
Well 2° 164 739 $175 $80 903
Well 3° 296 434 $89 $74 730
Well 4° 789 83 $61 $63 873
Well 5° 810 881 $49 $45 1,691
Well 6° 0 2 - $910 2
Well 7° 54 259 $60 $85 313
Well 8° 230 1,295 $338 $62 1,524
Well 9° 673 850 $71 $60 1,523
TP Water® 6,567 12,009 $63 $74 18,576
10,903 18,184 29,087

2 — Summer includes May — September corresponding to winter/summer power and energy costs for Rocky
Mountain Power Schedule 6.

b _ primarily includes power costs for operation. No O&M costs or replacement costs are included.

¢ — costs do not include some of the fixed costs associated with Jordanelle and treatment plant capital costs.
These costs are not reduced through reduced use, and consequently do not represent an equivalent
comparison to well costs.

Using Table 2 as a reference, the cost associated with operating each source is discussed in the
following sections:

Winter vs. Summer Cost

In some cases, the average cost per acre-ft of water produced in the winter is higher than the cost
per acre-ft in the summer. This is true even though Rocky Mountain Power (RMP) costs are
higher in the summer (for May to September), and is related to how RMP charges for electricity:

Power Costs ($/kW) — Power costs are those costs associated with how much horsepower
may be required for a motor. If a motor is not operated during a month, no power charge
is incurred. However, whether a pump is turned on for 1 hour or 700 hours, the same power
charge is incurred for a month. For example, the costs for Well 6 shown in Table 2 are
extraordinarily high per acre-ft of water produced. This is a result of operating the well for
a very short period of time to take water samples for testing. A full power charge for the
month was incurred for the month of July even though the well was operated for less than
a day. Power charges for winter and summer months are $10.65/kW and $14.27/kW
respectively (Schedule 6).

Energy Costs ($/kWh) — Energy costs are those costs associated with both power and
duration of use. Energy costs are similar to fuel costs for a car engine. A higher
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horsepower engine will consume more fuel than a lower horsepower engine and the cost
of fuel (energy) is directly proportional to the duration and intensity of use. Energy costs
for winter and summer months are 3.542 cents’kWh and 3.8404 cents/kWh respectively
(Schedule 6).

e Total Unit Costs ($/acre-ft) — Because of the high power cost associated with wells and
other facilities, unit costs to produce water are cheaper when wells or sources are operated
constantly over a month than if they are operated for short periods or intermittently. The
relatively high unit costs for some sources in the winter are related to operating those
sources intermittently during the winter because of reduced wintertime demand.

Spring Costs

As shown in Table 2, Alta Springs and Canyon Springs are by far the cheapest water sources
utilized by the City. This is because the spring sources do not require treatment and only require
minimal power costs to deliver flow to the City storage tanks.

Treatment Plant Costs

In addition to power and energy costs associated with operating the Utah Valley Water Treatment
Plant shown in Table 2, Orem City is also responsible for Jordanelle storage costs and other costs
associated with maintaining the conveyance facilities needed to deliver water to the treatment
plant. Note that to develop a fair comparison of costs of service for each source type, Table 2
excluded fixed costs for the treatment plant. These costs include annual contractual costs Orem is
required to pay CUWCD regardless of how much water is used. The decision to use or not to use
water should therefore be based on the costs that can be controlled by Orem.

The cost associated with treatment at the UVWTP varies slightly by source. Sources for the
treatment plant consist of direct flows from the Provo River and surface storage of the Provo River
from Jordanelle and Deer Creek Reservoirs, which is categorized as “Project” (CUP) Water and
“Non-Project” Water. These sources represent high quality water sources in terms of taste and
hardness, but require treatment to culinary water standards. The cost of treatment plant water can
be divided as follows:

e Project Water costs — Project Water costs are those costs associated with project water that
has been appropriated or acquired by the Bureau of Reclamation for the Central Utah
Project (CUP).

o Operation, Maintenance & Replacement Costs (OM&R) — These costs are
associated with operation, maintenance, and replacement planning costs for CUP
facilities. CUWCD charges $10.14/acre-ft for OM&R for Project Water

o OM&R Reserve — These costs are for unforeseen or unplanned events such as costs
incurred from interruption of water, extraordinary repair and replacement costs,
extraordinary O&M costs, or other emergency/contingency costs. Costs are
$2.40/acre-ft.
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e Non-Project Water — Non-Project Water include all other water not reserved or withdrawn
by Bureau of Reclamation Facilities.

o OM&R, Reserve — Costs include the cost of operating and maintaining facilities
that convey non-project water through CUP facilities. Costs are approximately
$5.80/acre-ft for OM&R and $1/acre-ft for reserve costs.

o Carriage Costs — Carriage costs are fees paid to use excess capacity in Bureau of
Reclamation conveyance facilities when the full capacity is not being used by
Project Water. This is in essence a fee to rent capacity in facilities when they are
underutilized. Carriage costs are approximately $3/acre-ft for non-project water
conveyed through CUP facilities.

e Project vs Non-Project — Project water O&M costs are roughly $12.50/acre-ft compared to
approximately $9.80/acre-ft for non-project water costs. Therefore, Orem City should
prioritize using Non-Project water over Project water if capacity is available in the
Olmsted/Alpine System. Note that this is only possible when excess capacity is available
in conveyance and treatment systems to the UVWTP. If no excess capacity is available,
the City would be required to use Project water only.

Well Costs

The costs for wells shown in Table 2 are primarily the power costs of operation for the wells and
do not include life cycle costs of the well which include pump replacement costs, rehabilitation
and/or replacement costs. These costs can be difficult to estimate without detailed investigation,
but can be approximated as $10/acre-ft based on average costs for well OM&R around the Wasatch
Front and CUWCD’s standard OM&R rate for Project Water. The unit cost of well water is usually
cheaper than the cost of treatment plant water if wells are operated for a certain amount of time
during the month. Table 4 shows the approximate unit cost to operate each well. Costs in the table
indicate costs if wells using RMP Power Schedule 6A are only operated during off-peak hours.
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Table 4
Approximate Unit Costs to Operate Wells Based on Existing Use Patterns
Approximate | Approximate | Winter
Approximate Winter Summer Energy | Summer
Power Power Power Cost Energy
Well | Requirement® Charge Charge ($/acre- Cost
No. (kW) ($/month) ($/month) ft)* | ($/acre-ft)°
1 427 $6,272.6 $7,872.4 $43.86 $50.29
2 464 $6,816.2 $8,549.8 $39.20 $44.94
3 201 $2,997 $3,789 $48.96 $56.31
4 524 $7,698 $9,648 $46.12 $52.85
5° 453 NA® NA® NA® NA®
6 207 $3,041 $3,844 $49.17 $56.54
7 92 $1,351 $1,739 $58.49 $67.74
8 442 $6,493 $8,147 $38.35 $43.98
9 454 $6,669 $8,367 $38.03 $43.60

a — power requirement for wells 4, 5, and 6 were estimated based on pump curves. All other power
requirements come from RMP power bills for 2014.

b — Based on assumption operators use wells for 24 hours/day under Schedule 6.

¢ — Well 5 is gas operated.

Table 5 displays the approximate number of days of required well operation to be more cost
efficient than using treatment plant water.

Table 5
Required Days of Full-Time Well Usage to Break Even with UVWTP Costs
Minimum Days of Minimum Days of Summer
Well No. Winter Operation® Operation®
1 11.2 11.4
2 9.4 9.6
3 13.5 13.7
4 12.2 12.3
5 NA® NAP
6 13.6 13.8
7 19.1 19.2
8 9.1 9.3
9 8.9 9.2

a — based on assumption operators use wells 80 percent of every day under schedule 6.
b — Well 5 is gas operated, gas costs for Well 5 were not available for this study.

As shown in the table, most wells become more cost efficient than the treatment plant with a
reasonable amount of usage. However, some wells are not as cost efficient. For example, Wells
7 needs to operate for more days in a month to be less expensive than treated water from the City’s
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treatment plant because of a relatively low capacity and high unit cost ($/acre-ft). However, there
may be some improvements the City could implement to reduce unit costs such as changing power
rate schedules, improving well efficiency, or installing a variable frequency drive. Note that if the
City were to switch to Schedule 6A at wells 3, 6, and 7; it may be possible to reduce unit costs to
less than the City’s treatment plant. However, this would require reducing use to off-peak hours
between 11pm and 7am. Based on current demands, this may be possible to do in the short term
until production requirements in the City are high enough to require more full time operation.

Although it may be less expensive to operate wells compared to using water from the treatment
plant, it is important to consider the long-term effects of pumping groundwater on source
availability. While not as apparent as Deer Creek Reservoir and Jordanelle Reservoir, the reservoir
of storage in the aquifers serving Orem City wells can be drawn down over time. This is one
reason why it is recommended to use direct runoff from the Provo River as much as possible even
though treatment plant water may be slightly more expensive than groundwater. In addition, the
volume of surface water available in Deer Creek or Jordannelle reservoirs is much easier to
quantify than the available water in a groundwater aquifer. It should also be noted that
uncertainties exist in groundwater sources such as aquifer recharge rates.

SECTION IV - WATER QUALITY

Orem City utilizes a combination of groundwater and surface water sources in the distribution
system. According to the 2013 Consumer Confidence Report, Orem City as a whole produces high
quality water. Since water quality from each individual source is not available at this time, it is
difficult to discuss the influence of water quality on source optimization quantitatively. However,
from a qualitative stand point, there are some components of water quality worthy of consideration.

One aspect of water quality in the City’s water system is water age, which is correlated to other
important water quality constituents such as chlorine residual and disinfection by-products. This
particularly applies to Orem due to the fact that the majority of sources are concentrated in the
northeast part of the City, and depending on demands, water may take a longer time to reach
customers to the west. Issues regarding water age are most significant during winter months when
the minimum treatment plant flow and spring flows are sufficient to satisfy nearly all of the City’s
demand. While these are points of consideration, it is likely not ideal to operate sources purely
from a water quality stand point. For example, frequently turning on wells in the winter to provide
a source within closer proximity of users may quickly become expensive and inefficient.

SECTION V — OTHER OPTIMIZATION CONSIDERATIONS

In general, Orem City’s water system is relatively simple. Water flows from higher to lower
pressure zones with only minimal pumping required to deliver water to higher pressure zones.
Even so, there are a number of ways that Orem City may be able to improve energy efficiency and
reduce overall operating costs.

PRYV Settings
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In general, PRV settings in the City do not produce looping of flow through pump stations and
PRVs. However, BC&A has made some recommendations regarding PRV settings to reduce or
eliminate unnecessary looping of flow through pump stations and PRVs.

Rocky Mountain Power
Power Rate

In some cases, significant savings can be realized by selecting a different power rate for various
well sites. Note that for Rocky Mountain Power’s “Energy Time-of-Day” billing option (Schedule
6A), it is possible to significantly reduce overall power/energy costs by committing to shutting
pumps off between 7am and 11pm (on-peak hours). In some cases, power/energy costs can be cut
roughly by one-third (for 8 hours of operation for 30 days). This is because the power cost under
this option is significantly less (65% less) while the energy cost is higher for on-peak hours (300%
higher) and slightly less (7% less) during off-peak hours. Currently, only Wells 1, 2, and 6 use the
energy time-of-day billing option, with the majority of wells using the distribution voltage billing
schedule (Schedule 6).

To demonstrate the potential savings from operating wells, a side by side comparison for power
and energy costs to operate Well 9 was analyzed under different usage scenarios. Table 6 provides
a summary of the comparison.

Table 6
Well 9 Monthly Power/Energy Cost Comparsion
Rocky Operating
Mountain Time
Power - Bill (Hours Monthly Winter Monthly Summer Produced Volume
Schedule per Day) | Charges ($/acre-ft) | Charges ($/acre-ft) (acre-ft)
6 8 $65.83 $78.48 179.7
6A 8 $35.90 $43.11 179.7
Monthly Winter Monthly Summer Produced Volume
Charges ($/acre-ft) | Charges ($/acre-ft) (acre-ft)
6 20 $40.81 $47.09 449.1
6A 20 $54.84 $65.64 449.1
Monthly Winter Monthly Summer Produced Volume
Charges ($/acre-ft) | Charges ($/acre-ft) (acre-ft)
6 24 $38.03 $43.60 539.0
6A 24 $56.94 $68.14 539.0

As can be seen in the table, Schedule 6A and Schedule 6 are cheapest for opposite conditions. If
a well has a long run time during a month, Schedule 6 will be cheaper. If a well only operates on
average 8 hours per day during off-peak hours (11 p.m. — 7 a.m.), Schedule 6A is cheaper. Based
on this rough evaluation, it is recommended that Orem City consider changing the power schedule
for some less used wells to Schedule 6A (except for the gas powered Well 5) and that system
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operators make a conscious effort to shut down well operation during on-peak hours (7 am to 11
pm). Based on typical water demand patterns, City source capacity, and current storage
availability at the UVWTP, the City should be able to do so under most operating conditions for
existing demands. This may change as the City’s demands increases. However, the City is allowed
to modify its rate schedule once per year. As a result, as demands increase and wells are needed
for more capacity; it may be possible to change power schedules again as needed.

Variable Frequency Drives or Pump Sizing

None of the cities pump stations are equipped with variable frequency drives. The City may be
able to qualify for funding opportunities to install variable frequency drives at some pump stations
through Rocky Mountain Power’s “Wattsmart” program. Because these would potentially be
“custom” incentives, the City would need to file an application with Rocky Mountain Power to
determine if projects could be partially funded with energy efficiency incentive funds (see form in
Appendix). The Cherapple pump station may be a prime location to begin investigating potential
energy savings through RMP’s Wattsmart program. This pump station could potentially use a
smaller pump to reduce power costs as well. Note that power savings do not qualify for RMP’s
Wattsmart program, but could represent significant long term savings from reduced power charges.
Wells 3 and 4 also represent ideal locations for VFDs because there is no storage tank for these
wells to pump to.

Well Efficiency

In addition to improving energy efficiency, it is important to consider the efficiency of the wells
themselves. Wells can become less productive over time if improperly maintained. This results
in higher energy costs with reduced water production. In relation to using well sources, the
following best management practices are recommended for Orem City wells to maintain
production efficiency and minimize operation costs:

. Develop/Implement a Well Operations and Maintenance Plan
. Maintain consistent well records, including

. General Site Security - daily

. Check for unusual noises, vibrations or leaks - daily

. Record sand level readings - daily

. Inspect oil levels - daily

. Measure Chlorine levels - daily

. Check Chemical supplies - weekly

. Record static and pumping water levels - weekly

. Record instantaneous pumping rate - weekly

. Record totalized pumping - weekly

. Sample/analyze for Coliform Bacteria - monthly

. Sample/analyze for Iron Bacteria (or suspected water quality problems) —

semiannual, if appropriate

. Sample/analyze for Drinking Water Parameters - annual

. Record and monitor specific capacity and pump yield
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. Consider redevelopment when specific capacity decline exceeds 10-15% - this
practice often pays for itself through increased power/energy efficiency

. Collect and analyze water samples at least annually

. Perform video inspections whenever the pump is out

Watch for early warning signs of drawdown or other well problems

Many of these practices may have already been implemented by Orem City personnel. If not
currently being practiced, it is recommended that Orem City consider adding these best
management practices to their routine O&M plan for each well. With these best management
practices in place, it may be possible to identify signs of over withdrawal or other problems at
wells before groundwater conditions or wells are impacted long term.

