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City of New Braunfels 
Parks Reclaimed Water Irrigation  

Feasibility Study 
 

Executive Summary 
The City of New Braunfels, in cooperation with New Braunfels Utilities (NBU), 
Guadalupe-Blanco River Authority (GBRA), and Edwards Aquifer Authority (EAA), 
acquired the services of Espey Consultants, Inc. (EC) to evaluate the feasibility of 
providing reclaimed water for irrigation of a major portion of the city’s parks.  The 
purpose of developing a reclaimed water system is to enhance the regional and local 
appeal of the city’s parklands and to preserve limited water resources to serve a growing 
population.  This study addressed direct reuse of wastewater effluent for a single user and 
does not analyze potential retail uses of reclaimed water other than park irrigation.   
 
Of the city’s total park area of 513.9 acres, the feasibility study examined a total of 172.8 
acres of parkland that is presently irrigated, or will be irrigated in the future, located in 
Landa Park, Hinman Island, Prince Solms Park, Camp Comal, Fischer Park, HEB Soccer 
Complex, Walnut Avenue, Fredericksburg Fields, and a portion of the Landa Golf 
Course.  This study addresses a set of key questions to indicate the extent to which a 
reclaimed water system is feasible: 
 
1. How much water is needed for the city’s parks? 
Irrigation demands were developed using an evapotranspiration (ET) rate and three 
different methods for accounting for average annual rainfall.  The irrigation demands 
assumed conditions of full average annual rainfall (100% rainfall credit), half the average 
annual rainfall (50% rainfall credit) and drought conditions (0% rainfall credit).  The total 
annual irrigation demand is 147.2 MG for the 100% rainfall credit condition, 221.1 MG 
for the 50% rainfall credit condition, and 295 MG for the 0% rainfall credit condition.   
 
Based on the information developed for this study, it is recommended that a reclaimed 
water system should be designed to meet the peak demand during drought conditions.  
This design criterion would provide a system capacity that will not only supply reclaimed 
water for optimal irrigation of the city’s parks included in this study, but will also provide 
the ability to irrigate the Landa Golf Course at reduced irrigation rates during extreme 
drought conditions when water rights from the Comal River are not available. 
 
 2. How much water is available for reuse? 
The maximum reclaimed water demand of 295 MG/yr. represents approximately 15 
percent of the combined effluent of the three NBU WWTPs during the period of August 
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2009 through July 2010.  Of the three wastewater treatment plants operated by NBU, the 
North and South Kuehler WWTPs each produce sufficient volumes of high quality 
effluent to meet the peak day demand for reclaimed water.  With its present flow, the 
Gruene WWTP alone can not meet the projected peak day demand.  The study reveals 
that either the North Kuehler or South Kuehler WWTP produce effluent volumes that 
will meet the reclaimed water demand of the city’s parks.  Based on the accessibility to 
the plant effluent, it was determined that the South Kuehler WWTP is most suited as the 
source of supply for reclaimed water.   
 
3. What are the environmental considerations for reclaimed water? 
Sensitive environmental features of the study area include the Edwards Aquifer Recharge 
Zone and Comal Springs.  None of the area considered for irrigation with reclaimed 
water is located on the Recharge Zone.  Discharge of reclaimed water to the Comal 
Springs or to any watercourse is prohibited by state regulation and safeguards will be part 
of any standard operating procedures for irrigation with reclaimed water.   
 
Potential environmental benefits derived from irrigating parks with reclaimed water were 
also identified.  The potential environmental benefits include:       

• Reduced nutrient load in wastewater effluent, especially during summer months – 
diverting wastewater effluent to park irrigation will remove approximately 25 
pounds of phosphorus from the wastewater plant effluent for each million gallons 
of reclaimed water. 

• Reduced demand on the Edwards Aquifer during summer months.  
• Irrigation of turf grass to provide vegetative buffers along the Comal River that 

will reduce sediment load and other contaminants in urban runoff. 
 
4. What are the options for delivering reclaimed water?  
Possible sources of reclaimed water supply include reclaimed water production facilities 
(RWPF), Gruene WWTP effluent, North Kuehler WWTP effluent, and South Kuehler 
WWTP effluent.  RWPF (also known as satellite treatment plants) significantly reduce 
the construction of reclaimed water transmission pipelines, but require dedication of 
valuable park space for the facility and will also increase the concentration of BOD5 and 
TSS at the NBU WWTP.  A total of six alternatives were developed that use wastewater 
effluent from NBU’s wastewater treatment plants.  Evaluation of the cost and 
constructability of the alternatives revealed that Alternative 1: South Trib – Walnut Ave. 
is the lowest cost and least disruptive alternative. 
 
The provision of storage for reclaimed water allows the supply and demand to be 
balanced, which minimizes transmission pipeline diameters and allows for an efficient 
pumping regime.  Potential storage tank locations on public land were identified for both 
above-ground and underground ground storage tanks.  Construction of underground 
storage provides a greater range of locations, but increases project costs by as much as 
14% over the cost of using above-ground welded steel storage tanks.     
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5. What will it cost to build a reclaimed water system? 
The probable project costs for Alternative 1: South Trib – Walnut Ave. is approximately 
$4.9 million for the highest capacity system (0% rainfall credit) and $4.5 million for the 
minimum capacity system (100% rainfall credit).   
 
6. What will the water cost? 
As a basis for comparison, the cost of potable water used for park irrigation for the years 
2005 – 2009 was calculated using NBU’s Irrigation/Landscape water rates in effect since 
2007.  It was determined that the average unit price for water for the five year period was 
$3.05/1,000 gallons.   
 
Recognizing that with economies of scale, the average cost per unit ($ per thousand 
gallons) is reduced through increased production since fixed costs are shared over the 
increased volume of reclaimed water.  As illustrated in Figure ES-1, the unit price of 
water declines as production approaches the design capacity of the system.  Each curve in 
the graph represents the cost of reclaimed water production for a system capacity 
determined three assumptions of reclaimed water demand and includes capital and O&M 
costs.     

Figure ES-1: Reclaimed Water Unit Cost 

 
Based on the Alternative 1 system configuration (see Sec. 7.2.1), the cost of reclaimed 
water reaches the average cost of potable water ($3.05) as production reaches a volume 
of about 165 MG per year and a unit cost of $1.70 at full production of 295 MG per year.  
The actual pricing of reclaimed water, however, may include consideration of a variety of 
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offsetting benefits of implementing a reclaimed water system as well as the costs.  
Potential benefits were found to include: 
 

• Reduced demand on the Edwards Aquifer, particularly during the summer months 
• Reduced nutrient load discharged by the WWTP to the Guadalupe River 
• Preservation of turf grasses and shrubs in city parks 
• Reduced sediment load to the Comal and Guadalupe Rivers 

 
It should be noted that pricing of reclaimed water could be structured in a way that relates 
the cost of the commodity to the cost of potable water.  For example, the price for 
reclaimed water provided by NBU to the Sundance Property Owners Association is, by 
contract, set to increase in 2012 to 75% from 50% of the Small Commercial Rate.   
 
7. What are the options for funding, designing, building and operating a 

reclaimed water system to irrigate the city’s parks? 
As described in the implementation strategy developed as part of this study, the 
administrative framework of a reclaimed water system must be negotiated between the 
City of New Braunfels and NBU.  In general, a reclaimed water system could be 
developed as a city-owned project, financed using general obligation bonds, or as a utility 
project financed with revenue bonds.   
 
When considering questions regarding system ownership, management, and operation, 
there is a need to consider the underlying value of the public benefit afforded customers 
of both the City of New Braunfels and NBU.  As a possible benefit to taxpayers by 
providing improved recreational facilities and its value as a water resource management 
strategy to utility customers, implementation of a reclaimed water system can be viewed 
as a community asset regardless of its organizational placement.     
 
Summary 
Increasing public use of the city’s parks resulting from population growth and tourism, 
combined with recurring drought conditions produce conditions that stress the turf 
grasses and vegetation that also ultimately increase erosion.  Irrigation of the city’s parks 
enhances the public’s experience in the parks by providing a durable and aesthetically 
pleasing environment.  However, potable water for landscape and park irrigation will be 
interrupted during drought conditions.  Reclaimed water provides a drought proof 
alternative to potable water that does not increase demand on the Edwards Aquifer or on 
the Guadalupe River. 
 
Analysis of the various alternatives for delivering reclaimed water to the city’s parks 
revealed that the lowest cost and least disruptive alternative is transporting effluent from 
the South Kuehler WWTP using the Alternative 1: South Trib – Walnut Ave. route.  A 
comparison of the unit costs of reclaimed water resulting from three rainfall criteria 
reveal that capital and operational costs become less significant as the volume of 
reclaimed water increases.  Applying the condition of zero credit for average annual 
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rainfall in calculating the demand for reclaimed water provides the best opportunity to 
sustain the community’s investment in public parks even during drought conditions.  The 
projected probable construction cost of Alternative 1 under that condition is 
approximately $4.9 million.  The annual cost of operation reaches the current average 
rate for potable water of $3.05/1,000 gal. as park irrigation approaches 165 MG per year. 
 
The economic benefits of park irrigation using reclaimed water are relatively difficult to 
quantify due in large part to the assumed uninterrupted availability of potable water for 
irrigation.  This assumption presents a set of economic advantages of potable water 
irrigation that do not exist in conditions where landscape irrigation, including parks, is 
restricted or eliminated in an effort to conserve limited potable supplies.  As drought 
conditions increase, outdoor uses of potable water are reduced by ordinance.  This 
reduction can reduce the cost of irrigation, but can increase the costs of replacing park 
vegetation and restoring damage resulting from the interruption of park irrigation.  An 
economic analysis compared the net present value of potable water irrigation of the city's 
parks versus reclaimed water revealed that the net present value of reclaimed water 
maintains a distinct advantage over potable water irrigation.  This advantage becomes 
more pronounced as drought conditions intensify. 
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1 Introduction 
 
The City of New Braunfels (the “City”) received a Regional Water and Wastewater 
Planning Grant from the Texas Water Development Board (TWDB) to aid in evaluating 
the feasibility of developing a reclaimed water system to supply irrigation water for the 
city’s parks.  Reclaimed (or reuse) water is municipal wastewater that has been treated to 
a quality that is suitable for beneficial uses that include irrigation of landscaping, crops, 
and athletic fields.  Reclaimed water is recognized in the South Central Texas Water Plan 
as a viable water supply alternative for meeting the region’s growth.  This study was 
prepared by Espey Consultants, Inc. (EC) to provide a detailed technical analysis of the 
potential for developing reclaimed water as an alternative supply source for irrigation of 
the city’s parks. 
 
Joining the City in conducting the feasibility study were New Braunfels Utilities (NBU), 
Guadalupe-Blanco River Authority (GBRA), and the Edwards Aquifer Authority (EAA).  
Unlike other feasibility studies that incorporate an analysis of the potential for marketing 
reclaimed water for anticipated uses, this study addresses the feasibility of developing a 
single user system.  The irrigated area of the city’s primary parklands provided the basis 
for determining the capacity of a reclaimed water system.    
 

1.1 Background and Purpose 
The City of New Braunfels is located in Comal County, Texas, north of San Antonio and 
south of Austin along IH 35 and at the confluence of the Comal and Guadalupe Rivers. 
The City encompasses a total of 29.2 square miles and has a current population of 
approximately 57,740 according to the 2010 Census.  The city includes a broad range of 
single-family housing, apartments, and condominiums for both permanent residents and 
seasonal visitors from around the state and nation.   
 
New Braunfels Utilities (NBU) has a diversified approach in supplying water to the New 
Braunfels service area.  NBU owns and operates a surface water treatment plant and 
several groundwater wells that pump from the Edwards Aquifer.  Most of the City’s 
consumption of potable water occurs during the summer months for irrigation of city 
parks.  Because of the growing demands on the Edwards Aquifer and surface water 
supplies in the region, the NBU water conservation plan calls for curtailment of outdoor 
irrigation in response to the recurring drought periods common in South Central Texas.  
Replacement of parks irrigation with reclaimed water can allow the City to maintain the 
landscaping and turf grasses in the public parks even during periods of drought in order 
to meet the recreational needs of a growing resident and visitor population.   
 
In a continuing effort to meet the recreational needs of the city’s growing population, the 
city has developed a capital improvements plan that includes over $40 million for parks 
improvement and expansion of the parks system.  To conserve the limited water 
resources of the area, recurring drought cycles typically result in severe restriction or 
elimination of outdoor irrigation, including for public parks.  Reclaimed water is an 
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essentially drought proof alternative to water from the Edwards Aquifer or from surface 
water supplies from Canyon Lake for parks irrigation. 
 
The goals of the study were to develop alternatives for treatment, storage and 
transmission of reclaimed water to the city’s parks.  The initial scope of the study 
included Landa Park, Prince Solms, Camp Comal, Hinman Island, and Fischer Park.  
Parks were added to the project scope as the need for irrigation and proximity of parks as 
the concept for reclaimed water facilities was developed.  The study area, illustrated in 
Figure 1, added the HEB Soccer Complex, Walnut Ave. landscaping and park, and 
Fredericksburg Fields.  This study area includes the majority of the city regional, 
community and special use parks.  The study area includes approximately 335.3 acres of 
parkland.   
  
The study tasks included developing conceptual plans for treatment and conveyance of 
reclaimed water in sufficient detail to evaluate capital and operating costs, benefits, 
feasibility and to develop strategies for implementation: 
 

• Collection of Baseline Information; 
• Analysis of the irrigation water demand;  
• Water reclamation siting, storage, and pipeline routing analysis;  
• Evaluation of available technologies for ensuring high quality recycled water; 
• Review of Environmental Considerations; 
• Conceptual Planning and Design; 
• Develop preliminary opinions of probable project costs; 
• Conduct benefit/cost analyses; and 
• Prepare an implementation strategy for reclaimed water irrigation of the city’s 

parks. 
 

1.2 The Need for Reclaimed Water 
Like most of the South Central Texas region, the City of New Braunfels is a growing 
community that offers residents and visitors exceptional recreational opportunities.  
Recognizing the importance of the city’s parks in defining the local quality of life and 
tourist economy, the community works to maintain the excellence of such historically 
significant parks as Landa Park while developing new parks such as Fischer Park.   
 
Irrigation is an important management practice for providing for increased use of limited 
park areas.  Growth in the number of park visitors increases the need for park irrigation, 
especially during times of drought.  With the limited availability of water resources and 
restrictions on outdoor irrigation during recurring drought periods, reclaimed water has 
the potential of providing an efficient and drought resistant source of water for park 
irrigation needed to preserve the investment in public parks and athletic playing fields. 
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Like park use, park irrigation increases during the months of March through September.  
This increase in irrigation coincides with the increased water demand for residential 
irrigation.  Water from the Edwards Aquifer is pumped from NBU’s wells to supplement 
the utility’s surface water supplies to meet this seasonal peak demand.  Shifting park 
irrigation from the potable water supply to reclaimed water will minimize the withdrawal 
of water from the Edwards Aquifer.  During the summer months when water demand 
increases and flow in the Comal and Guadalupe Rivers can diminish, park irrigation 
affords an additional benefit in reducing the nutrient load in what would otherwise be 
discharged as wastewater effluent. 
 

1.3 Water Reuse as a Water Management Strategy 
Treated municipal wastewater effluent can be reused either directly or indirectly.  Direct 
reuse, know as flange-to-flange reuse, involves transporting treated effluent from the 
wastewater treatment plant directly to an end user.  Indirect reuse occurs when effluent is 
discharged to a stream or river and diverted from a downstream intake by an end user.  
The act of reclaiming effluent for indirect reuse is subject to legal considerations and a 
permitting process described in the Texas Water Code.  For the purposes of this study, 
only direct reuse supply options are considered.  This study evaluated the feasibility of a 
system in which reclaimed water is not discharged to the Guadalupe River, but remains in 
pipes or controlled storage from the wastewater treatment plant to the point of use at each 
park.   
 
Enacted by the Texas Legislature in 1997, Senate Bill 1 (SB1) charges the TWDB with 
the responsibility for developing a comprehensive long-term plan for the development, 
conservation and management of water resources in the state.  TWDB has divided the 
state into sixteen water planning regions, each with a planning group responsible for 
preparing a regional water plan.  The regional water plans are incorporated into the state 
water plan and are updated on a five-year cycle.  The 2011 South Central Regional Water 
Plan will be integrated into the Texas Water Plan in 2012.  The regional water planning 
process has emphasized the efficient use of water resources throughout the state.   
 
Recognizing the importance of water reuse in the management of water resources, direct 
reuse of treated effluent is acknowledged in the 2011 South Central Texas (Region L) 
Regional Water Plan as a viable water management strategy.  In comparison to the 
development criteria of the Region L water plan, water reuse is noted to be a potentially 
important source of water that could meet up to 25 percent of the regional demand.  That 
regional demand includes projected water supply shortages for New Braunfels of 907 ac-
ft by 2020 and 4,044 ac-ft by 2030 (SCTRWPG, 2010).  
 
Water reuse has also been adopted by regional water purveyors as a part of their policies 
for managing water resources.  In the 2009 Water Conservation Plan for Wholesale 
Water Suppliers, the Guadalupe-Blanco River Authority (GBRA) encourages water reuse 
for irrigation as a means of extending the supply of surface water stored in the region’s 
reservoirs.  The GBRA Board policy identifies increasing the beneficial reuse and 
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recycling of water as part of the Authority’s role in leading water conservation efforts in 
the region. 
 

1.4 Study Area 
The City of New Braunfels is located along the boundary of the Edwards Aquifer 
Recharge Zone (EARZ) that runs southwest to northeast through the city.  The New 
Braunfels city parklands that comprise the study area (Figure 1) are located southeast of 
the EARZ, generally between the Comal and Guadalupe Rivers.  Much of the study area 
is located in the Transition Zone, an area defined by the Edwards Aquifer Authority 
(EAA) for the purpose of regulating underground petroleum storage tanks.   
 
The climate in South Central Texas is characterized by mild winters and hot, dry 
summers.  The average maximum temperatures of over 95o F occur in August while the 
average minimum temperature of 35o F occurs in January.  Historically, the wettest month 
of the year has been May with an average rainfall of 3.76 inches.  This study revealed 
that the five year period ending with 2009 was slightly drier than the historical average.  
With an average annual rainfall of just over 31 inches (Table 1), extended drought cycles 
have prompted utilities in the region to implement comprehensive water conservation 
programs.   
 

Table 1: Average Annual Precipitation 
 

Month Precipitation 
1940-2009 (in.) 

Precipitation 
2005-2009 (in.) 

Jan. 1.75 1.79 
Feb. 2.02 0.92 
Mar. 1.95 3.47 
Apr. 2.72 1.86 
May 3.76 2.79 
Jun. 3.49 1.86 
Jul. 2.19 4.20 

Aug. 2.50 3.07 
Sep. 3.51 2.83 
Oct. 3.49 2.71 
Nov. 2.25 1.00 
Dec. 1.86 1.14 

TOTAL 31.49 27.63 
 

Source:  TWDB, Evaporation/Precipitation Data for Texas, 1940-2009 
 
The two-year period of 2008 and 2009 was a relatively short, but intense drought cycle.  
Rainfall totals of 16.7 inches for 2008 and 28.7 inches in 2009 represented a shortfall of 
almost 28% of the average for the two year period.   
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1.4.1 Population  
The City of New Braunfels has experienced significant growth in the past decade, with 
the city’s population increasing by more than 58% since the 2000 Census.  The City’s 
planning for the anticipated growth from 57,740 citizens today to more than 70,000 by 
2015 (Figure 2) is reflected in an aggressive capital improvements plan (CIP) that 
identifies the significant investment in infrastructure needed to fuel the local economy 
and meet the needs of the community’s growing population.    
 

Figure 2: Population Trend 
 
 

  Source: TWDB 2011 Regional Water Plan 
 
New Braunfels is known throughout the state for its natural setting and festivals that 
attract thousands of visitors to the city each year, with many of those visits focused on the 
city’s parks.  The Comal River and the Guadalupe River are prime recreational 
destinations for visitors from all across Texas.  In addition to residents, the city’s 
recognition as a tourist destination contributes to an estimated 250,000 park visitors each 
year. 
 

1.5 Park System Improvement and Expansion 
The City of New Braunfels parks system is comprised of over 500 acres of dedicated 
parks and cemeteries (Figure 3).  This primary focus of the study is on those regional and 
community parks and the special use areas that experience the heaviest use.  These 
include Landa Park, Prince Solms Park, Hinman Island, Camp Comal, the HEB Soccer 
Complex and the Fredericksburg Fields.  Since a master plan for Fisher Park has been 
completed and the design is in progress, the irrigation needs of this 62 acre community 
park are also included in the scope of the study.  These parks make up almost two-thirds 
of the city’s park acreage. 
 
The city is actively planning for park and recreational facilities to meet the needs of 
current and future citizens and visitors.  The city’s 2009 – 2018 Capital Improvements 
Plan identifies more than $83 million in improvements for existing parks and 
construction of new park facilities.  The city has also completed the Strategic Parks and 



 

City of New Braunfels  Parks Reclaimed Water Irrigation Feasibility Study 
21 

Recreation Master Plan.  The master plan develops the goals, standards, and 
implementation strategies for parks and recreation facilities over the next ten years.   

