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EXECUTIVE SUMMARY 

The City of Kerrville (City) contracted with Freese and Nichols, Inc. (FNI) in 2021 to provide an update to 

the Water Master Plan and Wastewater Master Plan. The goals of this study were to evaluate the capacity 

of the existing water distribution and wastewater collection systems and to recommend water and 

wastewater capital improvement plans (CIP). The recommended improvements will serve as a basis for 

the design, construction, and financing of facilities required to meet the City’s water and wastewater 

capacity needs as a result of the projected population growth and commercial development. 

Growth projections were developed through collaboration between FNI and the City, utilizing information 

from the 2018 Kerrville Long Range Water Supply Plan (LRWSP) and the Kerrville 2050 Comprehensive 

Plan. The annual growth rate was estimated using data from the 2018 Long Range Water Supply Plan. This 

overall growth rate was used to project the growth in connections throughout all planning periods and as 

a guide to allocate developments to projected planning periods. Four growth scenarios were developed 

based on different locations of potential development. Projected connection counts were developed for 

the planning years of 2022, 2027, 2032, and 2047. Table ES-1 and Table ES-2 present the growth 

projections by planning year for the City’s Water and Wastewater Service Areas. 

Table ES-1: Water Growth Projections 

Scenario 
Connections Growth 

Rate Existing 5-year 10-year 25-year 
A 11,338 12,145 13,007 15,965 1.38% 
B 11,338 12,045 12,796 15,330 1.21% 
C 11,338 11,958 12,611 14,771 1.06% 
D 11,338 12,076 12,872 15,574 1.28% 

System Wide 11,338 11,969 12,635 14,863 1.09% 
 

Table ES-2: Wastewater Growth Projections 

Scenario 
Connections Growth 

Rate Existing 5-year 10-year 25-year 
A 10,701 11,508 12,370 15,328 1.45% 
B 10,701 11,408 12,159 14,693 1.28% 
C 10,701 11,321 11,974 14,134 1.12% 
D 10,701 11,439 12,235 14,937 1.34% 

System Wide 10,701 11,332 11,998 14,226 1.15% 
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The City of Kerrville owns and maintains a hydraulic water model in the InfoWater® software package 

from Innovyze that was created during the 2013 Water Master Plan. FNI updated the existing water model 

with current GIS data. Field pressure testing was conducted from August 10th to August 20th, 2021, 

gathering data used to calibrate the updated model. During the calibration, adjustments were made to 

the model to match the observed conditions of August 14th, 2020. Results suggest a good correlation 

between recorded and modeled values. This degree of calibration provides confidence in the accuracy of 

the model and is considered suitable for the development of a water system CIP and master planning 

purposes. 

FNI developed a hydraulic model to be used as a tool for evaluating the wastewater collection system 

using InfoSewer® software by Innovyze. FNI retained ADS Environmental Services (ADS) to conduct 

temporary flow monitoring within selected portions of the existing sanitary sewer system. The temporary 

flow monitors were deployed for a total of 58 days from May 11, 2021 to July 8, 2021. Data gathered 

during flow monitoring was used to calibrate the hydraulic wastewater model. On average, the hydraulic 

model is calibrated to observed dry weather conditions within 1% and calibrated to observed wet weather 

conditions within 3%. 

Historical water demand data was used to select planning criteria for projected water demand. These 

planning criteria were applied to the projected growth scenarios to estimate future demand in the water 

system. Historical water demand and projected water demand are shown in Figure ES-1. 
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Figure ES-1: Historical and Projected Water Demand 

 

Historical wastewater flow data was used to select planning criteria for projected future wastewater flow. 

These planning criteria were applied to the projected growth scenarios to estimate future flow in the 

wastewater system. Historical WWTP flow and projected WWTP flow are shown in Figure ES-2.  

Figure ES-2: Historical and Projected WWTP Flow
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As a public water utility, the City must comply with the rules and regulations for public water systems set 

forth by the Texas Commission on Environmental Quality (TCEQ) in TAC §290.45. The TCEQ sets minimum 

system requirements pertaining to production, pumping, and storage capacity. TCEQ minimum system 

requirements and the recommended planning criteria were utilized to evaluate the 2022 water system. 

The evaluation indicates that the 2022 water system is meeting all TCEQ minimum system requirements. 

In addition to the pumping and storage evaluations, the calibrated model was used to conduct a hydraulic 

analysis under 2022 maximum day and peak hour demand conditions to evaluate system operations and 

residual pressure throughout the distribution system. The TCEQ minimum required pressure within a 

distribution system is 35 pounds per square inch (psi) under non-emergency demand conditions. Most of 

the system meets the minimum requirement, but small areas in the Stadium Pressure Plane, along the 

boundary between Stadium and College Cove Pressure Plane, show modeled pressure below 35 psi.  

TCEQ minimum system requirements and the recommended planning criteria were utilized to evaluate 

the future water system and develop system improvements. Additionally, available fire flow and water 

age model simulations were conducted to identify any deficiencies and needed improvements. 

Hydraulic analyses were also conducted to identify deficiencies in the City’s existing wastewater collection 

system and to establish a capital improvement plan to improve the existing system and accommodate 

projected wastewater flows through the 2047 planning period. First, collection system infrastructure 

identified for improvement includes pipes where the existing or projected flow (q) exceeds the full 

capacity of the pipe (Q) calculated by Manning’s equation based on the diameter, slope, and Manning’s 

roughness coefficient (typically 0.013). Second, the system is allowed to utilize the system storage 

capacity by permitting a degree of surcharging while still preventing potential sanitary sewer overflows 

(SSOs). Evaluation of lift stations is primarily based on the firm pumping capacity of the lift station. Force 

mains with projected velocities greater than 8 fps are identified for improvement.  

The hydraulic wastewater model was utilized to apply the existing and future projected peak wet weather 

flows to the wastewater collection system to identify potential system capacity restrictions.  

In addition to the capacity analysis, FNI performed a risk-based assessment (RBA) of the water and 

wastewater systems. In March 2022, FNI and City staff conducted field assessments of 16 of the water 

system pump stations and wells, and 6 of the wastewater system lift stations.  The assessment included 

site visits and visual inspection of the facilities to determine the overall condition of the station and 
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specific condition of major components including pumps and motors, electrical equipment, 

instrumentation, piping and valves, structure, and site.   

General water system recommendations include replacing gaseous chlorine with liquid bleach, 

constructing appropriate buildings to protect production well pumps and piping similar to Methodist 

Encampment, provide lighted canopies over exposed electrical boxes, conducting electrical power system 

study, and re-coating exposed piping and valves. 

Airport Commerce Park and Al Mooney Lift Stations are identified for rehabilitation projects intended to 

address corrosion issues and poor site conditions. Quinlan Lift Station is identified for a rehabilitation 

project intended to address debris issues. General recommendations for lift stations include 

implementing backup power and backup controls for critical, high flow, or remote sites. 

Pipeline material, diameter, and work order history was available for the waterline assessment. FNI 

utilized the available data to identify and prioritize an annual waterline replacement program. FNI and 

City Staff identified cast-iron water mains to be the category of pipeline most at risk of critical failure in 

the water distribution system. FNI developed 25 replacement project areas, containing approximately 

6,300 linear feet of cast-iron main, prioritized based on work order density and pipeline diameter.  

Pipeline material and diameter data was also available for the wastewater collection system. Due to the 

lack of detailed condition data on the wastewater pipelines, FNI does not recommend an annual pipeline 

replacement program for the wastewater collection system. FNI recommends utilizing CCTV inspection 

within the wastewater system to identify specific points of failure and populate more information for use 

in future analysis. Analysis of observed flow monitoring data identifies areas of high RDII. Relatively high 

rates of RDII can be a good indicator of general condition issues in a given flow monitoring basin as broken 

manholes and cracks in gravity mains are direct contributors to inflow and infiltration. FNI recommends 

additional annual budget for use in general wastewater renewal projects and inspection. 

Capital improvement plans were developed to address existing system deficiencies and near-term needs, 

regardless of population growth. Additional projects were developed for each of the growth scenarios to 

identify infrastructure needed to serve new customers. These additional development-driven projects 

would not be needed until growth occurs and would likely be part of a cost-sharing agreement with 

developers.  Table ES-3 and ES-4 show a summary of the water and wastewater capital improvements, 

respectively. 
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Table ES-3: Water CIP Project Cost Summary 
Project 
Number Project Name Project Cost 

Capital Improvement Plan 
1 High Service Pump Station Expansion $661,800  
2 Targeted Pipeline Replacement $5,254,900  
3 12-inch Legion Dr Water Line $3,454,400  
4 12-inch Veterans Highway Water Line Guadalupe River Crossing $511,900  
5 Ridgewood Fire Flow Improvements $923,900  
6 College Cove Fire Flow Improvements $688,000  
7 H Street Well Renewal $385,100  
8 Methodist Encampment Well Renewal $491,400  
9 Comanche Trace PRV Replacement $982,800  

10 Hydropneumatic Zone Replacement $4,266,000  
Capital Improvement Plan Total $17,620,200  

Annual Renewal Plan 
  Annual Cost Years Total Cost 

11 General Water Distribution System Renewal $100,000  10 $1,000,000  
12 Annual Pipeline Replacement Program $2,009,948  25 $50,248,700  

Annual Renewal Plan Total $51,248,700  
 

Table ES-4: Wastewater CIP Project Cost Summary 

Project 
Number Project Name Project Cost 

Capital Improvement Plan 
1 Knapp FM and Interceptor $6,374,692  
2 New Knapp Lift Station $3,049,500  
3 Al Mooney Lift Station Renewal  $765,600  
4 Airport Commerce Lift Station Renewal $464,600  
5 Quinlan Manhole Replacement $894,400  
6 Quinlan Lift Station Renewal $206,400  
7 Quinlan Interceptor Reroute $4,790,400  
8 Comanche Trace Lift Station Expansion $499,000  
9 Ingram Interceptor Expansion $19,068,700  

Capital Improvement Plan Total $36,113,292  
Annual Renewal Plan 

  Annual Cost Years Total Cost 
10 Annual Wastewater System Renewal $100,000  10 $1,000,000  

Annual Renewal Plan Total $1,000,000  
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1.0 INTRODUCTION 

The City of Kerrville (City) contracted with Freese and Nichols, Inc. (FNI) in 2021 to provide an update to 

the Water Master Plan and Wastewater Master Plan. The goals of this study were to evaluate the capacity 

of the existing water distribution and wastewater collection systems and to recommend water and 

wastewater capital improvement plans (CIP). Projected development assumptions were determined 

based on the Kerrville 2050 Comprehensive Plan and in coordination with City staff and were utilized to 

project water demand and wastewater flow. Hydraulic models of the water distribution system and 

wastewater collection systems were updated using a combination of geographic information system (GIS) 

data and as-built records. The recommended improvements will serve as a basis for the design, 

construction, and financing of facilities required to meet the City’s water and wastewater capacity needs 

as a result of the projected population growth and commercial development.  

1.1 SCOPE OF WORK 

The major elements of the scope of this project include: 

 Water Model Update and Calibration 

 Wastewater Flow Monitoring 

 Wastewater Model Update and Calibration 

 Water Demand and Wastewater Flow Projections 

 Existing and Future Water Distribution and Wastewater Collection Systems Hydraulic Analysis 

 Risk Based Condition Assessment 

 Water and Wastewater System Capital Improvement Plan 

1.2 ACRONYMS 

Table 1-1 presents a list of acronyms that appear throughout the report. 

  



Water and Wastewater Master Plan Update 
City of Kerrville 
 

1-2 

Table 1-1: Acronyms 
Acronym Definition 

AACE American Association of Cost Engineers 
AADF Annual Average Daily Flow 

AD Average Day 
ADS ADS Environmental Services 
ASR Aquifer Storage and Recovery 
CCN Certificate of Convenience and Necessity 
CIP Capital Improvement Plan 
d/D Depth to Diameter Ratio 
EPS Extended Period Simulation 
EST Elevated Storage Tank 
ETJ Extraterritorial Jurisdiction 
FNI Freese and Nichols, Inc. 
fps Feet per Second 

gpcd Gallons per connection per day 
gpm Gallons per Minute 
GIS Geographic Information System 
GST Ground Storage Tank 
HGL Hydraulic Grade Line 
I/I Inflow and Infiltration 
LF Linear Feet 
LS Lift Station 

LUE Living Unit Equivalent 
MD Maximum Day 

MD:PH Maximum Day to Peak Hour 
MG Million Gallons 

MGD Million Gallons Per Day 
NOAA National Oceanic and Atmospheric Administration 

PH Peak Hour 
PRV Pressure Reducing Valve 
PS Pump Station 
psi pounds per square inch 
PZ Pressure Zone 

q/Q Modeled flow divided by full flow capacity 
RBA Risk Based Analysis 
RDII Rainfall Derived Inflow and Infiltration 

SCADA Supervisory Control and Data Acquisition 
SSO Sanitary Sewer Overflow 
TAC Texas Administrative Code 

TCEQ Texas Commission on Environmental Quality 
WTP Water Treatment Plant 

WWTP Wastewater Treatment Plant 
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1.3 KEY DEFINITIONS 

The following is a list of key definitions utilized in the Report. 

 Annual Average Flow – the total cumulative flow through a WWTP over any given year divided by 

the number of days in the year. It is considered the average flow condition for a given year. 

 Average Day Demand – the total annual water use divided by the number of days in the year. 

 Capacity Improvement – general project to improve the ability of the water/wastewater system 

to convey projected water demands/wastewater flows. 

 Capacity Utilization (q/Q) – the maximum observed flow through a gravity pipe divided by the 

calculated full pipe capacity. It is a unitless ratio or percentage and can be greater than one under 

surcharged conditions. 

 Maximum Day Demand – the maximum quantity of water used system-wide on any one day of 

the year. 

 Depth to Diameter Ratio (d/D) – the maximum observed depth of flow within a gravity pipe 

divided by the diameter of the pipe. It is a unitless ratio or percentage and can be greater than 

one under surcharged conditions. 

 Diurnal Pattern – a typical pattern of water demand/wastewater flow that occurs every 24 hours, 

dependent on the demographics of the area. 

 Elevated Storage Tank – a water storage tank that sets the hydraulic grade of the pressure zone 

in which it operates. Tank can be either a true elevated tank (i.e., raised on a structure, typically 

50-200 feet in the air) or a ground tank located at an elevation high enough to provide adequate 

pressure. 

 Firm Pumping Capacity – the pumping capacity of a pump station or lift station with the largest 

pump offline and all other pumps running, based on recorded flows at the best efficiency point or 

rated capacity of each pump. 

 Inflow and Infiltration (I/I) – the primary means of stormwater or groundwater entering into the 

wastewater collection system. Inflow is a fast response such as an open manhole lid while 

infiltration is a slow response such as cracks along the pipeline. 

 Peak Hour Demand – the peak rate at which water is required during any one hour of the year. 
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 Peaking Factor – recorded or projected peak flow divided by the average flow.  

 Pressure – a measure of energy at a given location and time in the water/wastewater system, 

typically measured in pounds per square inch (psi). 

 Pressure Zone – an area of the water system that operates at a particular hydraulic grade. 

 Hydraulic Grade Line (HGL) – Energy of water or wastewater flow expressed in feet above mean 

sea level (i.e., head). Wastewater surface elevation in a partially full pipe or manhole. Under 

pressure (full pipe) conditions the HGL is what the water surface elevation would be if unconfined. 

 Rainfall Derived Inflow and Infiltration – similar to I/I, RDII is the increase in flow in a wastewater 

collection system specifically in response to a wet weather storm event.  

 Risk Based Analysis – An analysis method utilizing results of condition assessments to score water 

and wastewater facilities and linear assets. Data from facility site visits and recorded linear asset 

maintenance history are used to determine condition. 

 Sanitary Sewer Overflow (SSO) – A type of unauthorized discharge of untreated or partially 

treated wastewater from a collection system or its components (e.g., a manhole, lift station, or 

cleanout) before reaching a treatment facility. (See also Texas Water Code 26.049(e)(4).) 

 Surcharging – when the HGL is greater than the top of pipe (d/D greater than 1), often due to a 

capacity restriction downstream or within the pipe itself. It can lead to SSOs. 
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2.0 EXISTING WATER SYSTEM 

The existing water distribution system consists of a network of lines ranging in size from 1 inch to 16 inches 

in diameter, seven pump stations (PS), three elevated storage tanks (EST), and eight ground storage tanks 

(GST), six of which act as elevated storage. The existing water distribution system is shown on Figure 2-1. 

Figure 2-2 shows the water system in schematic form. 

2.1 PRESSURE ZONES 

The City currently operates six main pressure zones: Stadium, Methodist, Kerrville North, Ridgewood, 

College Cove, and Summit. With these six main pressure zones, the water system serves customers at 

ground elevations ranging from approximately 1,560 feet to 1960 feet. Table 2-1 shows the overflow 

hydraulic grade line (HGL) of the pressure zones. Kerrville North, Ridgewood, and College Cove PZ all serve 

areas that include service elevations below the recommended minimum allowable service elevation. 

These areas are generally served either by mainline or individual pressure reducing valves (PRV). 

Table 2-1: Existing Pressure Zone Overview 

Pressure Zone 
Overflow HGL 

(feet) 
Stadium 1,814 

Methodist 1,966 
Kerrville North 1,966 

Ridgewood 2,002 
College Cove 1,942 

Summit 2,076 
 

The Stadium Pressure Plane consists of the center of the City and is the largest pressure plane, accounting 

for approximately 62% of the City’s total water usage. The Stadium Pressure Plane operates at a static 

hydraulic gradient of 1,814 feet.  