SECTION VI - CONCLUSIONS AND RECOMMENDATIONS

The process of source optimization is a function of several components, including source
availability, system operation, cost, and water quality. While some components may carry more
weight than others, it is important to consider the different aspects. Ultimately, Orem City
personnel will decide how to best utilize water resources based on whichever criteria the City
deems most important. Because cost is always important, Figure 3 displays an annual source
optimization scenario focused only on minimizing operation costs. Although it would be less
expensive to operate wells during the winter, the agreement with Central Utah Water Conservancy
District (CUWCD) requires Orem to use a minimum of 10 cfs (6.46 mgd) throughout the year.

As shown in the figure, winter demands can be almost entirely satisfied by spring flows and
treatment plant flows. As winter demands fluctuate and exceed the combined capacity of springs
and the minimum treatment plant flow of 10 cfs (6.46 mgd), the City can either begin to operate a
well or increase flows from the treatment plant. Note that Well 7 is not shown on the figure because
in an average water year, the well would not normally be needed to operate full time for a full
month (as needed to be more cost competitive than the treatment plant).

As mentioned previously, Figure 3 prioritizes sources based on costs, and because most wells are
generally cheaper to operate (for some operating conditions), they take precedence over treatment
plant flows. The total volume of groundwater used annually by the City under the scenario shown
in Figure 3 is approximately 15,225 acre-feet, which is twice the amount which has been used
historically. Although the City owns sufficient water rights to remove this much water from
aquifers, it is not prudent from a water resource management perspective.

Although operational costs are important to consider, it is recommended that the City first consider
available water supplies and how to best manage supplies. Figure 4 shows one scenario the City
could use to manage available water supplies. A few guidelines were used to develop this scenario:

e Spring Flow — All available spring flow is used within the City.
e CUWCD -
o Storage — The minimum amount of treatment plant flow needed during winter
months is used (10 cfs or 6.5 mgd). This flow would primarily be taken from Deer
Creek Reservoir. For brief intervals in the summer, storage is used rather than
turning on a well for a minimal amount of time.

BOWEN COLLINS & ASSOCIATES 14 OREM CITY



SOURCE OPTIMIZATION

o River — When natural river flows become available, all available natural flow is
used within the City. Flow shown in Figure 4 is for an average water year.

e Well 5—Well 5 is used as the primary well to meet fluctuating demands in the winter. This
well was used because it is gas operated and has no power demand charge associated with
turning the well on and off.

e Other Wells — The priority for wells shown in the figure includes using wells in the Central
Zone because of the available storage reservoirs in the Central Zone. This provides more
flexibility in operating wells. Where possible, wells are prioritized based on using wells
with the lowest unit cost.

e August — For the month of August, other wells are turned down so that Well 6 and 7 are
operated at full capacity for the month of August. To be cost effective, Wells 3, 6, and 7
needs to be operated as long as possible during a month. In addition, exercising wells at
least once a year is recommended as part of well best management practices.

e Off-peak — It is recommended that Wells are only operated during off-peak hours as would
be required if the City switches to RMP Schedule 6A. On-peak hours are from 7 a.m. to
11 p.m and have higher energy costs.

Figure 4 shows a water management scenario for an average water year. During a dry water year,
the City would need to rely on more water from storage sources (including groundwater or surface
water at Deer Creek Reservoir or Jordanelle Reservoir). The storage source the City should utilize
during dry weather conditions will depend on climatic conditions and the City’s interest in
balancing water quality within the City (which is subjective to City preferences). In general,
surface water storage will provide higher water quality within the City compared to groundwater
storage. However, groundwater storage will continue to remain the lower operational cost in the
City.

If the City developed a preferred water quality standard (perhaps developed based on hardness), it
would be possible to create another supply scenario to optimize water supply based on water
quality standards. However, the balance between surface water and groundwater would likely
vary on a year to year basis and would require water quality sampling at sources and at various
locations in the City to calibrate the water model.
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TECHNICAL MEMORANDUM

TO: Neal R. Winterton
Public Works, Water Resource Division Manager
City of Orem
56 North State Street
Orem, Utah 84057

COPIES: Chris Tchirki/Orem City

Michael Collins/BC&A

Andrew McKinnon/BC&A

File
FROM: Aaron Anderson/Keith Larson, P.E.
DATE: June 4, 2015

SUBJECT: WRF Reuse Evaluation

JOB NO.: BC&A #374-13-01

INTRODUCTION AND PURPOSE

Orem City desires to look into the feasibility of a secondary water system designed to utilize
effluent from the Water Reclamation Facility for outdoor watering purposes. As development
occurs in the western region of Orem and in the Town of Vineyard, water demand is predicted to
increase substantially. A secondary water system would help supplement outdoor water use in
these growing areas, helping alleviate the stress on the water distribution system in years to come.

Bowen, Collins & Associates (BC&A) has been tasked with evaluating the available supply,
required storage, and potential demand for a secondary system. The purpose of this study is to
determine the required water system improvements and associated costs needed to develop the
system. This Technical Memorandum (TM) has been developed to document the approach and
assumptions of this evaluation and to summarize the findings, cost estimates, and
recommendations.



WRF REUSE EVALUATION

This memorandum is organized into six sections:

¢ Supply Analysis — Addresses the assumptions and methods used to determine the available
supply of secondary water on a yearly basis, with and without storage.

¢ Potential Demand — Identifies areas where secondary water could be used and quantifies
the maximum demand for secondary water associated with each area.

e Required Improvements — Discusses the alternatives for the required water system
improvements, including storage and conveyance.

e Water Quality Evaluation — Discusses State of Utah requirements for Type I reuse water
and the necessary improvements to meet the required water quality levels set by the State,
as well as an evaluation of the water quality constituents which influence the feasibility of
reuse (water quality parameters which are not governed by State regulations, but that could
potentially affect turf grass and trees)

e Cost Evaluation — Contains an analysis of the costs associated with development of a
reuse system.

e Conclusions and Recommendations — Provides final conclusions and recommendations
based on the results of the analysis.

SECTION I - SUPPLY ANALYSIS

Interest in the implementation of a secondary water system in Orem City is predicated upon the
recent approval from the State of Utah for the reuse of up to 9,634 acre-feet per year of effluent
from the Water Reclamation Facility (WRF). This water right allocation is governed by the
available flow into the WRF. Using historical data for inflow at the Orem WRF as well as estimates
for inflow at buildout developed in the 2014 Orem City Sewer Master Plan, the useable volume of
available reuse water supply was determined.

Determining Available Supply

Flow monitoring data from 2013 shows that the Orem WRF treats between 8 and 10 million gallons
of wastewater per day, which is a combination of domestic water, infiltration (groundwater
entering the system), and inflow (surface water associated with precipitation events entering the
system). Due to the absence of a water right to use infiltration and inflow, along with the
seasonality and uncertainty associated with these components of the wastewater, they cannot be
considered as sources of water for potential reuse. For this reason, only domestic wastewater
production is taken into account in this analysis.
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Based on an estimate of population growth over the next 46 years in Orem, Lindon, and Vineyard,
Table 1 displays the predicted total domestic wastewater flows to the WRF through 2060.

Table 1
Projected Total Domestic Wastewater Flows
Residential Non-Residential Uvu Total
Domestic Domestic Domestic Domestic

Wastewater Wastewater Wastewater Wastewater
Flow Flow Flow Flow
Year (mgd) (mgd) (mgd) (mgd)
2013 6.09 1.92 0.82 8.84
2020 6.79 2.14 1.14 10.07
2030 7.67 2.24 1.31 11.22
2040 8.29 2.31 1.43 12.03
2050 8.74 2.38 1.54 12.66
2060 9.10 243 1.65 13.18

Useable Volume with No Storage for the Existing System

Due to the seasonal climate in Northern Utah, outdoor water use is limited to the warmer months
of the year, typically from the middle of April to the middle of October. Figure 1 displays the
demand pattern for the Orem City water system observed in 2013.
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Figure 1
Orem City Seasonal Demand
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WRF REUSE EVALUATION

Without facilities to store treated effluent during the winter months, the useable volume of reuse
water will be limited to the available flow in the summer months. Additionally, without storage,
the combined peak day demand of all secondary water users cannot exceed the available flow from
the plant. Based on these limitations, the maximum usable volume without storage will be as
illustrated in Figure 2. The quantity of secondary water that could be used in the existing system
without storage is 3,078 acre-ft per year. This is obviously only a fraction of the total available
effluent.

Figure 2
Estimated Useable Volume of WRF Effluent Without Storage
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It should be noted that the reference to “without storage” contained in this section refers to storage
capable of storing water produced in the winter for use later in the summer. While this alternative
does not include a storage reservoir of this nature, a small equalization reservoir would still be
required in order to deal with daily fluctuations in demand.

Available Volume with Storage for the Existing System

By adding a large storage reservoir to the secondary water system, water that would otherwise not
be used during winter months could be stored for later use during summer months with high
outdoor water demands. Theoretically, storage would allow the use of 100% (not accounting for
losses associated with a storage reservoir, such as evaporation and infiltration) of the WRF effluent
for secondary water needs. As shown in Figure 3, the blue area represents the total volume of water
into the plant over 365 days, but modified to resemble the outdoor use pattern for the City. The
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red line shows the average daily inflow to the plant. The area of the blue region located above the
red line is the storage required in order to reuse all of the water into the plant. While the total
estimated yearly volume of water treated by the WRF for the existing system is 9,902 acre-feet,
the water right limits use to 9,634 acre-feet per year. With storage, the secondary water system
would have an available supply of 9,634 acre-feet per year, but would require 4,928 acre-feet of
storage.

Figure 3
Estimated Useable Volume of WREF Effluent With Storage
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Available Supply for the System at Buildout

At the estimated buildout year of 2060, average domestic wastewater flows are predicted to
increase to 13.18 MGD. Using the same method of analysis adopted for existing wastewater flow
rates, Table 1 contains a summary of the available secondary water supply with and without
storage.
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Table 1
Estimated Available Supply for the Orem Secondary Water System
Total Available
Domestic Available Yearly | Yearly Supply

Wastewater Flow | Supply Without With Storage Total Required
Year (mgd) Storage (acre-ft) (acre-ft) Storage (acre-ft)
2013 8.84 3,078 9,634* 4,928
2060 13.18 4,589 9,634* 3,010

* Limited by existing water rights.
SECTION II - POTENTIAL DEMAND

Due to the high amount of predicted growth on the west side of Orem City and Vineyard, water
demand will continue to increase in the upcoming years. BC&A has identified the following areas
as potential locations for secondary water use:

e Sleepy Ridge Golf Course
e Lakeside Sports Complex
e Orem City Southwest Annex

e Town of Vineyard
Sleepy Ridge Golf Course/Lakeside Sports Complex

Sleepy Ridge Golf Course and Lakeside Sports Complex are two locations that could immediately
benefit from a secondary water connection. Demands for both locations were calculated by
measuring their area of irrigable land and assuming an irrigation rate of 3 acre-feet per acre per
year. This is lower than the historic average for outdoor irrigation in Orem City, but is consistent
with conservation goals and actual turf water needs. Based on these assumptions, projected
demand is 381 and 135 acre-feet per year for the Golf Course and Sports Complex, respectively.

Southwest Annex

The Southwest Annex currently does not have any outdoor water demand to benefit from a
secondary water system. At buildout, however, there will be signficant demand in the area that
could be satisfied from a secondary system fed with reuse water. Buildout demands were
developed conservatively using observed irrigation rates for medium to low density residential
areas (55 percent irrigated, 3 acre-feet/acre/year). The total area of the Southwest Annex is
approximately 500 acres, which equates to a yearly demand volume of 825 acre-feet at buildout.

Town of Vineyard

The Town of Vineyard is another area that doesn’t current have substantial outdoor demands but
will at buildout. According to agreement No. A-2011-0073, Orem City has agreed to provide
culinary water at a rate of up to 6,300 gpm averaged over the course of a day to Vineyard. This is
based on the assumption that Orem City will supply culinary water for both indoor and outdoor
water demands.
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If Vineyard were to install a secondary system, a large portion of the 6,300 gpm demand on Orem
City could be satisfied from reuse water. Dividing by the peak day factor for the City of Orem of
2.27, average day demand for Vineyard off of the Orem culinary water connection is estimated to
be 2,775 gpm at buildout, or 4,476 acre-feet per year. If it is assumed that 56 percent of total water
use in Vineyard will be used outdoors (the percentage for the current Orem City water system),
the estimated outdoor water demand at buildout for Vineyard is 2,507 acre-ft. This has been
assumed to be the potential demand for reuse water in Vineyard. In reality, there will probably be
more outdoor water demand in Vineyard at buildout based upon the fact that this analysis considers
only the demand in the City to be satisfied with water from Orem City. It is our understanding that
Vineyard will ultimately have other water demands that are to be satisfied from other sources, but
could potentially be satisfied from Orem reuse.

Table 2 summarizes demands for each location identified in the analysis.

Table 2
Potential Demand Locations for Orem City
Secondary Water System at Buildout

Demand
Location (acre-ft/yr)
Vineyard 2,507
Southwest Annex 825
Sleepy Ridge GC 381
Lakeside Sports Complex 135
TOTAL 3,848

Comparison of Potential Demands to Available Supply

Based on these estimations, it is clear that available supply is far greater than the potential demands
identified here. Even without a signficantly storage reservoir, reuse water would be capable of
satisfying all identified potential outdoor demands at buildout. To use more reuse water, the City
would need to signficantly increase its potential reuse service area. This might include extending
secondary facilties into currently developed areas of Orem City or extending further into Vineyard
as previously mentioned.
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SECTION III - REQUIRED IMPROVEMENTS

The implementation of a reuse water system in Orem would require two types of improvements.
First, improvements would be required at the Water Reclamation Facility to bring the effluent up
to State standards required for reuse. Second, a secondary water system would need to be
constructed to convey and deliver the reuse water to the various points of use.

Treatment Improvements

BC&A has not been tasked with a detailed review of required improvements at the Water
Reclamation Facility to meet reuse standards. Orem City personnel indicate that improvements
required for this purpose were designed and bid as part of a 2011 improvement project at the
facility. Althought the improvements were eventually dropped from the project for budgetary
reasons, the City had a competetive bid of approximately $1,000,000 for the required
improvements. Updating this to 2014 dollars and adding 10 percent for a separate mobilization
results in a budgetary number of $1,200,000 for required treatment improvements associated with
reuse.