 
 

Figure 3: New Braunfels Parks System 

Source:  City of New Braunfels, PARD 
 
New parks planned for construction during the next ten years includes construction of 
Fischer Park in the southern part of the city and development of Prince Solms Park on the 
Comal River.  An additional 6.5 acres of parkland is presently under construction as part 
of the widening of Walnut Avenue.  The inventory of park acreage is detailed in Table 2. 
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Table 2: Park Inventory 
 

Park Name Acreage Park Name Acreage 
Neighborhood Parks Special Use Areas 
Ernest Eikel Field 4.1 HEB Soccer Complex 14.5 
Neighborhood Park 0.4 Fredericksburg Fields 5.5 
Haymarket Plaza 2.2 Landa Golf Course 122.0 
Jesse Garcia Park 1.0 Lindheimer Plaza 0.3 
Hoffmann Park 0.9 Market Plaza 0.6 
Solms Park 7.8 Main Plaza 0.6 
Kraft Park 9.0 Faust Street Bridge n/a 
Morningside Park 16.0 Camp Comal 44.4 
Torrey Park 5.13 Union St. Tubers Exit n/a 
Regional Parks Garden St. Tubers Exit n/a 
Landa Park 51.0 Walnut Ave. 6.5 
Community Parks Greenbelts 
Cypress Bend 15.0 Panther Canyon 48.0 
Fischer Park 62.3 Alves Lane 3.0 
Hinman Island 10.0 Sunbelt Park 0.2 
West Loop Park 9.0 River Acres Park 1.1 
Prince Solms 19.1 Crest Lane Greenbelt 2.0 
Cemeteries Dry Comal Trails 22.6 
New Braunfels Cemetery 4.7 
Comal Cemetery 25.0 

 

Total Acreage                     513.9 
  Source:  City of New Braunfels, PARD 

1.6 Historical Consumption 
The records of potable water use for parks irrigation during the five-year period of 2005 
through 2009 were compiled to provide a basis for comparison of projected irrigation 
demand.  Monthly metered volumes obtained for the six parks revealed that parks were 
generally irrigated at a rate less than the 1-inch per week rule of thumb during that period 
(Table 3).  A summary of the potable water consumption for parks irrigation is presented 
in Appendix A. 
 

Table 3: Average Irrigation Rate (2005-2009) 
 

Irrigated Location  5-yr. Avg. 
Area (ac.) 

Applied 
inches* 

Hinman Island 420,500 7 0.1 
Camp Comal 1,484,280 30.3 0.1 
HEB Soccer 4,860,700 10.2 0.6 
Landa Park  2,118,880 23 0.1 
Prince Solms 282,240 16.8 0.02 
Fredericksburg 
Fields 532,180 5 0.1 
*assumes avg. 28 weeks of irrigation/yr. 
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2 Water Supply 

2.1 Comal River 
The City of New Braunfels holds a total of 300 ac-ft of water rights to the Comal River.  
A 1969 priority date for 100 ac-ft of water from the Comal River is available for 
irrigation of 50 acres of land.  A 1914 priority date for 200 ac-ft for irrigation limits the 
use of for irrigation to Landa Park and the Landa Golf Course.  Water from the Comal 
River is presently adequate for irrigation of the Landa Golf Course.  However, these 
rights are interrupted during periods of diminished springflow.   
 

2.2 Potable Water Supply 
New Braunfels Utilities (NBU) is the municipal agency authorized by law to operate and 
manage the water and wastewater utilities owned by the city.  NBU was established by 
the City of New Braunfels in 1942 and has operated the city’s water and wastewater 
system since 1959.  An annual demand of 3 billion gallons of water is met for the over 
21,600 customers on the system.  The potable water supply is furnished by ten wells that 
pump from the Edwards Aquifer and a surface water treatment plant on the Guadalupe 
River.  The water system is operated using the surface water treatment plant to meet the 
base demand of the commercial, industrial and residential customers while the summer 
peak demand is met using groundwater from the Edward Aquifer.   
 

2.3 Surface Water Supply 
Operating its surface water plant to supply the average demand has enabled NBU to 
reduce its demand on the Edwards Aquifer by as much as 80 percent.  The intake for the 
plant is located on the Guadalupe River, upstream of the confluence with the Comal 
River.  Plans for construction of a 5 MGD water treatment plant within the next five to 
ten years will increase NBU’s treatment capacity to 13 MGD.  NBU holds both 
adjudicated and run of the river water rights from the Guadalupe River.  The utility 
presently holds 16,672 acre-feet of surface water rights for municipal uses.   
 

2.4 Groundwater Supply 
Since 1993, management and regulation of the Edwards Aquifer has been under the 
jurisdiction of the Edwards Aquifer Authority (EAA).  EAA regulates withdrawals from 
the aquifer as well as activities that can affect water quality.  Pumping is limited to a total 
of 572,000 acre-feet through the issuance and monitoring of groundwater withdrawal 
permits.  NBU operates ten groundwater wells on the Edwards Aquifer with a total limit 
of 9,269.9 acre-feet of pumping rights.   
 
The combined annual production of water from the NBU surface WTP and wells 
averaged 3,703.57 MG/yr. between 2005 and 2009.  Groundwater accounted for 
approximately 33% of the total annually during that five-year period, or about 1,225 
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MG/yr., with most well production occurring during the months of April through October 
to offset seasonal peak demands.  Figure 4 provides a graphical representation of monthly 
water production during the years 2005 through 2009 and illustrates how water supply 
from the surface water treatment plant meets the base demand of the system.  This allows 
the plant to be operated at an optimal efficiency while minimizing the system’s reliance 
on groundwater.   
 

Figure 4: NBU Water Production, 2005-2009 
 
 

2.5 Water Conservation 
NBU’s water conservation and drought management plan is codified in Article IV- Water 
Conservation (City of New Braunfels, 2008) of the city ordinances and is overseen by 
NBU.  The water conservation plan for New Braunfels is progressively restrictive on 
outdoor water uses according to the level of the J-17 well in San Antonio and the flow at 
Comal Springs.  Important elements of NBU’s water conservation plan include year 
round limits on landscape irrigation.  Landscape watering is prohibited year-round 
between the hours of 10 AM and 8 PM every day except using a hand held hose, bucket, 
soaker hose or drip irrigation system.   
 
The ordinance also prohibits irrigation of golf course irrigation using potable water.  
Specific water use reduction measures (Sec. 130-228) provide that the use of reuse water 
is not categorically permitted during specific conservation stages, but is a defense to 
prosecution under the ordinance for landscape irrigation.   
 

2.6 Existing Water Reuse 
NBU presently operates a reclaimed water system that furnishes water to a single 
customer.  Sundance Park is a master-planned, mixed-use development on a 29 acre tract 
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that was developed following closure of the Sundance Golf Course.  The system that 
supplied reclaimed water to the golf course remains in service for the development.  
Sundance Park includes three ponds that store effluent from NBU’s Gruene WWTP and 
an irrigation system for the rights-of-way and common area landscaping.  The NBU 
contract provides for delivery of up to 2,000,000 gallons per month.  Delivery of recycled 
water is through approximately 0.75 mile of 10-inch pipeline from the Gruene WWTP.  
 
A study commissioned by NBU in 2003 evaluated the feasibility of reclaimed water for 
dust control in the limestone quarries located west of the city and for cooling water for a 
gas-fired generating plant.  This study evaluated reclaimed water as a replacement for 
water pumped from the Edwards Aquifer for CEMEX quarries and for surface water 
from the Guadalupe River used by Texas Independent Energy.  The 2003 study evaluated 
the costs of producing and transporting reclaimed water along with the regulatory issues 
associated with use of reclaimed water on the EARZ (NBU, 2003).   
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3 Wastewater Collection and Treatment 
 
The NBU wastewater system serves more than 18,900 customer connections.  NBU 
operates three wastewater treatment plants with a total treatment capacity of 8.4 million 
gallons per day:  The Gruene WWTP is located in the northeastern quadrant of the city on 
the Guadalupe River upstream of the confluence with the Comal River.  The North and 
South Kuehler WWTPs are located south of IH 35 on the Guadalupe River below the 
confluence with the Comal River.  

3.1 Gruene WWTP 
The proposed TPDES permit parameters issued on April 19, 2010 for the Gruene WWTP 
are presented in Table 4. 
 

Table 4: Gruene WWTP Effluent Parameters 
 

Parameter 
Avg. of Daily 

Avg. 
(07/03 – 05/09) 

Proposed 
Permit 

30-Day Avg. 
Flow, mgd 0.38 1.1 
CBOD5, mg/l 3.4 5 
TSS, mg/l 3.0 10 
DO, mg/l (minimum) 4.1 4.0 
E. coli, #/100 ml -- 126 

  

3.2 North Kuehler WWTP 
The proposed TPDES permit parameters for the North Kuehler WWTP issued on April 
19. 2010 are presented in Table 5. 
 

Table 5: North Kuehler WWTP Effluent Parameters 
 

Parameter 
Avg. of Daily 

Avg. 
(07/04 – 05/09) 

Interim Phase 
Permit 

30-Day Avg. 
Flow, mgd 1.792 3.1 
BOD5, mg/l 3.25 10 
TSS, mg/l 3.10 15 
DO, mg/l (minimum) -- 5.0 
E. coli, #/100 ml -- 126 

 

3.3 South Kuehler WWTP 
The proposed TPDES permit parameters for the South Kuehler WWTP issued on April 
19. 2010 are presented in Table 6. 
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Table 6: South Kuehler WWTP Effluent Parameters 
 

Parameter 
Avg. of Daily 

Avg. 
(05/07 – 05/09) 

Interim Phase 
Permit 

30-Day Avg. 
Flow, mgd 2.2 4.2 
BOD5, mg/l 2.8 10 
TSS, mg/l 2.5 15 
DO, mg/l (minimum) -- 4.0 
E. coli, #/100 ml -- 126 

 

3.4 Effluent Quality 
Monthly variations in flow and effluent quality for the period August 2009 through July 
2010 reveal a consistently high quality of effluent with some seasonal variations 
primarily due to rainfall events (Table 7). 
 

Table 7: Average Monthly Effluent 
 

  Gruene North Kuehler South Kuehler 
Month Flow CBOD Turbidity Flow BOD Flow BOD 

  (mgd) (mg/l) (NTU) (mgd) (mg/l) (mgd) (mg/l) 
Aug-09 0.3879 2.24 2.08 1.817 2.15 2.118 1.75 
Sep-09 0.5234 2.28 1.73 1.796 2.95 2.295 2.22 
Oct-09 0.5130 2.54 1.92 1.967 2.89 3.029 3.23 
Nov-09 0.4568 3.38 1.76 1.920 4.51 2.761 2.68 
Dec-09 0.4563 4.60 2.93 1.874 6.72 2.781 3.24 
Jan-10 0.4637 4.49 3.15 1.829 9.11 3.064 5.73 
Feb-10 0.4833 4.51 4.63 2.198 4.99 3.195 3.02 
Mar-10 0.4635 5.41 4.29 1.987 4.08 2.904 3.17 
Apr-10 0.4209 5.07 4.09 1.905 2.81 2.660 2.41 
May-10 0.5215 2.64 1.80 2.075 2.85 2.787 2.23 
Jun-10 0.5842 2.84 2.07 2.083 3.34 3.152 5.47 
Jul-10 0.4832 3.92 2.99 2.163 2.18 2.927 6.40   

   Source: NBU 
 

While the quality criteria of BOD, turbidity, and bacteria are prescribed by state 
regulation to ensure suitability for human contact with reclaimed water, the suitability of 
the water to be used for irrigation as it relates to potential effects on the irrigated plants is 
also considered.  Most important of these quality criteria is salinity.  Salinity is 
determined by measuring the total dissolved solids (TDS) in mg/l or the electrical 
conductivity of the water.  Conductivity data would be obtained by effluent testing as part 
of the implementation of a reclaimed water system.   
 
In addition to salinity, various trace constituents found in reclaimed water may have 
detrimental effects on plants.  EPA provides recommended limits for various trace 
constituents in reclaimed water used for irrigation (EPA, 2004).  A comparison of those 
limits for long-term use with the results of NBU’s 2009 pretreatment effluent monitoring 
results is presented in Table 8.  It should be noted that values are presented for only those 
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constituents for which samples revealed concentrations above detectible limits and for 
which EPA’s possible cumulative long-term impacts are relative to park irrigation instead 
of crop irrigation. 
 

Table 8: Pretreatment Program Effluent Monitoring 
 

Constituent 
Long-

Term Use 
(mg/l) 

S. Kuehler  
(mg/l) 

N. Kuehler 
(mg/l) 

Gruene 
(mg/l) 

Aluminum 5.0 0.016 0.021 0.02 
Arsenic 0.10 -- -- 0.002 
Copper 0.2 0.005 0.01 0.013 

Selenium 0.02 0.003 0.003 -- 
Zinc 2.0 0.054 0.066 0.098    

Source: NBU 
 

3.5 Major Collection System Interceptors 
The NBU wastewater collection system contains approximately 330 miles of pipeline that 
ranges in size from 6-inches to 30-inches in diameter.  All of the parks considered in this 
study were found to be near wastewater mains that are 12-inches in diameter or greater 
(Figure 5).  Flows in the mains were not calculated as part of this study.  NBU has, 
however, initiated development of a wastewater collection system model that will, once 
calibrated, provide data including the flow volumes in mains in the study area. 
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4 Regulatory and Environmental Considerations 

4.1 Regulatory Considerations 
The use of reclaimed water is regulated by the TCEQ under Title 30 of the Texas 
Administrative Code, Chapter 210 (30 TAC §210).  The regulations provide for the 
quality criteria, design, and operational requirements for the beneficial use of reclaimed 
water.  The use of reclaimed water requires notification and approval of the TCEQ under 
Chapter 210, with specific responsibilities assigned to the reclaimed water producer, the 
reclaimed water provider, and the reclaimed water user.  The specific responsibilities of 
each party as designated by the Chapter 210 regulations are summarized in the following 
points. 
 
The responsibilities of the reclaimed water producer include ensuring that the quality of 
the reclaimed water that leaves the treatment process meets the minimum quality 
prescribed by state regulations, and for sampling, analyzing, and reporting the quality of 
reclaimed water produced. 
 
The reclaimed water provider is responsible for the delivery of reclaimed water to the 
user that meets the minimum quality prescribed by state regulations and for maintaining 
records of the volume and quality of reclaimed water delivered to the user.   
 
The reclaimed water user is responsible for the proper use of reclaimed water. 
 

4.1.1 Type I Reclaimed Water Use  
The Chapter 210 rules regulate the quality, place and manner of use of effluent from 
wastewater treatment facilities to protect public health by minimizing risks of infection 
and disease transmission.  Depending on the potential for human contact, Texas 
regulations provide for two types of reclaimed water.  Type I reclaimed water can be used 
where human contact with the reclaimed water is likely.  The potential uses for Type I 
reclaimed water include (30 TAC §210.32): 
 

• Residential irrigation, including landscape irrigation at individual homes. 
• Urban uses, including irrigation of public parks, golf courses with unrestricted 

public access, school yards, or athletic fields. 
• Use of reclaimed water for fire protection, either in internal sprinkler systems or 

external fire hydrants. 
• Irrigation of food crops where the applied reclaimed water may have direct 

contact with the edible part of the crop, unless the food crop undergoes a 
pasteurization process. 

• Irrigation of pastures for milking animals. 
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• Maintenance of impoundments or natural water bodies where recreational 
activities, such as wading or fishing, are anticipated even though the water body 
was not specifically designed for such a use. 

• Toilet or urinal flush water. 
• Other similar activities where there is the potential for unintentional human 

exposure. 
 

4.1.2 Type II Reclaimed Water Use 
Type II reclaimed water can be used where human contact with the reclaimed water is 
unlikely.  The potential uses for Type II reclaimed water include (30 TAC §210.32):  
 

• Irrigation of sod farms, silviculture, limited access highway rights of way, and 
other areas where human access is restricted or unlikely to occur.  The restriction 
of access to areas under irrigation with reclaimed water could include the 
following: 

• The irrigation site is considered to be remote. 
• The irrigation site is bordered by walls or fences and access to the site is 

controlled by the owner/operator of the irrigation site. 
• The irrigation site is not used by the public during the times when 

irrigation operations are in progress.  Such sites may include golf 
courses, cemeteries, and landscaped areas surrounding commercial or 
industrial complexes.  The "syringing" or "wetting" of greens and tees 
on golf courses shall be allowable under Type II so long as the 
"syringing" is done with hand-held hoses as opposed to automatic 
irrigation equipment.  The public need not be excluded from areas where 
irrigation is not taking place.  For example, irrigation of golf course 
fairways at night would not prohibit the use of clubhouse or other 
facilities located a sufficient distance from the irrigation. 

• The irrigation site is restricted from public access by local ordinance or 
law with specific standards to achieve such a purpose. 

• Irrigation of food crops where the reclaimed water is not likely to have direct 
contact with the edible part of the crop, or where the food crop undergoes 
pasteurization prior to distribution for consumption. 

• Irrigation of animal feed crops other than pasture for milking animals. 
• Maintenance of impoundments or natural water bodies where direct human 

contact is not likely. 
• Soil compaction or dust control in construction areas where application 

procedures minimize aerosol drift to public areas. 
• Cooling tower makeup water.  Use for cooling towers which produce significant 

aerosols adjacent to public access areas may have special requirements. 
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• Irrigation or other non-potable uses of reclaimed water at a wastewater treatment 
facility. 

• Type I reclaimed water may be utilized for any of the Type II uses identified 
above. 

 

4.1.3 Reclaimed Water Quality Standards 
The following summarizes the quality parameters contained in 30 TAC §210.33. 

Type I (30-day average) –  BOD5 or CBOD5 – 5 mg/l 
Turbidity – 3 NTU 
Fecal Coliform – 20 CFU/100 ml* 
Fecal Coliform (not to exceed) - 100 CFU/100 ml** 

 
Type II (30-day average) –  (For any system other than a pond system) 

BOD5 – 20 mg/l 
CBOD5 – 15 mg/l 
Fecal Coliform – 200 CFU/100 ml* 
Fecal Coliform (not to exceed) - 800 CFU/100 ml** 
 
(For  pond systems) 
BOD5 – 30 mg/l 
Fecal Coliform – 200 CFU/100 ml* 
Fecal Coliform (not to exceed) - 800 CFU/100 ml** 
 
* geometric mean 
** single grab sample 

  
Because public parks and athletic fields are areas where human contact with the 
reclaimed water is likely, only Type I reclaimed water quality was considered for the 
purposes of this study. 
 

4.1.4 Reclaimed Water System Operations 
Runoff of reclaimed water is to be prevented by the reclaimed water user (30 TAC 
§210.24) by avoiding excessive irrigation.  Applying reclaimed water at the proper rate 
for the existing soil and atmospheric conditions is the principal means of avoiding runoff 
from irrigated sites.  Maintenance of the irrigation system to correct sprinkler head and 
controller malfunctions is also an essential part of avoiding runoff from irrigated sites.   
 
Chapter 210 regulations also require that storage of reclaimed water in ponds must be 
designed to prevent groundwater contamination.  Reclaimed water may be stored in 
fabricated tanks (metal, concrete, plastic or fiberglass).  Hose bibs, faucets, exposed 
piping (interior and outside) must be painted purple and labeled as non-potable.  Purple 
pipe is typically used for all reclaimed water piping as one aspect of cross-connection 
control.   
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4.1.5 Reclaimed Water Production Facilities 
In addition to supplying reclaimed water from the effluent of a publicly-owned treatment 
works (POTW), state regulations (30 TAC § 321, Subchapter P) establish a process for 
permitting a reclaimed water facility production (RWPF).  A RWPF is defined as a 
facility that treats wastewater for reuse on an as-needed basis and is located at a different 
location from the permitted POTW.  An example of a RWPF would be a satellite or 
“scalping” plant that is located near the point of reclaimed water use.   
 
Sludge treatment at reclaimed water production facilities is prohibited so all solids must 
be returned to the collection system.  A RWPF located within a building that is not 
equipped with exhaust air and odor control systems may not be located closer than 150 ft. 
to the nearest property line.  Including exhaust air and odor control allows the building to 
be placed as close as 50 ft. from the property line – defined as an enhanced buffer zone.  
If the RWPF qualifies for an enhanced buffer zone designation, public notice is not 
required.   
 

4.1.6 Water Rights Considerations 
As the population of the state and nation grows, wastewater effluent makes up an 
increasing percentage of the water in streams and rivers.  Some estimate that as much as 
sixty percent of the water that is distributed through a municipal water system for use as 
potable water is returned to Texas’ streams and rivers as wastewater effluent (TWCA, 
2004).  These return flows can become part of the water to be appropriated from the 
watercourse or otherwise considered to be an important part of maintaining the aquatic 
environment.  To appreciate the relationship between water reuse and water rights 
requires an understanding of some certain aspects of water law in Texas. 
 
Under 30 TAC §297.1, TCEQ defines “reuse” as: the authorized use for one or more 
beneficial purposes of use of water that remains unconsumed after the water is used for 
the original purpose of use and before that water is either disposed of or discharged or 
otherwise allowed to flow into a watercourse, lake, or other body of state-owned water. 
 
Reuse projects are defined in terms of either indirect or direct reuse.  Direct reuse is 
known as “flange-to-flange” reuse in that treated effluent is drawn from the plant before 
it is discharged to a watercourse.  Indirect reuse is when a water utility recaptures 
wastewater treatment plant effluent downstream from the point at which it was 
discharged to a watercourse.   
 
