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EXECUTIVE SUMMARY
1.0 INTRODUCTION

The City of Killeen is a growing community located in central Texas, within Bell County. The City currently
provides water and wastewater service to over 145,000 people. The population within the service area is
projected to grow by 50,000 people in the next 20 years. Accommodating this growth in an efficient and
cost-effective manner, while also focusing on the maintenance of existing water and wastewater system
assets, is the purpose of this 2019 Water and Wastewater Master Plan. This report has been prepared to
provide the City of Killeen a planning tool that will serve as a guide for short-term and long-term

improvements to the infrastructure within the water and wastewater systems.

2.0 POPULATION

Population and projected land use are important elements in the analysis of water distribution and
wastewater collection systems. Water demands and wastewater flows are dependent on the residential
population and commercial development served by the systems. This determines the sizing and location
of future system infrastructure. A variety of circumstances influence the rate of future development

within specific regions or cities so it is important to note that projecting future population is challenging.

The City of Killeen Planning and Development Services Department provided overall City population
projections based on the Texas State Data Center’s population projection scenarios for Bell County. Table
ES-1 presents the provided population projections used as a control for the Master Plan 5-year, 10-year,

and 20-year planning phases.

Table ES-1 City Provided Population Projections

Year  Bell County Population  Killeen Population

2019 365,421 147,630
2024 394,477 159,369
2029 423,462 171,079
2039 485,497 196,141

The City provided a land use shapefile with various designations that each were assigned a specific density
(people/acre) to reach the 2019 population shown in Table ES-1. Billing meter data was also provided,

which FNI used to verify existing development locations throughout the service area. Once the densities

ES-1
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and 2019 population were established, undeveloped parcels were assigned phases to project population

for the three planning phases. The resulting population projections by FNI are shown in Table ES-2.

Table ES-2 Population and Land Use Projections
Year Service Population Non-Residential Acres
2019 148,088 6,198
2024 160,313 6,867
2029 171,172 7,652
2039 197,019 8,846
3.0 WATER DEMANDS

Reviewing historical water demands provides insight into selecting design criteria used to project future
water demands. Annual average day demand, maximum day to average day peaking factors, and per-
capita consumption were reviewed by City engineering staff and provided a basis for determining the
design criteria used to project water demands. Figure ES-1 illustrates the historical and projected water

demands for the City of Killeen.

Figure ES-1  Historical and Projected Water Demands
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4.0 DESCRIPTION OF THE EXISTING WATER SYSTEM

The City of Killeen’s distribution system consists of 678 miles of water lines. Pipeline diameters range in
size from 0.75-inch to 30-inches. The City acquires water from a wholesale water supplier to provide
service to its residents. Currently, the City exclusively purchases treated surface water from Bell County
Water Control and Improvement District #1. The surface water is part of 39,000 acre-feet/year of raw
water that Killeen has secured in Lake Belton. The existing maximum daily supply of treated water is 32.0
mgd. Killeen’s system has four water supply delivery points with associated ground storage tanks and
pump stations, two booster pump stations, five elevated storage tanks, two ground storage tanks acting

as elevated storage, and two pressure reducing valves.

5.0 WATER SYSTEM ANALYSES AND HYDRAULIC MODELING

Hydraulic analyses were conducted to identify deficiencies in the City of Killeen’s existing water
distribution system and to establish a capital improvements plan to improve the existing system and meet
projected water demands through 2039. Various combinations of improvements and system
modifications were investigated to determine the most appropriate approach for meeting projected
demands. Parameters considered while developing the capital improvements plan included increasing
system reliability, renewing aging infrastructure, simplifying system operations, meeting required fire

flows, and maintaining proper residual pressures.

The City of Killeen’s existing all pipes water model was converted from the H20Map Water software
package to the InfoWater software package due to H20Map Water being discontinued by Innovyze. In
order to verify that the hydraulic model accurately represented the actual distribution system, a model
calibration analysis was performed. The calibration process involved adjusting system operation, demand
allocation, and peaking factors to match a known condition. Calibration is an important component of
building and using a hydraulic model. Achieving a good calibration to real-world conditions instills
confidence that the model elements are reflective of the actual distribution system infrastructure and

operation.

The hydraulic model was used to evaluate the existing distribution system to assess current pumping and
storage capacity, residual pressures, and fire flow capacity. This analysis is performed to determine if
there are any existing system deficiencies and to provide a baseline for the current level of service. The

results of the analysis are summarized below:

ES-3
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The City is currently exceeding TCEQ requirements for storage and pumping capacity in all areas
except a minor deficiency in elevated storage for the Upper Pressure Plane.

A review of existing pressures throughout the system revealed an area of low pressure due to
high ground elevations near Park EST.

The majority of the water system can provide at least 1,000 gpm, which is a typical residential fire
flow demand. Available fire flows below 1,000 gpm are due to small diameter lines in isolated

areas.

Once the existing system was evaluated, hydraulic analyses were performed on the distribution system

under future demand conditions. Water system improvements were developed to accommodate the

anticipated residential and non-residential growth over the next 20 years. Challenges facing the water

system include providing additional supply and transmission capacity, meeting elevated storage and

pumping requirements, providing service to areas of growth, and maintaining aging infrastructure

through asset management. Key observations and recommendations resulting from modeling and

evaluation of the distribution system are:

The projected demands exceed the existing treated water rate of 32 mgd in 2024. The WCID #1
water treatment plant currently under design to add 10 mgd will be complete and provide
additional supply before 2024 as indicated in future phases of FNI’s analysis.

Several areas were identified that need additional transmission capacity to convey water
throughout the distribution system. Transmission lines are larger diameter pipelines, typically
greater than 12", primarily used to transfer water from the source to areas of demand.

Based on the evaluation of existing and future system operations, it is recommended that the City
maintain 150 gallons/connection of elevated storage, which is more than the minimum TCEQ
requirement.