The Methodist Pressure Plane consists of the northwestern portion of the City and is the second largest 

pressure plane, accounting for approximately 19% of the City’s total water usage. The Methodist Pressure 

Plane operates at a static hydraulic gradient of 1,966 feet. West Bluff, Hilltop and The Heights 

hydropneumatic systems serve three high elevation areas of the Methodist Pressure Plane.  
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The Kerrville North Pressure Plane is in the central north portion of the City.  The Kerrville North Pressure 

Plane operates at a static hydraulic gradient of 1,966 feet. Though the Kerrville North and Methodist 

Pressure Planes have the same hydraulic gradient and are connected hydraulically by a 12-inch water line, 

a closed valve on the water line maintains separate pressure planes. The Keystone hydropneumatic 

system serves the high elevation area of the Kerrville North Pressure Plane. The Hillcrest PRV zone serves 

the low elevation area of the Kerrville North Pressure Plane. 

The Ridgewood Pressure Plane is a relatively small area in the southern portion of the City. The Ridgewood 

Pressure Plane is operated at a static hydraulic gradient of 2,002 feet. Comanche Trace, Comanche Trace 

Lower and Stone Ridge PRV zones serve three low elevation areas of the Ridgewood Pressure Plane. 

The College Cove Pressure Plane is a relatively small area on the eastern side of the City. The College Cove 

Pressure Plane is operated at a static hydraulic gradient of 1,942 feet. The College Cove PRV zone serves 

the low elevation area of the College Cove Pressure Plane. 

The Summit Pressure Plane includes the area in the northeastern portion of the City. A static hydraulic 

gradient of 2,076 feet is established by one elevated storage tank.  
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2.2  PRODUCTION FACILITIES 

The City’s water supply consists of surface water from the Guadalupe River, native groundwater, and 

water from Aquifer Storage and Recovery (ASR) wells. The surface water is treated at the Water Treatment 

Plant (WTP), which has a treatment capacity of 5.54 MGD, and the Membrane Treatment Plant (MTP), 

which has a treatment capacity of 1.15 MGD. The City is currently permitted to use 5.40 MGD annually of 

surface water from the Guadalupe River. However, during low flow conditions in the river the City may 

not be allowed to use the full permitted supply. To help offset the surface water seasonal restrictions, the 

City injects treated water into a groundwater aquifer at the ASR facility during low demands or high river 

flows to store water that can be used when needed throughout the year. A high service pump station at 

the plant supplies water to the distribution system. The WTP site includes an ASR well, ASR 1. An additional 

ASR well, ASR 2, is located within the Stadium Pressure Plane. The remaining groundwater wells pump 

directly into the distribution system. Stadium Pressure Plane, Methodist Pressure Plane, and Kerrville 

North Pressure Plane all contain groundwater wells. Table 2-2 shows the capacity of each production 

facility in the City’s water system.  

Table 2-2: Existing Production Facilities 

Name Type Capacity (gpm) Capacity (MGD) 
Pressure Zone 

Served 
Water Treatment Plant  WTP  3,845 5.54 -- 

Membrane Treatment Plant WTP 800 1.15 -- 
ASR 1  ASR  750 1.08 -- 
ASR 2 ASR 1,000 1.44 Stadium 
Alpine  Well  133 0.19 Kerrville North 

H Street* Well 540 0.78 Stadium 
Harper Road  Well  340 0.49 Methodist 
Lois Street Well 560 0.81 Methodist 
Hays Park  Well  350 0.50 Stadium 

Meadow View Lane Well 730 1.05 Stadium 
Methodist*  Well  900 1.30 Methodist 

Loop 534 Ellenburger Well 700 1.01 Stadium 
Travis Street* Well 400 0.57 Stadium 

Total -- 9,208 13.26 Systemwide 
*Well is offline and does not contribute to system production capacity 
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2.3 DISTRIBUTION PUMPING FACILITIES 

The City utilizes pump stations to convey water to pressure zones at higher hydraulic grades. Most of the 

water supply enters the system in the Stadium PZ, except for the Alpine, Harper Road, Lois Street, and 

Methodist wells. The Stadium PZ is the largest in the system, both in terms of demand and area, but 

operates at the lowest hydraulic grade. Therefore, pump stations are used to supply water to the 

subsequent zones in the system. In addition, pump stations are also utilized when a ground storage tank 

is used to store water from a supply source rather than directly entering the distribution system. Table 2-

3 presents a summary of pump stations by pressure zone.  

Table 2-3: Existing Distribution Pumping Facilities 

Pump 
Station 

Pump 
Number 

Rated 
Capacity 

(gpm) 

Rated 
Capacity 
(MGD) 

Firm 
Capacity 

(gpm) Pressure Plane 

High Service 

1 1,200 1.73 
1,200 

Lois GST 
2 1,200 1.73 Lois GST 
3 1,500 2.16 

2,900 
Central Stadium 

4 1,500 2.16 Central Stadium 
5 1,400 2.02 South Stadium 

Lois Street 
1 450 0.65 

1,150 
Methodist 

2 700 1.01 Methodist 
3 1,000 1.44 Methodist 

Stadium 
1 500 0.72 

1,000 
Kerrville North 

2 500 0.72 Kerrville North 
3 500 0.72 Kerrville North 

Summit 
1 450 0.65 

450 
Summit 

2 450 0.65 Summit 

Travis Street 1 250 0.36 250 College Cove 
2 250 0.36 College Cove 

River Hills 
1 750 1.08 

750 
Ridgewood 

2 750 1.08 Ridgewood 

Hilltop 
1 600 0.86 

600 
Hilltop 

2 600 0.86 Hilltop 

Keystone 
1 500 0.72 

500 
Keystone 

2 500 0.72 Keystone 

The Heights 
1 530 0.76 

530 
The Heights 

2 530 0.76 The Heights 

West Bluff 
1 50 0.07 

50 
West Bluff 

2 70 0.10 West Bluff 
Total -- 16,730 24 9,380 Systemwide 
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2.4 STORAGE TANKS 

Elevated storage of water generally refers to a volume of water stored at an elevation such that gravity 

can be utilized to maintain appropriate system pressure. Elevated storage tanks can be constructed with 

legs or a pedestal to achieve the desired elevation, or they can be ground storage tanks constructed at 

elevations higher than the area they serve. TAC §290.38(25) defines elevated storage as “that portion of 

water which can be stored at least 80 feet above the highest service connection in the pressure [zone] 

served by the storage tank.” Ground storage of water is generally utilized at pump stations to allow for 

consistent suction head and to provide storage of an additional volume of water that can supply the pump 

station. Hydropneumatic tanks provide storage for smaller hydropneumatic pressure zones and maintain 

a supply of pressurized water. 

Currently, the City operates eight ground storage tanks (GSTs) within the distribution system, two of which 

provide traditional ground storage for the High Service and Lois Street Pump Stations. The remaining six 

GSTs are located at higher ground elevations and provide elevated storage for Methodist, Kerrville North, 

Stadium, and College Cove Pressure Planes. The City also operates three elevated storage tanks (ESTs). 

The Summit EST serves the Summit Pressure Plane, River Hills EST is located in the Stadium Pressure Plane, 

and the Ridgewood EST serves the Ridgewood Pressure Plane. Additionally, the City maintains four 

hydropneumatic tanks that serve customers in the four corresponding hydropneumatic zones. Table 2-4 

summarizes the City’s existing ground storage tanks. Table 2-5 summarizes the City’s existing elevated 

storage tanks, and Table 2-6 summarizes the City’s hydropneumatic tanks.  

Table 2-4: Existing Ground Storage Tanks 

Tank Type 

Storage 
Capacity 

(MG) 
Pressure 

Plane 
Clear Well Clear Well 0.43 Stadium 
Lois Street Ground 1.00 Methodist 
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Table 2-5: Existing Elevated Storage Tanks 

Tank Type 

Overflow 
Elevation 

(ft) 
Sidewater 
Depth (ft) 

Storage 
Capacity 

(MG) Pressure Plane 
Methodist Ground as Elevated 1,966 56 1.00 Methodist 
Stadium 1 Ground as Elevated 1,814 38 1.00 Stadium 
Stadium 2 Ground as Elevated 1,814 48 1.00 Stadium 

Kerrville North Ground as Elevated 1,966 20 1.00 Kerrville North 
College Cove Ground as Elevated 1,942 38 1.00 College Cove 

River Hills Elevated 1,817 30 0.15 Stadium 
Ridgewood Elevated 2,002 40 1.00 Ridgewood 

Summit Elevated 2,076 30 0.15 Summit 
Total -- -- -- 6.30 Systemwide 

 
Table 2-6: Existing Hydropneumatic Tanks 

Tank Type 

Storage 
Capacity 

(gal) 
Pressure 

Plane 
Hilltop Hydropneumatic 10,000 Hilltop 

Keystone Hydropneumatic 90,000 Keystone 
The Heights Hydropneumatic 20,000 The Heights 
West Bluff Hydropneumatic 500 West Bluff 
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2.5 WATER DISTRIBUTION SYSTEM 

The City’s existing water distribution system consists of approximately 220 miles of water lines.  Pipeline 

diameters range in size from 0.75-inch to 16-inches. Table 2-7 provides a breakdown of the linear footage 

(LF) by diameter of pipe. The majority of the pipes are 6-inch in diameter. 

Table 2-7: Water Line Summary 

Diameter 
(inches) 

GIS 
Length 
(feet) 

GIS 
Length 
(miles) 

Percent 
of Total 

(%) 
0.75 353 0.1 0.0% 

1 1,648 0.3 0.1% 
1.25 1,475 0.3 0.1% 
1.5 1,014 0.2 0.1% 
2 47,301 9.0 4.1% 
3 34,871 6.6 3.0% 
4 22,250 4.2 1.9% 
6 472,764 89.5 40.8% 
8 269,536 51.0 23.2% 

10 60,754 11.5 5.2% 
12 208,912 39.6 18.0% 
16 38,617 7.3 3.3% 

Total 1,159,494 220 100.0% 
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3.0 EXISTING WASTEWATER SYSTEM 

The existing wastewater collection system consists of a network of gravity mains, lift stations, force mains, 

and a wastewater treatment plant that provides wastewater service to the City’s customers. Figure 3-1 

displays the existing wastewater collection system. 

3.1 WASTEWATER TREATMENT PLANTS 

The wastewater collection system is served by one wastewater treatment plant. The Wastewater 

Treatment Plant (WWTP) is located along Loop 534 on the east side of the city, with a total permitted 

treatment capacity of 4.5 MGD.  

3.2 LIFT STATIONS 

Lift stations are necessary when wastewater needs to be pumped to a higher elevation where the flow 

can resume flowing by gravity to the outfall of the system. Due to the varying topography, Kerrville 

operates 26 lift stations throughout the service area. Table 3-1 provides a summary of each lift station. 

The firm pumping capacity is the pumping capacity of the lift station with the largest pump out of service. 

The lift stations vary in size from small development lift stations near the city limits to the four large lift 

stations in the center of the City.  

The WWTP currently receives flow from three major basins, Legion, Quinlan, and Birkdale. The Legion Lift 

Station serves the Legion Basin and also currently receives flow from the Airport, Broadway, and Jefferson 

Lift Stations. The Birkdale Lift Station receives flow from the Comanche Trace, Birkdale, and Jefferson 

basins. The Quinlan Lift Station receives flow from the Quinlan Basin. One force main carries flow from 

both Quinlan and Loop 534 Lift Stations to the WWTP, with the majority of the flow in the force main 

coming from the Quinlan Lift Station. The Loop 534 Lift Station is designed to handle future flows along 

Loop 534 north of the WWTP and currently does not contribute significant flow. The Jefferson Lift Station 

currently can pump to Quinlan, Legion, and Birkdale Lift Stations. The majority of the flow has historically 

been pumped to Legion, however in the future flow can also be pumped to Birkdale. The Quinlan 

connection operates as an emergency bypass and little to no flow will be pumped to Quinlan from 

Jefferson in the future.  
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Table 3-1: Lift Station Summary 

Lift Station 

Firm 
Capacity 

(gpm) 

Force Main 
Diameter 

(in)  
Airport Commerce 150  8   

Al Mooney 210  8   

Benson -- 4   

Birkdale 6,300  20   

Bluebell 60  8   

Broadway 500  8   

Comanche Trace 600  10   

Guadalupe Plaza -- 4   

Herzog 70  6   

James Road 500  6   

Jefferson 6,000  16   

Kerrville South 180  4   

Knapp 560  6   

Legion 6,300  20   

Library -- 4   

Loop 534 1,700  12   

Mack Holliman -- 6   

Memorial 1,000 --  

Meridian 175  4   

Mesquite -- 2  

Quinlan 2,400  12   

Riverside 50  8   

Schreiner 150  6   

Schreiner Park A 27  4   

Schreiner Park B 27  4   

Turtle Creek 400  8   
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3.3 COLLECTION SYSTEM 

The City’s existing wastewater collection system consists of approximately 200 miles of collector mains, 

interceptors and force mains. Pipeline diameters range in size from 2 inches to 30 inches. Table 3-2 

provides a breakdown of the linear footage (LF) by diameter of pipe. The majority of the system is 

comprised of 6-inch and 8-inch wastewater lines that commonly serve subdivisions, neighborhoods, and 

small commercial areas throughout the system. Larger interceptors collect the smaller mains and convey 

flow to the major lift stations. 

Table 3-2: Wastewater Line Summary 

Diameter 
(inches) 

GIS 
Length 
(feet) 

GIS 
Length 
(miles) 

Percent 
of Total 

(%) 

Unknown 1,994 0.4 0.2% 
2 996 0.2 0.1% 
4 10,762 2.0 1.0% 
6 469,391 88.9 44.7% 
8 314,787 59.6 30.0% 

10 51,574 9.8 4.9% 
12 86,371 16.4 8.2% 
14 4,065 0.8 0.4% 
15 19,369 3.7 1.8% 
16 1,086 0.2 0.1% 
18 25,758 4.9 2.5% 
20 20,943 4.0 2.0% 
21 22,980 4.4 2.2% 
24 10,119 1.9 1.0% 
27 8,127 1.5 0.8% 
30 837 0.2 0.1% 

Total 1,049,159 199 100.0% 
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4.0 GROWTH PROJECTIONS 

Growth projections are an important element in the analysis of water and wastewater systems. Water 

demands and wastewater flows depend on the residential population and commercial development 

served by the systems and determine the sizing and location of system infrastructure.  

4.1 HISTORICAL POPULATION 

Historical population data was used to analyze past growth rates within the City. Table 4-1 shows the 

historical population of Kerrville from 2011 to 2021 from the United States Census Bureau. The average 

annual growth rate over the last 10 years was 0.91%.  

Table 4-1: Historical City of Kerrville Population 

Year 
Census 

Population 

Annual 
Growth 

Rate 
2011 22,369 -- 
2012 22,412 0.19% 
2013 22,427 0.07% 
2014 22,643 0.96% 
2015 22,928 1.26% 
2016 23,169 1.05% 
2017 23,339 0.73% 
2018 23,622 1.21% 
2019 23,754 0.56% 
2020 24,278 2.21% 
2021 24,477 0.82% 

Average -- 0.91% 
 

Billing data for years 2020 and 2021 was provided by City staff and used to determine the existing 

connection count. The existing connection count and known population were utilized to estimate the 

average number of people served by one connection for each system. There are approximately 600 less 

connections in the wastewater system than the water system. This is potentially due to water customers 

utilizing alternate wastewater services such as septic systems. The ratio of people per connection is 

approximately 2.2 people per connection. 
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The people per connection ratios were used to estimate the number of connections in each system for 

years prior to 2020, based on the historical population data. Resulting connection estimates are shown in 

Table 4-2.  

Table 4-2: Historical Water and Wastewater Connections 

Year 
Water 

Connections 
Wastewater 
Connections 

2011 10,175 9,581 
2012 10,194 9,601 
2013 10,201 9,608 
2014 10,299 9,706 
2015 10,429 9,835 
2016 10,538 9,945 
2017 10,616 10,022 
2018 10,744 10,151 
2019 10,805 10,211 
2020 11,043 10,449 
2021 11,148 10,554 

 

4.2 GROWTH PROJECTIONS 

Growth projections were developed through collaboration between FNI and the City, utilizing information 

from the 2018 Kerrville Long Range Water Supply Plan (LRWSP) and the Kerrville 2050 Comprehensive 

Plan. The unit of growth used for this study is a “connection,” as defined in §290.38(16) of the Texas 

Administrative Code (TAC). Growth projections were calculated for the planning years 2022, 2027, 2032, 

and 2047.  

The annual growth rate was estimated using data from the 2018 Long Range Water Supply Plan. Table 4-

3 summarizes the annual growth rates by account use type. The overall growth rate in connections was 

calculated by weighting the growth rates by the number of existing accounts in each category. This overall 

growth rate was used to project the growth in connections throughout all planning periods and as a guide 

to allocate developments to projected planning periods.  
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Table 4-3: Annual Growth Rate by Account Type from 2018 LRWSP 

Account Use Type 
Projected Annual Growth 
in Number of Connections 

Residential 1.00% 
Commercial 1.50% 

Irrigation 1.50% 
Municipal 1.50% 

Weighted Overall Growth Rate 1.09% 
 

To spatially distribute the projected growth, FNI utilized the Kerrville 2050 Comprehensive Plan to identify 

undeveloped parcels within the catalyst growth areas outlines in the plan. A parcel was considered 

undeveloped if it did not have an associated water meter and had an existing land use of “vacant”. 

Additional undeveloped parcels outside of catalyst areas were also identified for future growth based on 

development interest the City has received. The catalyst areas and undeveloped parcels are shown on 

Figure 4-1. Future land use data established by the Kerrville 2050 Comprehensive Plan was used to 

estimate the type of development that would occur within the undeveloped areas. Typical meter densities 

were developed for residential and non-residential land use types by reviewing existing developments. 

Table 4-4 shows the selected meter densities, in meters per acre, by land use type. The selected meter 

densities were then applied to the developable area of each undeveloped parcel to estimate the future 

number of connections anticipated for that parcel. Developable area is identified as the area of the parcel 

that does not fall within the floodplain. 