The fundamental difference between direct and indirect water reuse in Texas is that direct 
reuse does not involve retrieving effluent from a stream or waterway.  Indirect reuse 
involves a permitting process that may consider the potential negative impacts on 
downstream water rights holders whose water rights may be based on an assumed 
reliability or continuation of municipal return flows.  Direct reuse, however, involves 
diversion of effluent for beneficial reuse without being released to a stream or waterway.  
State regulations provide the basis for utilities to reuse water without additional water 
rights permitting until that water is discharged from the wastewater treatment plants: 
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Except as specifically provided otherwise in the water right, water 
appropriated under a permit, certified filing, or certificate of 
adjudication may, prior to its release into a watercourse or stream, be 
beneficially used and reused by the holder of a permit, certified filing, 
or certificate of adjudication for the purposes and locations of use 
provided in the permit, certified filing, or certificate of adjudication.  
Once water has been diverted under a permit, certified filing, or 
certificate of adjudication and then returned to a watercourse or 
stream, however, it is considered surplus water and therefore subject to 
reservation for instream uses or beneficial inflows or to appropriation 
by others unless expressly provided otherwise in the permit, certified 
filing, or certificate of adjudication.  [30 TAC §11.046(c) emphasis 
added] 

 

4.2 Environmental Considerations 
A review of available environmental information was performed that considers 
endangered species, environmentally sensitive areas, and waters of the U.S. including 
wetlands.  The review of environmental information does not include a detailed survey or 
detailed investigation of environmental features.     
 

4.2.1 Environmental Features of the Study Area 
The primary environmental features within the study area include the floodplains of the 
Comal and Guadalupe Rivers, wetlands, Comal Springs, and the Edwards Aquifer 
Recharge Zone.  With the possible exception of a very small area of the northern portion 
of Landa Park, all of the parks are located outside of the Edwards Aquifer Recharge Zone 
boundary (see Figure 1).  Located at the headwaters of the Comal River, Comal Springs 
is also in Landa Park.   
 

4.2.2 Floodplain 
The location and extent of floodplains were considered for the purposes of locating 
potential reclaimed water pumping and storage facilities.  Using the base flood elevations 
(BFE) and flood insurance rate maps (FIRM) provided by FEMA under the National 
Flood Insurance Program, potential locations for pumps or storage were identified as 
being outside the regulatory floodplain.    
 

4.2.3 Endangered Species 

The Edwards Aquifer Recovery Implementation Program (EARIP) is a collaborative, 
consensus-based, regional stakeholder process tasked with the development of a plan to 
address U.S. Fish and Wildlife Service (USFWS) concerns over potential influence of 
water management strategies on the federally-listed endangered species while managing 
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Texas’ Edwards Aquifer for the benefit of all. The EARIP is preparing an Incidental Take 
Permit supported by a Habitat Conservation Plan and Draft Environmental Impact 
Statement involving future strategies for water supply that minimize impact on 
endangered species, specifically species that are endemic to the Comal Springs and San 
Marcos Springs areas. 
 
The USFWS and the Texas Parks and Wildlife Department (TPWD) both expressed 
concerns regarding the discharge of reclaimed water to the Comal Springs. Comal 
Springs is home to several rare and federally listed species including one fish, the 
fountain darter (Etheostoma fonticola), and three invertebrates: Comal Springs dryopid 
beetle (Stygoparnus comalensis), Comal Springs riffle beetle, and Peck’s cave amphipod. 
 
The USFWS and TPWD further expressed a desire that no reclaimed water infrastructure 
or application of reclaimed water on the Edwards Aquifer recharge zone or in karst 
formations. The feasibility study uses the Edwards Aquifer Authority (EAA) definition of 
recharge zone boundary and identifies all areas for irrigation and reclaimed water 
infrastructure as being located only in the Transition Zone.  
 
Since the irrigation water will not be allowed to form runoff or enter into the Comal 
River, and is restricted to the transition zone of the Edwards Aquifer, the use of reclaimed 
water for park irrigation would not create an adverse water quality impact.  Further, 
irrigation activities are downstream of Comal springs and therefore would not interfere or 
involve the activities of the EARIP.  Any residuals of reclaimed water irrigation that 
could be introduced into Comal River by rainfall induced runoff would be diluted and 
moved downstream with the increased flow resulting from stormwater runoff from both 
the non-irrigated and irrigated areas within the watershed.   
 

4.2.4 Environmentally Sensitive Areas 

Edwards Aquifer Transition Zone 
The transition zone of the Edwards Aquifer is described as a thin strip of land south and 
southeast of the recharge zone from San Antonio to Austin where limestone that overlies 
the Edwards formation are faulted and fractured and has caves and sinkholes.  The 
delineation of the transition zone was established to regulate petroleum storage tanks, so 
there are places where the boundaries follow particular streets or railroad lines.  The 
boundary between the recharge and transition zones transects the northwestern portion of 
New Braunfels just outside of the study area.  The application of reclaimed water will be 
designed to match the evapotranspiration (ET) rates of the grasses and vegetation in the 
transition zone.  These application rates should eliminate runoff and/or any percolation 
into the transition zone formation.  In the unlikely event that percolation did occur the 
water would be subject to the same physical and chemical processes as any water moving 
through the saturate and/or unsaturated geology in an urbanized area of the transition 
zone of the Edwards Aquifer. 
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National Wetlands Inventory 
Wetlands are defined for regulatory purposes under the Clean Water Act as [EPA 
Regulations listed at 40 CFR 230.3(t)]: 
 

"…those areas that are inundated or saturated by surface or groundwater 
at a frequency and duration sufficient to support, and that under normal 
circumstances do support, a prevalence of vegetation typically adapted for 
life in saturated soil conditions.  Wetlands generally include swamps, 
marshes, bogs and similar areas."  

 
A preliminary review of the USFWS National Wetlands Inventory revealed several 
isolated wetland areas may be located in the study area.  Possible wetlands may exist in 
Landa Park, the area around the Dry Comal, and in the southern portions of the city 
(Appendix B).  A detailed delineation of wetland areas in the project area will be 
conducted during the final design of a reclaimed water system.  Utility crossings must 
comply with the terms of Nationwide Permit 12 (NWP-12) relating to activities required 
for the construction, maintenance, and repair of utility lines and associated facilities in 
waters of the United States.  Avoidance of these wetland areas during construction can be 
addressed as part of the design process.  
 

4.2.5 Water Quality 
Aquatic habitats are associated with the riparian areas of the Comal and Guadalupe 
Rivers adjacent to some of the parks to be irrigated with reclaimed water.  While direct 
discharge of reclaimed water to surface waters is regulated by TCEQ, there may be some 
concern that chemical constituents contained in municipal wastewater can be introduced 
into aquatic habitats.  
 
Except for dilution, inadvertent runoff of reclaimed water during dry weather would be 
subject to the same natural processes as stormwater runoff.  Recognized as a stormwater 
best management practice (BMP), flow across turf grasses (typical in maintained parks) 
can provide significant reductions of pollutants.  An evaluation of Buffalo grass (Walsh 
et al, 1998) indicated a high removal efficiency of TSS (70% to 82%) and other 
pollutants (zinc, COD, nitrates, and total phosphorus) with higher efficiencies during the 
growing season. 
 

Emerging Contaminants 

In addition to the conventional chemical and biological contaminants associated with 
domestic wastewater, new contaminants continue to emerge as testing technologies 
improve and as potential environmental or health effects of the pollutants (or 
combinations of pollutants) are discovered.  Examples include endocrine disrupting 
chemicals (EDCs), pharmaceuticals, and personal care products as pollutants that have 
been discussed in recent years as trace or emerging contaminants (Asano, 2007).  
Ongoing studies into the effects and fate of these chemicals have yet to define a single 
compound as an indicator due in part to the vast number of medical and personal care 
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products linked to the emerging contaminants.  Similarly, the various processes used in 
wastewater treatment provide a range of removal efficiencies for different compounds.  
These emerging pollutants are have in common limited scientific information due to low 
pollutant concentration levels, detection limitations, statistical error, complexity of the 
pollutants, limitations in treatment technologies, and lack of long-term epidemiological 
data.   
 
A study of the City of San Marcos’ wastewater treatment plant effluent (Foster, 2007) 
revealed that the San Marcos wastewater treatment plant removed up to 92% of those 
compounds most frequently detected in the city’s raw wastewater.  While the fate of trace 
contaminants after effluent has been filtered and applied to soil and plants is not yet 
known, there has been a significant amount of research into the fate of urban 
contaminants in stormwater.   
 
Based on the current body of knowledge regarding dose-response relationships of various 
organisms to low level concentrations of EDCs, it may be several years before any water 
quality standards regarding EDCs and pharmaceutical compounds are promulgated.  At 
the same time that the scientific study of the potential effects of low-level exposure to 
EDCs in humans and aquatic species is increasing, the EPA and other organizations are 
evaluating approaches for regulating EDCs.  The use of reclaimed water for irrigation 
creates an additional field of study as it is recognized that the interaction of plants and 
soil can improve water quality.  Regulatory agencies, the public, and lawmakers will have 
to weigh relative risks against real and perceived costs, increasing water demands, and in 
many cases, diminishing quality and quantity of raw water supplies relative to the costs 
of controlling the use or treatment for many types of emerging contaminants.   
 

4.3 Potential Environmental Benefits 
In describing the benefits of water recycling, EPA cites certain environmental benefits.  
Foremost among these is the potential for minimizing diversion of freshwater from 
sensitive ecosystems and reducing wastewater discharges.  In the South Central Texas 
water planning region, these environmental benefits are of particular interest. 
 

4.3.1 Peak Management of Groundwater Supply 
Developing recycled water as a supply strategy is recognized in the Region L water plan 
as a viable alternative to both the Edwards Aquifer and surface water supplies in the 
region.  The current NBU procedure of supplying the base system water demand using 
surface water supplies and meeting the seasonal peaks using groundwater is an example 
of optimizing the limited water resources of the region while still meeting the needs of a 
growing population.   
 
By avoiding a single reliance on groundwater or surface water, NBU also minimizes 
diversions from both the Edwards Aquifer and the Guadalupe River.  The addition of a 
reclaimed water system will serve to lessen an increase on the peak seasonal demands 
resulting from an increase in park visitors.  The net result is that water otherwise drawn 
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from the Edwards Aquifer for park irrigation would remain in the aquifer or, otherwise, 
supplement the flow of Comal Springs.  This potential for minimizing the peak seasonal 
demand on the Edwards Aquifer can be illustrated by comparing the annual potable water 
production from groundwater and surface water sources. 
 
The charts presented in Appendix C compare the monthly consumption of both surface 
water and groundwater during the years 2005 through 2009 and include the metered 
volume of potable water used by six parks.  A portion of the peak demand is identified as 
that portion of the peak demand used for the irrigation of six of the city’s parks.  This 
highlights a potential benefit of preserving the peak groundwater pumping capacity for 
population growth by shifting the park irrigation demand to a reclaimed water system.   
 
The question of potential benefit to the Edwards Aquifer by removing the summer 
demand on the aquifer associated with park irrigation was presented to the EAA Aquifer 
Science staff.  While there are uncertainties with respect to the flow of groundwater in the 
vicinity of the Comal Springs and how seasonal pumping might affect those flow patterns 
relative to both the Comal and San Marcos Springs, it appears that reducing seasonal 
pumping demand would provide a direct benefit to springflow in one or both springs 
(EAA, 2011).  Although regional population growth could be expected to mask the 
reduction of demand resulting from reclaimed water irrigation, the volume associated 
with park irrigation would not be a factor in future projections of seasonal groundwater 
demand. 
 

4.3.2 Turf Grass Irrigation Benefits 
Providing recycled water for the irrigation of turf grasses in public parks has an added 
benefit of preventing and reducing the runoff of urban contaminants to water bodies.  
Recycled water may contain nutrients, such as phosphorus that can provide a source of 
nutrients that reduces the need for synthetic fertilizers.  
 
The ability to irrigate turf grasses in public parks is also a best management practice in 
erosion and sediment control.  Vegetative buffers provide a combination of settlement, 
filtration and adhesion processes that remove urban pollutants from stormwater runoff.  
Vegetative buffers include trees along riparian zones, short grass filters in urban storm-
water drains, and stiff turf grass at field edges or along waterways.  Studies have 
considered the reduction of sediment delivery due to net deposition upslope of stiff grass 
buffers such as turf grasses.  One study (Ghadiri et al, 2008) indicates a sediment removal 
efficiency of between 88% and 97% with the use of grass strips.  The study indicates 
trapping efficiency is very high under subcritical flow conditions, decreasing somewhat 
with increasing slope and flow rate.   
 

4.3.3 Phosphorus Removal 
An additional potential benefit to the water quality of the Guadalupe River comes from 
removing a volume of nutrients from the effluent stream of the POTW.  Based on the 
permit limit of 3 mg/l of phosphorus for the N/S Kuehler WWTP, each 1 MG of 
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reclaimed water used for park irrigation would account for removing 25 pounds of 
phosphorus from the POTW effluent discharged to the Guadalupe River.   
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5 System Design Considerations 
 
The size and capacity of each of the components of a conceptual system are determined 
by the calculation of the water demand for park irrigation.  Developing a conceptual plan 
for a reclaimed water system includes developing the capacities of the primary system 
components:   
 

1. production and treatment facilities; and 
2. reclaimed water storage and transmission facilities. 

 
TCEQ design criteria for wastewater systems are found in the Design Criteria for 
Domestic Wastewater Systems (30 TAC Chapter 217) and provide the basis for the 
facilities needed for municipal wastewater treatment.  Operation of publicly owned 
treatment works (POTWs) under permits issued by the TCEQ allows NBU to discharge 
treated effluent to the Guadalupe River.  The three plants owned and operated by NBU 
consistently produce a high quality effluent, but are not required to meet the parameters 
for Type I reclaimed water.  Instead, additional treatment units can be added to the 
POTW to treat only the volume of effluent needed for direct nonpotable reuse.  The size 
and capacity of the additional treatment units is determined by the projected demand for 
reclaimed water. 
 

5.1 Reclaimed Water Demand 
Developing the projected reclaimed water demand considers the area of land to be 
irrigated, rainfall, and evapotranspiration.  Supplementing data from available mapping 
of the city’s parklands with field measurements of impervious cover, the city’s PARD 
developed an inventory of existing and proposed irrigated areas in each of the parks 
included in the study area.  Of the total parkland area in the nine parks included in the 
study area, a total of 172.8 acres were identified as existing or future irrigated areas.  This 
includes approximately 14 acres of a proposed expansion of irrigated area at the Landa 
Golf Course.  The irrigated area within the study area is presented in Table 9. 
 

Table 9: Irrigated Area 
 

Park Total Park Area Irrigated Area 
Camp Comal 44.4 30.3 
Fischer Park 62.3 60.0 
Fredericksburg Fields 5.5 5.0 
HEB Soccer Complex 14.5 10.2 
Hinman Island 10.0 7.0 
Landa Park 51.0 23.0 
Landa Golf Course 122.0 14.0 
Prince Solms Park 19.1 16.8 
Walnut Ave 6.5 6.5 
TOTAL 335.3 172.8 

     Source: City of New Braunfels, PARD 
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Evapotranspiration (ET) is defined as the sum of evaporation and plant transpiration from 
the Earth's surface to the atmosphere.  Evaporation accounts for the movement of water 
to the air from sources such as the soil and waterbodies.  Transpiration accounts for the 
movement of water within a plant and the subsequent loss of water as vapor through the 
plant.  The ET rate can vary with the type of turf, soil type, shade, relative humidity, and 
wind.  In calculating the water demand for parks irrigation, the ET rate for New 
Braunfels was estimated based on historical records of NOAA and TAMU.   
 
Rainfall can be a major factor in determining reclaimed water demand for irrigation as 
the basic assumption for including rainfall can become a limiting factor during drought 
conditions.  Three conditions were used to develop reclaimed water demand.  The initial 
condition is that the system can be sized to supplement the average annual rainfall for the 
New Braunfels area.  As the 100% Rainfall Credit condition, the lowest volume of 
reclaimed water is required for irrigation.   
 
The second condition is to size the system for half of the annual average rainfall.  The 
50% Rainfall Credit condition increases the volume of reclaimed water by fifty percent.  
The third condition, 0% Rainfall Credit, is that the system should be developed to supply 
reclaimed water under drought conditions.  The impact of each condition on the 
reclaimed water demand is illustrated in the following tables.  The projected reclaimed 
water demand range was from 147.24 MG assuming full credit for average annual rainfall 
(Table 10), 221.12 MG assuming a 50% rainfall credit (Table 11), and 295 MG assuming 
no credit for average rainfall (Table 12).   
  

Table 10: Reclaimed Water Demand (100% Rainfall Credit) 
 

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Reclaimed 
Water 

Demand 
(ac-ft) 

Reclaimed 
Water 

Demand 
(MG) 

Jan 172.8 1.75 2.03 4.03 1.31 
Feb 172.8 2.02 2.71 9.94 3.24 
Mar 172.8 1.95 4.35 34.56 11.26 
Apr 172.8 2.72 5.29 37.01 12.06 
May 172.8 3.76 7.56 54.72 17.83 
Jun 172.8 3.49 8.24 68.40 22.29 
Jul 172.8 2.19 8.19 86.40 28.15 
Aug 172.8 2.50 8.14 81.22 26.46 
Sep 172.8 3.51 6.20 38.74 12.62 
Oct 172.8 3.49 4.94 20.88 6.80 
Nov 172.8 2.25 3.11 12.38 4.04 
Dec 172.8 1.86 2.11 3.60 1.17 

TOTAL   31.49 62.87 451.87 147.24 
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Table 11: Reclaimed Water Demand (50% Rainfall Credit) 

 

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Reclaimed 
Water 

Demand 
(ac-ft) 

Reclaimed 
Water 

Demand 
(MG) 

Jan 172.8 0.88 2.03 16.63 5.42 
Feb 172.8 1.01 2.71 24.48 7.98 
Mar 172.8 0.98 4.35 48.60 15.84 
Apr 172.8 1.36 5.29 56.59 18.44 
May 172.8 1.88 7.56 81.79 26.65 
Jun 172.8 1.75 8.24 93.53 30.48 
Jul 172.8 1.10 8.19 102.17 33.29 
Aug 172.8 1.25 8.14 99.22 32.33 
Sep 172.8 1.76 6.20 64.01 20.86 
Oct 172.8 1.75 4.94 46.01 14.99 
Nov 172.8 1.13 3.11 28.58 9.31 
Dec 172.8 0.93 2.11 16.99 5.54 

TOTAL   15.75 62.87 678.60 221.12 
 
 

Table 12: Reclaimed Water Demand (0% Rainfall Credit) 
 

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Reclaimed 
Water 

Demand 
(ac-ft) 

Reclaimed 
Water 

Demand 
(MG) 

Jan 172.8 0.00 2.03 29.23 9.53 
Feb 172.8 0.00 2.71 39.02 12.72 
Mar 172.8 0.00 4.35 62.64 20.41 
Apr 172.8 0.00 5.29 76.18 24.82 
May 172.8 0.00 7.56 108.86 35.47 
Jun 172.8 0.00 8.24 118.66 38.66 
Jul 172.8 0.00 8.19 117.94 38.43 
Aug 172.8 0.00 8.14 117.22 38.19 
Sep 172.8 0.00 6.20 89.28 29.09 
Oct 172.8 0.00 4.94 71.14 23.18 
Nov 172.8 0.00 3.11 44.78 14.59 
Dec 172.8 0.00 2.11 30.38 9.90 

TOTAL   0.00 62.87 905.33 295.00 
 
 

5.2 Effluent Polishing 
As previously discussed in Sec. 3.4, the North and South Kuehler WWTPs produce a 
high quality effluent, but that effluent will still require additional treatment primarily to 
consistently meet the quality standards of Type I reclaimed water.  Further reduction of 
suspended solids and turbidity with additional filtration of the effluent is central to 
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achieving virus removal and inactivation and preparing the reclaimed water for effective 
disinfection prior to distribution.  Tertiary treatment of the entire volume of WWTP 
effluent is not a practical alternative as only a portion of the effluent is needed for 
supplying a reclaimed water system.  The additional capital and O&M costs associated 
with tertiary treatment of all effluent would further increase the cost of the reclaimed 
water.   
 
Two treatment technologies were considered to provide additional BOD and turbidity 
removal.  Membrane bioreactor (MBR) and rotating disk filtration systems were 
considered for the supplemental treatment of wastewater effluent.  Supplemental 
treatment or effluent polishing units draw effluent from the final treatment unit, the 
chlorine contact chamber, for supplemental treatment (Figure 6).   
 

Figure 6: Reclaimed Water Pumping 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
MBR and rotating disk filtration treatment systems are capable of producing high quality 
reclaimed water.  An MBR treatment unit is characterized by a relatively simple and 
efficient operation.  In the MBR treatment process, wastewater effluent is pumped from 
the chlorine contact chamber to the MBR unit for filtration.  MBR treatment relies on a 
low pressure microporous membrane that is used to separate solids and liquid in 
wastewater.  Construction includes addition of a reactor tank in which the MBR unit is 
submerged and pumps to move effluent to the MBR and from the MBR to the bulk 
storage tank.  Additional disinfection is provided as reclaimed water is pumped from the 
MBR to the bulk storage tank.   
 
Capital costs for MBR construction is higher than conventional treatment processes and 
higher than the costs of rotating disk filtration.  MBR units are not without operational 
considerations in that membranes can be clogged with grease or solids.  However, 
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placing the MBR unit at the end of the treatment process minimizes most of the 
operational considerations, leaving higher capital costs as the primary determining factor 
for effluent polishing.    
 