As new development occurs within Killeen’s water service area, new water lines are needed to
extend service to unserved areas. It is recommended that a minimum line size of 12-inches be

installed, creating one-mile grids where possible.
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6.0 WATER SYSTEM CAPITAL IMPROVEMENTS PLAN

Freese and Nichols, Inc. (FNI) developed a capital improvements plan for the City of Killeen to ensure high
quality water service that promotes residential and commercial development. The recommended
improvements will provide the required capacity and reliability to meet projected water demands through
the year 2039. Utilizing the hydraulic model to analyze the water distribution system, improvements were
phased into the three planning periods in which they become hydraulically necessary. Itis recommended
that these projects be constructed generally in the order listed; however, development patterns may
make it necessary to construct some projects sooner or later than anticipated. Table ES-3 summarizes

the costs of the recommended water system capital improvements plan for the City of Killeen.

Table ES-3 Summary of Water Capital Improvements Plan
Phase Cost
2024 $30,770,600
2029 $19,810,900
2039 $18,584,500
Total | $69,166,000
7.0 WASTEWATER FLOWS

FNI reviewed historical data provided by the City from 2010 through 2019 to determine the historical
trends in system-wide average daily flow and per-capita flow. Future average daily wastewater flows were
calculated by applying the selected per-capita flows to projected residential land use and the selected
per-acre flows to projected non-residential land use for the future phases. A peaking factor of 4.0 was
used to project peak wet weather flow as flow monitoring and design-storm information were outdated.
The City plans to conduct a flow monitoring and I/ reduction study soon after this report is completed.

Table ES-4 lists the wastewater flow projections for the City of Killeen.

Table ES-4 Summary of Wastewater Flow Projections

Average Day = Peak Wet Weather

Year Killeen Population  Flow (mgd) Flow (mgd)
2019 147,630 14.53 58.12
2024 159,369 15.85 63.40
2029 171,079 17.00 68.00
2039 196,141 19.61 78.44
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8.0 DESCRIPTION OF THE EXISTING WASTEWATER SYSTEM

The City of Killeen’s existing wastewater system consists of 604 miles of wastewater collector mains and
interceptors. Pipeline diameters range in size from 4-inches to 42-inches. The wastewater system is
served by two wastewater treatment plants that are owned and operated by Bell County Water Control
and Improvement District #1. The North WWTP has a total treatment capacity of 18 mgd, while the South
WWTP has a treatment capacity of 6 mgd. Lift stations are necessary when wastewater needs to be
pumped to a higher elevation where the gravity flow can resume to the outfall of the system. Due to the
varying topography citywide, Killeen operates 15 lift stations throughout the service area. The lift stations
vary in size from small development addition lift stations near the city limits to the three large lift stations

in the center of the City.
9.0 WASTEWATER SYSTEM ANALYSES AND HYDRAULIC MODELING

Hydraulic analyses were conducted to identify deficiencies in the City of Killeen’s existing wastewater
collection system and to establish a capital improvements plan to improve the existing system and handle
projected wastewater flows through 2039. Various combinations of improvements and modifications
were investigated to determine the most appropriate approach for conveying projected flows.
Parameters used in developing the improvements plan included increasing system reliability, simplifying
system operations, handling peak wet weather flows, maintaining proper velocities, and reducing

surcharging and sanitary sewer overflows.

FNI imported the previous H20Map Sewer model into InfoSewer to begin the wastewater system analysis
for this report. Killeen had not conducted a recent inflow and infiltration study since the last study in 2010,
so FNI decided to use TCEQ's recommended peaking factor of 4 where flow monitoring is not available.

This constant factor was applied throughout the system to develop a peak wet weather analysis.

The hydraulic model was used to evaluate the existing collection system’s ability to adequately convey
wastewater without excessively surcharging or overflowing. This analysis was performed to determine if
there are any existing system deficiencies and to provide a baseline for the current level of service. The

results of the analysis are summarized below:

e The modeling results showed overflows in the northwestern portion of the Central Subbasin
under existing system conditions as several pipe capacities are being exceeded. Projects for

upsizing wastewater lines in this area were created to address this issue.
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e Minor surcharging occurred throughout the system in the existing model runs, but these results
can mostly be attributed to sections of pipe with minimum slopes. These lines did not trigger

improvements when creating the CIP.

Once the existing system was evaluated, hydraulic analyses were performed on the collection system
under future peak flow conditions. Wastewater system improvements were developed to accommodate
the anticipated residential and non-residential growth over the next 20 years. To serve the future growth,
the City of Killeen must rehabilitate, replace or upsize existing infrastructure and provide additional
service to areas of growth where little or no infrastructure currently exists. Key observations and

recommendations resulting from modeling and evaluation of the collection system are:

e Several lift stations require an expansion to maintain flexibility in operations and keep up with
future peak wet weather flows. The firm capacities of lift stations #2, #6, #8, #20, and #22 were

all exceeded when running future scenarios.

e The development of Turnbo Ranch’s wastewater system will need to be closely monitored as a
large portion of future growth was in this development. It will be critical to understand how their
systems are designed to operate so Killeen can effectively prepare their existing system for the

additional flows.

e Model results also indicate that there are existing wastewater mains that do not have capacity to
convey future wastewater flows without excessive surcharging or overflowing so several upsizing

projects were created.
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10.0 WASTEWATER SYSTEM CAPITAL IMPROVEMENTS PLAN

FNI developed a capital improvements plan (CIP) for the City of Killeen to ensure the wastewater collection
system will effectively and efficiently continue to convey flow to the wastewater treatment plants. The
recommended improvements will provide the required capacity and reliability to meet projected
wastewater flows through year 2039. Utilizing the hydraulic model to analyze the wastewater collection
system, improvements were phased into the three phases in which they become hydraulically necessary.
Itis recommended that these projects be constructed generally in the order listed; however, development
patterns may make it necessary to construct some projects sooner or later than anticipated. Table ES-5
summarizes the costs of the recommended wastewater system capital improvements plan for the City of

Killeen. The total water and wastewater costs are presented in Table ES-6.