Table 4-4: Connections per Acre and Customer Group by Land Use 
Land Use Type Connections per Acre 

Residential 3.00  
Non-Residential 0.50  
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4.3 DEVELOPMENT SCENARIOS 

The timing of each development was based on proximity to existing infrastructure and existing 

development, with the goal of establishing a growth rate within the range of the overall growth rate 

estimated from the 2018 LRWSP. If all of the identified developments occurred across the City, an 

additional 16,288 connections would be added to the system for a total connection count of 26,842. Using 

the weighted overall growth rate from the LRWSP of 1.09%, this amount of growth would take more than 

80 years to occur. For this master plan study, a long-term planning period of 25 years was selected to 

appropriately size system improvements. If a planning period too far into the future is selected, there is 

an increased risk of building over-sized or unnecessary infrastructure. Because the majority of the 

remaining developable land will be difficult to develop from a water and wastewater standpoint, it is 

anticipated that once an area starts to develop it would trigger additional nearby development to also 

develop. Therefore, four growth scenarios were identified to account for different growth patterns and 

locations of development. The scenarios were generated based on general geographical location relative 

to existing pressure zone and sewer basin boundaries. Parcels were assigned a planning year and 

development scenario such that the resulting total annual growth in connections aligned with the 

projected growth rates utilized in the 2018 LRWSP and 2050 Kerrville Comprehensive Plan. The 

development scenarios were utilized to spatially distribute the projected growth across the water 

distribution and wastewater collection system to help assess system capacity and size recommended 

system improvements. 

Table 4-5 and Table 4-6 present the growth projections by planning year for the City’s Water and 

Wastewater Service Areas. Figure 4-2 shows the development parcels categorized by their development 

scenarios. These growth projections were entered into the hydraulic models of the water and wastewater 

systems to simulate future demands, which helped develop the location, capacity, and phasing of the 

proposed system improvements. 
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Table 4-5: Water Growth Projections 

Scenario 
Connections Growth 

Rate Existing 5-year 10-year 25-year 
A 11,338 12,145 13,007 15,965 1.38% 
B 11,338 12,045 12,796 15,330 1.21% 
C 11,338 11,958 12,611 14,771 1.06% 
D 11,338 12,076 12,872 15,574 1.28% 

System Wide 11,338 11,969 12,635 14,863 1.09% 
 

Table 4-6: Wastewater Growth Projections 

Scenario 
Connections Growth 

Rate Existing 5-year 10-year 25-year 
A 10,701 11,508 12,370 15,328 1.45% 
B 10,701 11,408 12,159 14,693 1.28% 
C 10,701 11,321 11,974 14,134 1.12% 
D 10,701 11,439 12,235 14,937 1.34% 

System Wide 10,701 11,332 11,998 14,226 1.15% 
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5.0 HYDRAULIC MODEL UPDATE AND CALIBRATION 

Model calibration involves the process of rectifying parameters within the hydraulic model until the model 

generates and conveys flow in a similar manner as observed in the system. A properly calibrated model 

serves as the foundation for any future modeling scenarios. 

5.1 WATER MODEL UPDATE 

The City of Kerrville owns and maintains a hydraulic water model in the InfoWater® software package 

from Innovyze that was created during the 2013 Water Master Plan. FNI updated the existing water model 

with current GIS data. All water lines were included in the hydraulic model. This section discusses the 

model update process, including model calibration to observed system conditions. 

5.2 WATER PRESSURE TESTING AND MODEL CALIBRATION 

5.2.1 Pressure Testing 

Field pressure testing was conducted from August 10th to August 20th, 2021. 16 pressure recorders were 

installed throughout the distribution system. Locations of the pressure recorders are illustrated on Figure 

5-2. The City also provided Supervisory Control and Data Acquisition (SCADA) records during the pressure 

testing period. Hourly readings of flow, tank level, and pump status were recorded for all monitored points 

in the system. A summary of the observed pressure data is included on Figure 5-1 with detailed graphs 

included in Appendix A. 
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Figure 5-1: Observed Pressure Recorder Data 
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5.2.2 Model Calibration 

An extended period simulation (EPS) model calibration was performed to verify that the hydraulic model 

accurately represents real-world distribution system operations. The calibration process involved 

adjusting system operation, C-values, demand allocation, and peaking factors to match known conditions. 

August 14th, 2021 was selected for calibration as the diurnal curve indicated no irregularities and the total 

demand was relatively high compared to other days during field testing. Model calibration during high 

demand conditions is preferable as operations are captured when the system is stressed, and most 

facilities are in use. 

Demands were allocated to the model from averaged metered billing data provided by the City for the 

period from August 2020 to August 2021. The demands were then scaled to match the demands 

experienced on August 14th, 2021 for calibration. Based on diurnal curves calculated using the SCADA 

records provided by the City, the total demand was 4.56 MGD. Flow and tank level data were utilized to 

calculate diurnal demand curves by examining water going into (supply) and out of (demand) each 

pressure plane in the distribution system. The demand pattern, in 1-hour increments, was input to the 

model and assigned to the appropriate demand nodes. This pattern adjusts the demand for each pressure 

plane to match fluctuations over the course of the 24-hour calibration period. Figure 5-3 presents the 

diurnal curves for the calibration period of August 14th, 2021. Operational controls were used to simulate 

the conditions that occurred during the calibration period. Initial tank levels, at 12:00 am on August 14th, 

were input to the model from the provided SCADA records. The “Pump Status” provided in SCADA was 

used to develop control statements in the model that turned pumps on and off throughout the day. 

During the calibration, adjustments were made to the model to match the observed conditions of August 

14th, 2020. Pump run times were adjusted slightly to better match recorded tank levels. The results of 

the EPS calibration are summarized on the graphs included in Appendix B. An example of the calibration 

graphs is shown in Figure 5-4. The graphs show modeled pressures and tank levels versus recorded data 

at tanks, and pressure recorder locations. The results suggest a good correlation between recorded and 

modeled values. This degree of calibration provides confidence in the accuracy of the model and is 

considered suitable for the development of a water system CIP and master planning purposes. 
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Figure 5-3: Calibration Day Diurnal Curves 

 

Figure 5-4: Calibration Tank Level Graph 
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5.3 WASTEWATER MODEL UPDATE 

FNI developed a hydraulic model to be used as a tool for evaluating the wastewater collection system 

using InfoSewer® software by Innovyze. The City provided a GIS geodatabase, which was the basis for 

building the hydraulic model. The provided geodatabase contained spatial and attribute information for 

the wastewater gravity lines, manholes, force mains, and lift stations as well as parcel data. The GIS data 

for these assets was imported into the hydraulic model and processed to validate attribute data and allow 

for proper network topology. Missing information was populated with the results of field inspections and 

as-build records when available. Some missing facility information that is critical for inclusion in the 

hydraulic model could not be rectified. To account for this missing information, the hydraulic model was 

skeletonized, or assets with missing information were removed from the model network to allow the 

hydraulic model to operate properly. Critical system infrastructure is included in the hydraulic assessment, 

but the majority of small diameter lines were removed from the model during the skeletonization process. 

A summary of the modeled network is shown in Table 5-2 and Figure 5-5. On average, 85% of the 

wastewater collection system was included in the hydraulic model, with 99% of lines 10-inches or greater. 

Table 5-1: Modeled Wastewater Collection System 

Diameter 

Gravity 
Main 

Length 

Modeled 
Gravity Main 

Length Percent 
Modeled (inches) (LF) (LF) 

Unknown 1,100 0 0.00% 
4 3,410 2,059 60.37% 
6 458,343 331,159 72.25% 
8 281,705 272,248 96.64% 

10 40,839 40,727 99.73% 
12 85,323 85,238 99.90% 
15 19,369 19,325 99.77% 
16 199 199 100.00% 
18 22,925 22,280 97.19% 
20 100 0 0.00% 
21 22,980 22,980 100.00% 
24 10,099 10,093 99.93% 
27 8127.4 8127.4 100.00% 
30 837 718 85.80% 

Total 955,359 815,153 85.32% 
≥ 10" 210,801 209,687 99.47% 
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5.4 WASTEWATER FLOW MONITORING AND MODEL CALIBRATION 

Flow monitoring is an important step in evaluating a sanitary sewer collection system. The flow monitoring 

data is used to examine the existing dry and wet weather flows, evaluate the effects of rainfall on the 

wastewater collection system, and calibrate a hydraulic model to evaluate the capacity of the system to 

transport peak flows. 

FNI retained ADS Environmental Services (ADS) to conduct temporary flow monitoring within selected 

portions of the existing sanitary sewer system. Evaluation of the results of the temporary flow monitoring 

allows for the characterization of dry weather and wet weather flows within the wastewater system, the 

ranking of relative severity of observed infiltration and inflow (I/I), and the evaluation of key performance 

indicators to direct subsequent condition assessment and rehabilitation activities. The flow monitoring 

data was also used in the hydraulic model calibration. Flow monitoring was performed using area-velocity 

flow monitors manufactured, installed, and maintained by ADS. Each flow monitor was mounted near the 

top of a manhole and was connected to flow, depth, and velocity sensors positioned in the incoming sewer 

line. Each flow monitor was equipped with an ultrasonic depth sensor mounted at the crown of the sewer 

line and a velocity sensor mounted at or near the invert of the sewer line. A pressure depth sensor was 

also mounted at or near the invert to measure surcharge depths. Depth, velocity, and flow rate data from 

each flow monitor were collected and evaluated to provide insight into sewer performance, revealing 

important information about how the existing wastewater system accommodates observed flow rates.  

Dry weather and wet weather performance within the existing wastewater system were evaluated by 

installing flow monitors within the collection system to observe and document existing flow conditions. 

FNI coordinated with City staff to identify locations for the temporary flow monitors. The locations were 

strategically selected to allow the temporary flow monitors to capture the system’s performance during 

rain events and provide data for hydraulic model calibration. Three rain gauges were also installed within 

the system to quantify the observed rain events. Figure 5-6 shows the locations of the 12 temporary flow 

monitors and the three rain gauges. A schematic of the flow monitor locations and collection system 

operations is shown on Figure 5-7. The temporary flow monitors were deployed for a total of 58 days 

from May 11, 2021 to July 8, 2021. Flow monitoring data during observed wet weather events is used to 

identify areas with high rainfall-dependent infiltration and inflow (RDII) and to calibrate the hydraulic 

model to wet weather conditions. During the flow monitoring period, multiple rain events occurred within 

the study area, with the maximum rainfall observed being 2.72 inches on May 28, 2021.  
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Figure 5-7: Temporary Wastewater Flow Monitoring Schematic 
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5.4.1 Flow Monitoring Analysis 

A summary of the average dry and peak wet weather flows at each temporary flow monitoring location 

can be found in Table 5-2. The ADS flow monitoring report can be found in its entirety in Appendix C. 

Table 5-2: Flow Monitoring Summary 

Flow Monitor 

Observed Dry 
Weather Flow 

(MGD) 

Observed Peak 
Wet Weather 

Flow 
(MGD) 

Peaking 
Factor 

FM 01 0.09 1.20 13.33 
FM 02 0.81 1.38 1.70 
FM 03 0.14 0.94 6.71 
FM 04 0.28 1.32 4.71 
FM 06 0.23 1.16 5.04 
FM 07 0.10 0.50 5.00 
FM 08 0.36 1.45 4.03 
FM 09 1.14 3.63 3.18 
FM 12 0.01 0.23 23.00 
FM 13 0.14 1.15 8.21 
FM 14 0.76 2.32 3.05 
FM 15 0.05 0.23 4.60 
Total 2.88 10.49 3.64 

 

Peaking factor is the ratio of observed peak flow to average flow and plays a key role in wastewater 

analysis and design. Peaking factors are inversely proportional to the population served and generally 

decrease as average dry weather flow increases. The largest peaking factors observed during the study 

period were a value of 23.00 at site FM 12 and a value of 13.33 at site FM 01. These high peaking factors 

are likely due to low or irregular average dry weather flow and are not a concern at this time. Wet weather 

peaking factors at the remaining flow monitor locations ranged from 1.70 to 8.21 with an average peaking 

factor of 3.64. A peaking factor of 4.00 is typical for a wastewater collection system and observed peaking 

factors greater than 4.00 indicate high levels of inflow and infiltration upstream of the flow monitoring 

location.  

  



Water and Wastewater Master Plan Update 
City of Kerrville 
 

5-12 

5.4.2 Dry Weather Calibration 

FNI utilized the flow monitoring data for dry and wet weather events to calibrate the wastewater model. 

FNI first calibrated the model to the average dry weather flow, which represents a week of dry weather 

conditions. During dry weather model calibration, the per-capita flow rates were adjusted to match 

observed flow volumes. Iterations were performed until the model results closely reflected the observed 

dry weather flow data at each flow meter site within a tolerance of +/- 5%. Results are provided for the 

average flow rate over the dry weather calibration period in Table 5-3. On average, the hydraulic model 

is calibrated to observed dry weather conditions within 1%. 

Table 5-3: Dry Weather Calibration Summary 

Flow 
Monitor 

Observed Dry 
Weather Flow 

(gpm) 

Modeled Dry 
Weather Flow 

(gpm) 

Dry 
Weather 

Calibration 
FM 01 73 73 100.0% 
FM 02 553 553 100.0% 
FM 03 77 77 100.0% 
FM 04 199 199 100.0% 
FM 06 160 160 100.0% 
FM 07 23 23 100.0% 
FM 08 250 251 100.3% 
FM 09 805 801 99.4% 
FM 12 6 6 100.0% 
FM 13 100 100 100.0% 
FM 14 536 536 100.0% 
FM 15 34 34 100.0% 
Total 1,948 1,944 99.8% 

 

5.4.3 Wet Weather Calibration 

The calibrated dry weather flow was utilized during wet weather calibration to represent the dry weather 

component of the observed flow hydrograph and derive the I/I response during wet weather calibration. 

Criteria for selecting wet weather calibration events typically includes no preceding or subsequent rain 

events and consistency throughout the study area. Multiple significant wet weather events were observed 

during the flow monitoring period. The primary wet weather calibration event occurred on May 28, 2021 

with a total volume of 2.72 inches over approximately 12 hours.  
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These values were adjusted until the modeled wet weather flows closely matched the observed wet 

weather flows. Iterations were performed until the model results closely reflected the observed wet 

weather flow data at each flow meter site within a tolerance of +/- 10%. Results of the wet weather 

calibration are summarized in Table 5-4. On average, the hydraulic model is calibrated to observed wet 

weather conditions within 3%. 

Table 5-4: Wet Weather Calibration Summary 

Flow 
Monitor 

Observed Peak 
Wet Weather Flow 

(gpm) 

Modeled Peak 
Wet Weather Flow 

(gpm) 

Peak Wet 
Weather 

Calibration 
FM 01 833 833 100.0% 
FM 02 958 957 99.9% 
FM 03 653 653 100.0% 
FM 04 917 917 100.0% 
FM 06 806 805 99.9% 
FM 07 347 347 100.0% 
FM 08 1,007 944 93.7% 
FM 09 2,521 2,503 99.3% 
FM 12 160 160 100.0% 
FM 13 799 799 100.0% 
FM 14 1,611 1,611 100.0% 
FM 15 160 160 100.0% 
Total 7,285 7,203 98.9% 
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6.0 WATER DEMAND 

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. Water use 

typically follows a diurnal pattern, being low at night and peaking in the early morning and evening. 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.  

6.1 HISTORICAL WATER DEMANDS 

Reviewing historical water demands provides insight into selecting design criteria used to project future 

water demands. Historical monthly water usage was analyzed from 2010 through 2021. The City provided 

water production data consisting of amount of water pumped or produced daily at each groundwater well 

and treatment plant. Historical annual average day demand, and maximum day to average day peaking 

factors are summarized in Table 6-1. 

Table 6-1: Historical Water Demand 

Year Connections 

WTP Annual 
Average 

Production 
(MGD) 

Average  
Per Connection 

Flow Rate 
(gpCd) 

WTP Maximum 
Daily 

Production 
(MGD) 

Maximum 
Day Peaking 

Factor 
2010 10,165  3.74 368 7.37 1.97 
2011 10,175  3.86 379 6.15 1.60 
2012 10,194  3.98 391 6.96 1.75 
2013 10,201  3.66 359 6.79 1.85 
2014 10,299  3.63 352 6.86 1.89 
2015 10,429  3.63 348 6.41 1.77 
2016 10,538  3.51 333 6.68 1.90 
2017 10,616  3.58 337 5.67 1.58 
2018 10,744  3.79 353 6.36 1.68 
2019 10,805  3.22 298 5.46 1.69 
2020 11,043  3.32 301 5.70 1.71 
2021 11,148  3.28 294 9.14 2.79 

Average - 3.60 343 6.63 1.84 
Maximum - 3.98 391 9.14 2.30 
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6.2 PROJECTED WATER DEMANDS 

Water demands were projected for 2022, 2027, 2032, and 2047 conditions. The evaluation of historical 

trends in per capita data provided a basis for determining the planning criteria used to project average 

day water demands. The average day demand rate was used as a basis for estimating maximum day and 

peak hour demands, which are more relevant values to locating and sizing recommended improvements.  

In selecting a peaking factor to project maximum day demands, FNI reviewed historical peaking factors 

and the years in which those peaking factors occurred, as just using the highest values for per-capitas and 

peaking factors may not be representative. Historical water usage data indicated the maximum day to 

average day peaking factor ranged from 1.60 to 2.79, with an average of 1.84 over the last 12 years. 

Therefore, a maximum day peaking factor of 1.8 was selected for the calculation of projected maximum 

day demands. Since hourly flows are not measured at every water facility, historical peak hour demands 

could not be calculated.  In the absence of data specific to the City of Kerrville, a peaking factor of 2.0 was 

selected to project peak hour demands. 