Conveyance Improvements

In terms of conveyance, BC&A examined required improvments to serve demands to the Sleepy
Ridge Golf Course, Lakeside Sports Complex, and Southwest Annex. Supplying secondary water
to Vineyard has not been included in this improvement analysis because there are currently no
plans for secondary water use in Vineyard. While it would be prudent for Orem City to discuss
this alternative with Vineyard, no plans for this service have been included in this analysis.

Orem City currently has in place aproximately 6,500 feet of pipeline intended for reuse water use.
This pipeline extends from near the reclamation facility to the Sleepy Ridge Golf Course. Some
additional improvements will be required in order to serve the Golf Course, Lakeside Sports
Complex, and the Southwest Annex. As shown in Figure 4, the system would consist of 2 booster
pump stations to pump water to two separate storage reservoirs, one at the Golf Course and one in
the Southwest Annex. From the storage reservoirs, two additional booster pump stations would
pump water up to service pressure in each area. Tables 3 and 4 provide a summary of required
pipe and pump improvements for the system, respectively. It should be noted that Table 3 includes
only the major conveyance pipelines in the system. It has been assumed that additional distribution
pipelines in the Southwest Annex would be installed by each individual development.

Table 3
Secondary Water System Pipe Improvements
Diameter
(inches) Length (ft)
8 1,650
12 12,975
16 6,980
20 1,590
TOTAL 23,195
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Table 4
Secondary Water System Booster Station Improvements
Booster Capacity Lift Required
Station (gpm) (feet) Horsepower
WER #1 900 40 25
WREF #2 2700 20 40
Sleepy Ridge 1800 120 150
SW Annex 5400 230 650

To satisfy fluctuations in demand, particularly during the peak hour demand on the system,
equilization storage would be provided at each of the storage locations shown in Figure 4. Table 5
summarizes the required volume for each reservoir.

Table 5
Required Volume of Equalization Storage
Required
Location Volume (MG)
Sleepy Ridge*

GC 0.64
SW Annex 1.91
TOTAL 2.55

*There is an existing pond at Sleepy Ridge
Golf Course. Existing volume is unknown.

Conveyance Improvements — Golf Course and Sports Complex Only

Orem City may decide that they are not interested in installing and operating a secondary service
area inside the Southwest Annexation Area. If Orem City decides to only provide reuse water to
Sleepy Ridge Golf Course and Lakeside Sports Complex, the required system improvements will
decrease substantially. Table 6 summarizes of the required improvements under this scenario.

Table 6
Required System Improvements for Sleepy Ridge/Lakeside Sports Complex

Component Quantity

12 inch diameter,

Pipes 2,070 linear feet

2 booster pumps,
175 hp total

0.64 MG

Booster Pumps
Storage
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SECTION IV - WATER QUALITY EVALUATION

Utah Administrative Code R317-3-11 provides the general requirements for land application of
treated effluent. The code differentiates between Type I and Type II reuse water, which have
different allowable uses. In order to provide reuse water for Sleepy Ridge Golf Course, Lakeside
Sports Complex, and to potentially expand reuse to residential use, the City will need to meet
requirements for Type I, which is categorized as likely coming into direct human contact. The
requirements for Type I reuse as outlined in R317-3-11.4 (C) are as follows:

1. The monthly arithmetic mean of BOD shall not exceed 10 mg/I as determined by composite
sampling conducted once per week. Composite samples shall be comprised of at least six
flow proportionate samples taken over a 24- hour period.

2. The daily arithmetic mean turbidity shall not exceed 2 NTU, and turbidity shall not exceed
5 NTU at any time. Turbidity shall be measured continuously. The turbidity standard shall
be met prior to disinfection. If the turbidity standard cannot be met, but it can be
demonstrated to the satisfaction of the Director that there exists a consistent correlation
between turbidity and the total suspended solids, then an alternate turbidity standard may be
established. This will allow continuous turbidity monitoring for quality control while
maintaining the intent of the turbidity standard, which is to have 5 mg/1 total suspended solids
or less to assure adequate disinfection.

3. The weekly median E. coli concentration shall be none detected, as determined from daily
grab samples, and no sample shall exceed 9 organisms/100 ml.

4. The total residual chlorine shall be measured continuously and shall at no time be less than
1.0 mg/1 after 30 minutes contact time at peak flow. If an alternative disinfection process is
used, it must be demonstrated to the satisfaction of the Director that the alternative process
is comparable to that achieved by chlorination with a 1 mg/1 residual after 30 minutes contact
time. If the effectiveness cannot be related to chlorination, then the effectiveness of the
alternative disinfection process must be demonstrated by testing for pathogen destruction as
determined by the Director. A 1 mg/l total chlorine residual is recommended after
disinfection and before the treated effluent goes into the distribution system.

5. The pH as determined by daily grab samples or continuous monitoring shall be between 6
and 9.

In order to meet these water quality standards, Orem City’s WRF will need to construct tertiary
effluent filters as well as a small chlorination system which can provide the required contact time
and line residual. Aqua Engineering recently completed the design of a tertiary filtration system
at the plant, an improvement which was estimated to cost approximately $1 million dollars.
However, this design did not include the necessary chlorine disinfection improvements which
are required to meet Type 1 reuse standards. This considered, the estimated cost to complete the
necessary water treatment improvements at the WRF have been estimated at $1.2 million.

In addition to meeting standards set by the Utah Administrative Code, it is also important to
evaluate other water quality components which will influence the feasibility of a reuse system.
Excessively high concentrations of particular compounds can introduce a risk of damaging plant
life when used in irrigation. Table 8 provides a summary of water quality guidelines for irrigation
water along with the results of a grab sample from the WRF effluent.
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Table 8
Irrigation Water Report and Quality Guidelines for Orem City

Restriction Sodium | Bicarbonate | Chloride | Nitrates | Sulfates | Boron TDS

on Use pH meq/L meq/L meq/L mg/L mg/L mg/L mg/L
None 6.5-8.4 <3 <1.5 <4 <5 0-250 <0.7 <450
Slight to
Moderate 6.5-8.4 3-9 1.5-7.5 4-10 5-30 250-400 | 0.7-3.0 | 450-2000
Severe <6.5,>8.4 >9 >7.5 >10 >30 >400 >3.0 >2000
Orem City
Samples 7.33-7.94* 4.82 2.64 4.85 1.92%* 104 <0.5 592

From “Guidelines for Interpretation of Water Quality for Irrigation”, Oregon State University, “Irrigation Water Quality
Criteria”, Colorado State University, and “Irrigation Water Quality”, University of Minnesota. Compiled by Von Isaman, QA
Consulting and Testing, LLC

*From effluent data provided by Orem City personnel from Jan. 2015
** From effluent data provided by Orem City personnel from Jan. 2015 — March 2015

As can be seen in Table 8, the water quality of current Orem City effluent is relatively good for
reclaimed water. Restrictions for irrigation purposes based on the quality of the effluent range
from none (pH, Nitrates, Sulfates, and Boron) to slight (Sodium, Bicarbonate, Chloride, and TDS).
This means that, in general, the effluent likely has a relatively low risk of damaging plant life.

Unfortunately, predicting the suitability of reuse water use for irrigation is affected by more factors
than just the effluent quality. Issues such as the type of landscaping (turf grass vs. broadleaf
plants), soil characteristics, and irrigation practices can all affect how a landscape responds to any
given irrigation water. Since the reuse water will be used predominantly for turf grass (generally
more salt tolerant than other types of plants) and water quality is relatively good, it seems likely
that the City will be able to use the reuse water for irrigation at the golf course and sports park
without additional blending. If any quality issues do arise, the City could explore several different
solutions such as: irrigating more frequently and deeply to maintain a higher soil moisture content
and leach excess salts, or blending the treatment plant effluent with culinary or canal water in order
to lower salt concentrations. Additional information is contained in a publication attached at the
end of this memorandum.

SECTION V — COST EVALUATION

This section considers the cost of development of a reuse system. This will include both capital
costs and ongoing operation and maintenance costs. While identifying the absolute costs of reuse
is useful, it is also necessary to evaluate the costs of the alternative in order to evaluate if reuse is
cost effective. In this case, the alternative to reuse is to supply potential reuse demands from
culinary sources. Thus, this section includes projected costs for development of a reuse sytem and
projected costs for serving the same area using culinary water.
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Reuse System Costs

Costs associated with a reuse system can be grouped into three categories: capital costs, operation
and maintenance costs, and water purchase costs.

Capital Costs
There are two likely scenarios for providing secondary water service in Orem:
e Alternative #1 - Provide service to Sleepy Ridge Golf Course, Lakeside Sports Complex,

and extend a full secondary system using reuse water to the Southwest Annex

e Alternative #2 - Provide service to only Sleepy Ridge Golf Course and Lakeside Sports
Complex

The capital costs associated with the construction of these alternatives have been estimated based
on historic construction costs for simliar facilities. Table 7 shows the cost estimate for the
construction of Alternative #1 in 2014 dollars. Table 8 shows the same information for
Alternative #2.
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Table 7
Alternative #1 Cost Estimates
System Component Unit Cost Cost (2014 Dollars)
Water Reclamation $1,200,000
Facility Improvements* NA
8 inch pipe $138/foot $228,000
12 inch pipe $151/foot $1,959,000
16 inch pipe $169/foot $1,180,000
20 inch pipe $190/foot $302,000
WRF Booster Station #1 $3,650/hp $91,000
WREF Booster Station #2 $3,650/hp $146,000
Sleepy Ridge GC $608,000
Booster Station and
Pond Modifications $3,650/hp
Southwest Annex $2,048,000
Booster Station $3,150/hp
Southwest Annex $764,000
Storage Pond $0.40/gal
TOTAL $8,526,000
*Cost based on a 2011 price quote to Orem for these improvements
Table 8
Alternative #2 Cost Estimates
System Component Unit Cost Cost (2014 Dollars)
Water Reclamation $1,200,000
Facility Improvements* NA
12 inch pipe $138/foot $286,000
WREF Booster Station #1 $3,650/hp $91,000
Sleepy Ridge GC $608,000
Booster Station and
Pond Modifications $3,650/hp
TOTAL $2,185,000

*Cost based on a 2011 price quote to Orem for these improvements

Operations and Maintenance. Construction of a reuse system will result in additional operation
and maintenance costs beyond what would be required for servicing demands from a culinary
system alone. BC&A has conducted a number of studies on the cost of operating and maintaining
water distribution system. Based on those studies, the average costs of O&M in a culinary only
system is approximately $200/connection/year. When a secondary system is added, the average
O&M costs for both systems increases to $280/connection/year. Thus, the differential cost of
adding a secondary system is about $80/connection/year or about $165/acre-ft/year based on
average outdoor water use per connection.

It should be emphasized that this is based on O&M costs associated with secondary water sytems
providing residential service. As a result, it is probably an accurate representation of the costs of
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serving the Southwest Annex area. Because service to the Golf Course and Sports Complex
include few facilities (less potential maintenance), the cost of O&M to these areas will likely be
signficantly less. For the purpose of this analysis, the costs of servicing these areas has been
estiamated at $60/acre-ft/year, with the majority of this total being associated with power costs for

pumping.

Based on these estimates, total annual O&M costs are summarized in Table 9.

Table 9
Estimated Annual O&M Costs for Reuse Service
Annual Water O&M Cost Total Annual
Service Area Use (acre-ft) ($/acre-ft) Cost
Sleepy Ridge Golf Course/ 516 $60 $31,000
Lakeside Sports Complex
Southwest Annex 825 $165 $136,000
Total 1,341 $167,000

Water Purchase Costs. One benefit of reuse water is that it would use water rights already owned
by the City. As a result, there would be no purchase costs associated with this water source.

Costs Associated With Supplying the Potential Reuse Demand Areas with Culinary Water

Costs associated with this alternative have been organized into the same three categories used for
the reuse system: capital costs, operation and maintenance costs, and water purchase costs.

Capital Costs. As will be detailed in the Orem City Water System Master Plan, there are a
significant number of projects needed to the City’s culinary water system to convey water from
where it is produced (primarily in the northeast corner of the City) to where it is needed in the
future (primarily in the southwest corner of the City). Anything that can be done to reduce demand
in the southwest of the City will reduce the conveyance requirements and potentially reduce or
eliminate improvements in the culinary system.

BC&A examined the culinary water system model both with and without outdoor demands
associated with potential reuse. Using the model results, we identified how culinary water system
improvements could be modified between the two scenarios. Figure 5 shows projected major
conveyance system improvements without reuse. Figure 6 shows the same information with resue.
For the purpose of this analysis, the capital cost of supplying potential reuse demand areas with
culinary water includes the differential cost between the two improvement scenarios. The results
of this analysis are summarized in Table 10.
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Table 10
Additional Capital Costs of Supplying Potential Reuse Demand Areas with Culinary Water
Cost (2014 Dollars)
Alternative #1
Additional Conveyance Improvements $3,252,000
Additional Culinary Storage $1,764,000
Total $5,016,000
Alternative #2
Additional Conveyance Improvements $332,591
Additional Culinary Storage $453,600
Total $786,191

Operations and Maintenance. The only additional operation and maintenance cost of using
culinary water is the actual cost of treatment. Orem City costs for treatment from the UVWPP
vary significantly depending on a number of factors (source of water being used, time of year,
etc.). For the purposes of this analysis, it has been estimated that future treatment of water that
could otherwise be satisfied from reuse sources will cost the City approximately $125/acre-ft.

Water Purchase Costs. As will be detailed in the Orem City Water System Master Plan, the City
has existing water rights that could potentially be used to satisfy projected demands if reuse water
is not used. As a result, it is unlikely that the City would need to expend money to purchase
additional water rights for this scenario. However, all the City water rights that could potentially
be used for satisfying these demands would need to be treated before being used in the culinary
water system.

Estimating the cost of obtaining additional treatment capacity is difficult because of the City’s
current relationship with the Utah Valley Water Purification Plant (UVWPP). This plant is owned
and operated by Central Utah Water Conservancy District (CUWCD). The City has traditionally
been the primary user of water from the plant and has been able to receive all the water it needs.
However, CUWCD is currently in the process of completing the Central Water Project. This
project will connect several potential additional users to the plant that may complete for capacity
with Orem City. The City is currently working to formalize agreements associated with their
treatment capacity, but there is still uncertainty regarding how much plant capacity will be
available to them in the future.