Table ES-5 Summary of Wastewater Capital Improvements Plan
Phase Cost
2024 $25,096,200
2029 $23,529,200
2039 $32,985,400
Total $81,610,800
Table ES-6 Summary of Water and Wastewater Costs

Phase ‘ Water Cost Wastewater Cost Total Cost
2024 $30,770,600 $25,096,200 $55,866,800
2029 $19,810,900 $23,529,200 $43,340,100
2039 $18,584,500 $32,985,400 $51,569,900

$69,166,000 $81,610,800 $150,776,800
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11.0 ASSET MANAGEMENT

As part of the Water and Wastewater Master Plan, FNI performed a water and wastewater pipelines and
facilities risk-based assessment (RBA) in order to develop a comprehensive CIP. FNI evaluated the
condition and criticality of the pipelines in the City’s water distribution and wastewater collection system
using the most recent GIS information. Facility condition and criticality scores were assigned through site
visits with a team of engineers and utility employees and an understanding of each facility’s capacity and
location within the system. After assigning condition and criticality scores, FNI determined a risk
designation of “High”, “Medium”, or “Low” for each asset by utilizing matrices similar to the one shown
in Table ES-7. This allowed FNI to develop a prioritized renewal CIP based on the resulting risk scores that
was then integrated with the capacity CIP. The resulting renewal CIP costs for water and wastewater were

integrated into the total summary costs in Tables ES-3, ES-5, and ES-6.

Table ES-7 Example Risk Matrix

Condition

Very High

Criticality
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1.0 INTRODUCTION

The City of Killeen is a growing community located in central Texas, within Bell County. The City currently
provides water and wastewater service to over 145,000 people. The population within the service area is
projected to grow by almost 50,000 people in the next 20 years. Accommodating this growth in an
efficient and cost-effective manner, while also focusing on the maintenance of existing water and
wastewater system assets, is the purpose of this 2019 Water and Wastewater Master Plan. This report
has been prepared to provide the City of Killeen a planning tool that will serve as a guide for short-term

and long-term improvements to the infrastructure within the water and wastewater systems.

1.1  Scope of Work

Freese and Nichols, Inc. (FNI) was retained by the City of Killeen to prepare a Water and Wastewater
Master Plan. The goals of the Water and Wastewater Master Plan were to evaluate the integrity of the
existing water and wastewater systems and recommend a phased CIP through the year 2039. The
recommended improvements will serve as a basis for the design, construction, and financing of facilities
required to meet Killeen’s water and wastewater capacity and system renewal needs. The major elements

of the scope of this project included:

e Water and Wastewater Model Development

e Population Projections

e Water Demand and Wastewater Flow Projections

e Water and Wastewater Hydraulic Analyses

e Water and Wastewater System Capital Improvements Plan
e Water and Wastewater System Master Plan Report

e Risk Based Assessment of the Water and Wastewater Systems
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1.2 List of Abbreviations

Table 1-1

Abbreviation \

List of Abbreviations

Full Nomenclature

FREESE
:NICHOLS

AD Average Day Demand
AWWA American Water Works Association
CCN Certificate of Convenience and Necessity
CIP Capital Improvements Plan
EPS Extended Period Simulation
EST Elevated Storage Tank
ETJ Extra-territorial Jurisdiction
FNI Freese and Nichols, Inc.
gpm gallons per minute
GST Ground Storage Tank
HGL Hydraulic Grade Line
LS Lift Station
MG Million Gallons
mgd million gallons per day
PH Peak Hour Demand
PRV Pressure Reducing Valve
PS Pump Station
psi pounds per square inch
Pz Pressure Zone
SCADA Supervisory Control and Data Acquisition
SSES Sanitary Sewer Evaluation Survey
SSO Sanitary Sewer Overflow
TCEQ Texas Commission on Environmental Quality
WTP Water Treatment Plant
WWTP Wastewater Treatment Plant
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2.0 POPULATION

Growth projections are an important component of the water and wastewater master planning process.
The magnitude and distribution of the growth in population and non-residential development will dictate
where future infrastructure is required. It is important to note that projecting future population is
challenging, especially for relatively small geographic areas such as individual cities because it can be
difficult to predict how fast or slow development will occur when there are a variety of circumstances that
can have an impact. The following sections describe the process used to develop population and non-

residential growth projections.

2.1 Service Area

The service area for the Water and Wastewater Master Plan generally consists of the Water Certificate of
Convenience and Necessity (CCN). A CCN is a state-regulated agreement in which the CCN holder is
required to provide continuous and adequate utility service to all its retail customers and in turn is
protected from encroachment by other retail service providers. The current boundary of the City of
Killeen’s water CCN encompasses the main portion of the City Limits and includes a recently formed
Municipal Utility District that extends south of the City Limits. Figure 2-1 shows the future service area

evaluated as part of Killeen’s Water and Wastewater Master Plan.
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2.2  Projected Population

The City of Killeen Planning and Development Services Department provided overall City population
projections based on the Texas State Data Center’s population projection scenarios for Bell County. Table
2-1 shows the yearly population projections provided by the City. These numbers were used as target

control numbers for the Master Plan 5-year, 10-year, and 20-year planning phases.