The recommended planning criteria for the water system are summarized in Table 6-2. These planning 

criteria were applied to the projected growth scenarios to estimate future demand in the water system. 

Table 6-3, Table 6-4, and Table 6-5 summarize the average day, maximum day, and peak hour demands 

for each development scenario, respectively. Figure 6-1 illustrates the historical and projected water 

demands for the City of Kerrville. 

Table 6-2: Water Demand Criteria 

Demand per 
Connection 

(gpCd) 

Maximum Day to 
Average Day 

Peaking Factor 

Peak Hour to 
Maximum Day 
Peaking Factor 

350 1.80 2.00 
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Table 6-3: Average Day Demand Projections Per Development Scenario 

Scenario 
Average Day Demand (MGD) 

Existing 5-year 10-year 25-year 
A 3.97 4.25 4.55 5.59 
B 3.97 4.22 4.48 5.37 
C 3.97 4.19 4.41 5.17 
D 3.97 4.23 4.51 5.45 

System Wide 3.97 4.19 4.42 5.20 
 

Table 6-4: Maximum Day Demand Projections Per Development Scenario 

Scenario 
Max Day Demand (MGD) 

Existing 5-year 10-year 25-year 
A 7.14 7.65 8.19 10.06 
B 7.14 7.59 8.06 9.66 
C 7.14 7.53 7.94 9.31 
D 7.14 7.61 8.11 9.81 

System Wide 7.14 7.54 7.96 9.36 
 

Table 6-5: Peak Hour Demand Projections Per Development Scenario 

Scenario 
Peak Hour Demand (MGD) 

Existing 5-year 10-year 25-year 
A 14.29 15.30 16.39 20.12 
B 14.29 15.18 16.12 19.32 
C 14.29 15.07 15.89 18.61 
D 14.29 15.22 16.22 19.62 

System Wide 14.29 15.08 15.92 18.73 
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Figure 6-1: Historical and Projected Water Demand 
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7.0 WASTEWATER FLOW 

The performance of the City’s wastewater system is dependent on the amount of flow being conveyed 

through the system currently and in the future. To determine locations where future wastewater system 

improvements are necessary, FNI developed existing and future wastewater load projections using 

historical flow data and existing and future development projections. 

Wastewater flows in a municipal collection system vary by time of day, wastewater discharge source, and 

weather conditions. Annual average daily flow (AADF) is defined as the total wastewater flow over a one-

year period divided by the number of days in that year. WWTPs are typically sized in terms of average 

daily flow, while the collection system is sized to convey peak wastewater flows. Peak wastewater flow is 

comprised of three components: the maximum daily dry weather flow, infiltration, and inflow. Infiltration 

is the seepage of groundwater into the sewer pipe and appurtenances. Inflow is the rainwater that enters 

the collection system, both directly and indirectly, during and immediately following a storm event. The 

inflow represents stormwater runoff from paved and non-paved areas throughout the service area. 

7.1 HISTORICAL WASTEWATER TREATMENT PLANT FLOWS 

To project future wastewater flows, historical flow data was analyzed to determine the historical trends 

in system-wide average daily flow and per-connection flow. The City provided average plant discharge 

flow data from 2010 to 2021. Historical connections from water billing data were used to determine the 

historical per-connection flow rate. Table 7-1 provides a summary of the historical annual average daily 

flows at the wastewater treatment plant. 
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Table 7-1: Historical WWTP Flow 

Year 

WWTP Annual 
Average Flow 

(MGD) Connections 

Per Connection 
Flow Rate 

(gpcd) 
2010 1.88 9,571  197 
2011 2.02 9,581  211 
2012 2.17 9,601  226 
2013 2.21 9,608  230 
2014 2.07 9,706  214 
2015 2.21 9,835  225 
2016 2.41 9,945  243 
2017 2.05 10,022  204 
2018 2.10 10,151  207 
2019 2.09 10,211  205 
2020 2.08 10,449  199 
2021 2.21 10,554  209 

Average 2.13 - 215 
Maximum 2.41 - 243 

 

7.2 AVERAGE FLOW PROJECTIONS 

FNI utilized the historical WWTP flows, the temporary wastewater flow monitoring data, and the 

calibrated wastewater model as the basis to develop the existing and future average day flows. Future 

growth for each planning period was added to the 2022 wastewater flow using a future per-capita flow of 

225 gallons per connection per day (gpcd) multiplied by the number of new connections projected for 

each planning period. While the historical rates vary, the projected 225 gpcd is slightly more conservative 

than the historical average and anticipates that the per-capita will be maintained through all future 

planning periods. Table 7-2 shows the projected annual average daily flow for each planning scenario. 

Additionally, Figure 7-1 shows the projected average annual flows compared to the existing WWTP 

permitted capacity. This chart also shows the projected average annual flows compared to 75% and 90% 

of the permitted capacity, to indicate if and when the WWTP would trigger the TCEQ “75/90 rule”. The 

75/90 rules states that when a plant exceeds 75% of its permitted annual average flow for three 

consecutive months, the facility must begin planning for its next expansion. In addition, the rule states 

that when a facility exceeds 90% of its permitted annual average flow, the facility must be in construction 

of its next expansion. The WWTP is not projected to exceed 75% of the existing permitted capacity through 

the 2047 planning period. 
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Table 7-2: Projected Annual Average WWTP Flow 

 Scenario 
Average Day Flow (MGD) 

Existing 5-year 10-year 25-year 
A 2.41 2.59 2.78 3.45 
B 2.41 2.57 2.74 3.31 
C 2.41 2.55 2.69 3.18 
D 2.41 2.57 2.75 3.36 

System Wide 2.41 2.55 2.70 3.20 
 

Figure 7-1: WWTP Annual Flow Projections 
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To evaluate the collection system, a storm event should be selected as the basis for evaluation. Peak wet 

weather flows are determined by evaluating the collection system’s response to the applied storm. The 

peak wet weather flow was analyzed by utilizing the observed wet weather responses during the flow 

monitoring period. The wet weather response rates within each flow monitor basin were analyzed and 

scaled to estimate responses to a storm, including projecting peaking factors and maximum flow rates. 

The peaking factors from wet weather calibration were used to select the projected peak flow rate. A 

peaking factor of 4.50 was selected based on scaling up the observed peaking factor to a conservative 

estimate. This analysis assumes that existing I/I rates are held constant through all future planning periods 

and appropriate rehabilitation measures are taken to mitigate future system degradation and prevent an 

increase in I/I rates as the collection system ages. The projected peak flows are shown in Table 7-3 for 

each planning scenario.  

Table 7-3: Projected Peak Wet Weather WWTP Flow 

Scenario 
Peak Wet Weather Flow (MGD) 

Existing 5-year 10-year 25-year 
A 10.83 11.65 12.53 15.52 
B 10.83 11.55 12.31 14.88 
C 10.83 11.46 12.12 14.31 
D 10.83 11.58 12.39 15.12 

System Wide 10.83 11.47 12.15 14.40 
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8.0 WATER SYSTEM HYDRAULIC ANALYSIS 

The existing distribution system was evaluated to assess current production, pumping, and storage 

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 water distribution system was also evaluated with 

consideration for future water service. Various combinations of improvements and modifications were 

investigated to determine the most appropriate approach for meeting projected demands. Parameters 

used in developing the improvements plan included increasing system reliability, simplifying system 

operations, and maintaining proper pressure throughout the system. 

8.1 TCEQ REQUIREMENTS AND PLANNING CRITERIA 

As a public water utility, the City must comply with the rules and regulations for public water systems set 

forth by the Texas Commission on Environmental Quality (TCEQ) in TAC §290.45. The TCEQ sets minimum 

system requirements pertaining to production, pumping, and storage capacity. 

The TCEQ evaluates the City’s water distribution system by pressure zone, except for water production 

and total storage, which are evaluated on a system-wide basis. The TCEQ production requirement is 0.6 

gpm/connection, unless the system has less than 50 connections, in which case the requirement increases 

to 1.5 gpm/connection.  

For service pumping, if a pressure zone has at least 200 gallons per connection of elevated storage, the 

resulting TCEQ pumping requirement is 0.6 gpm/connection. If the PZ has less than 200 gallons per 

connection of elevated storage, the TCEQ service pumping requirement increases to 2.0 gpm/connection 

or at least 1,000 gpm total with the ability to meet peak hour demands in the pressure zone with the 

largest pump out of service (i.e., firm capacity).  

The City is also required to meet the TCEQ elevated storage capacity requirement of 100 gallons per 

connection and total storage capacity requirement of 200 gallons per connection. As described in Section 

2.4, only the storage volume 80 feet or more above the highest service elevation in each pressure zone 

may be considered elevated storage. Minimum production, pumping, and storage requirements per TCEQ 

are summarized in Table 8-1.  
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Table 8-1: TCEQ Minimum Requirements and Recommended Planning Criteria Summary 

System 
Component TCEQ Minimum Requirement 

Evaluation 
Area 

Production 0.6 gpm/connection Systemwide 

Distribution 
Pumping 

0.6 gpm/connection 
(≥ 200 gal/connection elevated storage) 

2.0 gpm/connection 
(< 200 gal/connection elevated storage) 

Pressure Plane 

Elevated Storage 100 gallons/connection Pressure Plane 
Total Storage 200 gallons/connection Systemwide 

 

8.2 HYDRAULIC ANALYSIS 

8.2.1 Existing System Analysis 

TCEQ minimum system requirements and the recommended planning criteria were utilized to evaluate 

the 2022 water system. Table 8-2, Table 8-3, and Table 8-4 summarize the evaluation against the 

recommended planning criteria for production capacity, distribution pumping capacity, and elevated 

storage capacity, respectively. Projected connections for 2022 (i.e., 2021 existing connections plus 1 year 

of projected growth) were used to evaluate the existing system against the minimum requirements.  

Table 8-2: Recommended Production Capacity for Existing System 

Planning 
Period Connections 

Required 
Production 

(gpm) 

Surface 
Water 

Production 
(gpm) 

Ground 
Water 

Production 
(gpm) 

Total 
Available 

Production 
(gpm) 

Meets TCEQ 
Requirement? 

2022 11,338 6,802.8 4,645.0 4,563.0 9,208 Yes 
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Table 8-3: Recommended Distribution Pumping Capacity for Existing System 

Planning 
Period Pressure Plane Connections 

Required 
Pumping 
Capacity 

(gpm) 

Available 
Pumping 
Capacity 

(gpm) 
Meets TCEQ 

Requirement? 

2022 

Stadium 8,817 5,290 5,680 Yes 
Methodist 2,521 1,513 2,050 Yes 

Kerrville North 1,328 797 1,133 Yes 

Summit 208 125 450 Yes 

College Cove 379 228 250 Yes 

Ridgewood 692 415 1,350 Yes 

Hilltop 25 49 600 Yes 

Keystone 106 212 500 Yes 

The Heights 71 141 530 Yes 

West Bluff 12 24 50 Yes 

Table 8-4: Recommended Elevated Storage Capacity for Existing System 

Planning 
Period Pressure Plane Connections 

Required 
Elevated 
Storage 

(MG) 

Required 
Total 

Storage 
(MG) 

Available 
Elevated 
Storage 

(MG) 

Available 
Total 

Storage 
(MG) 

Meets TCEQ 
Requirement? 

2022 

Stadium 6,418 1.28 1.28 2.15 2.41 Yes 
Methodist 2,521 0.50 0.50 1.00 2.00 Yes 

Kerrville North 1,120 0.22 0.22 1.00 1.00 Yes 

Summit 208 0.04 0.04 0.15 0.15 Yes 

College Cove 379 0.08 0.08 1.00 1.00 Yes 

Ridgewood 692 0.14 0.14 1.00 1.00 Yes 
 

In addition to the pumping and storage evaluations, the calibrated model was used to conduct a hydraulic 

analysis under 2022 maximum day and peak hour demand conditions to evaluate system operations and 

pressure throughout the distribution system. A 24-hour EPS analysis was performed, which provides a 

means to evaluate the system over time to assess response to hourly changes in demand, pump cycling, 

and tanks filling or draining. A maximum day EPS model run evaluates the ability of the system to provide 

adequate supply to meet demands while maintaining levels in storage facilities. 

During a maximum day EPS analysis, the peak hour demand condition is also simulated by setting the 

highest hourly peaking factor in the diurnal demand pattern of each PZ equal to the maximum day to peak 

hour peaking factor. 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 
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residual pressure, because the highest demand period typically induces the lowest pressure due to 

increased headloss throughout the system. Lower demand periods throughout the day are simulated in 

EPS modeling as well, allowing the system’s ability to replenish storage tanks to be evaluated. Figure 8-1 

shows the minimum pressure observed in the model under 2022 demand conditions. Minimum pressures 

shown on the map represent the lowest pressure experienced at each node during the 24-hour 

simulation, usually occurring during the peak hour demand. This map helped identify potential problem 

areas in the system and was used as a tool to assess expected pressure ranges throughout the system. 

The TCEQ minimum required pressure within a distribution system is 35 pounds per square inch (psi) 

under non-emergency demand conditions. As seen on Figure 8-1, most of the system meets the minimum 

requirement, but small areas in the Stadium Pressure Plane, along the boundary between Stadium and 

College Cove Pressure Plane, show modeled pressure below 35 psi. There are improvements identified in 

Section 11.1.1 to remedy these areas of low modeled pressure. 
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8.2.2 Future System Analysis 

The recommended planning criteria were utilized to evaluate the water system in future planning years. 

Table 8-5, Table 8-6, and Table 8-7 summarize the recommended production, distribution pumping, and 

elevated storage capacity, respectively, for each planning year. Table 8-5 also provides a calculation of 

total recommended production capacity in terms of gpm per connection for comparison with TCEQ 

requirements. The recommended production capacity increases each year due to the increasing 

percentage of new connections, which are assigned the existing system-wide maximum day demand of 

0.44 gpm/connection. 

Table 8-5: Projected Production Capacity Recommendations 

Planning 
Period Connections 

Required 
Production 

(gpm) 

Surface 
Water 

Production 
(gpm) 

Ground 
Water 

Production 
(gpm) 

Total 
Available 

Production 
(gpm) 

Meets TCEQ 
Requirements? 

2022 11,338 6,802.8 4,645.0 4,563.0 9,208 Yes 
2027 11,969 7,181.3 4,645.0 4,563.0 9,208 Yes 
2032 12,635 7,580.8 4,645.0 4,563.0 9,208 Yes 
2047 14,863 8,917.8 4,645.0 4,563.0 9,208 Yes 
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Table 8-6: Projected Distribution Pumping Capacity Recommendations 

Planning 
Period Pressure Plane Connections 

Minimum 
Requirement 

(gpm/ 
connection) 

Required 
Pumping 
Capacity 

(gpm) 

Available 
Pumping 
Capacity 

(gpm) 

Meets  
TCEQ 

Requirement? 

Controlling 
Development 

Scenario 

2027 

Stadium 9,555 0.6 5,733 5,680 No D 
Methodist 3,221 0.6 1,932 2,050 Yes B 

Kerrville North 1,946 0.6 1,167 1,133 No C 
Summit 215 0.6 129 450 Yes C 

College Cove 382 0.6 229 250 Yes C 
Ridgewood 692 0.6 415 1,350 Yes - 

Hilltop 25 2.0 49 600 Yes - 
Keystone 106 2.0 212 500 Yes - 

The Heights 71 2.0 141 530 Yes - 
West Bluff 12 2.0 24 50 Yes - 

2032 

Stadium 10,351 0.6 6,210 5,680 No D 
Methodist 3,552 0.6 2,131 2,050 No B 

Kerrville North 2,522 0.6 1,513 1,133 No C 
Summit 624 0.6 374 450 Yes C 

College Cove 458 0.6 275 250 No C 
Ridgewood 692 0.6 415 1,350 Yes - 

Hilltop 25 2.0 49 600 Yes - 
Keystone 106 2.0 212 500 Yes - 

The Heights 71 2.0 141 530 Yes - 
West Bluff 12 2.0 24 50 Yes - 

2047 

Stadium 13,053 0.6 7,832 5,680 No D 
Methodist 4,815 0.6 2,889 2,050 No B 

Kerrville North 4,153 0.6 2,492 1,133 No C 
Summit 1,814 0.6 1,088 450 No C 

College Cove 946 0.6 567 250 No C 
Ridgewood 1,913 0.6 1,148 1,350 Yes D 

Hilltop 25 2.0 49 600 Yes - 
Keystone 288 2.0 576 500 No B 

The Heights 387 2.0 773 530 No B 
West Bluff 12 2.0 24 50 Yes - 
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Table 8-7: Projected Elevated Storage Capacity Recommendations 

Planning 
Period Pressure Plane Connections 

Required 
Elevated 
Storage 

(MG) 

Required 
Total 

Storage 
(MG) 

Available 
Elevated 
Storage 

(MG) 

Available 
Total 

Storage 
(MG) 

Meets TCEQ 
Requirement? 

Controlling 
Development 

Scenario 

2027 

Stadium 7,156 1.43 1.43 2.15 2.15 Yes D 
Methodist 3,221 0.64 0.64 1.00 1.00 Yes B 

Kerrville North 1,731 0.35 0.35 1.00 1.00 Yes C 
Summit 215 0.04 0.04 0.15 0.15 Yes C 

College Cove 382 0.08 0.08 1.00 1.00 Yes C 
Ridgewood 692 0.14 0.14 1.00 1.00 Yes - 

2032 

Stadium 7,952 1.59 1.59 2.15 2.15 Yes D 
Methodist 3,552 0.71 0.71 1.00 1.00 Yes B 

Kerrville North 1,898 0.38 0.38 1.00 1.00 Yes C 
Summit 624 0.12 0.12 0.15 0.15 Yes C 

College Cove 458 0.09 0.09 1.00 1.00 Yes C 
Ridgewood 692 0.14 0.14 1.00 1.00 Yes - 

2047 

Stadium 9,432 1.89 1.89 2.15 2.15 Yes D 
Methodist 4,815 0.96 0.96 1.00 1.00 Yes B 

Kerrville North 2,340 0.47 0.47 1.00 1.00 Yes C 
Summit 1,814 0.36 0.36 0.15 0.15 No C 

College Cove 946 0.19 0.19 1.00 1.00 Yes C 
Ridgewood 1,913 0.38 0.38 1.00 1.00 Yes D 

 

Water system improvements were developed to accommodate the anticipated growth in the water 

service area through 2047 based on the recommended planning criteria.  