Like MBR units, rotating disk filters can be easily integrated into the existing wastewater 
treatment plants without changing the current treatment processes for discharge permit 
compliance or requiring extensive construction on the WWTP site.  The system 
considered for this application is a surface filtration system that consists of continuously 
rotating disk filters made of woven stainless steel mesh.  Some units are manufactured so 
that the effluent side of the filter is partially submerged.  Solids are removed during a 
backwash cycle and discharged from the filter back to the WWTP headworks.   
 

5.3 Reclaimed Water Production Facilities 
In addition to the use of treated wastewater effluent from the NBU POTWs, the potential 
use of satellite or reclaimed water production facilities (RWPF) was evaluated.  These 
facilities are designed to provide compact, on-site treatment of wastewater to produce 
finished effluent that meets Type I reclaimed water quality.  RWPF are located near a 
wastewater interceptor that has an average daily flow that will meet the peak reclaimed 
water demand.  Various manufacturers of RWPF capable systems were considered for 
this study.  RWPF technology is compact in nature, but localized production of reclaimed 
water requires a portion of parkland to be used for the RWPF facility and reclaimed water 
storage.  For the purposes of this feasibility study, major interceptors identified in Sec. 
3.5 were presumed to maintain average daily flows that would meet the reclaimed water 
demand. 

5.3.1 Regulations 
RWPF are authorized under 30 TAC Chapter 321, Subchapter P.  By definition, RWPF is 
a facility that treats wastewater reuse on an as-needed basis and is not located at the 
POTW.  RWPF employ the basic processes of wastewater treatment in a very compact 
facility, but have several limitations prescribed by state regulation.  RWPF cannot: 

• Discharge treated wastewater or pollutants to waters of the state; 
• Operate at a flow rate that, individually or collectively, exceed the hydraulic 

capacity of the POTW authorized by permit; 
• Treat or dispose of wastewater sludge; or 
• Accept hauled wastes for treatment. 

 

5.4 Operational Storage Requirements 
Storage of reclaimed water allows balancing supply with water demand.  During the 
periods of peak summer demand, reclaimed water can be produced continuously during a 
24-hour period and pumped to storage.  Storage allows irrigation of the city’s parks 
during the hours of midnight to 6:00 AM without risking over-drafting the rate of 
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wastewater treatment plant discharge.  Production at a continuous rate also minimizes 
transmission pipeline diameters and allows for an efficient pumping regime.   
 
The minimum storage volume used in this study is equal to the peak day irrigation 
demand.  In addition to the significant concerns associated with evaporation and water 
quality deterioration, open storage reservoirs require a portion of the limited acreage of 
parklands.  Structured storage, i.e. steel and concrete reservoirs, provides flexibility in the 
location of storage as well as essentially eliminating evaporative losses. 
 
Considerations in the design of operational storage include the ability to discharge 
reclaimed water to the sewer system and locations that are compatible with existing land 
use.  The system configurations considered in this study focused on reducing pumping 
capacity and transmission pipe diameter.  
 
The system configurations considered involve locating storage near the areas of highest 
demand.  One tank could be located in the general area of Landa Park and the other near 
Fischer Park.  The tank sites considered are shown in Figure 7.  Seven locations for 
operational storage were considered for this study.  Four of these locations were 
evaluated on the basis of above-ground welded steel tanks and three were considered as 
underground concrete reservoirs.  Only existing public property was considered as 
possible storage tank sites for the purpose of this study.   

5.4.1 Above-Ground Storage 
Above-ground storage can be welded steel or reinforced concrete ground storage tanks.  
Reclaimed water is pumped from the tank to the points of delivery. 
 
Gruene WWTP  
The existing Gruene WWTP site was considered for possible proximity to Landa Park.  
However, the location is not central to the system configurations that are supplied by the 
North or South Kuehler WWTPs. 
 
N/S Kuehler WWTP  
The advantages of this site include close proximity to both the source of reclaimed water 
as well as to the high demand area of Camp Comal and Fischer Park.   
 
Sycamore St. 
Right-of-way located between Bridge St. and railroad ROW.  This location appears to 
function as drainage from Bridge St. to the railroad ROW and is located between two 
residences.   
 
Eikel St. 
The Sycamore St. ROW extends north of the railroad ROW and intersects with Eikel St.  
Much of the ROW functions as a drainage channel, but there appears to be adequate 
ROW for construction of a reservoir adjacent to commercial property. 
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5.4.2 Underground Storage Alternatives 
Reinforced concrete tanks are widely used as ground storage tanks for potable water 
storage.  Concrete tanks can be designed to be placed above ground or underground.  As 
an underground storage reservoir for reclaimed water, a concrete tank can provide 
efficient storage, minimal maintenance and discreet placement in parks or high traffic 
areas.  Construction of an underground storage tank requires an area that allows 
excavation and storage of equipment and materials.  The tank can be completely buried 
with up to two feet of soil covering the top to allow planting of grass and shrubs, or the 
top of the tank can be incorporated into the landscaping.  The exposed roofs of buried 
concrete tanks have been used as basketball courts and have been designed with 
additional reinforcement to allow parking. 
 
Three possible sites for underground storage of reclaimed water were considered in this 
study.   
 
Walnut Ave. 
ROW acquisition for the Walnut Ave. 
widening project included a 0.9 acre site at 
the intersection of San Antonio St. and 
Walnut Ave.  Park development planned for 
this area includes a landscaped park with a 
circular planting area (Figure 8).  
Construction of an underground storage 
reservoir could be completed without 
significantly affecting the planned park 
development.  However, coordinating the 
design and construction of a storage tank 
with the Walnut Ave. widening project 
would require delaying development of the 
park. 
 
Prince Solms Park 
Prince Solms Park has a considerable area of open space that could be used for 
underground storage without eliminating or unduly limiting use of the area.    
 
Landa Plaza 
The site of the former Landa Plaza was purchased by the city for the future construction 
of a new city hall.  An underground storage reservoir or a storage pond could be 
incorporated into the site plan for development of a municipal government center. 
 
Fischer Park 
An underground storage tank could be incorporated into the landscaping features of 
Fischer Park.  

Figure 8: Walnut Ave. Widening Project 
 

Landscape Architect: Chris Miller   
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5.5 Additional Design Considerations 
Irrigation of the city’s parks occurs during the period of midnight to 6 AM.  In sizing the 
pumping, transmission piping, and storage, it was determined that supply pumping should 
continue during the entire 24-hour period during peak demand.  The storage tanks would 
be drawn down during the 6 hours of irrigation.  The conceptual design is also based on a 
system pressure of 80 psi at each delivery point and that no backflow prevention or retail 
meters are included at the delivery points.   
 
Additional measures for detecting and minimizing the loss of reclaimed water as a result 
of main breaks can be evaluated as part of the final design. As with systems supplied by 
potable water, irrigation systems that rely on reclaimed water function only when the 
delivery pressure is adequate to activate each zone of the system.  An ability to detect the 
lack of sufficient pressure at the delivery points is a design feature that may be useful in 
detecting reclaimed water main breaks.  The delivery pressure at each delivery point 
could be transmitted to the NBU SCADA system to initiate an alarm if minimum 
pressures indicate a possible line break between the distribution pump and delivery point.  
The feasibility of such a feature can be evaluated as part of the final design of a reclaimed 
water system. 
 
Unlike tanks used for potable water, interior coating systems that are classified under 
ANSI/NSF 61 are not required for reclaimed water storage.  This will allow a broader 
choice of interior coating systems in the design of storage tanks for reclaimed water that 
will enhance the durability and corrosion resistance when using welded steel tanks.   
 
 



 

City of New Braunfels  Parks Reclaimed Water Irrigation Feasibility Study 
50 

 

 

 

 

 

 

 

THIS PAGE INTENTIONALLY LEFT BLANK 



 

City of New Braunfels  Parks Reclaimed Water Irrigation Feasibility Study 
51 

6 Pipeline Route Evaluation Criteria 
 
Routes for reclaimed water transmission pipelines were evaluated and compared on the 
basis of several factors.  These factors include: 
 
Accessibility: Accessibility for NBU employees for ease of maintenance. This requires 
making an effort to route the proposed sewer within public rights-of-way, as opposed to 
utility easements on private property. 
 
User Impacts:  User impacts include street access and traffic control needed during 
construction, property impacts associated with construction including obstruction of 
driveways and damage to landscaping, conflicts with existing utilities and possible need 
for utility adjustments or relocations, and restoration within streets and on private 
property.  The aspects of the project that potentially impact the users of the project area 
were considered when comparing the various alternatives: 
 

Traffic Control: Since it is preferred that the reclaimed water system be located 
within public rights-of-way, streets will be impacted during construction.  
Adequate detours and/or proper staging are necessary to allow both emergency 
vehicles and local residents’ access. 
 
Private Property Impacts: Construction activities may impact private properties 
and require restoration and/or compensation for any damage caused.  These types 
of impacts include excavation within easements and may damage driveways 
and/or landscaping along street routes. 
 
Utility Conflicts: Many existing utilities are located along the various route 
alternatives.   Coordination throughout the design and construction phases will be 
necessary to minimize damage to existing utilities and interruption of services.  
Relocations or adjustments at conflict areas will be necessary.  Since relocations 
and adjustments will increase both design and construction costs, minimizing the 
number of conflicts is desired. 
 
Restoration Needs:  Most of the alternative routes are located within public rights-
of-way.  The required restoration or street pavement, curb and gutter, and possibly 
landscaping.   

 
Constructability:  Constructability concerns include the depth of construction and 
required construction methods.  It is preferred to maintain a minimum construction depth 
to limit the area of construction and related impacts.  The construction methods necessary 
for construction of the reclaimed water system will be based on existing easement 
restrictions, right-of-way limits, proximity to existing infrastructure, and maintaining 
emergency access to all properties. 
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Construction Depth: The depths of the proposed reclaimed water system is 
estimated based on existing contour information available through the city’s GIS 
system.  A depth range of approximately 4 ft. to 6 ft. deep, with greater depth 
where necessary to avoid conflicts with existing infrastructure, would be 
appropriate for reclaimed water transmission piping.   
 
Construction Methods: Several factors are considered when identifying 
appropriate construction methods.  Crossing features such as rivers, creeks, 
highways, and major utilities will dictate construction methods.  Potential 
inconvenience to residents and businesses along each route alternative will also 
impact how the reclaimed water system is constructed.  Soil conditions will also 
influence the choice of construction methods for various sections of the project.  
 
Three construction methods were considered: 
 

• Open Cut is the conventional excavation of a trench for pipe placement.  It is 
generally the least expensive method; however, it can be the most disruptive and 
requires the greatest amount of restoration. 
 

• Boring and Jacking is a trenchless construction method for pushing a casing pipe 
through the ground instead of open trench excavation.  It is used where open 
trenching is very difficult, such as a river or creek crossing, or where disturbance 
to an existing feature is not allowed, such as a highway crossing.  This method 
usually consists excavation of a access pits and then jacking a casing or carrier 
pipe into the soil.  Soil is then removed from the casing with an auger.  This 
method is usually more expensive than open trenching.   
 

• Microtunneling is a trenchless process for boring a pipe through the ground in lieu 
of open cutting.  Similar to bore and jack, it is also used where open trenching is 
very difficult, such as a creek or river crossing, or where disturbance to an 
existing feature is not allowed, such as a highway crossing.  This method is 
similar to bore and jack in that a pipe is installed through a horizontal hole in the 
ground.  However, with this method there is control of grade and direction so the 
pipe can be adjusted to keep tunneling on grade.  This method is preferred for 
longer lengths of piping and provides greater control of sewer direction to the 
contractor. This method is more expensive than traditional open cut excavation. 

 
Land acquisition:  It is preferred to construct the reclaimed water system within public 
rights-of-way or within existing utility easements.  Minimizing the acquisition of 
easements would reduce the impact to private properties, coordination of construction 
and related costs.   
 
Agency Coordination: For various potential permits associated with construction, 
coordination will be required with various agencies.  This includes TxDOT, railroads, 
TCEQ, and the U.S. Army Corps of Engineers. 
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7 Project Alternatives 
 
The alternatives for delivering reclaimed water to the City’s parks required an evaluation 
of three project elements: source of supply, storage and transmission piping.   Three 
reclaimed water sources were considered: RWPF, effluent from the North or South 
Kuehler WWTP, and Greune WWTP effluent.  The N/S Kuehler and Gruene sources 
produced a total of six alternatives that were considered.  Of these six alternatives, four 
relied on N/S Kuehler for the supply of reclaimed water.  One alternative used both N/S 
Kuehler and the Gruene WWTP for supply and one route considered only Gruene as the 
source of reclaimed water.   
 
The following sections describe each of the project alternatives and the related capital 
and operation and maintenance costs.  Detailed preliminary opinions of probable project 
costs are presented in Appendix E.   
 

7.1 Reclaimed Water Production Facilities (RWPF) 
As previously discussed (Sec. 4.1.5 and 4.6), there are specific space requirements when 
considering RWPF technology.  Both buffers from buildings and the space required for 
the RWPF and storage are significant negative aspects of the technology when considered 
for existing parklands.  As an alternative, RWPF were considered as possible sources of 
reclaimed water for single parks and as centrally located units for multiple parks.   
 
Combining parks using RWPF as the reclaimed water source created a total of five 
groups.  Each system would be sized according to the peak demand and incremental 
capacity of the RWPF treatment unit. 
 

Table 13: RWPF Deployment 
 

Group Parks & 
Recreational Areas 

Rainfall 
Credit 

Cumulative 
Daily Peak 

Demand 
(gpd) 

Proposed 
System 
(gpd) 

100% 143,970 150,000 
50% 170,827 200,000 1 Land Park & 

Fredericksburg Fields 0% 205,286 200,000 
100% 194,360 200,000 
50% 230,616 250,000 2 

Golf Course, Prince 
Solms, & Hinman 

Island 0% 277,136 300,000 
100% 308,507 300,000 
50% 366,057 350,000 3 Fischer Park 
0% 439,899 450,000 

100% 155,796 150,000 
50% 184,859 200,000 4 Camp Comal 
0% 222,149 250,000 

100% 85,868 100,000 
50% 101,886 100,000 5 

HEB Soccer 
Complex & Walnut 

Ave. 0% 122,439 150,000 
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7.1.1 RWPF Technology 
A representative list of system capacity and treatment technologies were evaluated for 
cost and suitability for location in parks.  Three processes were considered as viable 
RWPF alternatives.  These were: 

• Sequencing Batch Reactor (SBR) 
• Membrane Biological Reactors (MBR) 
• Continuous Backwash Upflow Media (CBUM) 

 
Sequencing Batch Reactor  
Sequencing batch reactors (SBR) consist of two tanks with a common inlet.  Wastewater 
is drawn into one tank for aeration while the other tank is decanting.  A variation of the 
SBR technology allows influent flow to continue into a basin during the settle and decant 
phases or at any time during the operating cycle.  This design variation allows the inflow 
to be continuously aerated, settled, and decanted for a controlled time period, enhancing 
the flow capacity of the treatment system and reducing the system footprint. 
 
Membrane Biological Reactor 
MBR technology includes both self-contained flat sheet membrane panels that are 
submerged in a tank and hollow fiber membranes.  Advantages of hollow fiber 
membranes over the flat sheet membranes are higher packing density and better clean-in-
place chemical circulation resulting in reduced footprint and maintenance downtime.   
Some manufacturers provide an anoxic basin and aeration basin prior to the membrane 
basin or aeration and membrane basins combined into a single basin.  Membranes require 
periodic maintenance including clean-in-place and external cleaning.  
 
Continuous Backwash Upflow Media 
CBUM technology is a modular approach to treating wastewater that relies on 
polymer-conditioned sand media filtration along a suspended-media process.  Solids are 
separated from the liquid stream in the preliminary separator and compacted using a 
screw conveyor.  The liquid stream then passes through the first-stage filtration tank, 
which contains a polymer-conditioned sand media removing finer solids.  The effluent 
first-stage filtration tank flows under gravity to the bio tank.  Dissolved organic matter is 
treated in the bio tank and another filtration follows the biological treatment. In this 
second-stage filtration tank, excess and dead micro-organisms and remaining fine solids 
are trapped in the polymer-conditioned sand media.  The effluent of second-stage 
filtration tank is either stored in a tank for disinfection or additional treatment as required. 
 

7.1.2 RWPF Costs 
RWPF technology offers certain advantages in locating treatment facilities near the point 
of use in order to eliminate the need for construction of large scale reclaimed water 
pumping and transmission facilities.  However, certain distinct aspects of RWPF 
technology would require additional analysis before such systems could be considered for 
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producing reclaimed water for park irrigation in New Braunfels.  The factors that would 
require additional analysis include: 
 

• Wastewater interceptor flow rate:  Besides the initial concern that the nearest 
interceptor provides sufficient water to meet the peak day demand, solids 
deposition in the sewer is an operational concern that would require diurnal flow 
monitoring during summer months.   

• On-site storage of reclaimed water:  Peak day demands of 100,000 gallons to 
250,000 gallons would require construction of multiple reclaimed water storage 
facilities in or near parks.  

• Space requirement and aesthetic considerations:  In an established park, adding a 
RWPF and related storage would have the effect of reducing the park area 
available for recreational use.  Adding these facilities to a park would also require 
landscape architectural design to integrate the facilities with the surroundings. 

• Concentration of solids:  The return of solids to the wastewater interceptor has the 
potential of increasing the influent strength at the POTW.  The treatment process 
and capacity would need to be analyzed in light of an increasing influent BOD 
and TSS load. 

• RWPF Costs:  The construction of a decentralized reclaimed water system 
substitutes the capital cost of centralized pumping, storage and transmission with 
multiple treatment units.  Operation and maintenance (O&M) costs vary with both 
flow volume and type of system.  However, the additional operator labor to 
monitor the status of each of the systems is not included in the table.   

 
RWPF were sized for the peak day capacity.  The RWPF are typically highly compact 
facilities that are designed to treat base loads with minimal peaking factors and little or 
no redundant equipment.  With peaking flows and equipment redundancy not critical to 
the design, construction costs can be minimized.  Probable cost projections for RWPF 
using various technologies are shown in Table 14. 
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Table 14: RWPF Costs 

 
Plant Footprint  

RWPF 
Technology 

Plant 
Capacity  
(GPD) 

 Capital Cost Width   
(ft) 

Length   
(ft) 

 Annual 
Chemical 

Cost  

Annual 
Power Cost 

50,000  $    425,500  8 40  $      400  $   5,301  
100,000  $    851,000  16 40  $      800  $ 10,601  
150,000  $ 1,276,500  16 80  $    1,200  $ 15,902  

SBR 

200,000  $ 1,702,000  16 80  $    1,600  $ 21,202  
60,000  $ 1,650,000  22 45.83  $    6,480   $      969  

120,000  $ 3,300,000  44 45.83  $  12,960   $   1,938  CBUM 
250,000  $ 1,750,000  44 91.66  $  36,500   $   1,453  

50,000  $    780,000  16.5 40.83  $       800   $   6,000  
100,000  $    875,000  16.5 93.5  $    1,600   $ 12,000  
150,000  $ 1,530,000  33 76.66  $    2,400   $ 18,000  
200,000  $ 1,630,000  46.75 83.33  $    3,200   $ 14,000  

Membrane - 
Hollow Fiber 

250,000  $ 1,682,000  46.75 83.33  $    4,000   $ 17,500  
50,000  $    368,000   6  28.5  $    1,450   $   2,993  

100,000  $    486,000   6  43.5  $    2,538   $   5,877  
150,000  $    704,000   11  33.5  $    3,625   $   8,432  
200,000  $    767,000   11  38.5  $    4,351   $   9,344  

Membrane - 
Flat Sheet 

250,000  $ 1,019,000   25  28.5  $    5,801   $ 10,914  
 
RWPF systems are expanded by specific capacity increments.  The manufacturer of the 
CBUM process, for example, produces units with either 60,000 gpd or 250,000 gpd 
capacity.  A 300,000 gpd capacity would require construction of both a 250,000 gpd plant 
and a 60,000 gpd plant, or acceptance of a 250,000 gpd limit of capacity.  
 

Table 15: RWPF System Costs 
 

RWPF 
Technology 

Capital Cost 
(50,000 gpd) 

Capital Cost 
(100,000 gpd) 

Capital Cost 
(200,000 gpd) 

SBR $ 425,500 $ 851,000 $ 1,702,000 
MBR $ 400,000 $ 690,000 $ 1,170,000 
MBR $ 780,000 $ 875,000 $ 1,630,000 

CBUM1 $1,650,000 $ 3,300,000 $ 1,750,000 
  1 Standard capacities are based on multiples of 60,000 or 250,000 base units. 
 
Full consideration of RWPF for uses in producing reclaimed water for parks irrigation, 
actual flow metering of the major interceptors identified in Sec. 3.5 would be needed.  It 
is assumed for the purposes of comparing RWPF with effluent supply alternatives that 
the interceptors located in the vicinity of the RWPF would be adequate.  However, due to 
the close proximity of Camp Comal to the N/S Kuehler WWTP, effluent from the 
WWTP was considered as a replacement for RWPF construction for that area. 
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Table 16: RWPF Service Area Costs 
 

Irrigation 
Area Parks 

Peak Day 
Demand 

(gpd) 

RWPF 
Capacity 

(gpd) 

RWPF 
Capital 

Cost 

1 
Land Park & 

Fredericksburg 
Fields 

205,286 200,000 $1,380,000 

2 
Golf Course, 

Prince Solms, & 
Hinman Island 

277,136 300,000 $1,880,000 

3 Fischer Park 439,899 450,000 $2,670,000 

4 Camp Comal 222,149 250,000 $1,500,000 

5 
HEB Soccer 

Complex & Walnut 
Ave. 