Table 2-1 City Provided Population Estimates
Year Bell County Killeen
Population Population
2019 365,421 147,630
2020 371,281 149,998
2021 377,131 152,361
2022 382,937 154,707
2023 388,741 157,051
2024 394,477 159,369
2025 400,259 161,705
2026 405,995 164,022
2027 411,756 166,349
2028 417,593 168,708
2029 423,462 171,079
2030 429,284 173,431
2031 435,316 175,868
2032 441,317 178,292
2033 447,373 180,739
2034 453,555 183,236
2035 459,840 185,775
2036 466,144 188,322
2037 472,469 190,877
2038 479,005 193,518
2039 485,497 196,141
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To determine the distribution of the existing and future population, each parcel within the service area
was evaluated. The City provided a land use shapefile that was used to categorize each parcel into the

following designations:

e Business Park e Planned Development

e Estate e Residential Mix

e Four-Plex Residential e Residential-Commercial Mix
e General Commercial e Rural

e General Residential e Suburban Commercial

e Industrial e Suburban Residential

e Multi-Family Residential e Turnbo Ranch

e Neighborhood Conservation e Urban

e Parks-Recreation e Urban Center

Densities (people/acre) were then developed for each of the land use categories to determine the
estimated population associated with the various development types. The City also provided water meter
data which was used to determine if a parcel was currently developed or vacant (i.e. if a water meter was
located within a parcel, it was considered developed and included in the calculation for existing
population). An aerial of the City was also reviewed to ensure developed parcels were captured in the
existing population calculation. The next step in the population analysis involved identifying parcels likely
to develop in the next 20 years. Parcels were selected using information on impending developments,
proximity to major thoroughfares, adjacent development, and input from City staff. Once the parcels
were identified and verified by city staff, they were phased into the 5-year, 10-year, and 20-year planning
periods to generate the population projections utilized throughout the Master Plan. Once a total
population close to the City’s 2039 projection was achieved, those parcels were then phased for 5-year
and 10-year growth. Table 2-2 shows the densities for each land use type and Table 2-3 shows the
resulting population projections for each planning year. Figure 2-2 shows the parcel phasing

geographically.
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Table 2-2

Land Use Densities

Land Use People/Acre

Business Park 0
Estate 1
Four-Plex Residential 24
General Commercial 0
General Residential 12
Industrial 0
Multi-Family Residential 30
Neighborhood Conservation 12
Parks-Recreation 0
Planned Development 15
Residential Mix 15
Residential-Commercial Mix 15
Rural 0
Suburban Commercial 0
Suburban Residential 9
Turnbo Ranch 7
Urban 15
Urban Center 15
Table 2-3 Population and Land Use Projections
Year Service Population ‘ Non-Residential Acres
2019 148,088 6,198
2024 160,313 6,867
2029 171,172 7,652
2039 197,019 8,846

FREESE
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3.0 WATER DEMANDS

A water utility must be able to supply water at rates that fluctuate over time. Yearly, monthly, daily, and
hourly variations in water use occur, with higher use during dry years and in hot months. Also, water use
typically follows a diurnal pattern, being low at night and peaking in the early morning and late afternoon.
Flow rates most important to the hydraulic design and operation of a water treatment plant and
distribution system are average day (AD), maximum day (MD), and peak hour (PH) demands. Average day
use is the total annual water use divided by the number of days in the year and is typically used in water
supply planning. The average day demand rate is used as a basis for estimating maximum day and peak
hour demands. Maximum day demand is the maximum quantity of water used on any one day of the year.
Water supply facilities are typically designed based on the maximum day demand. Peak hour use is the
peak rate at which water is required during any one hour of the year. Since minimum distribution
pressures are usually experienced during peak hour, the sizes and locations of distribution facilities are

generally determined based on this condition.

3.1 Historical Water Demands

Reviewing historical water demands provides insight into selecting design criteria used to project future
water demands. The City provided recent water usage data consisting of monthly production and
maximum day consumption. Historical annual average day demand, maximum day to average day peaking
factors, and per-capita consumption are summarized in Table 3-1. The historical water usage shows that
the City of Killeen has a relatively low average per-capita consumption ranging from 103 to 126 gpcd with
the high value occurring during the 2011 drought. Maximum day demand peaking factors since 2010 vary
from a low of 1.52 up to 1.78. These low water demand statistics are likely due to lower irrigation
demands from a higher percentage of multi-family homes and lower percentage of homes with automatic

sprinkler systems.
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Table 3-1 Historical Water Demands
Average Day Average Day Maximum W EV0]y] MD:AD
Demand Per-Capita DEWVATET T Day Per- Peaking
Population (MGD) (gpcd) (MGD) Capita (gpcd)  Factor
2010 127,921 13.87 108 23.17 181 1.67
2011 128,967 16.19 126 24.97 194 1.54
2012 130,389 16.00 123 25.82 198 1.61
2013 132,960 15.06 113 25.10 189 1.67
2014 135,517 14.71 109 22.33 165 1.52
2015 138,031 15.30 111 26.65 193 1.74
2016 140,478 14.51 103 25.81 184 1.78
2017 142,893 14.97 105 25.20 176 1.68

Average

Maximum

3.2 Projected Water Demands

Water demands were projected for 2019, 2024, 2029, and 2039 conditions using per-capita and per-acre
water usage rates applied to the projected population and future land use presented in Section 2.2. The
future water usage rates were selected to align with historical water demands. Since historical data was
only available on a system-wide basis, residential and non-residential usage rates were not evaluated for
past years. Therefore, system-wide averages were used to identify target ranges for the planning criteria
used to project water demands. The historical data shows the overall average day per-capita ranged from
103 gpcd to 126 gpcd with an average of 112 gpcd over the last eight years. Based on the review of this
data and the need to plan for low rainfall (dry) years when water demands are typically higher than
average, an overall average day per-capita in the 120 gpcd to 125 gpcd range was targeted for the water
demand projections. Additionally, a maximum day to average day peaking factor of 1.65 was targeted for
the overall peaking factor. The planning criteria selected for each land use type that would allow the
overall parameters to fall in the desired ranges is shown in Table 3-2. These factors along with a constant
peak hour peaking factor of 1.7 were selected using FNI's experience with other municipalities since
historical data was unavailable. The resulting water demand projections are shown in Table 3-3 and