Other challenges facing the water system include addressing existing deficiencies in pumping capacity and 

providing adequate infrastructure to serve growth. The following key observations and recommendations 

resulted from modeling and evaluating the distribution system. 

 Development Scenario A 

The Stadium Pressure Plane requires more high service pumping to serve future growth. To 

serve projected developments, FNI recommends establishing a new pressure plane to the 

West of Stadium Pressure Plane. This will require additional elevated storage and high service 

pump capacity.  
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 Development Scenario B 

The Keystone Hydropneumatic Zone will require additional pumping capacity to serve projected 

future growth. The Methodist Pressure Zone will have insufficient pumping capacity if Methodist 

Well remains offline. 

 Development Scenario C 

The Kerrville North, Summit, and College Cove Pressure Zones are all projected to be deficient in 

pumping capacity to serve future growth. Summit Pressure Plane will also require additional 

storage to serve future growth and meet TCEQ minimum requirements. 

 Development Scenario D 

The Stadium Pressure Plane requires more high service pumping to serve future growth in the 

lower Stadium area. 

Once these improvements were added to the existing water system, hydraulic analyses were performed 

under 2047 maximum day and peak hour demand conditions. A 24-hour EPS simulation was performed 

under maximum day and peak hour demand conditions for each future planning scenario to develop 

system operations and verify effectiveness of system improvements. Any areas of high headloss, high 

velocity (i.e., greater than 5 feet per second), or low pressure were adjusted accordingly to verify sizing of 

system improvements. With proposed improvements, projected minimum pressures in the system remain 

above 36 psi. Improvements are further discussed in Section 11.2.1.  
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8.3 FIRE FLOW ANALYSIS 

Fire flow is a reserved volume in the water distribution system for emergency use. To evaluate the fire 

suppression capabilities of the system, a fire flow analysis was conducted under existing maximum day 

demand conditions. TCEQ requires a minimum pressure of 20 psi be maintained while delivering the fire 

flow demand. For this analysis, a steady-state model run was utilized to calculate the available fire flow 

at each node in the system with a pressure of 20 psi and maximum velocity of 10 feet per second in the 

water main. Figure 8-2 shows the results of the fire flow simulation.  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. Upsizing of smaller lines and looping are two 

methods to improve low fire flow. These improvements were incorporated into the CIP project 

recommendations discussed in further detail in Section 11.1.1. Results of the fire flow analysis under 

existing maximum day demand conditions with the proposed improvements is shown on Figure 8-3. 

Results are for planning purposes only and are not a substitute for detailed design. Available fire flow is 

calculated at model junctions and interpolated between points, actual fire flow at hydrants may vary. 

Available fire flow for commercial, multi-family, and industrial land uses should be evaluated on a case-

by-case basis. 
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        FIGURE 8-2
CITY OF KERRVILLE

EXISTING WATER SYSTEM
AVAILABLE FIRE FLOW

AVAILABLE FIRE FLOW

Less than 500 gpm

500 - 1,000 gpm

1,000 - 1,500 gpm

1,500 - 3,500 gpm

Greater than 3,500 gpm

Planning Purposes Only
Results are for planning purposes only

and are not to be used as a substitute for
detailed design. Available fire flow for

potential developments should be
evaluated on a case-by-case basis.

Available fire flow is calculated at model
junctions and interpolated between points,

actual fire flow at hydrants may vary.
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       FIGURE 8-3
CITY OF KERRVILLE
SHORT-TERM IMPROVEMENT
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8.4 WATER AGE ANALYSIS 

Water age modeling was conducted under existing average day demand conditions to identify areas in 

the distribution system with high water age. While water age does not directly cause poor water quality, 

it is known that chlorine degrades over time and disinfection byproducts levels increase over time. 

Therefore, decreasing the water age can help reduce the formation of disinfection byproducts. A 30-day 

simulation was performed to ensure a consistent pattern of water age had been established in the model. 

The results of existing water age analysis are shown on Figure 8-4. 

The majority of Kerrville North, Methodist, and Stadium Pressure Planes have a relatively low water age 

of less than 4 days old. The outlying sections of these pressure planes and the College Cove, Ridgewood 

and Summit Pressure Planes see much higher water age. Dead end lines, low demands and low tank 

turnover contribute to high water age in these areas. In addition to modeling the existing system water 

age, a water age analysis was performed on the system with proposed short-term CIP projects 

incorporated. The results of the improved system water age analysis are shown on Figure 8-5. The 

Ridgewood Pressure Plane, Summit Pressure Plane, and outlying areas of the pressure planes continue to 

experience high water age.  

A combination of operational changes and system improvements are generally recommended to help 

improve water age. The simplest approach to water age reduction is to change existing system operations 

at storage tanks to help facilitate tank turnover and mixing. Pump stations that fill storage tanks are 

typically set to turn on and off at certain tank levels. By lowering the level at which pumps turn on and 

increasing the level at which pumps turn off, a larger volume of water is entering and subsequently leaving 

the tank; therefore, increasing the overall tank turnover. There are limits on the lowest and highest water 

levels inside tanks that must be adhered to when adjusting storage tank operations, such as overflow 

elevations and minimum levels needed to sustain system pressures. A tank mixing system may also be 

implemented to help reduce water age in the system. A tank mixing system prevents old water from sitting 

in the tank and becoming stagnant. Lastly, regular system flushing in specific areas with high water age 

can adequately address water age issues. Water age improvements may be implemented at the discretion 

of City Staff. General water system improvements, including improvements to water age, are detailed in 

Section 11.1.1. 
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Water and Wastewater Master Plan Update 
City of Kerrville 
 

9-1 

9.0 WASTEWATER SYSTEM HYDRAULIC ANALYSIS 

Following model calibration for both dry and wet weather storm events, the next step in the wastewater 

master planning process is to use the hydraulic model to evaluate the existing system and provide 

recommendations to address existing deficiencies and future projections. Hydraulic analyses were 

conducted to identify deficiencies in the City’s existing wastewater collection system and to establish a 

capital improvement plan to improve the existing system and accommodate projected wastewater flows 

through the 2047 planning period. Various combinations of improvements and modifications were 

investigated to determine the approach for conveying projected flows. Parameters considered when 

developing the improvements plan included conveying peak wet weather flows, maintaining proper 

velocities, reducing surcharging, and eliminating projected sanitary sewer overflows. 

9.1 PLANNING CRITERIA 

The determination of the planning criteria is an important process as it guides the identification of 

potential CIP projects. The following sections summarize the planning criteria used in the hydraulic 

analysis, system evaluation, and capacity CIP determination. 

Planning criteria for analyzing existing, new, and replacement facilities were developed in accordance with 

minimum TCEQ standards as outlined in Chapter 217: Design Criteria for Domestic Wastewater Systems, 

Subchapter C: Conventional Collection Systems. 

The capacity improvement trigger utilized in this evaluation consists of two parts. First, collection system 

infrastructure identified for improvement includes pipes where the existing or projected flow (q) exceeds 

the full capacity of the pipe (Q) calculated by Manning’s equation based on the diameter, slope, and 

Manning’s roughness coefficient (typically 0.013). This capacity utilization of a pipe is also known as the 

q/Q ratio. Lines identified as capacity restrictions have a q/Q ≥ 1. Second, the system is allowed to utilize 

the system storage capacity by permitting a degree of surcharging while still preventing potential sanitary 

sewer overflows (SSOs). FNI recommends allowing surcharging to within three feet of the manhole rim 

elevation. Maximizing the use of existing system storage affords the collection system the ability to 

attenuate and dampen the effects of wet weather peak flow conditions. Utilizing storage within the 

existing collection system is in accordance with TCEQ regulations (217C) provided the causes of projected 

SSOs are remedied. New proposed CIP improvements are required to be sized to handle the peak 

projected flow without surcharging. 



Water and Wastewater Master Plan Update 
City of Kerrville 
 

9-2 

Planning criteria for the size of gravity sewer lines are based on maintaining a minimum a velocity range 

of 2 feet per second (fps) to 10 fps during full pipe flow, according to TCEQ regulations. New wastewater 

line sizes are based on selecting the smallest diameter to convey the projected peak instantaneous flow 

within 90% of pipe capacity (q/Q ≤ 0.9). This allows for an additional factor of safety and flexibility to 

prevent newly constructed pipes from surcharging if development projections and/or peak wet weather 

flows are greater than assumed in this study. Additionally, slopes for new lines serving undeveloped areas 

meet minimum slope requirements as set by TCEQ.  

Evaluation of lift stations is primarily based on the firm pumping capacity of the lift station. The firm 

capacity of a lift station is defined as the pumping capacity with the largest available pump out of service. 

Lift Station improvements are evaluated based on the projected peak wet weather flow. This assumes 

that the lift station wet well provides adequate storage to attenuate the instantaneous peak flow and 

pumps are sized to handle peak wet-weather flow. Lift stations with projected peak wet weather flows 

greater than the firm capacity are identified for improvement to increase the firm capacity at or above 

the projected peak flow.  

Force mains are evaluated based on the velocity within the pipeline. Force mains with velocities greater 

than 8 fps are identified for improvement. Force mains are sized based on the lift station pumping capacity 

with a maximum velocity of 8 fps at firm capacity, a minimum velocity of 2 fps with the smallest pump in 

service, and a once daily flushing velocity of 5 fps per TCEQ regulations.  

Projected peak flows for existing and future planning periods are determined by applying the selected 

peaking factors to the calibrated wastewater hydraulic model. The dry and wet weather parameters 

determined during calibration are utilized to project the collection system’s response to the applied storm 

and determine the RDII. It is assumed that the existing RDII rate remains constant through all future 

planning periods and no I/I reduction was applied to future peak flow projections. 

9.2 COLLECTION SYSTEM ANALYSIS 

A hydraulic analysis and system evaluation was conducted on the existing and future wastewater 

collection system to identify capacity deficiencies. The results of the existing system evaluation provide 

the basis for near-term capacity improvements while future evaluation drives long-term improvement 

recommendations. 
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9.2.1 Existing System Analysis 

The hydraulic wastewater model was utilized to apply the existing (2022) projected peak wet weather 

flows to the current wastewater collection system to identify potential existing system capacity 

restrictions. Results of the existing system analysis are shown on Figure 9-1. Wastewater lines in red are 

overloaded during existing peak wet weather events, and the projected flow exceeds the capacity of the 

wastewater line (q/Q > 1). Manholes in red are model predicted SSOs. Manholes in yellow indicate 

locations where the model predicts surcharging within three feet of the manhole rim. 

Hydraulic analysis indicates that there are several areas with projected capacity restrictions under existing 

system conditions. These capacity restrictions primarily correspond to areas with planned capital 

improvements that are currently under design or construction. Capacity restrictions in the existing system 

analysis include the following: 

 Knapp Force Main 
A capacity restriction is identified downstream of the Knapp Lift Station. The existing 12-inch gravity main 

receives flow that exceeds the full pipe capacity. Manholes along the interceptor are also identified as 

surcharging within three feet of the manhole rim.  

Ingram Interceptor 
A significant capacity restriction is identified downstream of the Ingram Lift Station. The existing 12-inch 

gravity main receives flow that exceeds the full pipe capacity when the second lift station pump turns on. 

Manholes along the interceptor are also identified as surcharging within three feet of the manhole rim. 

Quinlan Interceptor 
A capacity restriction is identified upstream from the Quinlan Lift Station, in the interceptor parallel to 

Quinlan Creek. The 12- and 10-inch gravity main receives peak flow that exceeds the full pipe capacity. 

Manholes along the interceptor also are identified as surcharging within three feet of the manhole rim. 
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9.2.2 Future System Analyses 

The hydraulic wastewater model was utilized to apply future projected peak wet weather flows to the 

current wastewater collection system to identify potential capacity restrictions for all future planning 

periods. As the system develops, existing capacity deficiencies are compounded, and new capacity 

restrictions are identified. The following key observations and recommendations resulted from modeling 

and evaluating the collection system. 

Development Scenario A 

 No additional capacity restrictions are identified in Development Scenario A.  

Development Scenario B 

 Development Scenario B creates a capacity restriction at the James Road Lift Station. A detailed 

lift station analysis is included in Section 9.3. 

Development Scenario C 

 No additional capacity restrictions are identified in Development Scenario C. 

Development Scenario D 

 Development Scenario D creates a capacity restriction at the Turtle Creek, Al Mooney, Airport 

Commerce, and Comanche Trace Lift Stations. A detailed lift station analysis is included in Section 

9.3. A capacity restriction also occurs in the gravity main, downstream of the Comanche Trace 

Force Main. 

Recommended improvements intended to address the capacity restrictions are further discussed in 

Section 11.2.2. 

  



Water and Wastewater Master Plan Update 
City of Kerrville 
 

9-6 

9.3 LIFT STATION EVALUATION 

The City owns and operates 26 collection system lift stations. 26 lift stations were included in the 

wastewater hydraulic model and evaluated for hydraulic capacity under existing and future conditions. 

Available Living Unit Equivalents (LUE) of each lift station were determined as part of this evaluation. An 

LUE is a unit equivalent to the flow from a single-family residence. Current available LUEs were 

determined based on the difference between existing peak flow rate and existing firm capacity, converted 

to a connection count based on the design criteria discussed in Section 7. One existing connection was 

determined to be equivalent to one existing LUE. In general, a single-family residence has one meter, 

corresponding to one LUE. Other land-use types may produce more wastewater flow per meter, resulting 

in a higher LUE per meter. Future connections were assigned a land use based on their location and then 

converted to LUEs based on land use type. The results of the lift station hydraulic evaluation are shown in 

Table 9-1. The maximum projected future LUEs are included for each lift station per the planning criteria 

discussed in Section 9.1. These maximum peak LUEs are based on the maximum projected growth from 

the four development scenarios. Projected LUEs in excess of the existing lift station firm capacity are 

highlighted in red text.  
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Table 9-1: Lift Station Hydraulic Analysis 

Lift Station 

Existing 
Capacity 

(gpm) 

Force Main 
Diameter 

(in) 

Force Main 
Capacity at 8 

ft/s 
(gpm) 

Existing 
Peak Flow 

Rate 
(gpm) 

Existing 
LUEs 

Available 
LUEs  

Airport Commerce 150  8  1,253  102  14 7  

Al Mooney 210  8  1,253  266  37 -80  

Benson -- 4  313  10  8 -  

Birkdale 6,300  20  7,834  2,675  1,012 5,156  

Bluebell 60  8  1,253  10  35 71  

Broadway 500  8  1,253  256  679 347  

Comanche Trace 600  10  1,958  835  606 -334  

Guadalupe Plaza -- 4  313  67  69 -  

Herzog 70  6  705  53  118 24  

James Road 500  6  705  37  27 658  

Jefferson 6,000  16  5,013  1,950  4,952 5,760  

Kerrville South 180  4  313  111  55 98  

Knapp 560  6  705  918  1,059 -509  

Legion 6,300  20  7,834  4,021  5,776 3,241  

Library -- 4  313  0  6 -  

Loop 534 1,700  12  2,820  161  24 2,189  

Mack Holliman -- 6  705  10  243 -  

Memorial -- -- -- 0 0 0  

Meridian 175 4 313 25 125 213  

Mesquite -- 2 78 0 0 0  

Quinlan 2,400  12  2,820  1,454  3,083 1,345  

Riverside 50  8  1,253  12  21 54  

Schreiner 150  6  705  0  124 213  

Schreiner Park A 27  4  313  10  12 24  

Schreiner Park B 27  4  313  0  0 38  

Turtle Creek 400  8  1,253  248  192 216  
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10.0 RISK BASED CONDITION ASSESSMENT 

FNI was tasked with performing a risk-based condition assessment (RBA) for the water distribution system 

and wastewater collection system. The risk assessment consisted of an evaluation of the condition and 

criticality of the current facilities and linear assets based on available data and field inspections. The 

results of the condition assessments were used to generate improvement projects and recommendations 

included in the capital improvement plan.  

10.1 FACILITY FIELD ASSESSMENT 

In March 2022, FNI and City staff conducted field assessments of 16 water system pump stations and 

wells, and 6 wastewater system lift stations. Water and wastewater system facility inspection locations 

are shown on Figure 10-1 and Figure 10-2, respectively. The assessment included site visits and visual 

inspection of the facilities to determine the overall condition of the station and specific condition of major 

components including pumps and motors, electrical equipment, instrumentation, piping and valves, 

structure, and site. Detailed condition scoring parameters and weighting were determined in coordination 

with City staff and are shown in Table 10-1. Notes and photographs were taken for each inspection site 

to document existing condition and develop a condition score for all major components on a 1 to 5 scale 

as shown in Table 10-2. A score of 1 is considered “new” condition with no steps recommended to 

maintain condition, while a score of 5 is considered “very poor” condition and the asset has probable or 

eminent failure unless rehabilitation steps are taken. General facility information was also noted as well 

as comments from City staff. Inspection sheets for all inspected facilities can be found in Appendix D. The 

results of the facility condition assessment were incorporated into recommended improvements that help 

mitigate the risk of asset failure and proactively manage system degradation. 
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Table 10-1: Facility Inspection Scoring Parameters 

Parameter Details Weighting 
Point 
Range 

Pumps and 
Motors 

Pumps, motors, and general components, 
including pumping capacity. 20% 1 - 5 

Electrical 
Electrical equipment including service, 

disconnect, starters, back-up power, and other 
general components. 