For the purposes of this analysis, it has been assumed that the City will need additional treatment
capacity at some point in the future and will be responsible to pay the full cost of its development.
This will likely include not only the cost of actual treatment facilities, but also the cost of
conveying additional water to and from the point of treatment. Estimating a cost for these types
of improvements is difficult because they can vary signficantly depending the location of source
and treatment facilities. Based on the cost of developing treatment in other communities, it has
been assumed that this will cost somewhere between $300 and $500/acre-ft. It should be
emphasized that this is annualized cost for capital improvements associated with capacity. It is
not the annual O&M cost of treatment (as discussed in the previous section).
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One final consideration relative to water development costs is the timing of expenditures. Orem
City currently has treatment capacity to meet projected needs through approximately 2023. As a
result, no savings in treatment development costs will be realized for at least the next ten years.
Unfortunately, the window of opportunity to develop reuse may be limited, at least relative to reuse
in the Southwest Annexation area. Ifthe City does not act now to install the required infrastructure,
it will likely be too disruptive and/or expensive to try and add facilities through developed areas
later.

Comparison of Alternatives

A cost comparsion of the alternatives is summarized in Tables 11 and 12. Table 11 compares costs
for servicing the Golf Course, Sports Park and Southwest Annex area. Table 12 does the same for
the Golf Course and Sports Park only. For the purposes of comparison, all costs have been
represented as present value costs. O&M costs include 40 years of system operation. Water
purchase/acquisition costs assume that, without the development of reuse water, additional
capacity will be needed starting in 10 years.

Table 11
Cost Comparison of Supplying Reuse to Golf Course, Sports Park, and Southwest Annex
(Alternative #1)
Reuse Additional Cost/
Cost Category Alternative Culinary Alternative (or Savings) of Reuse
Capital Costs $8,526,000 $5,016,000 $3,510,000
Water %
Purchase/Acquisition $0 $6,470,000 ($6,470,000)
o&M $4,029,000 $4,044,000 ($15,000)
Total $12,555,000 $15,530,000 ($2,975,000)
*Based on lower end estimate of water development/treatment costs of $300/acre-ft/year.
Table 12
Cost Comparison of Supplying Reuse to Golf Course and Sports Park Only
(Alternative #2)
Reuse Additional Cost/
Cost Category Alternative Culinary Alternative (or Savings) of Reuse
Capital Costs $2,185,000 $786,191 $1,398,809
Water *
Purchase/Acquisition H DRI ALY
O&M $748,000 $1,556,000 ($808,000)
Total $2,933,000 $4,831,191 ($1,898,191)

*Based on lower end estimate of water development/treatment costs of $300/acre-ft/year.

BOWEN COLLINS & ASSOCIATES
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SECTION VI - CONCLUSIONS AND RECOMMENDATIONS

A number of conclusions can be made from the analysis presented in the previous sections:

1.

Overall, reuse appears to be a cost effective alternative to satisfy future water demands.
This is true for either a small system that delivers water to only the Sleepy Ridge Golf
Course and Lakeside Sports Complex (Alternative #2), or a larger system that also includes
secondary service to the Southwest Annex area (Alternative #1).

The cost effectiveness of reuse will depend on the cost of securing future treatment
capacity. The conclusions of this memorandum are based on an estimated cost of
$300/acre-ft for the development of future treated capacity. This represents the lower end
of expected future water development costs. If costs are higher, reuse would be more cost
advantageous. If costs are lower, reuse would become less cost effective. The break even
point where reuse is no longer cost effective based on treatment development costs is
$160/acre-ft for Alternative #1 and $70/acre-ft for Alternative #2.

The conclusions above are based on the present value cost of reuse over the long run.
Unfortunately, most of the costs of reuse are associated with capital costs incurred at the
beginning of the planning window, while most of the savings are realized slowly over time.
Based on the numbers above, the time required to recover the initial investment is 23 years
for Alternative #1 and 17 years for Alternative #2. Payback would be much quicker if
development of reuse could be postponed until the City runs out of culinary capacity.
However, because of development pressure in the Southwest Annex, the window of
opportunity for developing reuse in this area is limited.

Based on these conclusions, the following is recommended:

1.

Since the results of this analysis are highly dependent on the status of Orem City capacity
at the UVWPP, it is recommended that the City continue to pursue a formal agreement
regarding capacity at the plant. Once the City better understands their existing capacity
and the potential costs associated with future capacity, it can revisit the results of this
analysis.

Even though it is recommended that the City pursue formalization of future capacity
development costs, it seems very unlikely these costs will be less than the break even cost
of $160/acre-ft. Thus, it is recommended that the City pursue development of reuse.

As a first step, it is recommended that the City consider requiring installation of secondary
water facilities as part of development in the Southwest Annex. If the City decides to use
reuse water in the Southwest Annex, development of the system will need to begin
immediately while the area is still relatively undeveloped.

It is recommended that the City develop facilties for reuse on the Sleepy Ridge Golf Course
and Lakeside Sports Complex. This is necessary to help the City postpone some costly
culinary system improvements. It will also help the City develop some experience with
reuse water which will facilitate further development of this resource.
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5. Itis recommended that the City pursue discussions with Vineyard or other potential reuse
water customers to increase the amount of reuse water that can be used to offset culinary
water demands.
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he notion ater ity pr

even prim nre with
the excessive pumping of fresh water fro
ter intrusion problems. Even in high-rainfall areas the groundwater may contain sig-
nificant levels of soluble salts derived from underground rock formations of marine
origin. Moreover, increasing numbers of golf courses, parks, cemeteries, school
campuses, industrial, and commercial turfed sites use potentially saline recycled
municipal water for irrigation. The result of this breadth of use is that the effects of
excess soluble salts are visible on turfgrass plantings in a wide range of climates.
Water analysis and periodic monitoring have thus become key components of sound
irrigation management.

Water analysis by a commercial laboratory provides data on many parameters,
some of which are of little significance for turfgrass irrigation. The most important
parameters for turfgrass management are total concentration of soluble salts (salin-
ity); sodium (Na) content; relative proportion of sodium to calcium (Ca) and mag-
nesium (Mg) (Sodium Adsorption Ratio or SAR); chloride (CI), boron (B), bicar-
bonate (HCO,), and carbonate (CO,) content; and pH. Other parameters that you
are likely to find on a water test report and that you should review are nutrient con-
tent (nitrogen, phosphorus, and potassium), chlorine content, suspended solids,
and turbidity, though none of these by itself plays a major role in determining the
suitability of water for irrigation.

IMPORTANT TEST PARAMETERS

Salinity. All irrigation waters contain some dissolved mineral salts and chemicals.
Some soluble salts are identified as nutrients and are beneficial to turfgrass growth;
others may be phytotoxic or may become so when present in high concentrations.
The rate at which salts accumulate to undesirable levels in a soil depends on their
concentration in the irrigation water, the amount of water applied annually, annual
precipitation (rain plus snow), and the soil’s physical and chemical characteristics.

Different laboratories report water salinity in different ways: as Total Dissolved
Solids (TDS) measured in parts per million (ppm) or milligrams per liter (mg/L), or
as electrical conductivity (ECw) measured in millimhos per centimeter
(mmhos/cm), micromhos per centimeter (pmhos/cm), decisiemens per meter
(dS/m), or siemens per meter (S/m). Some labs may also report the individual com-
ponents of salinity (e.g., sodium) in milliequivalents per liter (meq/L). You can use
the following equations to convert results from one set of units to another, and so
compare data from differently formatted reports:

(1) 1ppm=1mg/L
(2) 1 mg/L =meg/L X Equivalent Weight (see Table 1)
(3) 1 mmho/cm = 1 dS/m = 1,000 pmhos/cm = 0.1 5/m
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Table 1. Conversion factors for mg/L and meq/L

To convert To convert
mg/L to meg/L meg/L to mg/L

Constituent multiply by multiply by
Sodium (Na) 0.043 23
Calcium (Ca) 0.050 20
Magnesium {Mg) 0.083 12
Bicarbonate (HCO,) 0.016 61
Carbonate (CO,) 0.033 30
Chloride (CI) 0.029 3b

Historically, laboratories determine TDS in water by evaporating a known vol-
ume and then weighing any precipitate. Results of this method were reported as ppm
or mg/L. This process is time-consuming, and today the preferred method for assess-
ment of soluble salt content is the measurement of electrical conductivity (ECw),
which is directly related to the salt content of the water. Regardless of how salinity
is reported, the relationship between ECw and TDS is approximately

(4) ECw (mmhos/cmor dS/m) X 640 = TDS (ppm or mg/L)

Note that the 640 value is a general average factor and may require adjustment
in special circumstances. For example, waters containing substantial amounts of sul-
fate require a higher conversion factor. Many low-salinity groundwater supplies
along coastal valleys of California have water that would fall within this category.
Sometimes the appropriate conversion factor can be as high as 700. If you are unsure
about which conversion factor to use, consult the testing laboratory.

Most water that is acceptable for turfgrass irrigation contains from 200 to 800
ppm soluble salts. Soluble salt levels greater than 2,000 ppm may injure turfgrass;
salt levels up to 2,000 ppm may be tolerated by some turfgrass species (Table 2), but
only on soils with exceptional permeability and subsoil drainage. Good permeabili-
ty and drainage allow a turfgrass manager to leach excessive salts from the root zone
by periodically applying heavy irrigations. Sand-based sport fields and golf greens
have the proper soil structure for this form of salinity management. (It should be
noted that irrigation water with a very low salt content [i.e., below 0.2 dS/m] can
actually reduce the permeability of a soil. Such water can disperse clay particles,
which then clog large soil pores that are important for good permeability.)

Table 2. Relative tolerances of California turfgrass species to soil salinity (ECe)

Moderately Moderately
Sensitive sensitive tolerant Tolerant
(<3 dS/m) (3 to 6 dS/m) (6 to 10 dS/m) (>10 dS/m)
Annual bluegrass Annual ryegrass Perennial ryegrass Alkaligrass
Colonial bentgrass Creeping bentgrass Tall fescue Bermudagrasses
Kentucky bluegrass Fine-leaf fescues Zoysiagrasses Seashore paspalum
Rough bluegrass Buffalograss St. Augustinegrass

From: M. A. Harivandi, J. D. Butler, and L. Wu. 1992. Salinity and turfgrass culture. In D. V. Waddington, R. N. Carrow, and
R. C. Shearman (eds.) Turfgrass, pp.207-229. Series No. 32. Madison: American Society of Agronomy.
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Table 3 lists the parameters a turfgrass manager should consider in evaluating
irrigation water quality. As indicated, waters with ECw values greater than 0.7 dS/m
(450 mg/L) present increased salinity problems. Only careful management will pre-
vent the accumulation of deleterious amounts of salts in the soil if water with a high
ECw is used for irrigation. Avoid using any water with an ECw above 3 dS/m.

The salt tolerance of turfgrass and other plants is expressed in terms of the salt
content of the soil root zone. For example, as indicated in Table 2 Kentucky blue-
grass will tolerate a soil salinity (ECe, the electrical conductivity of the soil water
extract) of up to 3 dS/m. You must therefore consider soil physical characteristics
and drainage, both of them important factors in determining root zone salinity,
when you decide about the suitability of a given irrigation water. Water with an ECw
of 1.5 dS/m may be suitable for grass grown on sandy soil with good drainage (and
thus high natural leaching), but the same water may prove injurious within a very
short period if used to irrigate the same grass grown on a clay soil or a soil with lim-
ited drainage resulting from salt buildup in the root zone.

Table 3. Guidelines for the interpretation of water quality for irrigation

Degree of restriction on use

Potential Unit of Slight to
irrigation problem measure None moderate Severe
Salinity
ECw dS/m <07 0.7t03.0 >3.0
TDS mg/L <450 450 1o 2,000 >2,000
Soil water infiltration
(evaluate using ECw [dS/m] and SAR together)
if SAR=0103 & ECw = >0.7 0.710 0.2 <0.2
if SAR =310 6 & ECw = >1.2 121003 <0.3
if SAR=61012 & ECw = >1.9 19t 05 <0.5
if SAR = 1210 20 & ECw = >2.9 291013 <1.3
if SAR = 2010 40 & ECw = >5.0 50t029 <2.9
Specific ion toxicity
Sodium {Na)
root absorption SAR <3 3t09 >9
foliar absorption megq/L <3 >3
mg/L <70 >70
Chloride (CI)
root absorption meq/L <2 21010 >10
mg/L <70 70 to 355 >355
foliar absorption meq/L <3 >3
mg/L <100 >100
Boron (B) mg/L <1.0 101020 >2.0
Miscellaneous effects
Bicarbonate (HCO,) meq/L <15 151085 >8.5
(unsightly foliar deposits) mg/L <90 90 to 500 >500
pH normal range 6.5t08.4
Residual chlorine (Cl,) mg/L <1.0 1tob >b

Adapted from D. W. Westcot and R. S. Ayers. 1984, Irrigation water quality criteria. In G. S. Pettygrove and T. Asano (eds.)
Irrigation with Reclaimed Municipal Wastewater - A guidance manual. Report No. 841-1wr. California State Water

Resources Control Board, Sacramento, CA; and from D. S. Farnham et al. 1985. Water Quality: Its Effects on Ornamental
Plants. University of California Division of Agriculture and Natural Resources Publication 2995.
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The figures in Table 2 give a general guide to the salt tolerance of individual turf-
grasses. As indicated, soils with ECe values below 3 dS/m are considered satisfacto-
ry for most turfgrasses. ECe values between 3 and 10 dS/m indicate soils in which
only a few salt-tolerant turfgrass species can survive.

Sodium. Sodium content is another important factor in irrigation water quality
evaluation. Plant roots absorb sodium and transport it to leaves where it can accu-
mulate and cause injury. The leaf symptoms of sodium toxicity resemble those of salt
burn. Because salts can be absorbed directly by leaves, irrigation water with a high
level of sodium salts can be particularly toxic if applied to plant leaves via overhead
sprinklers. Sodium toxicity is often of more concern on plants other than turfgrass-
es, primarily because accumulated sodium is removed every time grass is mowed.
Among grasses grown on golf courses, annual bluegrass and bentgrass are the most
susceptible to sodium phytotoxicity. In these cases, mowing may not provide pro-
tection since these grasses are generally cut very short (a stress in itself), and any
sodium accumulation will then make up a large proportion of the small remaining
quantity of leaf tissue.

The data in Table 3 provide general guidelines for assessing the effect of sodium
in irrigation water. As indicated in the table, the level of sodium tolerated by non-
turf plants varies with irrigation application method. Most landscape plants will tol-
erate as much as 70 ppm (mg/L) sodium when irrigated by overhead sprinkler.

SAR (Sodium Adsorption Ratio). Although sodium in the irrigation water can be
toxic to plants, a more common deleterious effect of sodium results from its effect
on soil structure. This effect generally is of more concern to golf course superinten-
dents and other professional managers of intensely used turfgrassess.