graphically on Figure 3-1.
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Table 3-2 Water Demand Projection Factors
Gallons/person  Gallons/acre MD:AD
Land Use People/acre (gpcd) (gpad) Peaking
Factor
Business Park 0 0 700 1.30
Estate 1 100 0 1.75
Four-Plex Residential 24 100 0 1.50
General Commercial 0 0 700 1.30
General Residential 12 100 0 1.75
Industrial 0 0 700 1.30
Multi-Family Residential 30 100 0 1.50
Neighborhood Conservation 12 100 0 1.75
Parks-Recreation 0 0 700 1.30
Planned Development 15 100 350 1.50
Residential Mix 15 100 0 1.75
Residential-Commercial Mix 15 100 350 1.50
Rural 0 0 0 0.00
Suburban Commercial 0 0 700 1.30
Suburban Residential 9 100 0 1.75
Turnbo Ranch 7 100 0 1.75
Urban 15 100 350 1.50
Urban Center 15 100 350 1.50
Table 3-3 Water Demand Projections
Overall Overall
Average Average Overall Maximum Maximum Peak
Day Per- MD:AD Day Day Per- PH:MD Hour
Demand Capita Peaking Demand Capita Peaking Demand
Population (MGD) (gpcd) Factor (MGD) (gpcd) Factor (MGD)
2019 148,088 17.93 121 1.64 29.54 198 1.70 50.22
2024 160,313 19.56 122 1.64 32.17 200 1.70 54.69
2029 171,172 20.97 122 1.64 34.46 200 1.70 58.58
2039 197,019 24.19 122 1.64 39.78 200 1.70 67.63
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Figure 3-1 Historical and Projected Water Demands
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In order to determine the distribution of the projected water demands by pressure plane, each parcel was
classified into one of the existing pressure planes based on the spatial location. The projected demands
by pressure plane for each planning year are summarized in Tables 3-4 through 3-7. This information is
stored in a Microsoft Access database, which can be updated as needed to account for changes in

projected growth and the impact it has on the water system.

Table 3-4 2019 Water Demand Projections by Pressure Plane
Average Maximum Peak
Day Day Hour
Pressure Demand Demand Demand
Plane Population (MGD) (MGD) (MGD)
Airport 5,636 0.65 1.10 1.87
Lower 71,980 9.00 14.68 24.96
Middle 7,207 0.84 1.39 2.37
PRV 1,605 0.21 0.33 0.55
Upper 61,660 7.23 12.04 20.46
2019 Total 148,088 | 17.93 29.54 50.21
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Table 3-5

2024 Water Demand Projections by Pressure Plane

Average Maximum Peak
Day Day Hour
Pressure Demand Demand Demand
Plane Population (MGD) (MGD) (MGD)
Airport 5,994 0.72 1.21 2.05
Lower 80,025 10.03 16.35 27.80
Middle 7,210 0.84 1.40 2.37
PRV 1,605 0.21 0.33 0.55
Upper 65,479 7.76 12.88 21.92
2024 Total 160,313 \ 19.56 32.17 \ 54.69

Table 3-6

2029 Water Demand Projections by Pressure Plane

Average Maximum Peak
Day Day Hour
Pressure Demand Demand Demand
Plane Population (MGD) (MGD) (MGD)
Airport 5,994 0.72 1.21 2.05
Lower 87,992 10.96 17.89 30.41
Middle 7,210 0.84 1.40 2.37
PRV 1,605 0.21 0.33 0.55
Upper 68,371 8.24 13.63 23.20
2029 Total 171,172 20.97 34.46 58.58

Table 3-7 2039 Water Demand Projections by Pressure Plane
Average Maximum Peak
Day Day Hour
Pressure Demand Demand Demand
Plane Population (MGD) (MGD) (MGD)
Airport 6,888 0.83 1.39 2.37
Lower 101,620 12.65 20.68 35.15
Middle 7,512 0.87 1.45 2.46
PRV 1,605 0.21 0.33 0.55
Upper 79,394 9.63 15.93 27.10

2039 Total

197,019

24.19

39.78
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4.0 DESCRIPTION OF THE EXISTING WATER SYSTEM

The City of Killeen’s water distribution system consists of a network of water lines, four water supply
delivery points with associated ground storage tanks and pump stations, two booster pump stations, five
elevated storage tanks, two ground storage tanks acting as elevated storage, and two pressure reducing

valves. Figure 4-1 shows the existing water distribution system for the City of Killeen.

4.1 Pressure Planes

The distribution system is separated into five pressure planes: Lower, Middle, PRV, Upper, and Airport.
The Lower Pressure Plane consists of the northern and eastern portions of the City and is the largest
pressure plane, accounting for approximately 50% of the City’s total water usage. Ground elevations
generally range from 715 feet to 910 feet. The Lower Pressure Plane operates at a static hydraulic gradient
of 1,000 feet. The Middle Pressure Plane is a relatively small area between the Upper and Lower Pressure
Planes that is supplied by a pressure reducing valve from the Upper Pressure Plane near Pump Station 4.
Ground elevations range from 845 feet to 920 feet and are slightly too high to be served from the Lower
and slightly too low to be served from the Upper. The PRV is also supplied by a pressure reducing valve
from the Upper Pressure Plane near Rodeo EST. Ground elevations range from 855 feet to 920 feet. The
Upper Pressure Plane is the City’s second largest plane and generally consists of the western portion of
the City. Ground elevations range from 860 feet to 1,025 feet. The Upper Pressure Plane is operated at
a static hydraulic gradient of 1,125 feet. The Airport Pressure Plane includes the area in the southwestern
portion of the City with higher ground elevations ranging from 950 feet to 1,035 feet. A static hydraulic
gradient of 1,164.5 feet is established by one elevated storage tank. A schematic profile of the existing

water distribution system showing elevations and connectivity is presented on Figure 4-2.
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4.2 Water Lines

The City of Killeen’s distribution system consists of 678 miles of water lines. Pipeline diameters range in
size from 0.75-inch to 30-inches. Figure 4-3 illustrates the percentage of pipe length by diameter. Most
of the pipes are PVC, asbestos cement, cast iron, or ductile iron. A large portion of the water lines were
initially labeled “unknown” in Killeen’s GIS information; however, a pipe material was assumed based on

their location, age, and neighboring pipe information. Figure 4-4 shows a summary of the assumed pipe

material.