25% 1 - 5 

Instrumentation Instrumentation including floats, levels, SCADA, 
alarms, and controls. 15% 1 - 5 

Structure 
Facility structure including foundation, storage, 

hatches, corrosion, cracks, and general 
structural condition. 

15% 1 - 5 

Piping and Valves Piping and valves including risers, mains, check 
valves, and bypass connections. 10% 1 - 5 

Mechanical* Mechanical components including ventilation, 
chemical dosing, and odor control. 5% 1 - 5 

Site General site condition including drainage, 
access, security, fencing, and cover. 10% 1 - 5 

*Mechanical was not included in water system facilities, 5% weight was added to pumps 
and motors. 

 

Table 10-2: Facility Inspection Scoring Guidelines 
Score Guidelines 

1 New condition, no improvements 
recommended to maintain function 

2 Good condition, minor improvements 
recommended to enhance performance 

3 Fair condition, improvements recommended to 
improve performance or efficiency 

4 Poor condition, improvements recommended 
to maintain reliability 

5 Very poor condition, rehabilitation or 
replacement required 

 

10.1.1 Water System Facilities 

The results of the water system field assessments were compiled, and the major component scores were 

weighted to generate an overall condition score for each facility. A summary of the inspection results is 

shown in Table 10-3. The majority of inspected pump stations and wells were found to be in “good” to 
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“fair” condition with scores ranging from 1.25 to 2.95. H Street Well was determined to be in the worst 

condition of the water facilities and is currently offline. Higher condition scores typically resulted from 

corroded valves and pipes, lack of electrical equipment protection, and site conditions. Detailed 

recommendations for rehabilitation are discussed in detail in Section 11.0. General recommendations 

include replacing gaseous chlorine with liquid bleach, constructing appropriate buildings to protect 

production well pumps and piping similar to Methodist Encampment, provide lighted canopies over 

exposed electrical boxes, conducting electrical power system study, and re-coating exposed piping and 

valves. 

Table 10-3: Water Facility Scoring Results 

Facility Name 

Pumps 
and 

Motors Electrical Instrumentation Structure 

Piping 
and 

Valves Site 
Condition 

Rating 
Lois Street PS 3 4 3 2 3 1 2.90 

River Hills 2 3 2 3 2 1 2.30 
Stadium 3 2 2 2 3 3 2.45 
Summit 3 1 2 2 3 1 2.00 

Travis Street PS 2 2 3 2 2 1 2.05 
High Service 2 1 1 1 2 1 1.35 
The Heights 1 2 2 1 1 1 1.40 

Hilltop 2 2 2 1 1 1 1.65 
West Bluff 3 2 3 2 2 3 2.50 

Alpine Drive 2 2 1 2 2 1 1.75 
H Street 5 2 3 3 2 1 2.95 

Harper Road 2 2 1 2 2 2 1.85 
Hays Park 2 2 1 2 2 1 1.75 

Lois Street Well 3 2 1 2 1 1 1.90 
Meadow View 

Lane 1 2 1 2 2 1 1.50 
Methodist 

Encampment 1 2 1 1 1 1 1.25 
Weight 25% 25% 15% 15% 10% 10% 100% 
Average 2.31 2.06 1.81 1.88 1.94 1.31 1.97 

 

10.1.2 Wastewater System Facilities 

The results of the field assessments were compiled, and the major component scores were weighted to 

generate an overall condition score for each lift station. A summary of the inspection results is shown in 

Table 10-4. The majority of inspected lift stations were found to be in “good” condition with scores ranging 



Water and Wastewater Master Plan Update 
City of Kerrville 

10-6 

from 1.5 to 2.4. Quinlan was determined to be in “fair” condition with a score of 2.90. Airport Commerce 

Park and Al Mooney Lift Stations were determined to be in “poor” condition with scores of 3.10 and 3.45, 

respectively. Higher condition scores typically resulted from corrosion, lack of back-up power, and poor 

site conditions. Detailed recommendations for rehabilitation are discussed in detail in Section 11.0. 

Airport Commerce Park and Al Mooney Lift Stations are identified for rehabilitation projects intended to 

address corrosion issues and poor site conditions. Quinlan Lift Station is identified for a rehabilitation 

project intended to address debris issues. General recommendations for lift stations include 

implementing backup power and backup controls for critical, high flow, or remote sites.  

Table 10-4: Wastewater Facility Scoring Results 

Facility Name 

Pumps 
and 

Motors Electrical Instrumentation Structure 

Piping 
and 

Valves Mechanical Site 
Condition 

Rating 
Airport 

Commerce Park 3 4 3 4 1 3 2 3.10 
Al Mooney 3 3 4 5 4 3 2 3.45 
Comanche 

Trace 2 2 2 4 1 2 1 2.10 
Knapp 2 2 2 4 2 2 3 2.40 

Loop 534 1 1 1 4 1 2 1 1.50 
Quinlan 3 2 4 4 2 2 3 2.90 

Turtle Creek 2 3 2 1 1 2 1 1.90 
Weight 20% 25% 15% 15% 10% 5% 10% 100% 
Average 2.29 2.43 2.57 3.71 1.71 2.29 1.86 2.48 

 

10.2 PIPELINE ASSESSMENT 

In addition to facility inspection, available linear asset data was analyzed to develop renewal 

recommendations. Field inspection data such as closed caption television (CCTV) was not available for use 

in the condition assessment of linear assets. FNI utilized available GIS data and work order history to 

evaluate the condition and criticality of water and wastewater pipelines.  

10.2.1 Water System Pipelines 

Pipeline material, diameter, and work order history was available for the waterline assessment. Waterline 

material is summarized on Table 10-5 and Figure 10-3. Waterline diameter is summarized on Table 10-6 

and Figure 10-4. The City also provided distribution system work order history for the five-year period 

from 2017 through April of 2022. Using GIS, the address information in the work order history can be 



Water and Wastewater Master Plan Update 
City of Kerrville 

10-7 

spatially located in a process called geocoding. FNI geocoded the work order data to identify locations 

with a high density of consistent issues and repeated remediation efforts. A heat map of the geocoded 

work order history is shown on Figure 10-5.  

Table 10-5: Waterline Material Summary 

Material Count 
Length 

(ft) Percent 
Asbestos Cement 944 430,353.8 37.12% 

Cast Iron 543 189,522.0 16.35% 
Copper 17 5,485.4 0.47% 

Ductile Iron 90 40,426.6 3.49% 
Galvenized 41 13,183.5 1.14% 

PVC 933 480,028.1 41.40% 
Stainless 1 190.0 0.02% 
Unknown 2 305.0 0.03% 

Total 2,571 1,159,494.4 100.00% 
 

Table 10-6: Waterline Diameter Summary 

Diameter Count 
Length 

(ft) Percent 
Less than 4-inches 277 108,911.7 9.39% 

6 to 10-inches 1,929 803,054.1 69.26% 
Greater than 12-inches 365 247,528.5 21.35% 

Total 2,571 1,159,494.4 100.00% 
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FNI utilized the available data to identify and prioritize an annual waterline replacement program. FNI and 

City Staff identified cast-iron water mains to be the category of pipeline most at risk of critical failure in 

the water distribution system. Cast-iron was the material of choice for new waterline construction in 

Kerrville approximately 70 years ago and is past the end of the typical design life of 50-years. As cast-iron 

pipes age, they can experience increased corrosion leading to water quality issues, capacity restrictions, 

and an increased likelihood of failure. City Staff has recently experienced several instances of critical 

failure of cast-iron pipes due to pipeline age and general degradation. Recent critical failures are the 

primary driver to proactively address this potential condition issue. In total, there are approximately 

189,522 linear feet of cast-iron mains documented within the existing water distribution system. 

Approximately 14,565 linear feet of cast-iron main has previously been selected for replacement as part 

of the City’s January 2021 Water Main Installation and Replacement Report. This is included as a 

recommended CIP project, detailed in Section 11.1.1. This leaves approximately 174,957 linear feet of 

cast-iron main within the water system. 

Replacing approximately 7,000 linear feet of cast-iron main per year, the City can remove all cast-iron 

main from their system within a 25-year period. FNI developed 25 project areas, containing approximately 

6,300 to 7,700 linear feet of cast-iron main, prioritized based on work order density and pipeline diameter. 

Some of the cast-iron pipelines are located under roadways that have recently been re-paved as part of 

the City’s annual pavement replacement program. This information was also used to prioritize projects, 

where projects with longer lengths of pipeline contained under newly paved roadways being ranked at a 

lower priority. The prioritized project areas are illustrated on Figure 10-6 and in Table 10-7.  
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Table 10-7: Pipeline Replacement Program Summary 

Project Length (lf) 

1 6,342.4 
2 7,081.5 
3 7,224.7 
4 6,659.3 
5 6,787.2 
6 7,460.6 
7 7,192.8 
8 7,634.1 
9 7,147.7 

10 7,373.5 
11 7,147.7 
12 7,380.2 
13 6,515.2 
14 7,248.9 
15 6,755.6 
16 6,929.7 
17 6,965.4 
18 7,187.4 
19 7,177.3 
20 6,788.3 
21 7,191.5 
22 7,467.4 
23 5,838.6 
24 6,356.4 
25 7,103.9 

Total 174,957.3 
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10.2.2 Wastewater System Pipelines 

Pipeline material and diameter data was also available for the wastewater collection system. Wastewater 

main material is summarized on Table 10-8 and Figure 10-7. Wastewater line diameter is summarized on 

Table 10-9 and Figure 10-8. The City also provided collection system work order history from 2018 to 

2021. However, location data and asset identifiers are not included in historical work order data for the 

wastewater system. Additionally, the majority of documented work orders were routine lift station 

maintenance and line cleaning, both of which have a negligible impact on linear asset condition. Due to 

the lack of detailed condition data on the wastewater pipelines, FNI does not recommend an annual 

pipeline replacement program for the wastewater collection system. FNI recommends utilizing CCTV 

inspection within the wastewater system to identify specific points of failure and populate more 

information for use in future analysis. As detailed in Section 5.4.1, analysis of observed flow monitoring 

data identifies areas of high RDII. Relatively high rates of RDII can be a good indicator of general condition 

issues in a given flow monitoring basin as broken manholes and cracks in gravity mains are direct 

contributors to inflow and infiltration. Flow monitoring cannot identify specific pipelines in poor 

conditions, but comparatively high rates of RDII can help target areas of the collection system for addition 

investigation. Observed Net RDII rates for each flow monitoring basin are shown in Table 10-10 and on 

Figure 10-9. FNI recommends prioritizing CCTV inspection in basins with the highest RDII. FNI recommends 

additional annual budget for use in general wastewater renewal projects and inspection. More detail on 

the additional annual budget is provided in Section 11.1. 

Table 10-8: Wastewater Main Material Summary 

Material Count 
Length 

(ft) Percent 
Asbestos Cement 4 817.5 0.08% 

Cast Iron 3 824.4 0.09% 
Ductile Iron 3 211.7 0.02% 

HDPE 44 14,558.7 1.51% 
PVC 2,367 511,122.9 52.86% 

Stainless 1 163.9 0.02% 
Unknown 31 5,924.2 0.61% 

VCP 1,664 433,271.7 44.81% 
Total 4,117 966,895.0 100.00% 
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Table 10-9: Wastewater Main Diameter Summary 

Diameter Count 
Length 

(ft) Percent 
Less than 4-inches 20 4,542.1 0.47% 

6 to 12-inches 3,797 874,746.1 90.47% 
Greater than 15-inches 300 87,606.9 9.06% 

Total 4,117 966,895.0 100.00% 
 

Table 10-10: Observed Net RDII rates 

Flow 
Monitor 

Basin 

Basin 
Length 

(lf) 

Basin 
Area 
(acre) 

Normalized 
Max Net RDII 

(gal/lf) 

Normalized 
Max Net RDII 

(gal/ac) 
FM01 65,258.7 841.5 2.084 161.614 
FM02 81,993.9 819.9 6.232 623.278 
FM03 62,049.0 879.0 2.031 143.344 
FM04 44,362.6 838.1 3.269 173.003 
FM06 75,102.2 1,009.2 2.157 160.525 
FM07 20,158.5 470.9 1.488 63.704 

FM08/09 273,734.6 2,223.8 4.062 500.042 
FM12 11,608.0 236.9 4.480 219.458 

FM13* 1,771.4 30.0 124.758 7,359.062 
FM14 255,164.5 2,073.4 1.289 158.678 
FM15 13,116.0 89.0 1.144 168.623 

*Basin FM13 includes flow from Ingram Lift Station and does not 
include the contributing Ingram basin length resulting in high Net RDII. 
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Water and Wastewater Master Plan Update 
City of Kerrville 

11-1 

11.0 CAPITAL IMPROVEMENT PLANS 

The goal of the capital improvement plans is to address existing deficiencies in the water distribution and 

wastewater collection systems, as well as provide capacity for future development. The recommended 

system improvements, estimated project costs, and project implementation triggers for both systems are 

discussed in this section. Two improvement plans were developed: one for short-term improvements 

needed to address existing deficiencies and one for infrastructure needed to serve projected growth. 

11.1 RECOMMENDED EXISTING CAPACITY AND CONDITION IMPROVEMENTS 

Short-term improvements were developed to address existing system deficiencies. The City requested 

two improvement plans, one that addressed the existing system and one that addressed future growth 

The two separate plans assist in delineating the purpose of the projects. The water and wastewater 

treatment plants were not evaluated as part of this study so previously identified improvements to these 

facilities from the 2014 Water Master Plan and the 2012 Wastewater Master Plans should be incorporated 

into the project list as needed. 

11.1.1 Water Distribution System 

All projects were developed in accordance with TCEQ minimum system requirements and the planning 

criteria as outlined in Section 8.1. Projects are prioritized by hydraulic requirements and criticality of the 

facility.  

Locations for new water lines and other recommended improvements shown were investigated for 

feasibility but generalized for hydraulic analysis and planning purposes. Specific alignments and sites will 

be determined as part of the design process. Unless specified, the recommended diameters are for full 

pipe replacement and include decommissioning the existing line. In-depth analysis is recommended as 

part of the design process to determine the condition of the existing line and the cost effectiveness of full 

replacement or rehabilitation and parallel for each project.  

Figure 11-1 shows the proposed CIP projects to remedy all identified existing system deficiencies. Brief 

descriptions of the identified projects are included in this section with detailed project descriptions in 

Appendix E. 
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Project 1: High Service Pump Station Expansion 

This project includes a new 1,500 gpm pump and appurtenances in the available pump slot of the existing 

high service pump station. The new pump will expand firm pumping capacity to the Stadium Pressure 

Plane. This project also includes additional piping to connect to the existing Stadium and Riverhills pump 

headers. This project provides firm pumping capacity for the Stadium High Service Pump Station. 

Project 2: Targeted Pipeline Replacement 

This project includes replacement of existing cast-iron water mains identified by the City in their January 

2021 Water Main Installation and Replacement Report. Cast-iron pipes are at a higher risk of failure due 

to corrosion and chemical weathering. Replacement of these pipes is recommended to maintain 

functionality and reduce the risk of emergency repairs.  This project would allow for replacement of 

approximately 14,600 linear feet of pipeline. 

Project 3: 12-inch Legion Dr Water Line 

This project includes a new 12-inch water line to replace the existing 6-inch and 8-inch water line along 

Legion Drive from Meadowview Lane to Spur 100. This project is intended to increase the capacity of the 

existing water line, improving service from the new Loop 534 groundwater well to be distributed 

throughout the pressure plane. 

Project 4: 12-inch Veterans Highway Water Line Guadalupe River Crossing 

This project includes a new 12-inch water line to replace the existing 8-inch water line across the 

Guadalupe River at Veterans Highway. This project is intended to increase transmission capacity across 

the river, allowing for better connectivity within the Stadium Pressure Plane. 

Project 5: Ridgewood Fire Flow Improvements 

This project includes a new 8-inch water line near Medina Highway and Ridge Road to create looping 

within the Ridgewood distribution system. This project increases available fire flow within the Ridgewood 

Pressure Plane. 

Project 6: College Cove Fire Flow Improvements 

This project includes a new 12-inch water line along Loop 534 near Paragon Place to create looping within 

the College Cove Pressure Plane. This project increases available fire flow within the College Cove Pressure 

Plane. 
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Project 7: H Street Well Renewal 

This project restores service to the existing H Street Well. This project includes a new pump and motor 

and equipping the facility with SCADA. This project provides additional production pumping capacity to 

the Stadium Pressure Plane. 

Project 8: Methodist Encampment Well Renewal 

This project restores service to the existing Methodist Encampment Well. Currently, the well is only 

approved for emergency use because of water quality issues. This project is for the re-routing of the well 

discharge piping from the outlet piping of the Methodist ground storage tank to the top of the GST. This 

re-routing is intended to blend the groundwater with the stored treated surface water and help maintain 

water quality in the system. 

Project 9: Comanche Trace PRV Replacement 

This project involves the replacement of the existing PRVs in the Comanche Trace PRV zones. The project 

involves replacement of valve and valve box. This project enhances service reliability and ease of 

maintenance and operation of the Comanche Trace PRVs. 

Project 10: Hydropneumatic Zone Replacement 

This project creates a new pressure plane to replace the existing Hilltop and The Heights Hydropneumatic 

Zones. This project includes a new 300 gpm pump station and 0.15 MG EST with an overflow elevation of 

2,092 feet at the existing Methodist Encampment site. This project also includes a new 12-inch 

transmission line and new 8-inch lines to connect the existing Hilltop and The Heights Zones. Once the 

new pump station, EST, and water lines are in service, the existing hydropneumatic facilities may be 

decommissioned. This project enhances service reliability and capacity to The Heights and Hilltop Zones. 

This project also addresses maintenance and operation issues with the existing hydropneumatic facilities. 

This project is sized for existing demand but may also provide additional capacity for potential future 

development in the area that may participate in project implementation. 