122,439 150,000 $940,000 

 

7.2 North or South Kuehler WWTP Effluent 
Both the North and South Kuehler WWTP have adequate capacity to supply the required 
volume of reclaimed water.  However, since the chlorine contact chamber at the South 
Kuehler WWTP provides a more open area for installation of effluent polishing 
equipment than North Kuehler, the alternatives consider the South Kuehler WWTP as the 
source of reclaimed water.    
 

7.2.1 Alternative 1:  South Trib. – Walnut Ave. Route 
This alternative (Figure 9) takes advantage of the existing South Tributary (“Trib”) 
Channel right-of-way and has the shortest overall pipeline length of all of the WWTP 
supply alternatives.  The reclaimed water transmission pipeline between IH 35 and Landa 
St. is shown as part of the Walnut Ave. widening project, but can be located to a parallel 
route along Sycamore or Hickory without a significant increase in the total length of pipe.   
 
Key features in the evaluation of this alternative included: 
 

1. Accessibility:  This route is entirely within public ROW.  Location within the 
South Trib ROW has the additional advantage of minimizing traffic conflicts 
with construction and O&M.   

 
2. User Impacts:  The volume of traffic along Walnut Ave. between the South 

Trib channel and IH 35 is significant in terms of access to businesses, 
neighborhoods and schools in the area.  Construction detours, especially if 
construction occurs during the school year, will have a noticeable effect.  
However, scheduling of the project could avoid conflicts with school traffic.  
Alternative construction methods that limit construction disturbance, such as  
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microtunneling, could also be considered in the final design.  This alternative 
minimizes the need for pavement restoration by using the South Trib ROW. 

 
3. Constructability:  Open trench construction is feasible for all areas in 

Alternative 1 except for river and creek crossings and crossings of TxDOT 
and railroad ROW where boring will be required.     

 
4. Land Acquisition:  The pipeline route is located completely within public 

rights-of-way so no land acquisition is anticipated. 
 
5. Agency Coordination:  Wetland areas will be delineated as part of the design 

phase to determine if construction might require a pre-construction notice 
(PCN) under the Nationwide 12 provisions.  Since most wetland areas can be 
avoided, permitting should not be an issue.  State highway ROW crossings 
will require permits from TxDOT.  Crossing railroad ROW will require a 
permit from the railroad company. 

 

7.2.2 Alternative 2:  Merriweather St.  – Walnut Ave. Route 
 
Alternative 2 creates a shorter pipeline from the South Kuehler WWTP to Landa Park, 
but the overall length of pipeline construction is almost one mile longer than Alternative 
1 due to the separate transmission pipeline to Fischer Park through the South Trib.   
 
Key features in the evaluation of this alternative include: 
 

1. Accessibility:  This route is also entirely within public right of way, providing 
accessibility for maintenance.   

 
2. User Impacts: A substantial portion of this alternative is located along 

residential streets.  Construction would cause short-term neighborhood 
disruptions.   

 
3. Constructability:  With much of the transmission pipeline for Alternative 2 

located within residential areas, open cut construction can be used with 
minimal neighborhood disruption.  Crossings of TxDOT and railroad ROW 
will require boring, as will creek and river crossings. 

   
4. Land Acquisition:  The pipeline route is located completely within public 

rights-of-way so no land acquisition is anticipated. 
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7.2.3 Alternative 3:  Guadalupe River Route 
This alternative (Figure 11) follows a route along the east side of the Guadalupe River 
from the South Kuehler WWTP to Prince Solms Park.  A separate pipeline transports 
reclaimed water to Fischer Park.  This alternative was developed to incorporate an 
underground storage tank that would be located at Prince Solms Park. 
 
Key features in the evaluation of this alternative include: 
 

1. Accessibility:  The pipeline route for Alternative 3 relies on existing NBU 
utility easements between Camp Comal and Cross River St.  Verification of 
the availability of space for construction within the existing easement would 
be verified as part of the project design.  

 
2. User Impacts:  The pipeline route for Alternative 3 was defined to avoid direct 

construction impact on Union St. or Common St., except for crossing Union 
St.  Construction would temporarily affect traffic in the neighborhood along 
Washington Ave. and South St. 

 
3. Constructability:  Most of the pipeline construction in Alternative 3 would be 

by open trench construction.  However, this alternative has an additional 
boring across the Guadalupe River that was not part of Alternatives 1 and 2.  

   
4. Land Acquisition:  Use of the existing NBU utility easements does not ensure 

adequate room for construction.  Temporary construction easements may be 
required.   

 

7.2.4 Alternative 4:  Kuehler - Comal Ave. Route 
The reclaimed water transmission pipeline for Alternative 4 (Figure 12) is routed along 
the west side of the Guadalupe River from the South Kuehler WWTP, across IH 35 to 
Comal Ave. with a secondary pipeline to serve Fischer Park.   
 
Key features in the evaluation of this alternative include: 
 

1. Accessibility:  The reclaimed water transmission pipeline route is located 
primarily along residential streets, allowing access for construction and 
maintenance with only temporary traffic disruptions.   

 
2. User Impacts: Most of the pipeline route for this alternative is located along 

residential.  Construction would cause short-term neighborhood disruptions.  
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3. Constructability:  Open trench construction can be used for construction of the 

reclaimed water transmission pipeline, except for crossings of TxDOT and 
railroad ROW and river and creek crossings. 

   
4. Land Acquisition:  The pipeline route is located completely within public 

rights-of-way so no land acquisition is anticipated. 
  

7.3 Gruene WWTP Effluent 
With an average daily flow of 380,000 gallons, the Gruene WWTP is the smallest of the 
three NBU wastewater treatment plants.  The projected peak day demand for park 
irrigation ranges from 880,000 gallons to 1,266,900 gallons, depending on the rainfall 
assumption.   
 

7.3.1 Alternative 5:  Kuehler–Gruene WWTP 
Alternative 5 (Figure 13) was developed to consider use of both the South Kuehler and 
Gruene WWTP effluent.  This system would supply reclaimed water to Fischer Park and 
Camp Comal using South Kuehler WWTP effluent while the demand from all other parks 
would be met with Gruene WWTP effluent.   
 
Key aspects in the evaluation of this alternative include: 
 

1. Accessibility:  This route is also entirely within public right of way, providing 
accessibility for maintenance.  There would be no pipeline construction on 
private property. 

 
2. User Impacts:  The reclaimed water transmission pipeline route along 

residential streets between the Gruene WWTP to Prince Solms Park would 
create temporary neighborhood disruptions.   

 
3. Constructability:  With most of the pipeline in Alternative 5 located along low 

residential streets, open trench construction would be used.  Trenchless 
construction would be used at state highway, railroad, river and creek 
crossings. 

   
4. Land Acquisition:  The pipeline route is located completely within public 

rights-of-way so no land acquisition is anticipated. 
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7.3.2 Alternative 6:  Gruene WWTP 
According to a planning study of the NBU wastewater system (NBU, 2007), the Gruene 
WWTP is projected to reach a flow rate of 1 MGD as early as the year 2016.  Alternative 
6 (Figure 14) was developed to recognize that changes in land use occurring after 2007 
that would increase flow to the Gruene WWTP could make it a viable source for 
supplying reclaimed water for park irrigation.  Alternative 6 relies solely on supply from 
the Gruene WWTP effluent, making the pipeline lengths the longest of any of the 
alternatives considered. 
 
Key features in the evaluation of this alternative include: 
 

1. Accessibility:  The route of the reclaimed water transmission pipeline allows 
construction and maintenance accessibility by being located in existing public 
rights-of-way. 

 
2. User Impacts:  With Route 6 being the longest of the routes and mostly along 

public streets, traffic disruptions can be minimized by detours and notifying 
area residents in advance of construction. 

 
3. Constructability:  With most of the pipeline route for Alternative 6 located 

along low traffic streets, traditional open cut installation can used.  Boring will 
be required when crossing Loop 337, IH-35, Business 35, railroad rights-of-
way, as well as creek and river crossings. 

   
4. Land Acquisition:  The entire route is currently aligned within public rights-

of-way or existing utility easements, eliminating the need to acquire 
easements. 
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7.4 Project Cost Summary 
 
The capital cost of a reclaimed water project varies depending on the peak irrigation 
demand and the pump and piping infrastructure required.  This study explored the 
possibilities of sizing a reclaimed water system in three different ways, depending on 
how annual average rainfall is included in the total irrigation demand for city parklands, 
and on the source of supply.  The costs of these alternatives vary based on the source of 
supply, the sizing of the system, and size and location of necessary storage.   
 
Based on the cost estimates presented for the three conditions of rainfall credit and 
pipeline infrastructure, the total capital construction cost for the project alternatives was 
developed.  Table 17 presents the summary of probable costs for each project alternative.    
    

Table 17: Probable Construction Cost Summary 
 

Project Cost Project Alternative 100% RC 50% RC 0% RC 
Alternative 1 $4,445,490 $4,720,700 $4,941,250 
Alternative 2 $4,945,090 $5,076,820 $5,259,250 
Alternative 3 $4,652,350 $4,784,740 $5,140,220 
Alternative 4 $4,890,360 $5,005,390 $5,233,720 
Alternative 5 $5,009,720 $5,180,280 $5,369,740 
Alternative 6 $6,905,580 $7,235,980 $7,543,240 
RCWPF $6,394,770 $6,986,020 $7,997,750 

 
The total project capital cost estimated for the reclaimed water system is based on the 
total capital construction costs, with the addition of contingencies and allowances for 
design and construction management costs.  
 

7.5 Summary of Project Alternatives 
While construction of RWPF requires a relatively small area of ground committed to the 
production of reclaimed water, removing that area from the inventory of useable parkland 
is a negative aspect of the technology.  Using RWPF to produce reclaimed water for 
irrigation also carries higher capital and operations costs than some of the effluent source 
alternatives. 
 
The distinguishing factors between the effluent source alternatives are user impact and 
capital cost.  Of the six alternatives considered, the use of the South Trib ROW in 
Alternative 1: South Trib – Walnut Ave. would remove a significant portion of the 
pipeline construction from streets and reduce the cost of construction.  As shown in Table 
17, Alternative 1: South Trib-Walnut Ave. also provides the lowest capital cost 
alternative using all three water demand conditions.  The use of the 0% rainfall credit 
condition has the highest initial capital cost, but provides the most reliability during 
drought periods. 
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8 Project Feasibility Evaluation 
 
This chapter provides a summary of the evaluation of the feasibility developing a 
reclaimed water system to provide water for parks irrigation.  From the list of project 
alternatives, Alternative 1: South Trib – Walnut Ave. was selected for evaluation as the 
least cost and least disruptive alternative.  The evaluation also considers that the facilities 
will be sized for an annual volume of reclaimed water based on an irrigation water 
demand that includes a 0% rainfall credit.  The evaluation of project feasibility includes a 
projection of probable construction and operations cost, a comparison of the unit costs of 
potable and reclaimed water, and an evaluation of potential benefits of developing 
reclaimed water for irrigation of the city’s parks. 
 

8.1 Existing Water Rate Structure and Rates 
 
As a basis of comparison, the cost of reclaimed water was compared with the current cost 
of potable water.  NBU provides water service to five user classes: 
 

• Residential 
• Multi-Unit 
• Landscape/Irrigation 
• Small Commercial 
• Large Commercial 

 
Of these five user classes, the parks potable water irrigation meters are billed as Small 
Commercial and Landscape/Irrigation and the existing reclaimed water customer is billed 
as a percentage of the Small Commercial rates.  The customer charges for those two rate 
classes are summarized in the tables below: 
 

Table 18: Water Rates – Landscape/Irrigation 
 

Meter Size Customer Charge 
5/8 inch and smaller $ 5.97 
1 inch   6.91 
1 ½ inch   7.54 
2 inch   9.10 
3 inch  13.19 
4 inch and greater  15.71 

Usage in Gallons Rate per 1,000 Gallons 
0 - 7,500 $ 2.356 
7,501 - 25,000   2.749 
Excess of 25,000   4.124 

   Source: NBU Water Rates, Effective Dec. 1, 2007 
 
Reclaimed water is presently sold to the Sundance Property Owners Association at a 
contract rate of 50% of the small commercial rate, increasing to 75% of the small 
commercial rate in 2012.   
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Table 19: Water Rates – Small Commercial 

 
Meter Size Customer Charge 

5/8 inch and smaller $ 11.62 
1 inch   12.56 
1 ½ inch   16.33 
2 inch   20.73 
3 inch   31.40 
4 inch   47.74 
6 inch and greater   82.90 

Usage in Gallons Rate per 1,000 Gallons 
0 - 5,000 $ 1.885 
5,001 - 50,000   1.946 
50,001 - 200,000   2.009 
Excess of 200,000   2.135 

   Source: NBU Water Rates, Effective Dec. 1, 2007 
 
The cost of potable water metered during the period of 2005 – 2009 was evaluated using 
17 meters serving six parks – Landa, Prince Solms, Camp Comal, HEB Soccer Complex, 
and Fredericksburg Fields.  An average cost of water per thousand gallons was calculated 
using the block rates established in 2007 and shown in Table 16 above.  While water 
consumption in the years 2005 
through 2007 was charged at 
different rates, the current 2007 
rate tariff was used to provide a 
basis for comparison of the 
costs of consumption.   The 
results, summarized in Figure 
15, reveal that the average 
annual cost of water supplied 
to the six parks for which 
consumption data were 
reviewed averaged $3.05 per 
thousand gallons.   
 

8.2 Opinion of Probable Costs 
 
The preliminary opinion of probable project costs for each alternative is presented in 
Appendix E.  In developing the capital costs, debt service for all facilities was annualized 
over 20 years at an annual interest rate of 5 percent.   
 
Operations and maintenance costs included electrical power for pumping and a rotating 
disk filtration unit.  Based on discussions with NBU, it was assumed that costs for utility 
engineering, reclaimed water transmission system O&M, and reclaimed water production 
would cost $6,000 per year.  The analysis of annual operating costs also includes a cost 
for the purchase of treated effluent for the reclaimed water system.  This cost is assumed 

Figure 15: Annual Cost of Park Irrigation 
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to be equivalent to the cost of raw Edwards Aquifer, a viable substitute, for the same 
volume (905 ac-ft), or about $0.11/1,000 gallons.  
 

Table 20: Project Cost Summary 
 

Peak System Demand (MGD) 1.29 
Capital Cost ($MM) $4.94 
Debt Service ($/yr) $391,320 
O&M ($/yr) $23,450 
Electricity ($/yr) $53,925 
Effluent Purchase ($/kgal) $0.11 
Total Unit Cost ($/kgal) $1.701 

 

  1Full annual utilization (295 MG) 
 
As shown in Figure 16, the unit cost of producing reclaimed water decreases as 
production of reclaimed water increases.  These curves also reveal that the rain credit 
assumption has a relatively minor impact on the overall rainfall production cost. 
 

Figure 16: Reclaimed Water Unit Cost  

 

8.2.1  Underground Storage of Reclaimed Water 
Costs for storage were developed as part of the probable costs of construction for a 
reclaimed water system using above ground, welded steel ground storage tanks.  
Additional estimates were developed using an option of underground, reinforced concrete 
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storage tanks.  A comparison of the additional cost of underground storage with steel tank 
construction is presented in Table 21. 
 

Table 21: Underground Storage Tank Costs 
 

System Design Basis Tank Capacity 
(gal.) 

Steel Tank 
Cost 

Underground 
Tank Cost Difference  

100% Rainfall Credit 425,000 $212,500 $637,500 $425,000 
50% Rainfall Credit 505,000 $252,500 $757,500 $505,000 
0% Rainfall Credit 600,000 $300,000 $885,000 $585,000 

  
Use of underground storage for a reclaimed water system can add to the initial project 
cost, but can also be incorporated into the landscaping of parklands and still provide open 
landscaped areas or recreational features.   
 

8.3 Economic Analysis Methodology 
 
A present value analysis was conducted to determine the relative expense of developing 
reclaimed water for park irrigation compared to the baseline alternative of continued 
potable water irrigation.  An alternative is preferable in this form of analysis when its 
present value is lower in absolute terms relative to other alternatives.  The analysis 
forecasts the costs of each alternative over a 25-year horizon, and assumes a discount rate 
of 4.125%.  The analysis horizon of 25 years has been selected because it corresponds to 
the maximum period of debt service that the community might assume.   The discount 
rate of 4.125%  was utilized in this analysis, following the guidance of the U.S. Water 
Resources Council (http://www.economics.nrcs.usda.gov/cost/priceindexes/rates.html). 
 
It should be recognized that this analysis does not attempt to make a “full social cost 
accounting” of benefits and costs.  However, while these benefits and costs are not 
measured or calculated as a part of the analysis, they are expected to accrue above and 
beyond the benefits described herein.  Some of the qualitative aspects of these additional 
benefits are presented at the end of this section. 
 

8.3.1 Use of Probability-based Simulation 
As described in greater detail in the ensuing sections, this analysis utilizes a probabilistic 
simulation model to account for uncertainty in major components.  Throughout this 
analysis, results are presented in terms of percent chance non-exceedance, or in some 
instances as percentile, or probability.1  This quantity indicates how often a value of the 
magnitude observed is seen, its degree of "unusualness".  A value of 0 means that zero 
percent of the other values in the record do not exceed that value, or in other words, that 
all other values exceed that value, so that the value in question is so low that it seldom if 
                                                 
 
1 Although they are to be considered synonymous, the use of the term percentile is associated with 
processes in the analysis where a rank and percentile of output data was performed. 
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ever occurs.  A value of 50 indicates that half of the historical values are higher and 50 
percent are lower.  A value of 75 indicates that 75 percent of the values are as low as this 
value, or conversely, that only 25 percent of the values are higher than the given value.  A 
value of 99 means that 99 percent of the observed values are lower, and that this value is 
in the top 1 percent of all values.  Values near 50 are not unusual; values near 0 or 100 
are very unusual. 
 

8.3.2 Calculating the Annual Costs of the Baseline Scenario 
The baseline scenario is defined as the cost of meeting the irrigation demand with potable 
source water each year of the analysis horizon to maintain the health and integrity of the 
park.  Because a major element of uncertainty – relative evapotranspiration stress 
(drought) – is a large driver of the cost, a probability-based simulation model is employed 
to normalize the wide range of possible costs and achieve a rational comparison between 
alternatives.  The following equation (Equation 1) describes the components of 
consideration in estimating the cost of the baseline scenario: 
 
Equation 1 
 
, where: 

Where: 
pCpotable is the variable describing the probable cost of supplying potable water to 
meet irrigation demand. 
$3.05/kgal is a constant value, the average unit cost to supply potable water based 
on analysis of historical irrigation meter data. 
 pI is the variable for irrigation demand; 
325.8 kgal/ac-ft is a conversion coefficient; 
pRveg is the variable for the replacement cost of vegetation in severe drought; 
pRrev is the variable for lost revenue in periods of severe drought;  
pSemerg is the variable for the provision of emergency water supply in times of 
extreme drought. 

 
Irrigation Demand 
The first step is to understand the range and likelihood of irrigation demand that might be 
encountered in any given year.  The calculation of pI is based upon a series of monthly 
probability functions that relate the demand volume to the probability of need and rates of 
evapotranspiration.  Within the simulation, for each month in a random two year period, 
an irrigation demand is calculated from the statistical relationship between the 1st 
percentile, 50th percentile, and 99th percentile evaporation rates for that given month.  In 
other words, there is a relationship between the amount of irrigation water required in a 
given month and the probability of experiencing a certain level of drought.  A random 
number generator within the model selects a chance of occurrence based on the historical 
likelihood of that drought level occurring.  The model then selects the monthly irrigation 
demand value corresponding to that level of drought stress.  This function is described 
graphically in Figure 17 (note that for reporting purposes not all months are labeled 
discretely): 

pCpotable = ($3.05/kgal x pI x 325.8 kgal/ac-ft) + pRveg + pRrev + pSemerg 
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Figure 17:  Probability of Monthly Irrigation Demand (ac-ft) 

 
 
This process is repeated thousands of times in the simulation model, and the statistically 
most likely values to occur are developed to create a function (curve) representing the 
chance in any given year that the irrigation demand (volume, in ac-ft) will not be 
exceeded (Figure 18).   
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Figure 18:  Probability of Annual Irrigation Demand Volume, (pI) 
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Replacement cost of vegetation 
The variable pRveg represents the replacement cost of vegetation during periods.  This 
function is driven by the same random number generation that determines irrigation 
demand.  If the simulation randomly produces two consecutive months of drought at or 
above the 75th percentile, a cost is incurred to replace vegetation in the park at 
$0.10/square yard.  
 
Loss of park revenue 
The variable pRrev is the variable for lost revenue in periods of severe drought.  The 
random number generation that determines irrigation demand in the simulation also 
drives this function.  If the simulation produces two consecutive months of drought at or 
above the 75th percentile, it is assumed that the Parks Department loses the revenue it 
would otherwise collect.  Based on revenue data from the Parks Department, a loss of 
$1,411/acre is incurred. 
 
Emergency water supply 
pSemerg is the variable for the provision of emergency water supply in times of extreme 
drought.  If the simulation produces two consecutive months of drought at or above the 
85th percentile, a cost is assumed to haul water in by truck, as the City had to do in 2009.  
This cost, when incurred under the simulation, is equivalent to the volume of water that 
can be hauled in a month (2.76 ac-ft) at a rate of $21,000 per acre foot (Source: State 
Water Plan and City of New Braunfels) 
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8.3.3 Cost of Potable Water Source Irrigation Demand 
The simulation model iterates the above-described functions more than 1,000 times to 
yield a relationship between the probability of occurrence and the cost associated with 
meeting demand, pCpotable.  This cost function is described with the following Figure 19. 