Figure 4-3 Pipeline Diameter by Length Figure 4-4 Pipeline Material by Length
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4.3 Wholesale Water Supply

The City acquires water from a wholesale water supplier to provide service to its residents. The City
exclusively purchases treated surface water from Bell County Water Control and Improvement District #1
(BCWCID#1). The surface water that BCWCID#1 treats and then delivers to Killeen is part of the 39,000
acre-feet/year of raw water that Killeen has secured in Lake Belton. The existing maximum daily supply
of treated water is 32.0 mgd. Killeen has recently secured an additional 10 mgd from BCWCID#1. That

supply will be available when the new WTP at Stillhouse Lake and the 36” supply line are completed.
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4.4 Pump Stations

Pump Stations #2, #3, #5, and #6 are wholesale supply facilities. Pump Stations #2, #3, and #5 supply the
Lower Pressure Plane, while Pump Station #6 supplies the Upper Pressure Plane. The City also operates
two booster pump stations. Pump Station #4 is supplied from the Lower Pressure Plane, primarily from
Pump Station #3, and discharges into the Upper Pressure Plane. The Airport Pump Station is the only
supply of the Airport Pressure Plane, and it draws water from the Upper Pressure Plane. Table 4-1

provides a summary of the pumping facilities within Killeen’s distribution system.

4.5 Storage Facilities

The City currently utilizes 10 ground storage tanks (GSTs) within the distribution system. Seven GSTs are
located at wholesale delivery points and provide supply to the associated pump stations. Three 5.0 MG
GSTs at Pump Station #6 are shared with Fort Hood and Copperas Cove. The Pump Station #4 facility also
includes a GST that is supplied by the Lower Pressure Plane. The remaining two GSTs are located at higher

ground elevations and provide elevated storage for the Upper Pressure Plane.

Additionally, five elevated storage tanks (ESTs) are utilized throughout the distribution system. The Park
Street EST, Bundrant EST, Rodeo EST, and Southeast EST serve the Lower Pressure Plane while Airport EST
serves the Airport Pressure Plane. Table 4-2 presents a summary of the City’s existing ground storage

tanks, and Table 4-3 shows the elevated storage facilities.
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Table 4-1 Summary of Pumping Facilities

Rated

Pump Station Name Pump Capacity Rated Fressure
Head Plane
(gpm) (mgd)
1 1,200 | 1.73 190 Lower
. 2 1,200 | 1.73 190 Lower
Pump Station #2
3 1,200 | 1.73 190 Lower
Total 3,600 | 5.18 - -
1 2,450 | 3.53 165 Lower
2 2,450 | 3.53 165 Lower
Pump Station #3 3 2,450 | 3.53 165 Lower
4 2,450 | 3.53 165 Lower
Total 9,800 | 14.11 - -
1 2,100 | 3.02 175 Lower
2 2,100 | 3.02 175 L
Pump Station #5 ower
3 2,100 | 3.02 175 Lower

Total 6,300 9.07 - -
Lower Total | 19,700 | 28.37 - -
Lower Firm | 17,250 | 24.84 - =

1 2,550 | 3.672 220 Upper
2 2,550 | 3.672 220 Upper
Pump Station #4 3 2,550 | 3.672 220 Upper
4 2,550 | 3.672 220 Upper
Total 10,200 | 14.69 - -
1 3,500 | 5.04 270 Upper
. 2 3,500 | 5.04 270 Upper
Pump Station #6
3 3,500 | 5.04 270 Upper

Total 10,500 | 15.12 - -

Upper Total | 20,700 | 29.81 - -

Upper Firm | 17,200 | 24.77 - -

1 1,050 | 1.51 260 Airport

2 1,050 | 1.51 260 Airport

Airport Total | 2,100 | 3.02 - -
Upper Firm | 1,050 | 1.51 - -

System Total 42,500 61.20

Airport Pump Station
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Table 4-2 Existing Ground Storage Tanks
Capacity
Pressure Plane Tank Name (MG)
Lower Pump Station #2 GST 2.0
Lower Pump Station #3 GST #1 5.0
Lower Pump Station #3 GST #2 5.0
Lower Pump Station #5 GST 2.5
Lower Pressure Plane Total 14.5
Upper Pump Station #4 GST 1.5
Upper Pump Station #6 GST #1 5.0
Upper Pump Station #6 GST #2 5.0
Upper Pump Station #6 GST #3 5.0
Upper Pressure Plane Total 16.5
Total Ground Storage 31.0 ‘
Table 4-3 Existing Elevated Storage Tanks
Capacity Overflow Sidewater
Pressure Plane Tank Name (MG) Elevation (feet) Depth (feet)
Lower Park Street EST 0.25 1,000 30
Lower Bundrant EST 1.50 1,000 40
Lower Rodeo EST 1.00 1,000 35
Lower Southeast EST 2.50 1,000 45
Lower Pressure Plane Total 5.25
Upper McMiillan GST #1 1.50 1,125 32
Upper McMillan GST #2 1.50 1,125 32
Upper Pressure Plane Total 3.00
Airport Airport EST 1.00 1,164 40
Total Elevated Storage 9.25
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5.0 WATER SYSTEM ANALYSES AND HYDRAULIC MODELING

Hydraulic analyses were conducted utilizing a hydraulic water model of the City’s water distribution
system. The water system was evaluated to identify any deficiencies and to establish a capital
improvements plan to meet projected water demands through 2039. Various combinations of
improvements and system modifications were investigated to determine the most appropriate approach
for meeting projected demands. Parameters used in developing the capital improvements plan included
increasing system reliability, renewing aging infrastructure, simplifying system operations, meeting

required fire flows, and maintaining proper residual pressures.