Project 11: General Water Distribution System Renewal 

This project consists of general water system renewal projects. General water system renewal 

improvements are needed to maintain functionality and reduce the risk of emergency repairs. 

Recommended water renewal projects may include, but are not limited to, water main inspections, a 

water loss study, tank mixing systems, replacing gaseous chlorine with liquid bleach at distribution system 
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facilities, production well buildings/enclosures, lighted canopies over electrical boxes, recoating exposed 

piping and valves, or other water distribution system improvements best implemented as capital projects. 

The purpose of this project is to allocate additional annual budget for potential renewal projects to allow 

the City's existing water distribution system to continue to operate at a high level of service. 

Project 12: Annual Pipeline Replacement Program 

This project includes replacement of existing cast-iron water mains. Cast-iron pipes are at a higher risk of 

failure due to corrosion and chemical weathering. Replacement of these pipes is recommended to 

maintain functionality and reduce the risk of emergency repairs. According to the City's GIS database, 

approximately 189,522 linear feet of cast-iron water mains are documented within the existing water 

distribution system. Where existing cast-iron mains are less than 8-inch in diameter, pipes will be replaced 

with minimum 8-inch diameter mains. 14,565 linear feet will be replaced as part of the Targeted Pipeline 

Replacement Project. Accounting for the Targeted Pipeline Replacement Project and the pavement 

replacement program leaves approximately 174,957 linear feet of cast-iron main that is recommended to 

be replaced. FNI developed 25 project areas, containing approximately 7,000 linear feet of cast-iron main, 

prioritized based on work order density and pipeline diameter.  

11.1.2 Wastewater Collection System 

All projects were developed in accordance with TCEQ minimum system requirements and the planning 

criteria as outlined in Section 9.1. The sizing of these projects was determined by the required capacity as 

projected by the hydraulic model. Projects are prioritized and phased by hydraulic requirements and 

criticality of the asset. 

Locations for new collector mains and other recommended improvements shown were investigated for 

feasibility but generalized for hydraulic analysis and planning purposes. Specific alignments and sites will 

be determined as part of the design process. Unless specified, the recommended diameters are for full 

pipe replacement and include decommissioning the existing line. In-depth analysis is recommended as 

part of the design process to determine the condition of the existing line and the cost effectiveness of full 

replacement or rehabilitation and parallel for each project.  

Figure 11-2 shows the proposed CIP projects to address all identified existing system deficiencies as 

determined in the system analysis. Brief descriptions of the identified projects are included in this section 

with detail project descriptions in Appendix F.  
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Project 1: Knapp Force Main and Interceptor 

This project involves construction of a new force main and interceptor between the existing Knapp and 

Jefferson Lift Stations. The design includes approximately 2,000 feet of 12-inch force main and 

approximately 8,000 feet of 18-, and 24-inch gravity sewer. The proposed interceptor is triggered by an 

existing capacity restriction downstream of the Knapp Lift Station. The proposed force main is intended 

to meet projected future peak capacity once improvements to the lift station have been made. The force 

main will not be put into service until the lift station pump capacity is increased, to meet minimum velocity 

conditions in the new force main. 

Project 2: Knapp Lift Station 

This project involves construction of a new 1.75 MGD Knapp Lift Station on or adjacent to the existing site. 

The new lift station includes three 600 gpm pumps with an additional slot for a fourth pump to be installed 

during a future expansion. This project is triggered by an existing capacity restriction at the lift station. 

This project is intended to increase capacity for existing peak flows but also provides additional capacity 

for potential future development in the area that may participate in project implementation. This project 

increases wastewater service capacity for both City of Kerrville and City of Ingram customers. 

Project 3: Al Mooney Lift Station Renewal 

This project replaces the existing pumps at the Al Mooney Lift Station with two new 300 gpm pumps. This 

project also includes upgrades to enhance the condition of the facility, such as wet well, pump control, 

and electrical improvements. This project is triggered by an existing capacity restriction and by existing 

condition issues noted during the lift station site visit. This project is intended to increase capacity for 

existing peak flows but also provides additional capacity for potential future development in the area that 

may participate in project implementation. 

Project 4: Airport Commerce Lift Station Renewal 

This project includes condition upgrades to the Airport Commerce Lift Station. Upgrades include 

improvements to the wet well, electrical system, and control panels. This project is triggered by existing 

condition issues noted during the lift station site visit. 

Project 5: Quinlan Manhole Replacement 

This project includes in-place replacement of approximately 16 fiberglass manholes within the 1st Street 

roadway, upstream of the Quinlan Lift Station. According to City Staff, these manholes are not adequate 
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to sustain repeated dynamic loads from vehicular traffic on the roadway. New manholes should be 

installed with appropriate structural conditions to support heavy vehicle loading. This project also includes 

repaving approximately 1,000 lf of 1st Street once the new manholes are in place. According to City Staff, 

poor structural conditions of the existing manholes are causing the roadway to deteriorate and fail. 

Project 6: Quinlan Lift Station Renewal 

This project includes addressing debris issues at the Quinlan Lift Station. Debris control may include wet 

well recirculation, grinder pumps, or screening to be determined by the design engineer. This project also 

includes a new wet well hatch and safety grate, new pump controls, and enhanced wet well ventilation. 

Results from the Lift Station Site Visits noted severe debris and ragging issues of the pumps at Quinlan Lift 

Station, verified by City Staff. Debris causes maintenance and operational issues but lift station capacity 

is not identified as deficient. 

Project 7: Quinlan Interceptor Reroute 

This project includes a new 18-inch Quinlan Interceptor along a new alignment on the east side of Quinlan 

Creek. This project will connect to the existing 12-inch line near Quinlan Creek Drive and the existing 18-

inch line at 3rd Street. This project will connect to existing the 6-inch and 8-inch lines along the alignment 

where feasible. Once this project is in service, the existing 10-inch line under Quinlan Creek may be cut 

and capped or abandoned in place. This project is triggered by a projected capacity restriction in the 

existing Quinlan Interceptor. This project is intended to increase capacity for existing peak flows but also 

provides additional capacity for potential future development in the area that may participate in project 

implementation. 

Project 8: Comanche Trace Lift Station Expansion 

This project expands the capacity of the existing Comanche Trace Lift Station. The existing pumps will be 

replaced with two 900 gpm pumps. This project also replaces the existing floats and controls. Pumps are 

sized according to existing peak flows through the pump station and the development agreement required 

capacity of 1,300 LUEs. Approximately 544 connections currently contribute to existing peak flows. Future 

growth will drive additional lift station expansion. This project is triggered by an existing capacity 

restriction and is sized to convey existing peak flows. As the Comanche Trace Lift Station solely serves the 

Comanche Trace development, it is assumed that the developer will be primarily responsible for the 

implementation of this project. 
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Project 9: Ingram Interceptor Expansion 

This project is intended to increase the capacity of the existing interceptor downstream of the Ingram Lift 

Station. This project replaces the existing 12-inch gravity main with a new 15-inch and 18-inch line from 

the Ingram Lift Station to the Knapp Lift Station. This project is triggered by a projected existing capacity 

restriction. This project is intended to increase capacity for existing peak flows but also provides additional 

capacity for potential future development in the area that may participate in project implementation. This 

project increases wastewater service capacity for both City of Kerrville and City of Ingram customers. 

Project 10: Annual Wastewater System Renewal 

This project allocates additional annual budget for the renewal of the City's wastewater system. General 

wastewater system renewal improvements are needed to maintain functionality and reduce the risk of 

emergency repairs. Budget may be used towards general lift station renewal, gravity main CCTV 

inspection, main replacement, or any additional operation and maintenance concern. General lift station 

renewal may include, but is not limited to, cleaning and coating wet wells or valve vaults, general electrical 

improvements, addressing corrosion or debris issues, accommodations for back-up power supply, or other 

lift station improvements. CCTV inspection may be used to assess the condition of a gravity main of 

interest, collect invert elevation data, and pipe material data. The purpose of this project is to allocate 

additional annual budget to allow the City's existing facilities to continue to operate at a high level of 

service. 

  



Water and Wastewater Master Plan Update 
City of Kerrville 

11-10 

11.1.3 Planning Level Cost Estimates 

Planning level cost estimates were developed for the recommended improvements. The cost estimating 

process was developed according to the American Association of Cost Engineers (AACE) Estimate Class 5 

specifications. This corresponds to a maturity level of project design deliverables of approximately five 

percent. Estimates are developed to be conservative for budgeting purposes, but actual project costs may 

vary. The costs are provided as estimates based on previous similar engineering experience in 2022 dollars 

and include an allowance for engineering, surveying, and contingencies. The project cost estimates do not 

include an allowance for land or right of way acquisition, adjacent distribution and collection lines 

impacted by the project, individual service connections, permitting, construction allowances, or other 

unique project specific costs beyond “typical" project requirements. Unit costs were developed based on 

engineering experience and analysis of recent, local bid tabs. These unit costs account for various 

appurtenances included with each item and are higher than the simple cost of the material. Additionally, 

unit costs incorporate existing market conditions, and future changes to material supply and construction 

demand will affect project costs. These costs are for planning and budgeting purposes only and are not to 

be considered as a detailed opinion of probable construction cost.  

Table 11-1 and Table 11-2 summarize the estimated project costs by phase for the water and wastewater 

system improvements, respectively. Projects are listed in order of priority from high to low. Each project 

was also assigned a unique project number that is meant to stay consistent into future studies, whether 

the relative priority of each project changes or not. Detailed and itemized descriptions of all water and 

wastewater CIP projects and associated costs are shown in Appendix E and Appendix F, respectively. 
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Table 11-1: Water CIP Project Cost Summary 
Project 
Number Project Name Project Cost 

Capital Improvement Plan 
1 High Service Pump Station Expansion $661,800  
2 Targeted Pipeline Replacement $5,254,900  
3 12-inch Legion Dr Water Line $3,454,400  
4 12-inch Veterans Highway Water Line Guadalupe River Crossing $511,900  
5 Ridgewood Fire Flow Improvements $923,900  
6 College Cove Fire Flow Improvements $688,000  
7 H Street Well Renewal $385,100  
8 Methodist Encampment Well Renewal $491,400  
9 Comanche Trace PRV Replacement $982,800  

10 Hydropneumatic Zone Replacement $4,266,000  
Capital Improvement Plan Total $17,620,200  

Annual Renewal Plan 
  Annual Cost Years Total Cost 

11 General Water Distribution System Renewal $100,000  10 $1,000,000  
12 Annual Pipeline Replacement Program $2,009,948  25 $50,248,700  

Annual Renewal Plan Total $51,248,700  
 

Table 11-2: Wastewater CIP Project Cost Summary 

Project 
Number Project Name Project Cost 

Capital Improvement Plan 
1 Knapp FM and Interceptor $6,374,692  
2 New Knapp Lift Station $3,049,500  
3 Al Mooney Lift Station Renewal  $765,600  
4 Airport Commerce Lift Station Renewal $464,600  
5 Quinlan Manhole Replacement $894,400  
6 Quinlan Lift Station Renewal $206,400  
7 Quinlan Interceptor Reroute $4,790,400  
8 Comanche Trace Lift Station Expansion $499,000  
9 Ingram Interceptor Expansion $19,068,700  

Capital Improvement Plan Total $36,113,292  
Annual Renewal Plan 

  Annual Cost Years Total Cost 
10 Annual Wastewater System Renewal $100,000  10 $1,000,000  

Annual Renewal Plan Total $1,000,000  
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11.2 RECOMMENDED GROWTH DRIVEN IMPROVEMENTS 

Growth driven improvements were recommended to provide service to future developments. These 

improvements are not recommended until growth occurs and are intended to be used as a roadmap to 

generally plan for improvements needed to extend service into currently undeveloped areas.  It is likely 

these improvements would be fully or partially funded by land developers through cost participation 

agreements. 

11.2.1 Water Distribution System 

All projects were developed in accordance with TCEQ minimum system requirements and the planning 

criteria as outlined in Section 8.1. Projects are prioritized by impact to the water distribution system and 

constructability. However, project implementation may vary due to changes in development. 

Locations for new water lines and other recommended improvements shown were investigated for 

feasibility but generalized for hydraulic analysis and planning purposes. Specific alignments and sites will 

be determined as part of the design process. Unless specified, the recommended diameters are for full 

pipe replacement and include decommissioning the existing line. In-depth analysis is recommended as 

part of the design process to determine the condition of the existing line and the cost effectiveness of full 

replacement or rehabilitation and parallel for each project.  

Figure 11-3 shows the proposed improvement projects to provide service to all projected development 

areas. Brief descriptions of the identified projects in each individual development area are included in this 

section with detail project descriptions in Appendix G. 

Development Scenario A:  

Projects recommended to serve development scenario A include three water main projects. These water 

main projects extend the distribution system within the Stadium and Ridgewood Pressure Planes. 

Establishing a new pressure plane is recommended to serve development further west, which cannot be 

served by an existing pressure plane due to elevation constraints. A new high service pump and elevated 

storage tank are recommended as part of the new pressure plane. New water mains are also 

recommended to serve developments in this new pressure plane. 

Development Scenario B: Projects recommended to serve development scenario B include an extension 

of the water distribution system within the Methodist Pressure Plane and an extension of the water 
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distribution system within the Stadium Pressure Plane. A pump expansion at Keystone Hydropneumatic 

Tank is also recommended to serve projected development in that area. 

Development Scenario C: 

Projects recommended to serve development scenario C include water main projects to extend the water 

distribution system within the Kerrville North, College Cove, and Summit Pressure Planes. To serve the 

projected developments in these pressure planes, pump station expansions are recommended to meet 

minimum TCEQ distribution pumping capacity requirements. Stadium Pump Station, Travis Street Pump 

Station, and Summit Pump Station are recommended to expand their capacity. To extend service from 

the Summit Pressure Plane, additional elevated storage is recommended to meet TCEQ storage capacity 

requirements. A new elevated storage tank is recommended within the Summit Pressure Plane to serve 

projected development. An existing development is also recommended to be transferred from the 

Stadium Pressure Plane to the College Cove Pressure Zone. The valving and water main construction is 

anticipated to be completed by the developer. 

Development Scenario D: 

Projects recommended to serve development scenario D include three water main projects to extend the 

water distribution system within the lower Stadium Pressure Plane. 
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Y
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HIGHWAY 27   