Figure 19:  Probability of Annual Cost to Supply Potable Water (pCpotable) 
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8.3.4 Calculating the Present Value of the Baseline Scenario 
In order to compare the costs of the baseline scenario to the alternative scenario, each 
scenario being comprised of differing series of cost accruing over the life of the project, a 
present value approach is employed.  This approach applies the principle of discounting 
to the stream of flows, converting them to a single present value.  The present value 
“accounts for the absolute size and the timing of a proposed action” (Mikesell, 1995 
p.231).  The basic equation for computing net present value is as follows in Equation 2: 
 

Equation 2 

∑ +
−

=
T

t
t
tt

r
CB

NPV
)1(

)(
; where T= the life of the project and r = the discount rate. 

 
As described above, in the baseline scenario, the annual costs are variable and highly 
dependent on the severity of drought.  This relationship is described in the probability 
function pCpotable, which can be substituted into the basic equation for present value  as 
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follows, including an assumption about the project life and a discount rate, and a fixed 
unit cost assumption (CWWP) about the development of additional water supply2: 

Equation 3 

∑ +

+
=

25

)08.1(t
t
WWPpotable CpC

NPV  

 
A simulation of multiple iterations is used to develop a probability function of the present 
value of the baseline scenario, Figure 20 below.   

Figure 20:  Net Present Value of Cost to Supply Potable Water 

 
 
In other words, in each of the 25 years of the project life, an annual cost is generated 
based on the probability of its occurrence as defined in Figure 19, and in years 2020 
                                                 
 
2 Table 4B.2.5-9, 2011 South Central Texas Regional Water Plan, Volume I, September 2010.  The current 
Regional Water Plan anticipates additional supply to the City of New Braunfels via purchase from GBRA 
at a cost of $1,389 per acre-foot, beginning in 2020.  The proportion of this new supply attributable to park 
irrigation is assumed to be the mean annual irrigation demand, which is derived from the function pI.  The 
fact that this fixed cost is placed in addition to the existing rates is a reasonable assumption, since the unit 
cost of potable supply in this model does not increase over time, yet the demand is expected to increase 
simply to keep pace with population growth, thereby necessitating an increase in supply community-wide. 
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through 2037, a fixed cost for the proportion of additional supply purchase (as envisioned 
in the Regional Water Plan) is added.  The simulation generates over 1,000 possible 
present value outcomes that are then ranked and placed into percentile.  It is then possible 
to interpret a range of costs to supply potable water to the park system based on the 
likelihood of different drought scenarios, discounted to present value.  This is 
summarized in the following Table 22 for outcomes ranging from average to extreme: 

Table 22:  Present Value of Baseline Alternative 

Percent Chance Non-Exceedance 
50% 75% 99% 

$13,480,768 $14,458,125 $16,763,861 
 

8.3.5 Calculating the Present Value of the Primary Alternative Scenario 
The primary alternative scenario is the proposed project cost for Alternative 1:  South 
Trib – Walnut Avenue, as described in Section 7.2.1 and subsequent sections of this 
report.  Three capital cost scenarios have been evaluated for this Alternative, each 
assuming different sizing to meet demand under three probability scenarios: the 100% 
rain credit, the 50% rain credit, and the 0% rain credit scenario.  These scenarios are 
related to the non-exceedance values in this economic analysis as follows.  The 100% 
rain credit scenario is based upon the average annual rainfall; therefore, it can be 
compared to the 50% chance non-exceedance or 50th percentile.  The 50% rain credit 
scenario assumes half as much rainfall as the 100% rain credit; therefore it can be 
compared to the 75% chance non-exceedance or 75th percentile.  Finally, the 0% rain 
credit assumes the most extreme drought conditions (i.e. zero rainfall); therefore, at the 
extreme end it is compared to the 99% chance non-exceedance or 99th percentile. 
 
Capital project costs for each rain credit scenario associated with Alternative 1 are 
provided in Appendix E.   
 
Annual costs include the cost of power, disinfection, laboratory expenses, basic 
operations and maintenance expense (O&M), as well as annual debt service.  These costs 
are summarized in Appendix E.  While it could be argued that the non-debt service costs 
will increase over time with inflation, and the cost of electricity in a deregulated market 
may even increase beyond the inflation rate, for the sake of comparison and simplicity, 
these cost components are assumed to remain constant from year to year. 
 
Discounting each rain credit scenario at 8% over a project life of 25 years yields the 
following results. 

Table 23:  Summary of Present Value for the Primary Alternative (Alternative 1) 

Percent Chance Non-Exceedance 
50% 75% 99% 

Rain Credit Scenario 
100% RC 50% RC 0% RC 

$9,460,389 $10,487,772 $11,211,534 
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8.3.6 Comparison of Baseline Scenario and Primary Alternative 
Table 22 above provides a summary of the Present Value of the Baseline Scenario while 
Table 23 provides a summary of the Present Value of the Primary Alternative.  In each of 
the cases analyzed comparatively (50%, 75%, and 99% percent chance non-exceedance), 
and generally during periods of less than average annual rainfall, the Primary Alternative 
is preferable in terms of expected cost. 
 
This is summarized in the following Figure 21. 

Figure 21:  Comparison of Present Value 

 

8.4 Benefits of Reclaimed Water Irrigation 
 
Although the economic analysis above demonstrates the economic preference for 
reclaimed water, there are a number of specific social and environmental benefits which 
accrue to different entities and stakeholders in the community which may be either 
difficult to quantify, or may only be described qualitatively.  These benefits accrue 
directly and indirectly to the City of New Braunfels, NBU, the Edwards Aquifer 
Authority, the environment, and the general community.  In many cases, since these 
benefits extend across entities they are also difficult to quantify in financial terms.  Using 
the template provided by the WateReuse Foundation (Raucher, 2006), these benefits are 
outlined below. 
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8.4.1 Financial Benefits 
 
Deferral of Additional Potable System Capacity 
 
As the city’s population grows and the utility system ages, the design of water main 
replacements will consider historical demand, as well as records of low pressure and high 
demand.  Shifting park irrigation to reclaimed water will remove significant historical 
and future demands in the area of the parks irrigated with reclaimed water and preserve 
potable water system capacity for future population growth. 
 
A similar benefit is gained in the capacity and maintenance of potable water storage.  
While capacity in existing storage tanks is gained for population growth by shifting park 
irrigation to reclaimed water, storage tanks are added for reclaimed water.  However, 
maintenance costs for these structures is lower than for potable water tanks as the coating 
systems and maintenance are not required to meet drinking water standards. 
 
Reduced Potable Water Demand 
 
A key benefit from developing a reclaimed water system for park irrigation is to 
eliminate a current and future potable demand.  Replacing potable water for park 
irrigation with reclaimed water results in a savings of potable water for the demands 
associated with population growth.  Replacing this demand will also reduce demand on 
the Edwards Aquifer during the summer months, providing an incremental reduction in 
the cost of developing additional water supplies.   
 
Long-Term Sustainability of Parklands 
 
Developing public parks is a significant investment by the current generation to ensure 
that the city’s parks meet the needs of the present without compromising the ability of 
future generations to meet their own needs.  Preserving vegetation in the parks provides 
both an inviting developed environment for people and a means of preventing damage 
due to erosion of surfaces worn by increasing use.   
 

8.4.2 Environmental Benefits 

Reduction in Nutrient Load to Guadalupe River 
 
Diverting wastewater effluent prior to discharge and supplying reclaimed water for park 
irrigation demand will reduce the nutrient load to the Guadalupe River.  Based on the 
permit limits for the South Kuehler WWTP, for example, each million gallons of 
reclaimed water would remove as much as 25 pounds of phosphorus from the annual 
WWTP discharge.  This reduction in loading could have affect future permitting of the 
WWTP by potentially deferring future increases in nutrient limits in permit renewals.  It 
is more likely, however, that nutrient reduction would result in reduced treatment costs.  
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When used for irrigation, the nutrients in reclaimed water can decrease the amount of 
fertilizer needed for plant maintenance. 
 
Reduced demand on the Edwards Aquifer  
 
A major benefit of reclaimed water is the reduction of demand on the Edwards Aquifer, 
particularly during the summer months of peak demand.  This reduction in peak summer 
demand on Edwards Aquifer will minimize the impact on springflow and extending flows 
needed for maintenance of critical aquatic habitat. 
  
Stormwater Water Quality Improvement 
 
Maintenance of turf grasses, shrubs and trees in the city’s parks provide a vegetative 
buffer along the Comal and Guadalupe Rivers that filters stormwater runoff to improve 
water quality.  Maintaining vegetation in areas adjacent to the rivers reduces sediment 
load as well contaminants in urban runoff. 
 

8.4.3 Social Benefits 

Improved community aesthetics and quality of life 
 
The design of city parks incorporates a variety of plants and grasses to provide shade, 
visual enjoyment and playing surfaces.  Reliable sources of water are necessary to ensure 
plant maintenance and to provide for recreational opportunities that enhance the local 
quality of life. 
 
Supports community values associated with recreation 
 
Summer recreational programs provide opportunities for a healthy lifestyle.  Improving 
the durability of grass areas in public parks increases the capacity of the parks for 
recreational activities. 
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9 Implementation Strategy 
 
The objective of this study is to evaluate the feasibility of implementing a reclaimed 
water system for parks irrigation.  The single-user and single-purpose nature of such a 
system precludes certain implementation elements commonly associated with reclaimed 
water systems, most notably identifying potential users, reclaimed water market analysis, 
and project phasing.  In this case, transmission piping and water storage account for the 
bulk of the capital costs.  While pump capacity could be increased in phases, delayed 
construction of elements of transmission or storage facilities would only serve to increase 
the overall project costs.   
 
This chapter presents a summary of potential funding opportunities for developing a 
reclaimed water system, and a discussion of the administrative issues to be addressed as 
part of reclaimed water implementation. 
 

9.1 Summary of Funding Opportunities 
 
The terms “financial” and “economic” analysis are often used interchangeably when 
discussing project implementation.  However the terms describe very different aspects of 
project implementation in that a project can be economically viable, but due to lack of 
funds, financially infeasible.  Economic analysis refers to the evaluation on a societal 
level of costs and benefits of a project.  When benefits equal or exceed costs for a project, 
the project is deemed economically viable.  To be financially viable, a project must have 
the funds necessary for implementation including construction, operation and 
maintenance (O&M), and recurring costs.   
 
This summary of funding opportunities is intended to address the financial viability of a 
reclaimed water system for park irrigation by identifying and describing funding sources 
that can assist in funding the implementation of a reclaimed water project. 
 
It should be noted that timing is a significant factor when seeking multiple funding 
sources.  Funding sources may not have available funds or the application dates may 
occur before a project has the necessary information available to submit an application.  
 
This section summarizes the major funding sources with potential for application in 
implementing recycled water projects.  The local, state, and Federal government funding 
mechanisms for reclaimed water projects are summarized below.  
 
Project funding mechanisms for capital projects typically involve: 
 

• Cash (collected as user fees or general revenue) 
• Bonds and Certificates of Obligation 
• State Revolving Funds (Loans) 
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• Grants 
 
These types of funding mechanisms are also applicable to recycled water projects. A brief 
description of these types of funding mechanisms is provided below. 
 
Cash: Cash includes revenues from operations and ad valorem taxes plus interest income 
minus operating expenses and debt service charges.  The sources of revenues could 
include utility service charges and property taxes. 
 
Bonds and Certificates of Obligation - There are two types of debt instruments available 
to support reclaimed water projects.  The most common type of tax-exempt revenue 
bonds are those funded by the service fees and charges paid by the NBU customers.  
General obligation bonds that are guaranteed by the property taxing authority of the city 
are another common debt instrument.  Cities can issue certificates of obligation (CO) 
under Chapter 271 of the Local Government Code.  COs are guaranteed by the taxing 
authority of the city. 
 
Loans: Loans are available from a variety of sources including the state Clean Water 
Revolving Fund (CWSRF) and the Water Infrastructure Fund (WIF).  SRF loans are 
administered by the Texas Water Development Board and are intended to fund a variety 
of projects.  SRF programs can offer low or zero interest loans, as well as provide 
guarantees of repayment, bond insurance, and refinancing of existing debt under certain 
conditions.  
 
Grants: Grants are typically money from governmental agencies for specific projects and 
require no repayment. 
 

TABLE 24: Potential Additional Funding Mechanisms 
 

Name  Description 
Reclaimed Water Fees Fees assessed to recycled water users can be used to fund all or 

a portion of the project. 
Grant Project funding with money from state or Federal government 

that requires no repayment. 
Utility Service Charges Charges assessed to utility service users can be used to fund all 

or a portion of the project. 
Revenue Bond Long Term Debt Future revenues from the project’s operation are pledged as 

collateral for a bond, which is used to fund the project. 
Direct Federal Appropriations The project can be funded by the Federal budget through a 

direct appropriation from Congress. 
Pay-as-you-go Project is funded through annual tax and other revenue sources. 

 
 

9.1.1 Potential State Funding Mechanisms 
State funding programs managed by the Texas Parks and Wildlife Department and the 
Texas Water Development Board were evaluated for the potential benefit in the 
implementation of water reuse projects.  Texas Parks and Wildlife grant programs 
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consider the potential benefit to endangered species.  The Edwards Aquifer Authority 
also administers a program to fund water conservation programs that may include water 
reuse.  The following sections describe the specific state programs that may be available 
for implementing a reclaimed water system for parks irrigation. 
 
Texas Water Development Board (TWDB) 
 
Clean Water State Revolving Fund 
The Clean Water State Revolving Fund provides loans at below-market interest rates and 
principal forgiveness for planning, designing, and constructing wastewater infrastructure.  
Eligible applicants are wastewater treatment management agencies, including cities, 
commissions, counties, and river authorities that have authority to dispose of sewage.   
 
The Clean Water State Revolving Fund offers fixed and variable rate loans at subsidized 
interest rates.  The maximum repayment period for a loan is 30 years from the completion 
of project construction.  A cost-recovery loan origination fee of 1.85 percent is imposed 
to cover administrative costs of operating the Clean Water State Revolving Fund.  
Applicants have the option to finance the origination fee in their loan.  Individual entities 
will be limited to funding in an amount not to exceed 15 percent of the total funds 
available. 
 
Prospective loan applicants submit project information to TWDB that describes their 
existing wastewater facilities, facility needs, the nature of the project being considered, 
and project cost estimates.  This information is used to rate each proposed project and 
place prospective projects in priority order on the project priority list in the Intended Use 
Plan.  A fundable projects list is established, and available funds are distributed in 
accordance with the funding order specified in the Intended Use Plan.  All applicants on 
the fundable projects list will be notified and invited to submit complete applications 
within three months of the date of the invitation letter.  All applicants are encouraged to 
schedule a preapplication conference that will guide them through the Clean Water State 
Revolving Fund application process.  The fundable projects list is revised as projects 
decline or funding becomes available.  Invitations are then sent to the next eligible 
applicant on the list. 
 
Water Infrastructure Fund (WIF) 
Projects must be specifically recommended water management strategies in the most 
recent TWDB approved regional water plan or approved State Water Plan.  A semi-
annual priority rating process applies.  Loans for planning, design, and construction can 
be funded through the WIF.  All loans through the WIF are offered at a subsidized 
interest rate that is 2 percent below the TWDB’s cost of funds.  Repayment periods are a 
maximum of 20 years.     
 
State Loan Program Texas Water Development Fund II (DFund) 
The DFund can be used for planning, acquisition and construction of water related 
infrastructure, including water supply, wastewater treatment, stormwater and nonpoint 
source pollution control, flood control, reservoir construction, storage acquisition, and 
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agricultural water conservation projects, and municipal solid waste facilities.  This is 
essentially a pure state loan program that does not receive Federal subsidies, and is the 
more streamlined of the agency programs. 
 
The interest rate on a Texas Water Development Fund loan varies depending on market 
conditions. The lending rate scales are set 0.35 percent above the TWDB’s borrowing 
cost.  4.61% now until funds are depleted.   
 
Edwards Aquifer Authority (EAA) 
 
Conservation Grants 
The Authority's Groundwater Conservation Grant Program, introduced in 2009, is an 
annual program to improve water use efficiency across the region.  Through this 
program, municipal Edwards Aquifer permit holders can apply to the Authority for grant 
funding to cover up to half the projected costs of qualified conservation programs and 
Best Management Practices (BMPs) that result in savings of Edwards groundwater.    
 
The application deadline for the current year is April 30, for the first grant process and 
August 31, for the second application process.   
 
U.S. Bureau of Reclamation (Reclamation) 
 
Reclamation Wastewater and Groundwater Study and Facilities (Title XVI)  
Reclamation provides funding for both the planning and construction of water recycling 
projects.  Planning funds may be made available for either appraisal or feasibility level 
study efforts.  Currently, Reclamation funds for water recycling and reuse are 
appropriated under the authority of the Reclamation Wastewater and Groundwater Study 
and Facilities Act of 1992 (Title XVI of Public Law 102-575 as amended).  Reclamation 
funding for Title XVI is subject to the availability of congressionally appropriated funds.  
Generally, Title XVI authorizes the Federal government to fund up to 25 percent of the 
capital cost of authorized water recycling projects, up to a maximum of $20 million per 
project. 
 
Federal construction funds are provided only for projects specifically authorized by 
Congress pursuant to the various sections of Title XVI.  Reclamation makes funding 
recommendations on construction of authorized projects in the President’s annual budget 
request to Congress.  Projects not yet authorized for construction require specific 
congressional authorization before Congress can appropriate funds through the Title XVI 
program. 
 
Before Congress will authorize a project that meets the definition in Title XVI, the 
following prerequisites must be met: 
 

• A feasibility report that complies with the provision of Title XVI must be 
completed by Reclamation or the non-Federal project sponsor. 
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• The Secretary of Interior has determined that the non-Federal project sponsor is 
financially capable of funding its share of the project costs. 

• Project compliance with the National Environmental Policy Act and other 
environmental laws. 

• The Secretary of Interior has approved a cost-sharing agreement with the non- 
Federal project sponsor that commits the non-Federal project sponsor to funding 
its proportionate share of the project construction costs on an annual basis. 

 
For FY10, Title XVI and the WaterSMART program was introduced as a competitive 
grant program.  While the majority of funding under Title XVI has gone to California 
projects, approximately $3.5 million has been funded in Texas and Oklahoma. 
 
Because Congress appropriates the requested funds, several things are important to 
remember. There are a number of projects that were authorized directly in the Title XVI 
legislation that have not been funded or completed.  Since the program’s budget has been 
flat and is now declining, new projects will need specific congressional authorization 
written into future budgets to receive funding.   
 
Depending on the number of funding requests, a delay of several years may be expected 
due to the Congressional pace and schedule.  Continuation of funding from one fiscal 
year to the next may also be an issue as it is at the discretion of Congress.  Also, due to 
limited budgets, not all projects may receive a full 25 percent federal participation.  In 
accordance with Title XVI and other federal laws, priority will be given by Reclamation 
to projects that:  
 

• reduce, postpone, or eliminate development of new or expanded water supplies; 
• reduce or eliminate the use of existing diversions from natural watercourses; 
• reduce the demand on existing federal water supply facilities; 
• improve surface or groundwater quality, or the quality of effluent discharges, 

except where the purpose is to meet surface discharge requirements; 
• help fulfill Reclamation’s legal and contractual water supply obligations; 
• serve the federal environmental interests in restoring and enhancing habitats and 

providing water for federally threatened and endangered species; 
• promote and apply a regional or watershed perspective; 
• serve a small, rural, or economically disadvantaged community; and 
• provide significant economic benefits. 

 
U.S. Fish and Wildlife Service 
 
Conservation Grants  
Conservation grants provide financial assistance to States and Territories to implement 
conservation projects for listed and non listed species, such as habitat restoration, species 
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status surveys, public education and outreach, captive propagation and reintroduction, 
nesting surveys, genetic studies and development of management plans.  Federal 
participation can be 75% for projects involving a single State. 
 
Habitat Conservation Planning Assistance 
Habitat Conservation Planning Assistance can provide financial assistance to States and 
Territories to support the development of Habitat Conservation Plans (HCPs) that provide 
for the conservation of imperiled species while allowing economic activities to proceed.  
Federal participation can be 75% for projects involving a single State. 
 
U.S. Army Corps of Engineers - Army Corps of Engineers  
 
Civil Works Projects 
The U.S. Army Corps of Engineers' Civil Works Directorate has a number of 
environmental responsibilities.  Not only is the USACE the largest provider of water- 
based recreation facilities, it also administers a major environmental permitting program 
and operates hydropower facilities that provide 24 percent of the electricity for the nation. 
For funding from the USACE, major projects require congressional approval; however, 
the USACE can provide project funding through its Continuing Authority Program 
(CAP).   
 
The USACE budget includes about $500 million a year on environmental activities.  
Depending upon the type of project, cost sharing varies.  For most assistance, pre- 
application consultation and coordination is essential.  The USACE application process 
most commonly consists of a letter to the District Engineer, indicating clear intent to 
provide all required local participation.  State and local governments can work with the 
USACE District Engineer to define environmentally sensitive project objectives and 
identify realistic sources of the non-Federal portion of the cost share for the project. The 
WRDA Section 1135 programs are the most relevant potential funding sources from the 
USACE for water recycling projects. 
    