When irrigation is applied to the soil, the best indicator of sodium effect is a
water’s Sodium Adsorption Ratio (SAR), a value which should be provided in all lab-
oratory water analyses. As a general rule, water with an SAR value below 3 is con-
sidered safe for turf and other ornamental plants (Table 3). Because SAR is such an
important factor in water evaluation, however, it merits a thorough understanding.

The high sodium content common to recycled water can cause deflocculation
(breakdown) of soil clay particles, severely reducing soil aeration and water infiltra-
tion and percolation. In other words, a soil's permeability is reduced by irrigation
with water high in sodium. The best measure of a water’s likely effect on soil per-
meability is the water’s SAR considered together with its ECw. SAR is the ratio of the
concentration of sodium ions to the concentration of calcium plus magnesium. You
can use the formula below to calculate SAR if a laboratory report does not provide
it but does provide values for sodium, calcium, and magnesium in meq/L. If values
are provided as mg/L or ppm, convert them to meq/L using the conversion factors
in Table 1 before you use the formula.

Na
() SAR= (Ca+Mg) +2

Generally, water with an SAR greater than 9 can cause severe permeability prob-
lems when applied to fine-textured (clay) soils over a period of time. Coarse-tex-
tured (sandy) soils have fewer permeability problems and can tolerate an SAR of this
magnitude. For example, you can successfully irrigate golf greens and sports fields
constructed with high-sand-content root zone mixes using high-SAR water because
of their good drainage.

For waters high in bicarbonate, some laboratories adjust the calculation of SAR
(yielding an “adjusted SAR” or “Adj. SAR") because soil calcium and magnesium
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concentrations are affected by the water’s bicarbonate. In simplest terms, Adj. SAR
reflects the water’s calcium, magnesium, sodium, and bicarbonate content as well as
its total salinity. Other labs use a newer method to adjust the SAR value and report
the adjusted value as Adj. Ry . Not all labs have adopted this new method, which
adjusts the SAR to account for either the precipitation or dissolution of calcium car-
bonate, but the unadjusted SAR value is sufficient for our purposes.

Interaction of salinity and SAR. Salts and sodium do not act independently in the
plant environment. The effects of sodium on soil particle dispersion (and therefore
permeability) are counteracted by a high electrolyte (soluble salts) concentration,;
therefore, one cannot assess a water’s sodium hazard independent of its salinity. The
combined effect of water ECw and SAR on soil permeability is given in Table 3. Note
that the table provides general guidelines only. Soil properties, irrigation manage-
ment, climate, a given plant’s salt tolerance, and cultural practices all interact sig-
nificantly with water quality in the actual behavior of soils and plant growth.

Bicarbonate and carbonate. The bicarbonate content and, to a lesser degree, the
carbonate content of irrigation water also deserve careful evaluation. Recycled
waters and well waters are especially likely to contain excessive bicarbonate levels.
Substantial bicarbonate levels in irrigation water can increase soil pH, and in com-
bination with carbonate they may affect soil permeability. In addition, bicarbonate
content may make itself obvious during hot, dry periods, when evaporation may
cause white lime (CaCO,) deposits to appear on leaves of plants irrigated by over-
head sprinklers.

Although high levels of bicarbonate in water can raise soil pH to undesirable lev-
els, bicarbonate’s negative impact on soil permeability is often of greater concern. As
mentioned above, the bicarbonate ion may combine with calcium or magnesium and
precipitate as calcium carbonate or magnesium carbonate. This precipitation
increases the SAR in the soil solution because it lowers the dissolved calcium con-
centration.

Table 3 indicates tolerable levels of bicarbonate in irrigation waters. The bicar-
bonate hazard of water may be express as Residual Sodium Carbonate (RSC), calcu-
lated thus

(6) RSC = (HCO, + CO,) - (Ca + Mpg)

where concentrations of ions are expressed in meq/L (see Equation 2 and Table 1 for
conversions). Generally, water with an RSC value of 1.25 meq/L or lower is safe for
irrigation, water with an RSC between 1.25 and 2.5 megq/L is marginal, and water
with an RSC of 2.5 meq/L or more is probably not suitable for irrigation.

pH ion activity). The pH is a measure of water's acidity or alkalinity
measured in pH units. The scale ranges from 0 to 14, with pH 7 representing neu-
tral—water with a pH of 7 is neither acidic nor alkaline. As it progresses from pH 7
to pH 0, water becomes increasingly acidic; from pH 7 to pH 14, water becomes
increasingly basic (alkaline). The pH units are on a logarithmic scale: there is a ten-
fold change between each whole pH number. Thus a water with pH 8 is 10 times
more basic than a water with pH 7, and 100 times more basic than a water with pH
6. Water pH is easy to determine and provides useful information about the water’s
chemical properties. Although seldom a problem in itself, a very high or very low
water pH can be a warning that you need to evaluate the water for other con-
stituents. The desirable soil pH for most turfgrasses ranges from 5.5 to 7.0; most irri-
gation waters’ pH values, however, range from 6.5 to 8.4. Depending on the proper-
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ties of the soil where the grass is grown, an irrigation water pH range of 6.5 to 7
would be most desirable. Water with a pH outside the desirable range must be care-
fully evaluated for other chemical constituents.

Chloride. Besides contributing to the total soluble salt concentration of irriga-
tion water, chloride (Cl) may be directly toxic to plants grown on a golf course, park,
or other landscape site. Although chloride is not particularly toxic to turfgrasses,
many trees, shrubs, and ground covers are quite sensitive to it.

Chloride is absorbed by plant roots and translocated to leaves where it accumu-
lates. In sensitive plants this accumulation leads to necrosis: leaf margin scorch in
minor cases, total leaf kill and abscission in severe cases. Similar symptoms may
occur on sensitive plants if high-chloride water is applied via overhead sprinklers,
since chloride can be absorbed by leaves as well as roots. Turfgrasses tolerate all but
extremely high levels of chloride as long as they are regularly mowed.

Chloride salts are quite soluble, so they can be leached from well-drained soils
with good subsurface drainage. As indicated in Table 3, irrigation water with a chlo-
ride content greater than 355 mg/L is toxic when absorbed by roots, while a chlo-
ride content greater than 100 mg/L. can damage sensitive ornamental plants if
applied to foliage.

Boron. Boron (B) is an essential micronutrient for plant growth, though it is
required in very small amounts. Even at concentrations as low as 1 to 2 mg/L in irri-
gation water, it is phytotoxic to most ornamental plants and capable of causing leaf
burn (Table 3). The most obvious symptoms appear as a dark necrosis on the margins
of older leaves. Turfgrasses generally tolerate boron better than any other plants grown
in a landscape, but they are more sensitive to boron toxicity than to either sodium or
chloride. Most turfgrasses will grow in soils with boron levels as high as 10 ppm.

OTHER PARAMETERS

Chlorine. Irrigation water originating from municipal recycled water may contain
excessive residual chlorine (CL,), a potential plant toxin. Chlorine toxicity is almost
always associated only with recycled water sources, which are routinely disinfected
with chlorine-containing compounds. Chlorine toxicity occurs only if high levels of
chlorine are sprayed directly onto foliage, a situation likely to occur only if the recy-
cled water goes straight from the treatment plant to an overhead irrigation system.
Free chlorine is very unstable in water, and it will dissipate quickly if the water is
stored for even a short period of time between treatment and application to plants.
As indicated in Table 3, residual chlorine is of concern at levels above 5 mg/L.

Nutrients. With the exception of municipal recycled water, the nutrient value of
most irrigation waters is negligible. Recycled waters, however, always contain a
range of micro (trace) elements sufficient to satisfy the needs of most turfgrasses.
They may also contain enough macro (major) nutrients (nitrogen, phosphorus, and
potassium) to figure significantly in the fertilization program of a large turfed area.

Most laboratories test recycled water for nutrient content, and many report
nutrients in terms of “lb/acre-ft of water applied.” The economic value of these
nutrients can be substantial. Even where the quantities of nutrients are low, the
nutrients can be used very efficiently by plants because they are applied on a regu-
lar basis. If the laboratory report does not include the lb/acre-ft of nutrients, you can
use the following conversion formula to determine this value for any nutrient con-
tained in the irrigation water:

(7)  Ib/acre-ft of nutrient = nutrient content (mg/L or ppm) x 2.72
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Suspended solids. The suspended solids (SS) in irrigation water are the inorgan-
ic particles such as clay, silt, and other soil constituents, as well as organic matter
such as plant material, algae, and bacteria. These materials do not dissolve in water
and can thus be removed only by filtration, an essential step for most irrigation sys-
tems in which plugged sprinkler head openings or plugged valves can reduce a sys-
tem’s efficiency and life span.

The suspended solids in domestic municipal water sources are negligible and
not a cause for concern. However, you should monitor suspended solids in well,
lake, pond, canal, or recycled waters used for irrigation. Besides the mechanical
problems they present for irrigation systems, suspended solids can seal a soil sur-
face, especially on sand-based golf greens, sports fields, and other sandy media.
Solids can fill in air spaces between sand particles, reducing infiltration and drainage
and increasing compaction. Since these effects vary considerably with the type of
suspended solid, the irrigation system, and the turfgrass soil, it is difficult to for-
mulate general acceptable values for suspended solids in irrigation water. General
consensus says that an SS level below 50 mg/L is safe for a drip irrigation system
while values above 100 mg/L will cause plugging, but the complexity and variabili-
ty of irrigation waters and systems make effective filtration the most sensible
approach to controlling hazards posed by suspended solids.

Turbidity. Another factor, turbidity, measures the transmission of light through
water with respect to matter suspended in the water. This measurement frequently
appears in laboratory results, especially in analyses of recycled water, and it is an
important tool in determining the quality of domestic and recycled water. It is not a
useful tool for evaluating irrigation water, primarily because there are no uniform
guidelines for acceptable turbidity vatues for irrigation water.

SAMPLING IRRIGATION WATER

The results of a laboratory water test are only as gopod—and therefore only as use-
ful—as the water sample tested. Thus, a tested sample must be truly representative
of the irrigation water applied. Poor or contaminated samples result in misleading
evaluations. Since the few ounces of water finally tested represent a tiny fraction of
the millions of gallons of water eventually used to irrigate a golf course, cemetery, or
park, getting a good sample can be trickier than it may at first appear.

There are no strict rules for sampling water. Equal attention is due, however, to
the sampling equipment, timing, location, and handling of the sample. Some labo-
ratories provide instructions on what type of containers to use for sampling and the
amount of water needed for a sample. If no instructions are available from the lab,
use clean plastic bottles rather than glass since some glass bottles may be a source
of boron. Also, plastic bottles reduce the chance of breakage during transfer. Always
use a clean bottle; if unsure of its cleanliness, wash the bottle thoroughly first, using
the water to be sampled.

Label the bottles immediately after sampling. Use permanent ink and good qual-
ity labels. Record the time, date, and location of sampling. Make sure each sample
bottle is tightly closed.

A water sample should represent the water actually applied to plants. Thus, for
example, you should collect water from sprinklers while they are operating.
Similarly, the quality of water stored in ponds or lakes may change over time, par-
ticularly if the water has been recycled or if it is held for an extended period during
hot weather, so sampling must take this into account. Water quality may also vary
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from season to season, so it may be appropriate to take samples for analysis at dif-
ferent times of year.

INTERPRETING WATER QUALITY HAZARDS

Clearly, water quality involves a complex set of factors and each irrigation water
must be analyzed on an individual basis. Very few water sources are absolutely
unsuitable for turfgrass irrigation. While you can use the discussion in this publica-
tion as a general guide to help you determine whether you have a turfgrass water
quality problem, any determination of the precise nature and magnitude of that
problem may require more than just water analysis. Climate, soil chemistry and
physics, use patterns, and turf quality expectations all contribute both to any prob-
lem and to any potential remedies in turfgrass water quality.

FOR MORE INFORMATION

You'll find detailed information on many aspects of turfgrass and landscape care in
these UC ANR publications:

Effluent Water for Turfgrass Irrigation, publication 21500

Evaluating Turfgrass Sprinkler Irrigation Systems, publication 21503
Managing Turfgrasses during Drought, publication 21499

Turfgrass Evapotranspiration Map: The Central Coast of California, publica-
tion 21491

Turfgrass Water Conservation, publication 21405

UC IPM Pest Management Guidelines for Turfgrass, publication 3365-T

Also of interest:
Grower’s Weed Identification Handbook, publication 4030
Weeds of the West, publication 3350

To order these publications, visit our online catalog at
You can also place orders by mail, phone, or fax, or request a printed catalog of pub-
lications, slide sets, and videos from

University of California

Division of Agriculture and Natural Resources
Communication Service

6701 San Pablo Avenue, 2nd Floor

Oakland, California 94608-1239

Telephone: 1-800-994-8849 or (510) 642-2431, FAX: (510) 643-5470
e-mail inquiries: danrcs@ucdavis.edu
Visit us on the World Wide Web: avis.edu
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An electronic version of this publication is available on the ANR Communication Services
website at hitp:/anrcatalog.ucdavis.edu.
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WATER MODEL HISTORY

MODEL NOTES
History

Physical Components - The model was originally developed from the City’s GIS data by JUB
Engineers. The junctions, pipes, pumps, sources, tanks, were setup in the hydraulic model
primarily by JUB, but with the aid of Orem City personnel.

The model was developed as an extended period simulation with controls used to turn wells off
and on based on tank elevations. See

These controls were left in the model, but were disabled for most of the steady-state scenarios
developed as part of the water master plan so that pumps remained off. This was done for a few
reasons:

1. Ease of Use. City personnel would like to use the model on a continuing basis. While it
is possible to learn how extended period simulation (EPS) function, it requires a lot of
experience to know how to modify the model and work with the model once running as an
EPS. The primary use of the model will be to identify low system pressures and fire flow
results for operation personnel. Steady state models are much simpler to use and modify.

2. Simplicity. EPS models cannot be calibrated for buildout conditions. The steady state
model therefore provides required results without added complexity.

3. Calibration. EPS models require a great deal of data to be calibrated correctly and operators
often adjust how the system operates such than EPS would have difficulty “keeping up”
with operator modifications.

The model was therefore calibrated as a steady state model to provide required results while
keeping it simple for operator use.

2014 Updates

BOWEN COLLINS & ASSOCIATES 1 OREM CITY
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Physical Components - As part of the 2014 master plan, few modifications were made to the
physical model. Well #9 was added to the model using data provided by Orem City personnel. A
flow control valve was also added in association with this well.

Demand Allocation — The original model developed by JUB Engineers used a land use approach
for distributing demands. This approach is adequate when no other data is available. However, to
facilitate a higher level of system calibration, BC&A followed the following steps to input existing
demands into the hydraulic model.

1. Identified Peak Day Demand Production — BC&A used historic flow records from the
City’s treatment plant and wells to estimate the peak day of production for the City. For
the period of record (approximately 5-years of historic records), June 25", 2012 was the
highest peak day demand. Peak Day Production was equal to 61.5 mgd for June 28", 2012.