INTERSTATE 10  HWY

SPUR 10
0   

LOIS  ST

JUNCTION HWY  HWY

SIDNEY BAKER   

VINE
ST

HARPER  RD

SHEPPARD REES  RD

CYPRESS CR EEK RD

LOWER TURTLE CREEK  RD

THOMPSON  DR

RANCHERO  RD

WATER  ST

GOAT CREEK  RD

MAIN  ST

MEMORIAL   

BEAR CREEK  RD

G  ST

CAMINO
REAL

RD

AI
RP

OR
T  

LP

DORIS  DR

WHARTON  RD

M ADRONA DR

WREN  RD

TIVY  ST

LYTLE  ST

HORIZON BLVD

SPICER  LP

TOWN
CREEK

RD

DERREK RD

LESLIE  DR

2 28 4

SU
TH

ER
LA

ND
  L

N

SH 27   

CP RIVER  RD

NORTH  ST

RIVERSIDE  DR

LAKE  DR

ARCADIA  LP

TRAVIS  ST

SIERRA

RD

LEMOS   

JEFFERSON  ST

RAN
CH

HO
US

E RD

JACKSON  RD

2283

WHISKEY RIDGE TRL

SOUTHWAY DR

RIM

ROCK RD

MAI RD

BENSON  DR

1ST  ST

GABE  RD

CALCO TE RD

COMANCHE TRACE

DR

LEGION  DR

OAKW
OO

D
RD

FOU R BEARS TRL

SC
EN

IC
HIL

LS
RD

DEER
PARK

LN

CLAY  ST

MONROE  DR

COLVIN RANCH  RD

ROY  ST

DUNKS DR

3RD  ST

CREEKWOOD  RD

PARK  ST

WEST  LN

1546

PR
I M

RO
SE

LN

GLEN  RD

GOAT CREEK CUTOFF  RD

LILLIAN DR

MARSHAL  DR

GUADALUPE ST

PETERSON FARM  RD

CUB  LN

FREDERICKSBURG  RD

HARVILLE  RD

SINGING WIND  DR

MIDDLE  RD

MAE  DR

CORONADO  DR

2nd  ST

SCHREINER  ST

LA
ND

MA
RK

RD

LEWIS  AVE

WHISKEY CANYON RANCH RD

HAYS  ST

BOW  LN

RIVE RHILL
BLVD

KE
RR

VIL
LE

CO
UN

TR
Y

DR

TWIN SPRINGS  RD

TWIN PEAKS  RD

NIMITZ  DR

LA REATA RD

4TH  ST

BARNETT  ST

ADKINS  RD

KERRVILLE
SOUTH

DR

SC
EN

IC
VA

LL
EY

RD

STADIUM  DR

BROADWAY   

WASHINGTON  ST

RID
GEWAY DR

MYRTA  ST

PETERSON  DR

SP
AN

ISH
OA

K
DR

MINA
DR

VAL

LEY DR

SA
DD

LE
WOO

D
BLVD

GALLUP  TRL

L OMA VUELT
A

RD

BEARSK IN TRL

FALL 
CREEK  RD

ROSS  ST

5TH  ST

CHRISTIAN DR

FORD ST

ELM  ST

RIDGE  RD

PASCHAL  AVE

OAK
LN

HEAP  LN

MULL
RD

VALLEY VIEW
DR

EAST LN

WEST CREEK  RD

KNAPP  RD

MICHON
DR

SPLITROCK  RD

MOUNTAIN DR

SCOTT RD

DONNA  DR

BURNEY  LN

QUINLAN  ST

GOSS  ST

E  ST

WESTWAY DR

NIX
ON  

LN

RHUM R D

GILMER  ST

COWDEN DR

OLD
PA

ST
URE RD

GREEN O AK DR

BALL  DR

HOMER  DR

OAK HOLLOW  DR

CULLY  DR

A  ST

HILLTOP
RD

D  ST

MEADOWVIEW  LN

HOOFBEAT TRL

BL
UE

BONNET DR

JOHNSON DR

F  ST

OAK  WAY

LELAND  ST

PVT RD 40
21

H ONOR DR

BLUE BELL RD

BEECH  ST

PINNACLE CLUB DR

INDIAN HILL
S

DR

CODRINGTON DR

1245   

UPPER TURTLE CREEK RD

TRENT RD

STEPHANIE  DR

NICHOLS  ST

WI
LL

IAM
S

TRL

IRENE DR

CAREFREE TRL

SKYE DR

ESTATES DR

WOODLAWN  AVE

MACK HOLLIMAN  DR

MI
LL

  R
UN

PA
RK

RO
AD

19

BLUE  RDG

1337   

EARL  DR

ELM  WAY

BOBBYS
LN

OLYMPIC  DR

MARK D R

WARBLER
DR

KODIAK TRL

SPRING MILL D R

SUMMIT CREST DR

HUGO  ST

ENCINO  DR

WEST CREST DR

ROB ERTS
ON

RD

LEE  ST

22

8 6

SP
ARKMAN

DR

ACORN BLVD

SADDLE CLUB DR

FOOTHILL DR

JONAS DR

BARNET  ST

BO
BWHITE

DR

HIL
LT

OP
DR

ST
ON

EY
BROOK

RD

C  ST

CHERRY R IDGE RD

BEAR  RUN

EARL GARRETT  ST

TRULL  LN

1341   

CARDINAL  DR

HAPPINESS  RD

AL
MOON

EY
RD

MOT T

DR

MESA VISTA
LN

EL DO RADO RD

GAL
BRAITH

AVE

LEHMANN
DR

HIDDEN A CRES RD

CANYO N VIE
W

DR

KATY  LN

FRIAR TUCK
WAY

WHITEWING
DR

MISTY
LN

FURR  DR

TO
MAHAWK  TRL

ERIN  DR

LA
FA

YE
TT

E  
DR

PLAZA  DR

1332   

COVEY  LN

WHELESS  AVE

PAL DR

LARIAT
LN

2282   

WESTMINSTER  ST

VI RGINIA DR

VISTA RIDGE
DR

OAK  ST WI
ND

MI
LL

RD

VALLE VERDE RD

LAKEWAY  DR

OVERHILL  DR

AVISPERO  LN

DAVIS  ST
ENGLEWOOD

DR

SEABEE HIGHWAY
RD

GOLF  AVE

MOCKINGBIRD  LN

REES  ST

VICTORIA DR

LOWERY  ST

SANDY LN

1367   

GRADY  LN

BROWN  DR

REID GRAHAM
RS

ALICE  ST

PEARL ST

CENTER  AVE

PA
SS

 CR
EE

K  R
D

LARRY  LN

LIGGETT LN

PERSHING  AVE

160
9   

WHISPER VALLEY
LN

OAK VALLEY  DR

B  ST
HUNT  ST

THURMAN  ST

OLD FM 689   

TEXAS DR

JUNIPER RDG

ROBINSON  AVE

ALVIN  DR

1344   

BAILIFF LN

EVERETT  ST

ROY AL OAKS LP

BU
FF

AL
O

DR

BULLA
RD  LN

DEGRASSE DR

SARAHS BARN RD

CAMPOUT P ASS

LAUREL  WAY

CE DAR
DR

DO
CS

  L
N

LEONARD LN

LAKEVIEW
LN

CRESTWOOD DR

TU
RK

EY
RI

DG
E

RD

CEDAR MILL  DR

TANGLEWOOD  LN

ALPINE  DR

VALLEYOAKS
LN

PATTON  AVE

GR
EE

NL
EA

F  
DR

OCEAN  DR

OA
K 

 D
R

COLLEGE  ST
TRAIL HEAD DR

STABLEWOOD LN

MOUNTAIN LAUREL VW

SILVERS
ADDLE DR

ERLUND  DR

WOODCREEK DR

SADDLE MOUN
TA

IN
TR

L

FE
LIX

  D
R

WILLOW  WAY

OLD HARPER
RD

FARPOINTRANCH
RD

ROOSTER   

VICTORY  LN

TAYLOR RD

SPRING HOLLOW
RD

COYOTE RDG DR

ROCK CREEK DR

RIV
ER

 FR
ON

T  
DR

KI NG
LN

KERMIT  RD

OAKLAN D HIL
L

L N

1755

FOREST  CIR

PE
AC

E  
LN

KERR CANYON PASS

FAIRVIEW
DR

ROA DRUNNER
LN

OA
K R

IDG
E  

DR

ELM VALLEY
DR

HIG HRIDG E DR

INDIAN OAKS  RD

PVT RD1526

BIRKDALE  LN

PARADISE AVE

WOODCREST  DR

DEER  TRL

MATHISON  ST

DRY L AK
E

RD

MOORE  ST

MCALLEN  ST

BULWER  AVE

REAL WOOD S VW

S UMACK DR

SABINE ST

CHER
RY

WAY

CEDAR  WAY

AMELIA  CT

WHITE OAK
RD

ST MARK  PATH

RAWSON  ST

LILB IT
LN

CANYON RD

HOUGH R D

TR
AILS END

LN

MORRIS  RD

ROCK BARN
DR

GENESIS  TRL

SPENCE  ST

ARR OW
HE

AD
DR

LOCUST  ST

LEANING TREE  LN

COTTON GIN  LN

STAR  LN

SECRET VALLEY  DR

RED ROSE RD

RANC
H

VI
EW

DR

LAKEWOOD
DR

CL
EA

R 
SP

RI
NG

  D
R

134
0

WIST
ER

IA 
 LN

HILL COUN TRY DR

SOLA
R HILL

  DR

WING EDFOOT LN

MARY  DR

CHOLE
WAY

BON NIE RD

1303

TOP  DR

CALICHE LN

TWOMBLY
DR

SHANNON  DR

QUAIL VALLEY DR

WILDFLOWER  LN

VALEN CIA DR

BEV
ERL

YH
I LL

S
LN

CANDLELIT E
DR

WOODHILL RD

CREST  R
DG

RUGGED  TRL

COX  AVE

HEIDI  LN

USDA LN

LIMESTONE RDG

W INDW OOD RD

LANTANA  RD

REM
SC

HEL
  ST

KERR V ILLA RD

KIMBERLY  DR

BUCKSKIN
TRL

LOMA LINDA DR

RID G E C RES
T DR

SPRING MEADOW
LN

DAWN  DR

LA CASA  DR

RIDGE GROVE R D

FITCH
ST

LACASTE  DR

PVT RD 3069

SMITH R D

HIGHLANDS DR

DRY HOLLOW
DR

VISTA HILLS DRLAKE DOWN  LN

HIGH  DR

FAY  DR

SHADYO AK LN

CA
TALINA CT

CLEARWATER PASEO  PATH

LAKESIDE  DR

PIN
E

TR
L

BOX CAN
YO

N
RD

COMMERCE  ST

FALLOW  DR

1238   

SUN HAVEN DR

FAW N VALLEY LN

MARGARET DR

HI
DD

EN VALLEY RD

2287   

EDINBURGH DR

BR ADEN CIR

ROUNDABOUT
LN

TURKEY  SPUR

TEMPLE  DR

SUMMIT  DR

CR
OW

N V
IEW

  D
R

BLANKS ST

CARIBOU LN

LEG E ND
LN

SUSAN  DR

RIDGEWOOD
DR

DIETERT  LN

VE
NICE  D

R

V ILLAGE DR

BR
UC

E DR

DU
FF

Y  
DR

TENNIS  ST

GIBSON  DR

REED  LN

HORSESHOE RDG

SUNRISE  DR

TIERRA GRANDE
RD

TALL TIMBER RD

BLUE SKY LN

SPRINGWOOD  LN

WESLE
Y  D

R

PINTO  TRL

WHELAN  LN

CR
EE

K 
 R

UN

TWIN SPRINGS  DR

BUSTER  RD

THAD LN

CRIDER ST

TATE  TRL

CHAPMAN  DR

HAMMOND  DR

COLEMAN  STCOTTAGE  ST

SU
N V

IEW
  L

N

PACKSADDLE  RD

LANE  DR

BR
IN

DA
  D

R

AUSTIN  ST

ROBIN HILL  VW

LLOYD  DR

MEADOW RIDGE  D
R

DIANA  DR

RUEB  RD

WOOD RIDGE DR

RO LLING GREEN DR

MOUN
TA

IN 
RID

GE  
SP

UR

TREE  LN

NI
CH

OL
SC

EMETARY LP

145
9   

TROY  DR

DEAN  DR

ROBBY  D
R

CANTER  LN

D EMASC DR

GR
EE

N 
TR

EE
  L

N

ROUNDUP  TRL

CO
LB

AT
H  

RD

OXFORD  PL

JAKE HENDERSON  LN

TANAGER  ST

SE
VIL

LE
  D

R

14
79

   

TIM
BE

RW
OO

D  
RD

ALPINE  TER

KI
NG

S  
CT

LOCHAVEN  LN

HAROLD  ST

JODY RD

CARDIFF  ST

CANYON  DR

LARG E DR

STRINGER  RD

CONCHO
DR

GRACE  LN

BOOTHILL  TRL

FLANDERS DR

SP
RI

NG
 C

RE
EK

  L
N

GOLDEN VALLEY  RD

HUNTERS  RDG

MOONWILDE  RD

OVERHEAD  DR

HIDDEN  HOLW

SPRING BRANCH  DR

HARMON  WAY

TRACE  CIR

POWERS  PL

BARRY  DR

SHIRLEY  LN

WATERFRONT  DR

VOGES  LN

DEERFIELD  TRL

AUGUSTA  CIR

WATER  ST

TURKEY  SPUR

PARK ROAD 19

MAIN  ST

G  ST

INTERSTATE 10  HWY

EVERETT  ST

A  ST

MAIN  ST

FORD  ST

G  ST

LEWIS  AVE

SPLITROCK  RD

ERIN  DR

SU
TH

ER
LA

ND
LN
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11.2.2 Wastewater Distribution System 

All projects were developed in accordance with TCEQ minimum system requirements and the planning 

criteria as outlined in Section 9.1. The sizing of these projects was determined by the required capacity as 

projected by the hydraulic model. Projects are prioritized and phased by hydraulic requirements and 

criticality of the asset. However, project implementation may vary due to changes in development. 

Locations for new collector mains and other recommended improvements shown were investigated for 

feasibility but generalized for hydraulic analysis and planning purposes. Specific alignments and sites will 

be determined as part of the design process. Unless specified, the recommended diameters are for full 

pipe replacement and include decommissioning the existing line. In-depth analysis is recommended as 

part of the design process to determine the condition of the existing line and the cost effectiveness of full 

replacement or rehabilitation and parallel for each project.  

Figure 11-4 shows the proposed improvement projects to provide service to all projected development 

areas. Brief descriptions of the identified projects are included in this section with detail project 

descriptions in Appendix H. 

Development Scenario A:  

Projects recommended to serve development scenario A include extension of the gravity main system 

within the Birkdale Lift Station basin. The gravity mains are recommended to convey flow from projected 

developments to the WWTP.  

Development Scenario B: 

Projects recommended to serve development scenario B include extension of the gravity main system 

within the James Road Lift Station basin. With projected increased wastewater flow within the James Road 

Lift Station basin, a lift station expansion is recommended. Additionally, due to ground elevations, a new 

lift station and force main are recommended to serve development in the northwestern portion of the 

basin. 

Development Scenario C: 

Projects recommended to serve development scenario C include extension of the gravity main system 

within the Quinlan and Loop 534 Lift Station basins. The gravity mains are recommended to convey flow 

from projected developments to the WWTP. 
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Development Scenario D: 

Projects recommended to serve development scenario D include extension of the gravity main system 

within the Comanche Trace, Turtle Creek, Birkdale, and Al Mooney Lift Station basins. Comanche Trace 

Lift Station and Turtle Creek Lift Station capacity expansions are recommended to provide service to the 

projected developments. Peak flows from the Turtle Creek Lift Station are projected to overwhelm the 

existing Comanche Trace gravity main system, requiring the capacity to be increased. Two options are 

proposed to remedy this: a project involving upsizing the existing gravity main through the Comanche 

Trace Neighborhood, from the outfall of the Turtle Creek force main to the existing 12-inch line near 

Pinnacle Club Drive or a project rerouting the existing 8-inch Turtle Creek Force Main with a new 8-inch 

force main along a new alignment around the existing Comanche Trace neighborhood. To serve 

developments near the airport, a new regional lift station is recommended, to replace the Al Mooney and 

Airport Commerce Lift Stations. These lift stations are recommended for decommissioning. Two additional 

lift stations are recommended to serve projected developments North of the Comanche Trace 

neighborhood.   
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11.2.3 Planning Level Cost Estimates 

Planning level cost estimates were developed for the recommended improvements. The cost estimating 

process was developed according to the American Association of Cost Engineers (AACE) Estimate Class 5 

specifications. This corresponds to a maturity level of project design deliverables of approximately five 

percent. Estimates are developed to be conservative for budgeting purposes, but actual project costs may 

vary. The costs are provided as estimates based on previous similar engineering experience in 2022 dollars 

and include an allowance for engineering, surveying, and contingencies. The project cost estimates do not 

include an allowance for land or right of way acquisition, adjacent distribution and collection lines 

impacted by the project, individual service connections, permitting, construction allowances, or other 

unique project specific costs beyond “typical" project requirements. Unit costs were developed based on 

engineering experience and analysis of recent, local bid tabs. These unit costs account for various 

appurtenances included with each item and are higher than the simple cost of the material. Additionally, 

unit costs incorporate existing market conditions, and future changes to material supply and construction 

demand will affect project costs. These costs are for planning and budgeting purposes only and are not to 

be considered as a detailed opinion of probable construction cost.  

Table 11-3 and Table 11-4 summarize the estimated project costs by development scenario for the water 

and wastewater system improvements, respectively. Projects are listed in order of priority from high to 

low. Each project was also assigned a unique project number that is meant to stay consistent into future 

studies, whether the relative priority of each project changes or not. Detailed and itemized descriptions 

of all water and wastewater growth driven CIP projects and associated costs are shown in Appendix G 

and Appendix H, respectively. 
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Table 11-3: Water Development Improvements Project Cost Summary 

Project Number Project Name Project Cost 
Development Scenario A 

A1 8-inch Trinity Circle Water Main $1,676,600  
A2 12-inch Sidney Baker St S Water Main $3,202,300  
A3 8-inch Overlook Dr E Water Main $1,193,100  
A4 Kerrville South Pressure Plane $21,329,900  

Development Scenario A Total $27,401,900  
Development Scenario B 

B1 12-inch Bear Creek Rd Water Main $10,560,600  
B2 8-inch Jade Loop Water Main $596,600  
B3 Keystone Hydropneumatic Tank $557,000  

Development Scenario B Total $11,714,200  
Development Scenario C 

C1 10-inch Fredericksburg Rd N Water Main $1,660,200  
C2 8-inch Benson Dr N Water Main $1,821,000  
C3 Stadium Pump Station Expansion $982,800  
C4 South Summit Transmission and EST $7,601,800  
C5 South Summit South-eastern Water Main $6,624,400  
C6 South Summit South-western Water Main $5,808,100  
C7 Travis Street Pump Station $557,000  
C8 College Cove Pressure Transfer $1,146,600  
C9 8-inch Hal Peterson Middle School Water Main $910,500  

Development Scenario C Total $27,112,400  
Development Scenario D 

D1 12-inch Highway 27 Water Main $3,084,700  
D2 12-inch Bandera Highway Water Main $6,353,700  
D3 12-inch Wharton Rd E Water Main $2,990,500  

Development Scenario D Total $12,428,900  
Growth Driven Projects Total $78,657,400  

 
  



Water and Wastewater Master Plan Update 
City of Kerrville 

11-20 

Table 11-4: Wastewater Development Improvements Project Cost Summary 

Project Number Project Name Project Cost 
Development Scenario A 

A1 8-inch Medina Highway Gravity Main $1,310,400  
A2 8-inch Camp Meeting Rd Gravity Main $1,310,400  
A3 12-inch Birkdale Ln Gravity Main $707,700  
A4 8-inch Cully Drive Gravity Main $1,146,600  
A5 8-inch Texas Drive Gravity Main $2,919,800  

Development Scenario A Total $7,394,900  
Development Scenario B 

B1 12-inch James Road Gravity Main $5,136,300  
B2 8-inch Landing Lane Gravity Main $1,915,100  
B3 Bear Creek Rd Gravity Main and LS $4,621,400  
B4 12-inch Yorktown Blvd Gravity Main $1,620,100  

Development Scenario B Total $13,292,900  
Development Scenario C 

C1 8-inch Fredericksburg Rd N $1,539,800  
C2 12-inch Veterans Highway Gravity Main $3,089,400  
C3 12-inch Third Creek Gravity Main $1,620,100  

Development Scenario C Total $6,249,300  
Development Scenario D 

D1 Comanche Trace Lift Station $163,800  
D2A Comanche Trace Gravity Main $5,454,600  
D3 12-inch Bandera Highway Gravity Main $2,298,200  
D4 12-inch Turtle Creek Gravity Main & LS $2,602,700  
D5 8-inch Guadalupe River Gravity Main $1,664,000  
D6 Triple Root Lift Station $6,994,900  
D7 Bandera Highway Lift Station $1,445,900  
D8 18-inch Bandera Highway Gravity Main $1,772,800  
D9 Airport Regional Lift Station $11,564,200  

D10 8-inch Silver Creek Gravity Main $1,251,500  
Development Scenario D Total $35,212,600  

Growth Driven Projects Total $62,149,700  
 

 