9.2 Project Implementation Considerations 
 
This section discusses the actions necessary to develop and implement a reclaimed water 
system for irrigation of New Braunfels’ parks.  The successful implementation of a 
reclaimed water system in New Braunfels can be measured in terms of: 
 

• Public support 
• Political support 
• Enhancement of parks 
• Timing of the availability of reclaimed water with the implementation of parks 

projects identified in the CIP 
• Positive return on investment 
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The interdependence of these criteria is such that the failure of a reclaimed water project 
in any one area could negatively impact the successful implementation of a project.  In 
characterizing the successful implementation of a reclaimed water project, it could be 
said that a reclaimed water project should have: 
 
1. Public and political acceptance and support of the importance park irrigation, the 
planned reclaimed water facilities, water quality parameters, and irrigation procedures. 
 
2. An overall acceptance of the capability of the City and NBU to successfully build 
and operate the project. 
 
3. A well defined project purpose of enhancing the city’s parklands during cycles of 
normal weather patterns and drought cycles, minimizing potable water use, and reducing 
the nutrient load into the Guadalupe River. 
 
4. Ability to supply a portion of the demand for Landa Park Golf Course during 
severe droughts when water supply from the Comal River is curtailed. 
 
5. Success in obtaining capital funding for construction. 
 
6. Long-term project performance that meets or exceeds expectations. 
 

9.2.1 Administrative Framework 
Implementing a plan to develop the system will involve the development of certain 
policies or amendment of ordinances in order to provide the administrative framework for 
a project.  It will also require a clear definition of, not only the ownership of the system, 
but also the responsibilities for management of the system development, construction and 
operation.   
 
Memorandum of Understanding 
 
A Memorandum of Understanding (MOU) between the City and NBU could provide the 
mechanism for defining the responsibilities for funding, designing, and operating a 
reclaimed water system.  The elements of the MOU should address: 
 

• Which agency should lead the development of a reclaimed water system. 
• How the ownership and operations of a reclaimed water system will be structured. 
• Capital funding.  
• The price of reclaimed water. 
• The cost recovery mechanism. 
• The reclaimed water delivery points and volume of water to be provided. 
• Facilities construction financing and responsibility. 
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• System pressure. 
• Mechanism for measuring reclaimed water delivery volume. 

 
The draft MOU presented in Appendix F is included as an example that incorporates 
these elements.   
 

9.2.2 Reclaimed Water System Ownership, Management, and Operation 
A reclaimed water system can be developed as either an NBU utility or as City-owned 
infrastructure.  For the purpose of this discussion, it is presumed that the City would not 
duplicate NBU staffing for the operation and maintenance of a reclaimed water system, 
but would instead take advantage of existing NBU staff through one of the two 
alternatives discussed below.   
 
In each of the alternatives of system ownership, management, and operation, there is a 
need to consider the underlying value of the public benefit afforded customers of both the 
City of New Braunfels and NBU.  As a possible benefit to taxpayers by providing 
improved recreational facilities and its value as a water resource management strategy to 
utility customers, implementation of a reclaimed water system can be viewed as a 
community asset regardless of its organizational placement. 
 
1.  NBU Reclaimed Water Utility 
The additional treatment required for the reclaimed water system would be incorporated 
into NBU’s WWTP infrastructure and operations.  Since the pumps, pipes, and storage 
tanks of a reclaimed water system are similar in nature to the potable water distribution 
system, NBU water distribution personnel could be available for the operations and 
maintenance of the reclaimed water system.  The City would connect the park irrigation 
system to the reclaimed water system at the point of delivery for each park.  As a single 
user system, individual meters at each park are not necessary, nor are backflow 
prevention devices at the point of delivery.  These differences between the delivery of 
potable water for irrigation and reclaimed water allow a slight increase in the pressure of 
delivery without additional costs of pumping. 
 
2.  City-Owned Reclaimed Water System 
An alternative to NBU financing of the system is City issuance of general obligation debt 
to finance the design and construction of a reclaimed water system.  Operations and 
maintenance could be under contract with NBU.   
 

9.2.3 Policies and Procedures 
The following list provides several of the policies and procedures that may be developed 
as part of the project implementation. 
 

• Reclaimed water system design specifications. 
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• Cross-connection control requirements. 
• Cost recovery policies and pricing structure. 
• Reclaimed water system standard operating procedures. 
• System record keeping and reporting procedures. 
• Emergency procedures plan. 
• Park irrigation standard operating procedures. 

 

9.2.4 Reclaimed Water Notification and Authorization 
State regulations (30 TAC §210) require notification and approval of the TCEQ for the 
use of reclaimed water.  The Chapter 210 regulations assign specific responsibilities to 
the reclaimed water producer, the reclaimed water provider, and the reclaimed water user.  
The specific responsibilities of each party as designated by the Chapter 210 regulations 
are summarized in the following points. 
 

• The responsibilities of the reclaimed water producer include ensuring that the 
quality of the reclaimed water that leaves the treatment processes meets the 
minimum quality prescribed by state regulations, and for sampling, analyzing, and 
reporting the quality of reclaimed water produced. 

 
• The reclaimed water provider is responsible for the delivery of reclaimed water to 

the user that meets the minimum quality prescribed by state regulations and for 
maintaining records of the volume and quality of reclaimed water delivered to the 
user.   

 
• The reclaimed water user is responsible for the proper use of reclaimed water. 

 
Clearly the City will be the reclaimed water user and, as the operator and discharge 
permit holder of the facility that treats municipal wastewater, NBU will be the reclaimed 
water producer.  However, the role of reclaimed water provider is subject to definition by 
agreement between the City and NBU. 
 

9.3 Reclaimed Water Cost Recovery 
 
Presently, NBU’s sale of reclaimed water to the Sundance Property Owners Association 
is according to a contract that specifies the maximum available volume at a rate that is a 
percentage of the small commercial tariff.  While simply expanding this tariff to the 
implementation of a reclaimed water system for parks irrigation, there are alternatives for 
accounting for the annual costs of reclaimed water production and delivery.  These 
alternatives depend in large part on the ownership of the system and whether the 
reclaimed water system is financed through the city’s general fund or through the 
issuance of utility revenue bonds by NBU.  



 

City of New Braunfels  Parks Reclaimed Water Irrigation Feasibility Study 
92 

  
Assuming the system is financed using revenue bonds, debt service and costs of operation 
and maintenance could be recovered through a base amount charged by NBU annually 
plus a negotiated unit price for reclaimed water delivered.  The unit price could include 
the projected costs of service based on delivery of an estimated annual volume.  
Payments of the annual debt service and unit price would be made on a monthly basis as 
reclaimed water is delivered.  An adjustment in the form of an additional payment or 
credit at the end of each year would account for the actual volume of reclaimed water 
delivered and actual costs of delivery.  The advantage of this arrangement is that the debt 
service and minimum operational costs of the system are covered in years of abundant 
rainfall and the unit price decreases as the volume approaches the design capacity of the 
system. 
 
In a traditional utility option, reclaimed water would be sold to the City at a rate that 
includes the system operation and maintenance costs, as well as recovery of the capital 
cost and debt service.  As with potable water rates, a reclaimed water rate could be based 
on the projected annual sales of reclaimed water with rates adjusted periodically based on 
costs of service. 
 

9.3.1 Reclaimed Water Pricing 
However, there are certain aspects of developing reclaimed water rates that makes the 
process considerably different from that of potable water rate design.  The rate-making 
process is different for reclaimed water in one respect since potable water is a readily 
available substitute for reclaimed water.  With a choice of equal commodities, the logical 
response is for a consumer to use that which has the lowest price (Casey, 2006).  Rate-
making for potable water generally a process for determining the full cost associated with 
providing service and allocating those costs to the various customer classes.  However, 
most utilities providing reclaimed water service have established rates that are designed 
to encourage reclaimed water use (AWWA, 2008). 
 
In their 2008 survey of reclaimed water rates, AWWA reported that most utilities were 
recovering less than 25 percent of the annual operating costs for reclaimed water utilities 
through rates.  The primary reason that utilities employ reclaimed water rates that allocate 
significant costs associated with developing reclaimed water back to the water and 
wastewater utility rates is to maintain an economic incentive for using reclaimed water.  
If reclaimed water is priced at its full cost, the fact that the cost will likely be higher than 
that for potable water would all but eliminate the incentive to develop reclaimed water as 
a water source for uses that do not need potable water quality.   
 
The fact that potable water for specific uses can be restricted during times of high water 
demand or drought is generally insufficient justification to price reclaimed water at or 
above the price of potable water.  The impacts of such restrictions are viewed as 
temporary and the impacts are absorbed by the users.  While water users can absorb 
short-term impacts of water restrictions, utilities must consider reclaimed water as just 
one element of water source planning. 
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In determining what revenue sources besides reclaimed water rates can be employed to 
fund the development of reclaimed water, it is important to define the benefits and policy 
issues to be considered in developing reclaimed water pricing (AWWA, 2008).    
 
As a supplement to potable water, reclaimed water can provide a drought-resistant water 
source that can benefit future water utility customers by removing the parks irrigation 
water demand from the summer peak met by pumping from the Edwards Aquifer.  This 
has the effect of extending NBU’s Edwards capacity and, to some extent, preserving the 
utility’s surface water capacity.  Future customers could be expected to share in the cost 
of developing a reclaimed water system as part of the overall cost of securing water 
sources for the future potable water demand. 
 
By minimizing the demand for potable water, all utility customers realize the benefits of 
effective water management.  Similar to the benefits derived by future water utility 
customers, existing water utility customers can realize benefits of a reclaimed water 
system by extending the time that construction of the second NBU surface water 
treatment plant will needed.  Both existing and future water utility customers will also 
benefit from improved park maintenance, particularly during drought periods. 
 

9.3.2 Reclaimed Water Rate Design 
The key considerations in developing rates for reclaimed water are: 
 

1. What are the overall goals and objectives of developing a reclaimed water 
system? 

2. What is the desired level of cost recovery? 
 
Like the definition of the goals and objectives, the appropriate level of cost recovery for 
reclaimed water is a policy decision that would be addressed by the NBU Board and the 
New Braunfels City Council.  Utilities have established reclaimed water rates that are, on 
average, between 50 percent and 100 percent of the potable water rate (AWWA, 2008).  
By contract, NBU established an initial rate for reclaimed water for the Sundance POA at 
50 percent of the Small Commercial Rate that escalates to 75 percent of the potable water 
rate after 5 years.  The Small Commercial Rate and the contract rates are presented in 
Table 25.  Each is an inclining block rate structure where the cost per thousand gallons of 
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Annual 
Usage 
(MG)

 50% of 
Small 

Commercial

 75% of 
Small 

Commercial
147 $146,186 $219,278
221 $219,776 $329,663
295 $293,366 $440,049

Rate per 
1,000 gal.

Rate per 
1,000 gal.

Rate per 
1,000 gal.

$1.885 $0.943 $1.414
1.946 $0.973 $1.460
2.009 $1.005 $1.507
2.135 $1.068 $1.601

0 - 5,000
5,001 - 50,000

50,001 - 200,000
Excess of 200,000

Small Commercial Rate Reclaimed Water Rate 1

Usage in GallonsUsage in Gallons

0 - 5,000
5,001 - 50,000

50,001 - 200,000
Excess of 200,000

1 Sundance POA contract rate at 50% 
of Small Commercial Rate.

Reclaimed Water Rate 2

Usage in Gallons

0 - 5,000
5,001 - 50,000

50,001 - 200,000
Excess of 200,000

2 Sundance POA contract rate adjusts to 
75% of Small Commercial Rate on June 
29, 2012.

Table 25: Existing Rate Structures 
 

 
consumption increases as the volume of consumption increases in an attempt to 
encourage conservation.   
 
One alternative for the rate design for the conceptual reclaimed water system developed 
in this study is to apply the existing reclaimed water contract rates to the projected 
demand for park irrigation.  Using this existing rate structure could be considered in the 
context of the previous discussion of cost recovery and the system-wide benefits of 
developing diversified sources of water supply in that a portion of the cost of reclaimed 
water service would be shared through the potable water and wastewater rates. 
 
Table 26 presents the calculated cost recovery using the existing Small Commercial rate 
structure assuming conditions of low, medium, and high annual consumption of 
reclaimed water.  In their 2008 survey report, AWWA reported that presently only a 
small percentage of utilities use an inclining block rate structure for reclaimed water.    
 

Table 26: Reclaimed Water Cost Recovery – Existing Contract Rates 
 
 
 
 
 
 
 
Instead, the large majority of utilities use a uniform rate structure.  A uniform rate 
structure is one in which the cost per unit of water does not increase with consumption.  
As a single-user system, the reclaimed water rate can be charged on a system-wide basis.  
Monthly consumption measured in millions of gallons instead of thousands significantly 
exceeds the rate blocks used in the Small Commercial Rate making the use of a uniform 
rate structure a simpler and reasonable approach for a reclaimed water rate structure. 
 
As previously discussed, one of the primary considerations in developing a reclaimed 
water rate is the desired level of cost recovery.  An alternative to the Small Commercial 
Rate structure is a contract rate that is adjusted at year end to generate a percentage of the 
fixed costs of the reclaimed water system.  Fixed costs are those costs that do not vary 
with the volume of water produced, such as debt service.  Variable costs are those that 
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Engr, Distr., Production $6,000 Electricity $24,681
Annual Debt Service 352,060 Disinfection 6,905
TOTAL $358,060 Laboratory 3,600

Effluent Purchase 16,719
TOTAL $51,905

Fixed Costs Variable Costs

vary with the volume of water produced, such as electricity and chemicals for 
disinfection. 
 
For Alternative 1, the categorization of costs as fixed and variable are shown in Table 27. 
 

Table 27: Annual Cost Categories 
 
 
 
 
 
 
 
 
Assuming a target cost recovery of 50 percent for fixed costs and 100 percent for variable 
costs, the reclaimed water rate structure would be an annual charge of $179,030 and a 
volumetric rate of $0.2349 per thousand gallons. 
  
 

9.4 Implementation Steps 
 
Implementation of a reclaimed water system should proceed in a logical, step-by-step 
approach, beginning with a public and political consensus on the need for the project and 
the framework in which the project would be developed.  The initial steps toward 
implementation should include: 
 

1. Gaining public acceptance of both the purpose of the system and the project 
costs is crucial. 

 
2. Schedule meetings of City and NBU staff to discuss the framework of 

implementing the development of a reclaimed water system.  Key questions to 
be addressed in the framework include: 

 
a. Which will be the lead agency charged with developing a reclaimed water 

system? 
 
b. What are the viable alternatives for project funding?  The possible funding 

sources for design, construction, and O&M depend in large part on the 
jurisdictional requirements of the project.  

 
c. How will the ownership and operations of a reclaimed water system be 

structured? 
 

3. Prepare draft revisions to Chapter 130 of the municipal code of ordinances to 
identify a reclaimed water system as either a utility owned and operated by 
NBU or as a reclaimed water system dedicated to serve the city’s parklands.  
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Actual amendment of the city code, if required, would be concurrent with the 
completion of construction of the project. 

 
4. Prepare a Memorandum of Understanding (MOU) that can be presented to the 

City Council and NBU Board for acceptance. 
 
5. Once the framework for development of the project is established, the actual 

project development could begin with incorporating the project into the City 
or NBU CIP. 

 
6. Public outreach should continue throughout the implementation process with 

the following key elements: 
 

a. Involve the public throughout the project implementation with 
opportunities for comment.  Managing expectations becomes more than 
answering whether the project is on budget and on schedule, it is also 
important to provide a clear reminder that the primary purpose of the 
project is to irrigate parklands for the benefit of the community and not to 
market reclaimed water to consumers or industry. 

 
b. Public concerns that arise should be addressed with complete candor using 

all available scientific and regulatory information.   
 
c. Public outreach information should address the fundamental relationships 

between developing and maintaining parks and water conservation. 
 

9.4.1 Reclaimed Water System Implementation 
 
Year 1 
 

1. Conduct a review of the Feasibility Study by the City Council and NBU 
Board of Directors. 

2. Disseminate public information and conduct public hearings on the findings of 
the feasibility study. 

3. Conduct meetings of City and NBU staff to discuss the framework of 
implementing the development of a reclaimed water system. 

4. Prepare draft revisions to Chapter 130 of the municipal code of ordinances. 
5. Negotiate a Memorandum of Understanding (MOU) to be presented to the 

City Council and NBU Board for acceptance. 
6. Perform testing of wastewater effluent (conductivity, nitrogen, and 

phosphorus) to provide data for development of park irrigation standard 
operating procedures. 

7. Begin development of project funding plan, including debt issuance schedule 
and application for state or federal grants and/or loans. 

8. Incorporate the reclaimed water system project into the City or NBU CIP. 
9. Amend parks CIP projects to incorporate the use of reclaimed water. 

 
Year 2 
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  Project  
Funding 

  Preliminary Design

Permitting and 
Final Design 

Construction

  Year Year Year Year 4 

  Administrative 
Framework 

Figure 22: Project Implementation Timeline 

 
1. Disseminate public information regarding project schedule. 
2. Complete project funding plan.  Establish schedule for debt issuance and 

applications for state or federal grants and/or loans. 
3. Begin and complete preliminary design of the reclaimed water system. 
4. Survey existing park irrigation systems for potable water separation points and 

backflow preventer locations.  
5. Develop park irrigation standard operating procedures. 
6. Finalize reclaimed water storage facility locations. 
7. Perform environmental permitting. 
8. Obtain TxDOT and railroad permits for pipeline crossings. 
9. Obtain Chapter 210 authorizations. 
10. Install park irrigation pumping. 

 
Year 3 
 

1. Begin and complete final design of the reclaimed water system. 
 
Year 4 
 

1. Begin and complete construction of the reclaimed water system. 
2. Begin park irrigation. 
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Parks Metered Consumption Data 
2005 - 2009 



 

City of New Braunfels  Parks Reclaimed Water Irrigation Feasibility Study 
104 

 
Park Metered Consumption (2005 – 2009) 

Location METER 
# ACCT # 2005 

(gal) 
2006 
(gal) 

2007 
(gal) 

2008 
(gal) 

2009 
(gal) 

Hinman Island 70029553 19342-50 378,600 572,300 307,400 307,600 536,600 
Camp Comal 20493193 11882-50 1,610,400 1,795,100 1,149,500 1,813,900 1,052,500 

60414553 4,715,000 5,131,000 1,615,000 4,947,500 6,599,900 HEB Soccer Complex 
79388044 

8246-50 
384,800 355,200 12,300 143,000 399,800 

Park Office 60450748 19362-50 195,600 172,200 32,500 260,000 347,000 
Landa Park  80943741 19382-50 55,700 55,400 51,300 40,100 31,100 
Fredericksburg Baseball 
Fields 60428762 26016-50 806,500 512,500 93,000 609,000 639,900 
Landa Park  80942528 26018-50 83,800 122,200 55,300 109,900 93,700 
Landa Park  80942530 26020-50 10,900 20,100 6,500 85,000 279,700 
Landa Park  60414554 26022-50 37,000 34,500 56,200 256,300 466,300 
Landa Park  60428731 26026-50 351,500 239,000 151,000 253,000 484,500 
Landa Park  49551390 26028-50 56,900 52,800 2,200 92,600 107,500 
Landa Park  80942531 26030-50 8,700 10,300 500 14,900 31,700 
Landa Park  49551391 26032-50 95,100 69,000 103,500 168,700 166,400 
Landa Park  60428733 26034-50 310,600 270,000 45,000 437,300 523,500 
Landa Park  60428729 26036-50 452,400 606,000 328,000 968,500 1,235,000 
Prince Solms 26084419 19076-50 96,100 353,400 67,300 313,200 581,200 
TOTAL     9,649,600 10,371,000 4,076,500 10,820,500 13,576,300 
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5 Yr. Average Unit Cost per Thousand Gallons 
(2007 Rates) 

 

Location Meter # 
Rate 

Schedule 
5-Yr. Vol. 