5.1 Water Model Development

As part of this study, the City’s existing water model was converted from the H20Map Water software
package to the InfoWater software package due to H20Map Water being discontinued by Innovyze. The
existing model was also updated to include recently constructed water lines based on the City’s current
water system GIS data. The InfoWater model includes approximately 18,000 pipes, ranging in size from

1- to 30-inches.

Temporary pressure testing was conducted to collect data for use in model calibration. Twenty pressure
recorders were installed throughout Killeen’s service area in the Upper, Middle, Lower, and PRV pressure
planes from October 11 — 19, 2017. A summary of the pressure recording data is shown on Figures 5-1

through 5-3 while the pressure recorder locations are shown on Figure 5-4.
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In order to verify that the hydraulic model accurately represented the actual distribution system, a model
calibration analysis was performed. The calibration process involves adjusting system operation, C-values,
demand allocation, and peaking factors to match a known condition. Calibration is an important
component of building and using a hydraulic model. Achieving a good calibration to real-world conditions
instills confidence that the model elements are reflective of the distribution system infrastructure. The
calibration process also identifies discrepancies in the recorded data versus the modeled data that may
require further investigation, such as closed valves that are intended to be open and deterioration of

pumps.

The City provided available SCADA records during the pressure testing period with hourly readings of flow,
pump status, and tank levels recorded for all monitored points in the system. Some discrepancies were
found in the original data pulled from the SCADA system so City staff manually entered flow and tank level
information into a spreadsheet for use in developing diurnal demand curves. The flow and tank level data
was utilized to calculate a diurnal curve by examining water going into (supply) and out of (demand) the
distribution system. Diurnal demand curves were calculated for the Lower, Upper, and Airport Pressure
Planes. The Middle and PRV Pressure Planes are supplied through Upper Pressure Plane pump stations,
so diurnal curves could not be calculated and were therefore grouped with the Upper Pressure Plane.
Additionally, flow is not measured going into the Pump Station #4 ground storage tank so accurate diurnal
curves could only be developed when Pump Station #4 was not being used. Therefore, the 24-hour period
occurring on October 17, 2017, from 12:00 am to 11:00 pm was selected for calibration. This day was

selected because Pump Station #4 was not in use and no other data anomalies were observed.

During the extended period simulation (EPS) calibration, adjustments were made to the model in order
to match the known conditions of October 17, 2017. FNI utilized EPS modeling to evaluate the range of
pressures, the turnover of tanks, and cycling of pumps over a 24-hour period. An important finding that
resulted from the model calibration was the discovery of a closed valve along the 20-inch line in the
eastern portion of the Lower Pressure Plane near Highway 190. FNI identified a potential closed valve
based on the calibration results so City staff conducted a field investigation to check valve status in the
area. A valve that should normally be open was found in the closed position. City staff opened the valve

and subsequently reported improved pressure and water quality in the area.
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Full calibration results, found in Appendix C, include graphs showing the relationship between modeled
data points versus SCADA or pressure recorder data points. The results demonstrate a good correlation

between recorded and modeled values and provide confidence in the accuracy of the model.

5.2  Existing Water System Analysis

The existing distribution system was evaluated to assess current pumping and storage capacity, residual
pressures, and fire flow capacity. This analysis is performed to determine if there are any existing system
deficiencies and to provide a baseline for the current level of service. The parameters that were evaluated

are discussed in the following sections.

Pumping and Storage Capacities

As a public water utility, the City of Killeen must comply with the rules and regulations for public water
systems set forth by the Texas Commission on Environmental Quality (TCEQ) in Chapter 290. The City is
required to meet the TCEQ elevated storage capacity requirement of 100 gallons per connection and total
storage capacity requirement of 200 gallons per connection. The City provided the number of active
connections as of February 2019. A comparison of the City’s existing storage by pressure plane to TCEQ

requirements is shown in Table 5-1.

Table 5-1 Existing TCEQ Storage Requirements

Total Storage (MG) ‘ Required Existing

Elevated Elevated

Pressure Plane Population Connections Required Existing Storage Storage
Lower 71,980 29,328 5.87 19.75 2.93 5.25
Upper, Middle, & PRV 70,472 28,713 5.74 19.50 2.87 3.00
Airport 5,636 2,296 0.46 1.00 0.23 1.00

148,088 60,337 12.07 40.25

In addition to storage requirements, the City is also required to meet the pumping capacity requirements
presented in Table 5-2. Existing pumping capacity was evaluated and is summarized in Table 5-3. The
Lower Pressure Plane is supplied through Pump Stations #2, #3, and #5. Since the elevated storage
capacity in the Lower Pressure Plane is less than 200 gallons per connection, criterion 2(b) from Table 5-
2 applies for pumping capacity. The combined capacity of Pump Stations #2, #3, and #5 minus the capacity
of the largest pump is 24.84 mgd, which is slightly below the estimated peak hour demand 24.96 mgd as

shown in Table 5-3. Additional pumping capacity is currently under design at the new WCID #1 WTP that
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provides 10 mgd to the Lower Pressure Plane. The Upper Pressure Plane is supplied by Pump Stations #4
and #6. The Middle and PRV Pressure Planes are supplied from the Upper Pressure Plane, so the pumping
capacity is evaluated for all three pressure planes combined. The combined elevated storage capacity for
the three pressure planes is less than 200 gallons per connection, so criterion 2(b) also applies to the
Upper, Middle, and PRV Pressure Planes. The combined capacity of Pump Stations #4 and #6 minus the
capacity of the largest pump is 24.77 mgd, which is greater than the minimum required capacity as shown
in Table 5-3. The Airport Pressure Plane has more than 200 gallons per connection of elevated storage, so
Condition 1 in Table 5-2 is satisfied. Therefore, the criterion of 0.6 gpm per connection of pumping
capacity applies to the Airport Pressure Plane. The capacity of the Airport Pump Station is 3.02 mgd, which

is greater than the minimum required capacity as shown in Table 5-3.