2. ldentified sales and useage data —

a. Unbilled records were assembled for all of 2013. This included data from park
strips, parks, and other City facilities. The majority of demand in this category
includes City parks. Demands are only tracked on an annual basis.

i. Developed a seasonal peaking factor for the City to approximate what the
seasonal peaking factor would be for park irrigation demands.

Irrigation Peaking Factor = Peak Day Demand / Average Demand During
Irrigation Season = 1.72. The estimated peak day demand from City parks,
etc was approximately 3.8 mgd.

b. Orem City assembled July 2013 billing records in the City.

I. These demands were assigned to each meter record in the City’s GIS. Using
this approach, BC&A was able to distribute approximately 90% of billed
demands to the correct geospatial location in the City.

ii. Because total water use sales is usually less than recorded production
because of meter inaccuracies & system leakage, billed demands were then
adjusted to match the overall water production record for the City. For peak
day demand, this was equal to 61.7 mgd (the total peak day production) —
3.8 mgd (the peak day demand at parks) = 57.9 mgd.

iii. In the database editor, see

Ji——
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Demand 1 - Metered demands are listed under Demand 1
Demand 2 — Park demands are listed under Demand 2
Demand 3 — Future Demands or growth in demands (zero for existing scenarios)

Demand Patterns — The demand pattern for all junctions in the City is primarily based off the
diurnal pattern observed for flow meter records from the Reach Il Transmission Line. Demand or
useage fluctuations for several locations in the City were collected for the peak week of demand
(June 22, 2012 — June 28, 2012). This data was then used to estimate a representative pattern for
the entire City as shown in the table below.

Reach Il Demand Pattern

Time
(from | Peaking
start) | Factor
1.65
1.669
1.552
1.645
1.773
1.807
1.696

OO WIN|IF|O
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Time

(from | Peaking

start) | Factor
7 1.454
8 1
9 0.9
10 0.518
11 0.388
12 0.346
13 0.323
14 0.313
15 0.31
16 0.341
17 0.332
18 0.427
19 0.561
20 0.95
21 1
22 1.43
23 1.62
24 1.65

This demand pattern is important to understand because the demand patterns in the model are
based off the peak factor developed from the Reach 11 transmission line.

SCENARIO EXPLORER
Data Sets
The scenario explorer as seen below has a number of different data sets in it. The Demand Set

category includes different demands for each scenario that apply different peaking factors among
the different sets.
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e Peak Day Demand — In general, peak day demand conditions apply a peaking factor of 1.0
to demands in the model. This is because we only want to simulate average daily demands
on the peak day of demand. This is the required condition used for fire flow simulations.

e Peak Hour Demand — Peak hour demands apply a peaking factor of 1.8 to demands in the
model because this is the peak demand observed around 5 A.M. in the Reach Il diurnal
pattern.

e Vineyard — Demands in Vineyard have been assumed to be constant under both peak day
and peak hour demand conditions. This assumes that Vineyard will have storage facilities
internal to their City or that they will fund any storage facilities required in Orem City.

e Data Sets — Data sets in the different scenarios keep track of changes between scenarios.
For example, under existing conditions, the “BASE” pipe set includes all existing pipe
diameters in the City’s GIS. However, the buildout condition scenarios use a “buildout”
pipe set that may have larger diameters compared to existing conditions. This is to simulate
the effect of improvements made to City distribution system as needed to alleviate pressure
deficiencies.

Facility Sets

In addition to the data sets in the Scenario Explorer, there is also a tab called “Facility” that helps
define what active elements are in the model for different scenarios. See below.
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The scenarios in the hydraulic model have “query sets” for the different scenarios that help define
what elements of the model are active under existing and future conditions. For example the
Southwest Annexation area includes a large number of pipes that are included as part of the future
model, but are not active in the existing model. This is controlled using a query like the following:

For existing conditions, if the installation year for a pipe is 2014 or older, the pipe is active.
If the Install year for the pipe is 2020 or greater, then the pipe does not exist in the existing

model.

- [Model Explorer

&3 EX_PHD, steady state PHD

1 x

-

% | |*Active*:Standard | [¥| Refresh Output
Steady State 4 }

k-reoeQEzEBE 2B &
)'Juﬁﬁa@f_\ﬁﬁﬁ

=5
= - @3- g B Fp ful

PIPE: 17052, 6_WL2829

(D) 17052

Check Valve Mo
| Information
vear of Installation 2000
ear of Retirement
Zone
Material
Lining
CostID

Description .!: Ez! g

Phase 0

FH_BO_WELS Yes

SW_AREA es

WAK DAY rEs |Z|

Attribute | Operation |

n

£

This is important to understand as the model is edited in the future. An install year should be
assigned to all pipes so that they turn on or off as appropriate for each scenario in the model.
If a pipe is not assigned an installation year, the assumed year of installation is O years so that it

will be active in both existing and future scenarios.
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Calibration

Regarding the “existing condition” calibration, there are only a few categories of adjustments that
can be made to calibrate a hydraulic model.

Physical Model — The most important thing for a model to be representative of true
conditions is having accurate physical information. Tank levels, pipe sizes, pump
capacities, PRV settings. As mentioned, the physical components of the hydraulic model
were setup previously and assumed to be accurate. Modest changes were made to reflect
GIS data and new Well locations.

0 PRV Settings — During calibration of the model, many of the reported PRV settings
in the model seemed to be inappropriate. This was most apparent for PRVs
supplying the Central & Eastside pressure zones. Adjustments to PRV settings
were made to try and bring simulated flows in key transmission lines more in line
with measured flows during the peak week of demand (June 22, 2012 — June 28,
2012).

= Specifically, the simulated flow through Alpine 11B were much lower than
measured flows for the reported PRV settings.

o0 Simulated Pressures vs Observed Pressures — Adjustments in the model were made
so that simulated pressures more closely matched observed pressures at key points
in the City where the City tracks pressures using its SCADA system.

Demand — The next most important thing for the model to be calibrated correctly is an
accurate distribution of demands.

o0 Existing Demands — Demands in the model were based on City billing data assigned
geospatially to the junctions. The billing data itself, however, likely has errors in
it. The assumption we have made is that any errors in the billing data are relatively
small and uniformly distributed throughout the City.

= Asthe City improves correlation of billing data to geospatial meter data, the
demand distribution can be further improved. More accurate meter data
will also potentially improve the demand distribution in model.
Friction Losses - Pipe roughness — Pipe roughness is the third variable that can affect the
model’s calibration. Initially, all pipe roughness in the model were set to a Hazen-Williams
roughness of 150 (equivalent to new PVC). All pipe roughness were adjusted to 120 — 130
to reflect older PVC or ductile iron pipe. To further refine pipe roughness values, fire flow
test data would be needed along with the overall production on the day of the test.
However, based on the roughness values between 120 and 130, simulated pressures were
fairly close to observed pressures at key PRVs and pump stations for the peak hour of
demand. The table below shows the locations with observed system pressures. In general,
pressure during peak hour demand were within 5 psi of observed pressures.
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Measured Results (psi)

Simulation Results (psi)

Static Peak Hour Static Peak Hour

PRV Upstream pressure Demand Demand Demand Demand
500 West 123.9 82.5 114 81.5
800 South 800 West 135.8 100.0 126 95.0
Heather Rd 116.4 107.9 115 103.8

Cherapple Pump Station
UsS -- 60 -- 55.5
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Bowen Collins

& Associates, Inc.
CONSULTING ENGINEERS

TECHNICAL MEMORANDUM

DATE: September 11, 2014

TO: Neal Winterton
Orem City Municipal Corp
1450 W 550 N

Orem, Utah 84057

FROM: Keith Larson
Bowen, Collins & Associates
154 East 14000 South
Draper, Utah 84020

PROJECT:  Water Master Plan
SUBJECT:  Advanced Metering Infrastructure (AMI)

INTRODUCTION

Orem City has traditionally used manual read water meters to bill its customers for water use.
With advances in water meter technology, the City desires to consider metering alternatives that
could improve system performance and/or reduce water system costs. The purpose of this
memorandum is to identify alternatives for improving metering and determine the feasibility of
implementing advanced metering infrastructure in the City.

BACKGROUND
Current Status of Orem Water Meters

Orem City currently faces two challenges associated with water metering:

e Meter Age — Like most things in life, water meters have a finite lifetime. Over time, meter
components can become worn, reducing the overall registration of the meter. This is a
negative for a water system because it reduces the amount of water sold and the
corresponding total collected revenue. To avoid significant losses in accuracy and
corresponding revenue, the expected life span for a residential meter has historically been
10 to 20 years. Unfortunately, most meters currently used in Orem City are much older
than this. While detailed data does not exist for meter age in the City, many of the City’s
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meters have not been replaced since their installation as part of the original water system
construction. Less than 10 percent of the City’s water system has been installed in the last
ten years, with more than 35 percent of the system installed more than 40 years ago. As a
result, the vast majority of the City’s meters are likely due for replacement.

Meter Reading Process — Orem City currently reads all of its meters manually. Each time
the meters are read, Orem City employees must go to each house, locate the water meter,
open the meter box, and read the meter. There are several drawbacks to this approach.
First, it is an expensive and labor intensive process. Several employees and vehicles must
be used each month to gather the data and enter it into a data base. Second, it provides
water consumption data information on only an infrequent basis. At best, meter reads occur
once a month. During the winter months (November through February) no meter reads
occur at all. This limits opportunities for the City to understand water demands in the
system and optimize water use.

Advanced Metering Infrastructure

Given the challenges associated with the current water metering system, the City is considering
replacement of the existing meters with an Advanced Metering Infrastructure (AMI) system. AMI
refers to a system that communicates remotely with metering devices (in this case water meters)
to collect and analyze data. For a water system, an AMI system will include several components:

Water meters to meter flow at each connection

A two-way communication system between the meters and a data storage location
Data storage

Software for organizing, analyzing, and displaying water use data

A portal for communication with the customer and customer access to the data

AMI is a step beyond traditional automatic meter reading (AMR). While AMR allows meters to
be read remotely (most often by driving through the system with a vehicle mounted radio), AMI
enables two-way communications with the meter from a central location.

POTENTIAL IMPACTS OF AMI

Implementation of an AMI system could potentially affect the Orem City water system in several

ways.
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Financial Impacts
AMI would affect Orem City financially in two ways:

Reduced O&M Costs

As noted above, current meter reading activities are not an insignificant portion of the City’s
operation and maintenance budget. It is difficult to quantify meter reading costs because they
show up in many different budget categories. Direct costs associated with meter reading that can
be quantified include actual wages for meter readers and vehicle costs. These costs could be
eliminated completely with an AMI system. There are likely also some costs associated with
utility billing that would be affected by moving to an AMI system. Costs associated with data
entry and trouble shooting of meter reads would decrease, while costs associated with data
management would increase. For the purpose of this analysis, we have assumed that utility billing
costs would experience a net decrease in cost of 5 percent as a result of shifting to AMI. Total
projected O&M cost savings associated with AMI are summarized in Table 1.

Table 1
Projected Reduction in O&M Costs
Associated with Move to AMI

O&M Category Annual Cost
Meter Reader Wages $65,000
Vehicle Expenses $18,000
Utility Billing $45,000
Total $128,000

For comparison purposes, the average cost of manual meter reading based on national surveys
ranges between $0.50 and $1.50 per read. Based on the number of meters in the Orem City system
and 8 reads per year, this equates to between $87,000 and $262,000 per year. Orem City costs as
currently estimated are near the lower end of this range.

Increased Water Sales

With the implementation of an AMI system, Orem City would eventually replace most of its
existing meters. With the replacement of the meters, measurement accuracy is expected to improve
and result in increased water sales to the City. Unfortunately, projecting increased water sales is
very difficult. This section examines the available data on meter accuracy and then provides an
estimate of potential increases in water sales based on the best available information.

The challenge with estimating meter accuracy is that, while accuracy in a system as a whole does
tend to decrease over time, the rate of degradation can vary significantly between meters depending
on water quality, installation and handling, total volume metered, peak velocities, etc. A meter
can go for many years with very little loss of accuracy, and then completely stop functioning over
a period of days. To account for this uncertainty and best quantify the approximate additional
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sales that would result from replacement of the meters, BC&A considered Orem City meter
accuracy in three ways:

Sample Meter Testing — A sample of meters were tested by City staff with results verified though
testing by a third party (Provo City). A summary of the results are contained in Table 2.

Table 2
Meter Accuracy — Sample of Existing Orem City Meters
Meter Type Lowest Read Highest Read Average Accuracy
3/4-inch Meter, 1960's 31.8 115.9 97.7
3/4-inch Meter, 1970's 64.4 120.9 89.1
3/4-inch Meter, 1980's 76.0 117.6 101.7
3/4-inch Meter, 1990's 79.1 112.8 99.5
3/4-inch Meter, 2000's 93.2 115.3 105.5
1-inch Meter, 1960's 104.3 109.0 106.7
1-inch Meter, 1970's 107.3 121.8 114.5
1-inch Meter, 1980's 105.3 106.1 105.7
1-inch Meter, 1990's 101.8 108.7 105.2
1-inch Meter, 2000's 100.5 109.5 105.0
1.5-inch Meters 90.9 107.2 99.3
2-inch Meters 82.4 104.6 96.5

As can be seen in the table, the average accuracy of the meters tested was better than expected.
The worst meter group tested (3/4-inch meters, 1970°s) was at 89%, but all other groups averaged
96.5% or higher. However, the results do confirm that there a many meters that are performing
very poorly, with the worst reading a mere 32% of actual flow. While the overall average was
generally lower than actual flow, there were a surprising number of meters registering higher than
actual flows. While this is not negative from a revenue standpoint, the results do fall out of
AWWA metering standards and indicate the meters should be serviced or replaced.

It should be emphasized that the results above are for the testing of only 65 total meters. Thus,
they do not represent a statistically significant sample size and shouldn’t be used to estimate
accuracy for the system as a whole. However, they do demonstrate the variability that can be seen
between the accuracy of individual meters.

Observed Accuracy in Other Systems — While the sample size for Orem City was limited, other
systems and researchers have been able to conduct much more extensive testing. While observed
results show significant variation in accuracy degradation rates. BC&A was able to observe some
general trends. In general, there is greater correlation between accuracy degradation and the total
volume of flow through the meter opposed to meter than age. However, if average Orem City
flows are used to estimate approximate flow by age, an approximate correlation between age and
accuracy can be established.

Table 3 provides estimated average accuracy by age based on other studies and the approximate
portion of water meters falling in each age category for Orem City.
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Table 3
Estimated Meter Accuracy Based on Age

Age (in Years) Less than 20 20 to 30 30 to 40 | Greater than 40
Percent of Orem City Meters 6% 23% 35% 36%
Expected Accuracy 95% 87% 81% 76%

Weighted Average Accuracy = 81.4%

As shown in the table, the expected accuracy for meters in the Orem City system based on age is
81.4 percent.

Citywide Water Use Data — A final approach for looking at meter accuracy is to look at flow data
for the City as a whole. This can be done by comparing water sales against water produced and
domestic wastewater observed at the treatment plant. To do this, BC&A collected totals for each
of these values during the winter months. Only the winter months were examined for two reasons.
First, wastewater flows will correlate with indoor water use only. By using winter water use data,
indoor water use can be approximated. Second, the City has a number of unmetered outdoor uses
in the system. By looking at indoor water use only, losses associated with these unmetered uses
can be minimized. The results of this analysis are summarized in Table 4.

Table 4
Orem City Total Water Use Statistics
Average Indoor Use

2013
Water Production 10.98 mgd
Domestic Wastewater (Measured at WWTP) 7.24 mgd
Estimated Indoor Use Based on Measured 8.04 mgd
Domestic Wastewater
Metered Water Sales 7.02 mgd
Total System Loss Based on Production 36.1%
Minimum Meter Inaccuracy Based on 12.7%
Estimated Indoor Use

Included in the table are two values of system loss. The difference between water produced and
water sold is the total system loss (36.1%). This represents all possible losses in the water system.
It includes losses associated with meter accuracy, but also includes unmetered water use (city
connections, fire flows, water theft, etc.) and system leakage. A better representation of loss

associated with meter inaccuracy is the difference between estimated indoor water use and water
sold (12.7%).

Recommended Planning Value for Increased Water Sales — Based on the several methods
above, it is expected that replacing meters in the Orem City water system will increase water sales.
While the exact value for existing accuracy is unknown, the most reliable information appears to
be overall water use data. This data would suggest minimum meter inaccuracy of 12.7%.
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If meters are replaced, accuracy is expected to increase significantly, but will not be perfect.
AWWA standards require meters to read a minimum of 98.5% of total flow through their design
life. Thus, a change from existing meters to new meters is expected to produce an increase in
water sales of approximately 11.2%. For planning purposes, it is recommend that the City
conservatively plan on an 8 to 10 percent increase in water sales associated with a change in meters.

Potential Revenue Increase Associated with Increased Water Sales

Water sales affects both water and sewer revenue. Historic revenue associated with volumetric
charges for both water and sewer are summarized in Table 5. The data shown is based on average
revenues over the last three years.

Table 5
Historic Water and Sewer Revenue
and Projected Increase with New Meters

Historic Water Revenue $4,020,000
Historic Sewer Revenue $3,570,000
Total Volume Revenue $7,590,000
Expected Increase in Water Sold 8%
Projected Future Volume Revenue $8,250,000
Annual Increased Revenue $660,000

Other Financial Impacts

It should be noted that the numbers above (reduced O&M and increased water sales) represent
only the financial impacts that can be easily quantifiable. In addition to these two major impacts,
there are a number of other areas where AMI could provide some financial benefits:

1. Rebill and Special Reads — In the course of manual meter reads, it is inevitable that errors
will occur. Investigating and correcting errors, especially when crews must be sent out to
take additional special meter reads, can result in significant time and cost. AMI eliminates
much of the human error that leads to these issues and allows meter data to be recollected
at almost no cost if discrepancies or errors are discovered.

2. Customer Service — The greater accuracy and improved data associated with AMI systems
tends to reduce customer complaints and allow for quicker resolution of complaints when
they do surface.

3. Meter Database — Using an AMI system automatically organizes and maintains a database
of meter information. This allows elimination of this activity as a separate effort.

4. Safety — While meter reading personnel are in the field, they are more vulnerable to
automobile accidents, physical assault, unfriendly dogs, and personal injury associated
with meters that are physically hard to access. AMI reduces these concerns by minimizing
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crew time in the field. This reduces the direct costs of injuries (both economic and social)
and potential legal liability.

Water Theft — AMI systems deter theft in several ways. Many AMI meters contain tamper
monitors that can detect certain kinds of intrusion and alert the system operator. AMI use
data can also be used to ensure there is no unauthorized usage on inactive accounts or
identify suspicious use patterns in other accounts.

Water Conservation — AMI allows the City to collect significantly more information on
water use, and provides greater access to this data by customers. This access to data can
be a valuable tool in identifying and implementing programs to encourage conservation
and reduce overall system costs.

Improved Data Collection and Availability

Beyond its financial impacts, implementation of AMI would significantly affect how much data
could be collected on water use. Under the current approach, Orem City collects meter reads no
more frequently than once per month. With an AMI system, water use at each meter in the system
would be collected at least once per hour, with even more frequent reads possible. This
information becomes immediately available to both the City and its customers. There are a number
of benefits associated with this improved data collection:

1.

System Evaluation and Design — BC&A is currently preparing a master plan for the City’s
water facilities. Because the City does not have detailed water use data available, many of
the decisions in the master plan have been made based on a number of assumptions
regarding the location and nature of water use. Of necessity, many of these assumptions
are conservative in nature, resulting in facilities that may be slightly oversized. With AMI,
the City would be better able to understand and document water use patterns in the City.
This would allow for further refinement of the master plan to optimize system performance
and minimize cost to the City.

Water Pricing — One of the primary goals in any water rate study is to equitably distribute
costs between users. Unfortunately, the ability to do this is often limited by the data
available on water use by each customer. With the data available through AMI, Orem City
could explore a number of different rate approaches that would bill water users based on
their true impacts on the system and encourage more efficient water use patterns.

Customer Information — It is in the interest of both the City and their customers for water
use data to be readily available. Having data readily available can help customers
recognize and understand how they are using water. This is essential if system managers
want to influence use patterns that could benefit both the customer and the system (e.g.
improve conservation, reduce peak demands, etc.)

Leak detection — One very important benefit of improved data collection is the ability to
identify customer leaks. AMI systems can detect two types of leaks. First, AMI software
can be programmed to recognize large sustained increases in flow departing from normal
use patterns. This is indicative of catastrophic pipeline breaks. When this type of break is
detected, home owners can be notified in case they are away at work or out of town,
allowing them to respond to the break as quickly as possible. A second type of leak can be
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identified by the AMI system by recognizing when a small amount of flow is consistently
being detected at the meter. This is indicative of a small leak somewhere in the home or
between the meter and the home. In this case, the City can contact the resident to identify
the issue and encourage the resident to investigate. In both cases, AMI can save water for
the City and money for its customers.

AVAILABLE AMI TECHNOLOGIES AND PROVIDERS

There are a number of vendors providing AMI solutions for municipal water use. As part of this
study, BC&A contacted several of these providers to discuss their products. We also researched
provider information available on-line and contacted other entities that have recently been through
the process of selecting an AMI system. While not a comprehensive list of all potential providers,
a list of those researched by BC&A is provided as Table 6. Included in the table is a summary of
each providers approach to meters and communications. These are the two areas of greatest
difference between the various approaches to AMI.

Table 6
Partial Listing of Potential AMI Providers

AMI System | Communication
Provider Name Type Manufacturer’s Residential Meter
Metron- Innov8 Cellular — Verizon | Spectrum (Single-Jet)?
Farnier Network
Badger Galaxy Point-to-Point Recordall (Nutating Disk)
RF! E Series (Ultrasonic)
Itron Water Point-to-Point RF | None?
Savesource
Sensus FlexNet Point-to-Point RF | Accustream or SR II (Oscillating Piston)
Iperl (Electromagnetic)
Neptune R450 Point-to-Point Neptune T-10 (Nutating Disk)
RFI
Mueller Mi.Net RF Mesh Hersey (Nutating Disk)

! Also offers cellular option, but point-to-point RF is primary product.
2 AMI meter register compatible with many meters from other manufacturers.

The following sections discuss metering and communication approaches in general and then
discuss each of the providers individually.

Meter Technology
There are two main types of water meters available for residential metering applications:
1. Volumetric — Volumetric meters directly measure the volume of water that passes through

the meter in discrete volumes as it passes through the metering chamber. The water fills
and rotates the measuring device as it travels through. Each rotation is correlated to a
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specific volume of water passing through the meter. These types of meters are also
sometimes referred to as positive displacement meters.

2. Velocity-Based — Velocity-based meters use a relationship between the velocity of the
water flowing through the meter and the flow rate through the meter to calibrate the meter
register, which measures the total flow going through the meter over time.

The following sections summarize the characteristics of each of these meter technologies and
specific types of meters for each. Included is a list of typical advantages and disadvantages. It
should be noted, however, that these lists are subjective and may not apply universally. Ultimately,
there are many factors such as wear, deterioration, buildup of deposits, water quality, water
velocities, throughput volumes, installation and handling, and environmental causes that can all
impact the overall effectiveness of a particular meter type or technology in a residential water
metering application.

Volumetric (Positive Displacement)

Volumetric or positive displacement meters are the most common type of residential water meter
used in utilities throughout the United States. These meters use a volumetric method for measuring
flow. Two volumetric meter types are commonly used in residential water metering applications:
the nutating disc and the oscillating piston.

Nutating Disc

The nutating disc meter consists of a circular disc which is attached to a central ball and mounted
in a metering chamber with spherical walls and conical top and bottom surfaces. The water enters
the metering chamber through an opening in the wall on one side and leaves through a similar
opening in the opposite side. As the water flows through the meter, it creates a “wobbling” or
nutating motion of the disc. Since the volume of water required to make the disc complete a single
revolution is known, the total flow can be calculated by multiplying the number of disc rotations
by the known volume of water.

Primary Advantages:

¢ Direct Volumetric Measurement — Because this type of meter measures volume directly
and does not rely on any velocity-flow rate relationships to determine the volume of
throughput, the flow profile does not have to be fully developed and symmetrical at the
metering location in order to maintain accuracy.

¢ Proven Reliability — While various other metering technologies have cropped up over the
last several decades, positive displacement meters remain by far the most common type of
residential water meter used in utilities throughout the United States.

Primary Disadvantages:

e Potential Low-Flow Inaccuracy — As flow rates become smaller and smaller, the bearing,
friction, and drag forces within the mechanical metering mechanism become
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proportionally larger, creating potential for accuracy degradation at lower flows. That
being said, low-flow accuracy of nutating disc meters has been shown to exceed that of
other mechanical meters over a full life cycle of throughput.!

Oscillating piston

Similar to the nutating disc meter, water passing through the oscillating piston’s metering chamber
causes a moving part to rotate, which then rotates a magnet coupled to the meter’s register. The
difference between the nutating disc type and oscillating piston type is that the nutating disc is
fixed horizontally and rotates about the center as the edge of the disc move vertically allowing the
water to pass. The oscillating piston meter’s moving part is a piston, which is fixed vertically and
can move horizontally. As the water fills the piston, it forces the piston to rotate as the water exits
the meter. Since the volume of water required to make the piston complete a single revolution is
known, the total flow can be calculated by multiplying the number of rotations by the known
volume of water.

Primary Advantages:

e Direct Volumetric Measurement — Because this type of meter measures volume directly
and does not rely on any velocity-flow rate relationships to determine the volume of
throughput, the flow profile does not have to be fully developed and symmetrical at the
metering location in order to maintain accuracy.

e Proven Reliability — While various other metering technologies have cropped up over the
last several decades, positive displacement meters remain by far the most common type of
residential water meter used in utilities throughout the United States.

Primary Disadvantages:

e Potential Low-Flow Inaccuracy — As flow rates become smaller and smaller, the bearing,
friction, and drag forces within the mechanical metering mechanism become
proportionally larger, creating potential for accuracy degradation at lower flows.

e Sensitive to Poor Water Quality — Because of moving parts, viscous effects and water
quality issues over time have been shown to have a significant effect on meter accuracy,
both off the shelf and after a life cycle of throughput at both high and low flows.!

Velocity-Based

Velocity-based meters are also used in residential water metering applications. As the name
implies, these meters use the velocity of the water passing through the meter chamber and velocity-
flow rate relationships to determine the total metered throughput. Three velocity-based meter

types discussed in this memorandum are: single-jet, electromagnetic, and the ultrasonic.

Single-Jet

TWRF (Water Research Foundation), 2011. Accuracy of In-Service Water Meters at Low and High Flow Rates, Denver, Colorado.
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For single-jet meters, the moving element is a rotor that is pushed as water flows through the
metering chamber. The velocity of the water that goes through the meter has a linear relationship
with the rotational speed of the rotor. The register is calibrated to match the flow going through
the meter.

Primary Advantages:

o Installation Considerations — The single-jet meter, because of the Venturi-style inlet
which conditions the flow stream, allows the meter to be installed with less straight piping
upstream and downstream of the metering location than is required for other velocity-based
meter types.

e Longevity — Single-jet water meters were designed for high accuracy and longevity. High-
quality meter design and manufacturing can help this type of meter to remain accurate over
an extended period of time. Features of certain single-jet meters can allow debris to pass
through the impeller without causing significant damage that is often observed in other
mechanical meters.

Primary Disadvantages:

e Potential Low-Flow Inaccuracy — As flow rates become smaller and smaller, the bearing,
friction, and drag forces within the mechanical metering mechanism become
proportionally larger, creating potential for accuracy degradation at lower flows. Some of
these effects can be mitigated through high-quality meter design and implementation of
several design features (optical encoders, floating impellers, etc.)

Electromagnetic

While previously impractical for small water meters because of a need for a constant power supply,
improvements in battery technology have made electromagnetic meters (e.g. Iperl — Sensus)
practical for residential water metering applications. This type of flow meter does not have any
moving parts and works by establishing a magnetic field throughout the cross-section of the flow
tube. Faraday’s Law, which states that the voltage induced across any conductor as it moves at
right angles through a magnetic field is proportional to the velocity of that conductor. The velocity
can then be used to determine the flow going through the meter.

Primary Advantages:

e Longevity — Because this type of meter has no moving mechanical parts, it should
theoretically be capable of maintaining its accuracy over a longer period of time. Meters
like the Sensus Iperl typically come with 20-year warranties.
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e Not Sensitive to Poor Water Quality — Due to the lack of moving parts, viscous effects
and water quality issues over time do not affect meter accuracy as much as they do with
positive displacement meters.

o Extended Low-Flow Accuracy — Meters like the Sensus Iperl claim higher accuracies at
flows well below the AWWA Standard Low Flow of %4 gpm.

Primary Disadvantages:

¢ Installation Considerations — For this type of flow meter to register flow accurately, the
flow profile must be fully developed and not affected by any disturbances. While this is
typically of more concern in non-residential metering applications, it should not be ignored.
The internal software used by an electromagnetic flow meter assumes that the velocity
profile of the fluid at the location of measurement is fully developed and symmetrical about
the centerline of the pipe. Minimum requirements for straight piping upstream and
downstream of the metering location allow adequate distance and time for the flow to
stabilize and approach uniformity.

e New Technology — While several US manufacturers have introduced small solid-state
water meters in recent years, it is still a relatively young technology for residential metering
applications.