Table 5-2 TCEQ Service Pumping Requirements

Condition Service Pumping Capacity Requirement

If providing at least 200
1 gallons per connection of
elevated storage

Two service pumps with a minimum combined capacity of 0.6
gpm per connection at each pressure plane

The lesser of (a) or (b):

(a) Total pumping capacity of 2.0 gpm per connection

(b) Total capacity of at least 1,000 gpm and the ability to meet
peak hourly demands with the largest pump out of service

If providing less than 200
2 gallons per connection of
elevated storage

Note: Capacity requirement from 30 TAC 260.45 (b)(2)(F)

Table 5-3 Existing System TCEQ Pumping Requirements
February Gallons/Conn Required Existing
2019 2019 of Elevated Controlling Pumping Pumping
Pressure Plane Population = Connections Storage Criteria Capacity Capacity
29,328 179 Peak Hour
Lower 71,980 Demand 24.96 24.84%*
Upper, Middle, 28,713 104 Peak Hour
& PRV 70,472 Demand 23.38 24.77
Airport 5,636 2,296 436 0.6 gpm/conn 1.98 3.02
Total 148,088 60,337 50.32 52.63

*Note: WCID’s 10 mgd WTP Pump Station is currently under design, which will increase pumping capacity
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System Pressures

A hydraulic analysis was performed under existing demand conditions to evaluate residual pressure
throughout the distribution system. A 24-hour extended period simulation (EPS) was performed with 2019
maximum day demands. EPS modeling provides a means to evaluate the system over time to assess
response to hourly changes in demand, pump cycling, and tanks filling or draining. During a maximum day
EPS analysis, the peak hour demand is also simulated using hourly peaking factors based on the typical
diurnal demand pattern. Peak hour demand represents the single hour of the year with the highest system
demand. Peak hour simulations are used to assess the ability of the distribution system to maintain
residual pressures because the highest demand period typically induces the lowest pressure due to
increased headloss throughout the system. The TCEQ minimum required pressure within a distribution
system is 35 psi specifically under peak hour demand conditions; however, the 35 psi requirement applies

to all demand conditions.

After reviewing the existing pressures throughout the system, the model was showing low pressure in the
area surrounding Park EST. This area has the highest ground elevations within the Lower Pressure Plane
so the low pressures are a result high service elevations. Figure 5-5 shows the minimum pressures
observed in the model under existing demand conditions. It is recommended that a new pressure plane
be created to serve this area after the Park EST is decommissioned. Two alternatives and their costs for
creating an additional pressure plane in this area were presented to Killeen staff and are shown in Figures
5-6 and 5-7. Alternative 1 utilizes a new 0.72 mgd pump station, a 5,000 gallon hydropneumatic tank, two
new valves, and a 50,000 gallon GST to isolate the area and maintain higher pressures. Alternative 2 was
created to utilize existing infrastructure in the Lower Pressure Plane. It utilizes a new pump station that
draws from the existing GST at Pump Station #2 and a hydropneumatic tank to maintain higher pressures.
A distribution line must be isolated from the Pump Station #2 to the new pressure plane so multiple
locations require valves and additional pipe installation. Despite using existing infrastructure, the cost to
isolate the distribution line proved to be more costly than Alternative 1, and it created some operational
issues by removing the distribution line from the LPP. Project 5W within Section 6.0 and the cost analysis
shown in Appendix A reflects Alternative 1, but Killeen staff could also utilize Alternative 2 to address the

low pressures seen near the Park EST.

5-9



o \ FEERIVETEN
B / — e
Add 0009 000° 0

peoy

nw Ao ﬁ\\, Jsebie pue ,z|

- somo
S sur] Jeepm 1sd 001 - 08 .

eosed) J8ljRWS pue 0} Jodiy

1
* sur Jslem ) 1sd 001 480 ® Py _H_
]
[

1sd 08 - 05 > \\‘,
e omsdund B gggege SANVId FUNSSTEd , Y
weang suey ebeio)s punosy € stcemn e \x/ T 3
peoley ey edeiois parena T i B\ /Ivltv\ ( >
AT AY
ANHDAT / A

HANSSHTAd WNINININ N
QZ<EmQ><QEDEHN<EmSN K /,
‘A/

NAATIIA 40 ALID §

S-¢ HINDIA

N T

UeL 9BEI0IS PUNCID DN G L.
sdwnd Wa 055 ()

sdwnd Wdo 0572 ()
€ # uoneys duing

Sduwnd a9 00 (
9 # uoners duing

e sbeiois punor
| sdund Wdo 002

L 9621015 PuNoIS SN 62).
sduind WdO 0042 (€)
S # uoneys duing




WY 8Y:25:8 6T0Z ‘ST 1snbny ‘Aepsiny 1 :patepdn

PXW TaARUIR)Y dded-(9-G-8InBi4)\sanbi4 110day  [euld-8T\S8|qRIBNISBA\ONINNY Td MM MV H (UOREI0T
2SLTI 0N qor

*ou] 'S|oydIN pue asaald Ag pareaid

/Fu\l.

1334 NI-.30VOS

uCT

Muel abelols punolo
5 pue “ue] onewnaudolpAH ‘uonels dwnd
B aue|d @inssald led

4 -
‘s y
sl | )

it g

Paso|D aq 01 aAeA Bunsixa @ .}‘

uone|os| Joj anfeA pasodoid @ sue] aBeI0)S punoio .
aue|d ainssaid

uonels dwngd _._

Nred pasodoid
aue|d ainssald JamoT

(CNEBEN!

T AAILVNAILTV
ANV 1d 34NSS3dd A3SOd0dd

N3371X 40 ALID
9-G 3¥N9I

aul J91ep\ ——




FIGURE 5-7
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