Ultrasonic

Similar to electromagnetic meters in that they have no moving parts and are now more practical
due to improvements in battery technology, transit-time ultrasonic flow meters (e.g. Badger) are
another velocity-based solid state metering option. While the actual ultrasonic metering
technology is different than that used in electromagnetic meters, the primary advantages and
disadvantages of each are nearly identical. Transit-time ultrasonic flow meters emit two ultrasonic
signals across the cross-section of the pipe. One signal travels with the direction of the flow and
the other travels against the flow. The difference in signal travel time is then used along with the
known geometry of the pipe to calculate the average flow velocity of the fluid. The velocity can
then be used to determine the flow going through the meter.

Primary Advantages:

e Longevity — Because this type of meter has no moving mechanical parts, it should
theoretically be capable of maintaining its accuracy over a longer period of time. Meters
like the Badger E-Series typically come with 20-year warranties.

e Not Sensitive to Poor Water Quality — Due to the lack of moving parts, viscous effects
and water quality issues over time do not affect meter accuracy as much as they do with
positive displacement meters.

e Extended Low-Flow Accuracy — Meters like the Badger E-Series claim higher accuracies
at flows well below the AWWA Standard Low Flow of % gpm.

Primary Disadvantages:
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¢ Installation Considerations — For this type of flow meter to register flow accurately, the
flow profile must be fully developed and not affected by any disturbances. While this is
typically of more concern in non-residential metering applications, it should not be ignored.
The internal software used by a transit-time ultrasonic flow meter assumes that the velocity
profile of the fluid at the location of measurement is fully developed and symmetrical about
the centerline of the pipe. Minimum requirements for straight piping upstream and
downstream of the metering location allow adequate distance and time for the flow to
stabilize and approach uniformity.

e New Technology — While several US manufacturers have introduced small solid-state
water meters in recent years, it is still a relatively young technology for residential metering
applications.

Communications Technology

Two types of wireless communication are commonly used for AMI, cellular and radio frequency
(RF). Within radio frequency, technologies can further be grouped into three categories:

1. Point-to-Point Licensed RF

2. Point-to-Point Unlicensed RF

3. RF Mesh

The following sections summarize the characteristics of each of the communication technologies.
Included is a list of typical advantages and disadvantages. It should be noted, however, that these
lists are subjective and may not apply universally. In many cases, providers have developed
solutions to mitigate or eliminate certain disadvantages.

Cellular
Cellular AMI systems use existing cellular data communication devices and a public network such
as Verizon or AT&T to communicate with each meter. In essence, each meter is equipped with

its own “cell phone” that allows it to call in and report its data on a fixed schedule.

Primary Advantages:

e Minimal Infrastructure — One of the primary advantages of cellular communication is
that it uses a network that has already been set up for other purposes. This means the City
does not need to construct and maintain new infrastructure for communication purposes.

e Reliability — Because the network is used for other purposes, it is closely monitored and
maintained by the cellular provider, resulting in extremely reliable coverage of the system.

e Coverage — Coverage is equal to cell phone coverage, expected to be 100 percent for Orem
City.
e Phasing — Because it does not require large infrastructure investments, cellular

communication can be implemented with any number of meters. This may facilitate
implementation of a system with budget limitations.
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Compatibility with Other Systems — Radio frequency networks often struggle to reach
100 percent of the meters in the system. Because it can be deployed for just a small number
of meters, cellular communication could be used for those areas without coverage in a radio
frequency network.

Primary Disadvantages:

Experience — Cellular communication is relatively new to AMI systems. While several
providers are now developing cellular products, cellular still represents only a small portion
of the overall AMI market. However, because of some of the advantages above, it is
expected that cellular will expand in markets where radio frequency technologies are not
appropriate.

Higher Costs — While cellular can be significantly less expensive for small deployments
(as aresult of minimal infrastructure costs), preliminary cost estimates for citywide systems
are notably higher than radio frequency networks.

Data Delay — To minimize costs, current cellular technology “calls in” its information only
once per day. While this will probably be adequate for nearly all of the City’s data needs,
it may mean a delay in identifying leaks or other items that may be time sensitive.

Point-to-Point Licensed Radio Frequency

Radio frequencies can be licensed or unlicensed. A licensed frequency gives the license holder
exclusive use of the frequency. In an AMI system that uses Point-to-Point licensed RF, a direct
connection is established between radio collector towers and each meter. Because the spectrum is
licensed radio noise is minimized and higher transmit power can be used (> 1 watt). This allows
coverage to be obtained using a relatively small number of towers.

Primary Advantages:

Experience — Point-to-point licensed RF has been the standard for AMI systems to date.
Most of the largest AMI providers use point-to-point licensed RF as their primary
communications technology, including the majority of the individual providers considered
here.

Costs — While there are some significant infrastructure costs associated with the initial
phases of this technology, costs for citywide systems have traditionally been lower for
point-to-point systems than other approaches.

Real-time Data — With a licensed frequency and its own collector towers, point-to-point
systems can quickly and cost effectively collect data anytime desired. This means reads
can be continuously updated, resulting in near-real time access to data.

Primary Disadvantages:
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o Initial Infrastructure — Before data from a single meter can be collected, at least one
collector tower must be constructed. This means higher up front costs which may
complicate phasing depending on the City’s available budget.

e Coverage — While having a licensed frequency with increased signal power improves
coverage, point-to-point RF systems often struggle to reach 100 percent coverage. If the
City selects a point-to-point RF system, it may need to augment the system with cellular
technology in areas that struggle to communicate through RF.

e Licensing — Licensing through the FCC will be required for this type of system.
Point-to-Point Unlicensed Radio Frequency

This approach is identical to the previous except that it uses an unlicensed frequency. Because the
frequency is unlicensed, increased collectors are needed to catch the signal, adding to infrastructure
costs. As aresult, none of the identified providers uses this approach and it has been dropped from
further consideration.

Radio Frequency Mesh

A final approach to radio frequency systems is the mesh network. Mesh networks overcome the
challenges associated with unlicensed frequencies by essentially turning each meter into a mini
collector. Each meter is able to communicate with its neighbors, sending data from meter to meter
through a defined path back to central collectors. This approach is designed to work in “noisy”
environments and improve communication performance without having to install numerous
collectors. While mesh networks generally utilize unlicensed frequencies, licensed frequencies can
also be used.

Primary Advantages:

e Costs — Costs for RF mesh systems have been competitive with point-to-point systems.
Variations between the two will primarily be a function of the individual needs of each
system.

e Real-time Data — RF mesh systems provide the same ability as point-to-point systems to
provide reads on demand.

¢ Initial Infrastructure — Initial infrastructure costs are generally less than point-to-point
systems, but are more than cellular systems.

e Coverage — The mesh approach is able to eliminate most coverage issues as long as meters
are not in locations isolated from other meters.

Primary Disadvantages:

o Experience — While there is one well established provider using RF mesh technology
identified in this memorandum, RF mesh does not have the same volume of installations
as licensed point-to-point RF.
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¢ Infrastructure Maintenance — The RF mesh approach normally relies on a large number
of small data collectors to receive and transmit data within the network. Although these
are only a fraction of the size and cost of collectors in a point-to-point system, this results
in a far greater number of sites to maintain and secure to keep communications working.

AMI Providers
A short description of each of the providers researched for this memorandum is contained below:

e Metron-Farnier — Metron-Farnier is a manufacturer of single-jet meters. It has teamed
up with Transparent Technologies to develop an electronic register called Inov8. This
register is capable of reading existing Metron meters or meters from a large number of
other common manufacturers. The register includes a Verizon LTE network chip that
allow the register to use the Verizon network for data transmission. Trasmission occurs
during early morning hours when traffic is low and data prices are extremely cheap. As
one of the newest companies considered, Metron-Farnier has a small install base and
limited track record.

e Badger — Badger is a well-established meter manufacturer who has been the primary past
provider for water meters in the City. Badger’s primary AMI system is based on point-to-
point licensed RF, but it also has a cellular option for areas lacking RF coverage. While
extremely experienced in the area of water meters, Badger has a much smaller share of the
AMI market than some other providers listed here.

e Itron — Itron is unique in that it does not manufacture residential water meters. It provides
AMI registers that are compatible with most other common meters. In the local market,
Itron has commonly teamed with Badger meters. Itron registers have a 1-watt radio
designed to have a wide coverage area, reaching collectors more than 1 mile away. Itron
has been focused on utility metering for decades and has the largest AMI market share,
although largely within the electric industry.

e Sensus — Sensus is another one of the biggest players in the AMI market and has an
especially strong presence with water utilities in the local market. Sensus SmartPoint M2
transceivers have 2 watts of output power resulting in a large coverage area and relatively
few collectors to support data collection. Sensus is also the manufacturer of the Iperl
residential meter. This unique electromagnetic meter has no moving parts and claims to
hold its accuracy through its full 20 year life span.

e Neptune — Neptune is another point-to-point RF provider with a high-power, two-way
radio network. Although smaller than Itron and Sensus, Neptune provides a similar system
and was recently selected to be the AMI provider for Orem’s neighbor, Provo City.
Neptune’s primary AMI system is based on point-to-point licensed RF, but it also has a
cellular option that could compliment an RF system.

e Mueller — Mueller Systems Mi.Net system is the only RF mesh system considered as part
of the evaluation. The meter register provides full, two way communications between the
network and the smart meter. Periodic or on demand reads are sent to collectors through
the network via an unlicensed radio frequency and then relayed to the host server for
analysis and storage. The mesh approach allows the system to successfully overcome
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obstacles encountered in varied and difficult network topographies. Although they use a
different type of communication technology, Mueller is similar to Badger in that it has
extensive experience in water metering (Hersey meters), but currently holds a smaller share
of the AMI market than some other providers.

AMI SYSTEM COSTS

Budgetary cost estimates were collected for several of the AMI systems highlighted above. While
final costs will vary depending on the features requested by the City and installation issues unique
to the City’s system, the costs in Table 7 should be representative of expected costs for the purpose
of budgeting. Included in the table are estimated costs for a cellular system and a licensed point-
to-point radio frequency system. Costs for an RF mesh system are not shown, but are expected to
be similar to the point-to-point system.

Table 7
AMI System Budgetary Costs — Citywide system

Component Cellular System RF System
Initial Setup and Infrastructure $3,500 $300,000
Meters $4,600,000 $3,450,000
Transmitter Unit $5,150,000 $3,100,000
Installation $1,420,000 $1,420,000
Total $11,173,500 $8,270,000
Annual Costs $11,000 $31,000

Several observations can be made from the table:

e Opverall, RF system costs are notably less expensive than cellular for a citywide system.

e As discussed previously, RF systems have higher initial set up costs associated with the
installation of required collectors.

e From the table, it appears that annual costs are lower for the cellular system than the RF
system. However, the pricing structure for the cellular system includes cellular data
charges as part of the initial cost of the transmitter unit. If annual data charges were
segregated from the transmitter unit, it is likely that the capital cost of the cellular system
would drop to become more competitive with the RF system, but that annual costs would
increase to significantly above those of the RF system.

o Installation costs are a significant portion of overall costs. The City could reduce costs out
of pocket by using its own crews for installation. However, there is obviously still cost
associated with using City crews to do the work and this approach is not expected to reduce
overall installation costs.

COST/BENEFIT ANALYSIS
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With system costs and financial benefits quantified, it is possible to evaluate the projected financial
impacts of implementing an AMI system in Orem City. Results of this analysis are shown in
Figure 1. Several items should be noted regarding this evaluation:

Results in the figure are for implementation of a licensed point-to-point system since this
appears to be the most cost effective approach for the City. Similar results for a cellular
system could be generated if necessary.

The time period evaluated is 20 years — the expected life span of new meters without
significant degradation of accuracy.

Included in the figure are two system construction scenarios:

o 10-year Installation — This scenario assumes 10 percent of the system is installed
each year over 10 years. It has been assumed that no bonding will be required for
this scenario (i.e. all improvements paid for with cash from City reserves).

o l-year Implementation with Bond — This scenario assumes the entire system will
be installed in a single year. To pay for the quick installation, it has been assumed
that the City would need to take out a 10-year bond.

These two scenarios represent the likely ends of the spectrum. A similar analysis could be
prepared for any intermediate implementation scenario desired.

All values shown represent present value costs (or savings). Values assumed for use in the
analysis include:

o Inflation rate = 3% annual
o Time value of money discount rate = 6% annual
o Bond interest rate = 6% annual

o Bond Costs = 5% of total bond proceeds

From the figure, several conclusions can be made:

Both construction scenarios result in a net positive financial effect on the City.

The 1-year installation scenario has higher costs than implementation over 10-years. These
higher costs are associated with bonding and interest costs.

The 1-year installation scenario has higher system savings than implementation over 10-
years. These higher savings are associated with receiving the financial benefits outlined
above earlier in the evaluation window.

Overall, the 1-year installation has a quicker payback period and a larger net positive effect
than 10-year implementation.

In both scenarios, the City will need to invest some significant money initially to obtain
the longer term benefit. In the case of the 1-year installation, total out-of-pocket expenses
for the City peak at $2 million. For a 10-year implementation, they peak at $4 million.

RECOMMENDATIONS
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Based on the results of this analysis, the following actions are recommended:

1.

Aggressively Pursue Meter Replacement — Regardless of what the City decides
regarding AMI, it is strongly recommended that the City initiate an aggressive meter
replacement program. Given the age and condition of existing City water meters, it is
expected that water sales revenues will increase significantly with meter replacement and
will more than offset the actual costs of the meters. Replacing meters and improving the
accuracy of water reads will also improve fairness among Orem City customers.
Consider Automated Metering Infrastructure — As the City is replacing meters, it is
recommend that consideration be given to installing AMI at the same time. In addition to
cost benefits such as reduced meter reading and customer service costs, AMI also provides
some important non-cost improvements to safety, leak detection, and data collection. One
additional benefit to AMI is data availability to the customer. Having data readily available
can help customers make their own decisions on how they choose to use water.

Seek Competitive Proposals From Vendors — This memorandum has identified a
significant number of qualified vendors that could provide the City with meter replacement
and AMI services. While it appears that a point-to-point licensed radio frequency system
(with cellular to fill in any gaps) will be the lowest cost system for Orem City, it is
recommended that the City issue a request for proposals to collect information from all
interested vendors to see the full range of options. The advantages and disadvantages of
these several system as outlined in this memorandum should be used to help identify what
issues are of greatest importance to the City.

Implement Meter Improvements As Quickly As Available Funds Allow — Because the
replacement of meters will pay for itself, it is recommended that implementation of meter
improvements be completed as quickly as possible. While it may not be the most cost
effective approach to bond for the improvements (depending on the terms of bonding), it
is likely the City could complete the improvements over a period of 3 or 4 years on a pay
as you go basis to maximize its return on investment.
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