(gal.) 5-Yr. Cost 
5-Yr. Avg 

Cost 
($/kgal) 

     
Hinman Island 70029553 SC 2,102,500 $4,100 $1.95 
Camp Comal 20493193 SC 7,421,400 14,805 1.99

60414553 23,008,400 92,960 4.04HEB Soccer Complex 79388044 LI 1,295,100 4,217 3.26
Landa Park  80943741 SC 233,600 442 1.89
Fredericksburg Baseball Fields 60428762 SC 2,660,900 5,226 1.96
Landa Park  80942528 SC 464,900 893 1.92
Landa Park  80942530 SC 402,200 781 1.94
Landa Park  60414554 SC 850,300 1,672 1.97
Landa Park  60428731 SC 1,479,000 2,872 1.94
Landa Park  49551390 SC 312,000 599 1.92
Landa Park  80942531 SC 66,100 125 1.90
Landa Park  49551391 SC 602,700 1,161 1.93
Landa Park  60428733 SC 1,586,400 3,097 1.95
Landa Park  60428729 SC 3,589,900 7,071 1.97
Prince Solms 26084419 LI 1,411,200 4,942 3.50
TOTAL 47,486,600 $144,963  $     3.05 

 SC: Small Commercial 
LI:  Landscape/Irrigation  
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Appendix B 
 

National Wetlands Inventory 
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Appendix C 
 

Comparison of Potable Water Production 
With Parks Consumption 

2005 - 2009 
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Park Irrigation Demand 
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Irrigation Demand – Study Area (100% Rainfall Credit) 
 

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 172.8 1.75 2.03 4.03 1.31 42,382 117.73 88.29
Feb 172.8 2.02 2.71 9.94 3.24 115,630 321.20 240.90
Mar 172.8 1.95 4.35 34.56 11.26 363,270 1009.08 756.81
Apr 172.8 2.72 5.29 37.01 12.06 401,969 1116.58 837.43
May 172.8 3.76 7.56 54.72 17.83 575,178 1597.72 1198.29
Jun 172.8 3.49 8.24 68.40 22.29 742,938 2063.72 1547.79
Jul 172.8 2.19 8.19 86.40 28.15 908,175 2522.71 1892.03

Aug 172.8 2.50 8.14 81.22 26.46 853,685 2371.35 1778.51
Sep 172.8 3.51 6.20 38.74 12.62 420,738 1168.72 876.54
Oct 172.8 3.49 4.94 20.88 6.80 219,476 609.65 457.24
Nov 172.8 2.25 3.11 12.38 4.04 134,511 373.64 280.23
Dec 172.8 1.86 2.11 3.60 1.17 37,841 105.11 78.83

TOTAL   31.49 62.87 451.87 147.24       
         

 
 

Irrigation Demand – Study Area (50% Rainfall Credit) 
        

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 172.8 0.88 2.03 16.63 5.42 174,824 485.62 364.22
Feb 172.8 1.01 2.71 24.48 7.98 284,886 791.35 593.51
Mar 172.8 0.98 4.35 48.60 15.84 510,849 1419.02 1064.27
Apr 172.8 1.36 5.29 56.59 18.44 614,683 1707.45 1280.59
May 172.8 1.88 7.56 81.79 26.65 859,739 2388.17 1791.12
Jun 172.8 1.75 8.24 93.53 30.48 1,015,870 2821.86 2116.40
Jul 172.8 1.10 8.19 102.17 33.29 1,073,918 2983.10 2237.33

Aug 172.8 1.25 8.14 99.22 32.33 1,042,888 2896.91 2172.68
Sep 172.8 1.76 6.20 64.01 20.86 695,234 1931.20 1448.40
Oct 172.8 1.75 4.94 46.01 14.99 483,603 1343.34 1007.51
Nov 172.8 1.13 3.11 28.58 9.31 310,470 862.42 646.81
Dec 172.8 0.93 2.11 16.99 5.54 178,608 496.13 372.10

TOTAL   15.75 62.87 678.60 221.12       
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Irrigation Demand – Study Area (0% Rainfall Credit) 

 

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 172.8 0.00 2.03 29.23 9.53 307,266 853.52 640.14
Feb 172.8 0.00 2.71 39.02 12.72 454,142 1261.51 946.13
Mar 172.8 0.00 4.35 62.64 20.41 658,427 1828.96 1371.72
Apr 172.8 0.00 5.29 76.18 24.82 827,398 2298.33 1723.75
May 172.8 0.00 7.56 108.86 35.47 1,144,301 3178.61 2383.96
Jun 172.8 0.00 8.24 118.66 38.66 1,288,802 3580.01 2685.00
Jul 172.8 0.00 8.19 117.94 38.43 1,239,660 3443.50 2582.62

Aug 172.8 0.00 8.14 117.22 38.19 1,232,091 3422.48 2566.86
Sep 172.8 0.00 6.20 89.28 29.09 969,730 2693.69 2020.27
Oct 172.8 0.00 4.94 71.14 23.18 747,731 2077.03 1557.77
Nov 172.8 0.00 3.11 44.78 14.59 486,429 1351.19 1013.39
Dec 172.8 0.00 2.11 30.38 9.90 319,375 887.15 665.36

TOTAL   0.00 62.87 905.33 295.00       
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Irrigation Demand - Camp Comal (100% Rainfall Credit) 

         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 30.3 1.75 2.03 0.71 0.23 7,431 20.64 15.48
Feb 30.3 2.02 2.71 1.74 0.57 20,275 56.32 42.24
Mar 30.3 1.95 4.35 6.06 1.97 63,698 176.94 132.71
Apr 30.3 2.72 5.29 6.49 2.11 70,484 195.79 146.84
May 30.3 3.76 7.56 9.60 3.13 100,856 280.16 210.12
Jun 30.3 3.49 8.24 11.99 3.91 130,272 361.87 271.40
Jul 30.3 2.19 8.19 15.15 4.94 159,246 442.35 331.76

Aug 30.3 2.50 8.14 14.24 4.64 149,691 415.81 311.86
Sep 30.3 3.51 6.20 6.79 2.21 73,775 204.93 153.70
Oct 30.3 3.49 4.94 3.66 1.19 38,484 106.90 80.18
Nov 30.3 2.25 3.11 2.17 0.71 23,586 65.52 49.14
Dec 30.3 1.86 2.11 0.63 0.21 6,635 18.43 13.82

TOTAL   31.49 62.87 79.23 25.82       

 
 
        

Irrigation Demand - Camp Comal (50% Rainfall Credit) 
         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 30.3 0.88 2.03 2.92 0.95 30,655 85.15 63.86
Feb 30.3 1.01 2.71 4.29 1.40 49,954 138.76 104.07
Mar 30.3 0.98 4.35 8.52 2.78 89,576 248.82 186.62
Apr 30.3 1.36 5.29 9.92 3.23 107,783 299.40 224.55
May 30.3 1.88 7.56 14.34 4.67 150,753 418.76 314.07
Jun 30.3 1.75 8.24 16.40 5.34 178,130 494.81 371.10
Jul 30.3 1.10 8.19 17.91 5.84 188,308 523.08 392.31

Aug 30.3 1.25 8.14 17.40 5.67 182,868 507.97 380.97
Sep 30.3 1.76 6.20 11.22 3.66 121,907 338.63 253.97
Oct 30.3 1.75 4.94 8.07 2.63 84,799 235.55 176.66
Nov 30.3 1.13 3.11 5.01 1.63 54,440 151.22 113.42
Dec 30.3 0.93 2.11 2.98 0.97 31,318 87.00 65.25

TOTAL   15.75 62.87 118.99 38.77       
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Irrigation Demand - Camp Comal (0% Rainfall Credit) 

         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 30.3 0.00 2.03 5.13 1.67 53,878 149.66 112.25
Feb 30.3 0.00 2.71 6.84 2.23 79,633 221.20 165.90
Mar 30.3 0.00 4.35 10.98 3.58 115,453 320.70 240.53
Apr 30.3 0.00 5.29 13.36 4.35 145,082 403.01 302.25
May 30.3 0.00 7.56 19.09 6.22 200,650 557.36 418.02
Jun 30.3 0.00 8.24 20.81 6.78 225,988 627.74 470.81
Jul 30.3 0.00 8.19 20.68 6.74 217,371 603.81 452.86

Aug 30.3 0.00 8.14 20.55 6.70 216,044 600.12 450.09
Sep 30.3 0.00 6.20 15.66 5.10 170,039 472.33 354.25
Oct 30.3 0.00 4.94 12.47 4.06 131,113 364.20 273.15
Nov 30.3 0.00 3.11 7.85 2.56 85,294 236.93 177.70
Dec 30.3 0.00 2.11 5.33 1.74 56,002 155.56 116.67

TOTAL   0.00 62.87 158.75 51.73       
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Irrigation Demand - Fischer Park (100% Rainfall Credit) 

         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 60 1.75 2.03 1.40 0.46 14,716 40.88 30.66
Feb 60 2.02 2.71 3.45 1.12 40,149 111.53 83.64
Mar 60 1.95 4.35 12.00 3.91 126,135 350.38 262.78
Apr 60 2.72 5.29 12.85 4.19 139,572 387.70 290.78
May 60 3.76 7.56 19.00 6.19 199,715 554.76 416.07
Jun 60 3.49 8.24 23.75 7.74 257,965 716.57 537.43
Jul 60 2.19 8.19 30.00 9.78 315,339 875.94 656.96

Aug 60 2.50 8.14 28.20 9.19 296,418 823.38 617.54
Sep 60 3.51 6.20 13.45 4.38 146,089 405.80 304.35
Oct 60 3.49 4.94 7.25 2.36 76,207 211.69 158.76
Nov 60 2.25 3.11 4.30 1.40 46,705 129.74 97.30
Dec 60 1.86 2.11 1.25 0.41 13,139 36.50 27.37

TOTAL   31.49 62.87 156.90 51.13       
         

Irrigation Demand - Fischer Park (50% Rainfall Credit) 
         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 60 0.88 2.03 5.78 1.88 60,703 168.62 126.46
Feb 60 1.01 2.71 8.50 2.77 98,919 274.77 206.08
Mar 60 0.98 4.35 16.88 5.50 177,378 492.72 369.54
Apr 60 1.36 5.29 19.65 6.40 213,432 592.87 444.65
May 60 1.88 7.56 28.40 9.25 298,521 829.22 621.92
Jun 60 1.75 8.24 32.48 10.58 352,733 979.81 734.86
Jul 60 1.10 8.19 35.48 11.56 372,888 1035.80 776.85

Aug 60 1.25 8.14 34.45 11.23 362,114 1005.87 754.40
Sep 60 1.76 6.20 22.23 7.24 241,401 670.56 502.92
Oct 60 1.75 4.94 15.98 5.21 167,918 466.44 349.83
Nov 60 1.13 3.11 9.93 3.23 107,802 299.45 224.59
Dec 60 0.93 2.11 5.90 1.92 62,017 172.27 129.20

TOTAL   15.75 62.87 235.63 76.78       
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Irrigation Demand - Fischer Park (0% Rainfall Credit) 

         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 60 0.00 2.03 10.15 3.31 106,690 296.36 222.27
Feb 60 0.00 2.71 13.55 4.42 157,688 438.02 328.52
Mar 60 0.00 4.35 21.75 7.09 228,621 635.06 476.29
Apr 60 0.00 5.29 26.45 8.62 287,291 798.03 598.52
May 60 0.00 7.56 37.80 12.32 397,327 1103.69 827.76
Jun 60 0.00 8.24 41.20 13.43 447,501 1243.06 932.29
Jul 60 0.00 8.19 40.95 13.34 430,437 1195.66 896.74

Aug 60 0.00 8.14 40.70 13.26 427,810 1188.36 891.27
Sep 60 0.00 6.20 31.00 10.10 336,712 935.31 701.48
Oct 60 0.00 4.94 24.70 8.05 259,629 721.19 540.89
Nov 60 0.00 3.11 15.55 5.07 168,899 469.16 351.87
Dec 60 0.00 2.11 10.55 3.44 110,894 308.04 231.03

TOTAL   0.00 62.87 314.35 102.43       
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Irrigation Demand - Fredericksburg Fields (100% Rainfall Credit) 

         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 5 1.75 2.03 0.12 0.04 1,226 3.41 2.55
Feb 5 2.02 2.71 0.29 0.09 3,346 9.29 6.97
Mar 5 1.95 4.35 1.00 0.33 10,511 29.20 21.90
Apr 5 2.72 5.29 1.07 0.35 11,631 32.31 24.23
May 5 3.76 7.56 1.58 0.52 16,643 46.23 34.67
Jun 5 3.49 8.24 1.98 0.64 21,497 59.71 44.79
Jul 5 2.19 8.19 2.50 0.81 26,278 73.00 54.75

Aug 5 2.50 8.14 2.35 0.77 24,702 68.62 51.46
Sep 5 3.51 6.20 1.12 0.37 12,174 33.82 25.36
Oct 5 3.49 4.94 0.60 0.20 6,351 17.64 13.23
Nov 5 2.25 3.11 0.36 0.12 3,892 10.81 8.11
Dec 5 1.86 2.11 0.10 0.03 1,095 3.04 2.28

TOTAL   31.49 62.87 13.08 4.26       
         

 
Irrigation Demand - Fredericksburg Fields (50% Rainfall Credit) 

         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 5 0.88 2.03 0.48 0.16 5,059 14.05 10.54
Feb 5 1.01 2.71 0.71 0.23 8,243 22.90 17.17
Mar 5 0.98 4.35 1.41 0.46 14,782 41.06 30.79
Apr 5 1.36 5.29 1.64 0.53 17,786 49.41 37.05
May 5 1.88 7.56 2.37 0.77 24,877 69.10 51.83
Jun 5 1.75 8.24 2.71 0.88 29,394 81.65 61.24
Jul 5 1.10 8.19 2.96 0.96 31,074 86.32 64.74

Aug 5 1.25 8.14 2.87 0.94 30,176 83.82 62.87
Sep 5 1.76 6.20 1.85 0.60 20,117 55.88 41.91
Oct 5 1.75 4.94 1.33 0.43 13,993 38.87 29.15
Nov 5 1.13 3.11 0.83 0.27 8,984 24.95 18.72
Dec 5 0.93 2.11 0.49 0.16 5,168 14.36 10.77

TOTAL   15.75 62.87 19.64 6.40       
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Irrigation Demand - Fredericksburg Fields (0% Rainfall Credit) 

         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 5 0.00 2.03 0.85 0.28 8,891 24.70 18.52
Feb 5 0.00 2.71 1.13 0.37 13,141 36.50 27.38
Mar 5 0.00 4.35 1.81 0.59 19,052 52.92 39.69
Apr 5 0.00 5.29 2.20 0.72 23,941 66.50 49.88
May 5 0.00 7.56 3.15 1.03 33,111 91.97 68.98
Jun 5 0.00 8.24 3.43 1.12 37,292 103.59 77.69
Jul 5 0.00 8.19 3.41 1.11 35,870 99.64 74.73

Aug 5 0.00 8.14 3.39 1.11 35,651 99.03 74.27
Sep 5 0.00 6.20 2.58 0.84 28,059 77.94 58.46
Oct 5 0.00 4.94 2.06 0.67 21,636 60.10 45.07
Nov 5 0.00 3.11 1.30 0.42 14,075 39.10 29.32
Dec 5 0.00 2.11 0.88 0.29 9,241 25.67 19.25

TOTAL   0.00 62.87 26.20 8.54       
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Irrigation Demand - HEB Soccer Complex (100% Rainfall Credit) 

         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 10.2 1.75 2.03 0.24 0.08 2,502 6.95 5.21
Feb 10.2 2.02 2.71 0.59 0.19 6,825 18.96 14.22
Mar 10.2 1.95 4.35 2.04 0.66 21,443 59.56 44.67
Apr 10.2 2.72 5.29 2.18 0.71 23,727 65.91 49.43
May 10.2 3.76 7.56 3.23 1.05 33,951 94.31 70.73
Jun 10.2 3.49 8.24 4.04 1.32 43,854 121.82 91.36
Jul 10.2 2.19 8.19 5.10 1.66 53,608 148.91 111.68

Aug 10.2 2.50 8.14 4.79 1.56 50,391 139.98 104.98
Sep 10.2 3.51 6.20 2.29 0.75 24,835 68.99 51.74
Oct 10.2 3.49 4.94 1.23 0.40 12,955 35.99 26.99
Nov 10.2 2.25 3.11 0.73 0.24 7,940 22.06 16.54
Dec 10.2 1.86 2.11 0.21 0.07 2,234 6.20 4.65

TOTAL   31.49 62.87 26.67 8.69       
         

Irrigation Demand - HEB Soccer Complex (50% Rainfall Credit) 
         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 10.2 0.88 2.03 0.98 0.32 10,319 28.67 21.50
Feb 10.2 1.01 2.71 1.45 0.47 16,816 46.71 35.03
Mar 10.2 0.98 4.35 2.87 0.93 30,154 83.76 62.82
Apr 10.2 1.36 5.29 3.34 1.09 36,283 100.79 75.59
May 10.2 1.88 7.56 4.83 1.57 50,749 140.97 105.73
Jun 10.2 1.75 8.24 5.52 1.80 59,965 166.57 124.93
Jul 10.2 1.10 8.19 6.03 1.97 63,391 176.09 132.06

Aug 10.2 1.25 8.14 5.86 1.91 61,559 171.00 128.25
Sep 10.2 1.76 6.20 3.78 1.23 41,038 113.99 85.50
Oct 10.2 1.75 4.94 2.72 0.88 28,546 79.29 59.47
Nov 10.2 1.13 3.11 1.69 0.55 18,326 50.91 38.18
Dec 10.2 0.93 2.11 1.00 0.33 10,543 29.29 21.96

TOTAL   15.75 62.87 40.06 13.05       
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Irrigation Demand - HEB Soccer Complex (0% Rainfall Credit) 

         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 10.2 0.00 2.03 1.73 0.56 18,137 50.38 37.79
Feb 10.2 0.00 2.71 2.30 0.75 26,807 74.46 55.85
Mar 10.2 0.00 4.35 3.70 1.20 38,865 107.96 80.97
Apr 10.2 0.00 5.29 4.50 1.47 48,839 135.67 101.75
May 10.2 0.00 7.56 6.43 2.09 67,546 187.63 140.72
Jun 10.2 0.00 8.24 7.00 2.28 76,075 211.32 158.49
Jul 10.2 0.00 8.19 6.96 2.27 73,174 203.26 152.45

Aug 10.2 0.00 8.14 6.92 2.25 72,728 202.02 151.52
Sep 10.2 0.00 6.20 5.27 1.72 57,241 159.00 119.25
Oct 10.2 0.00 4.94 4.20 1.37 44,137 122.60 91.95
Nov 10.2 0.00 3.11 2.64 0.86 28,713 79.76 59.82
Dec 10.2 0.00 2.11 1.79 0.58 18,852 52.37 39.27

TOTAL   0.00 62.87 53.44 17.41       
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Irrigation Demand - Hinman Island (100% Rainfall Credit) 

         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 7 1.75 2.03 0.16 0.05 1,717 4.77 3.58
Feb 7 2.02 2.71 0.40 0.13 4,684 13.01 9.76
Mar 7 1.95 4.35 1.40 0.46 14,716 40.88 30.66
Apr 7 2.72 5.29 1.50 0.49 16,283 45.23 33.92
May 7 3.76 7.56 2.22 0.72 23,300 64.72 48.54
Jun 7 3.49 8.24 2.77 0.90 30,096 83.60 62.70
Jul 7 2.19 8.19 3.50 1.14 36,790 102.19 76.64

Aug 7 2.50 8.14 3.29 1.07 34,582 96.06 72.05
Sep 7 3.51 6.20 1.57 0.51 17,044 47.34 35.51
Oct 7 3.49 4.94 0.85 0.28 8,891 24.70 18.52
Nov 7 2.25 3.11 0.50 0.16 5,449 15.14 11.35
Dec 7 1.86 2.11 0.15 0.05 1,533 4.26 3.19

TOTAL   31.49 62.87 18.31 5.96       
         

 
Irrigation Demand - Hinman Island (50% Rainfall Credit) 

        

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 7 0.88 2.03 0.67 0.22 7,082 19.67 14.75
Feb 7 1.01 2.71 0.99 0.32 11,541 32.06 24.04
Mar 7 0.98 4.35 1.97 0.64 20,694 57.48 43.11
Apr 7 1.36 5.29 2.29 0.75 24,900 69.17 51.88
May 7 1.88 7.56 3.31 1.08 34,827 96.74 72.56
Jun 7 1.75 8.24 3.79 1.23 41,152 114.31 85.73
Jul 7 1.10 8.19 4.14 1.35 43,504 120.84 90.63

Aug 7 1.25 8.14 4.02 1.31 42,247 117.35 88.01
Sep 7 1.76 6.20 2.59 0.84 28,163 78.23 58.67
Oct 7 1.75 4.94 1.86 0.61 19,590 54.42 40.81
Nov 7 1.13 3.11 1.16 0.38 12,577 34.94 26.20
Dec 7 0.93 2.11 0.69 0.22 7,235 20.10 15.07

TOTAL   15.75 62.87 27.49 8.96       
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Irrigation Demand - Hinman Island (0% Rainfall Credit) 

         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 7 0.00 2.03 1.18 0.39 12,447 34.58 25.93
Feb 7 0.00 2.71 1.58 0.52 18,397 51.10 38.33
Mar 7 0.00 4.35 2.54 0.83 26,672 74.09 55.57
Apr 7 0.00 5.29 3.09 1.01 33,517 93.10 69.83
May 7 0.00 7.56 4.41 1.44 46,355 128.76 96.57
Jun 7 0.00 8.24 4.81 1.57 52,208 145.02 108.77
Jul 7 0.00 8.19 4.78 1.56 50,218 139.49 104.62

Aug 7 0.00 8.14 4.75 1.55 49,911 138.64 103.98
Sep 7 0.00 6.20 3.62 1.18 39,283 109.12 81.84
Oct 7 0.00 4.94 2.88 0.94 30,290 84.14 63.10
Nov 7 0.00 3.11 1.81 0.59 19,705 54.74 41.05
Dec 7 0.00 2.11 1.23 0.40 12,938 35.94 26.95

TOTAL   0.00 62.87 36.67 11.95       
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Irrigation Demand - Landa Park (100% Rainfall Credit) 

         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 23 1.75 2.03 0.54 0.17 5,641 15.67 11.75
Feb 23 2.02 2.71 1.32 0.43 15,391 42.75 32.06
Mar 23 1.95 4.35 4.60 1.50 48,352 134.31 100.73
Apr 23 2.72 5.29 4.93 1.61 53,503 148.62 111.46
May 23 3.76 7.56 7.28 2.37 76,557 212.66 159.49
Jun 23 3.49 8.24 9.10 2.97 98,886 274.68 206.01
Jul 23 2.19 8.19 11.50 3.75 120,880 335.78 251.83

Aug 23 2.50 8.14 10.81 3.52 113,627 315.63 236.72
Sep 23 3.51 6.20 5.16 1.68 56,001 155.56 116.67
Oct 23 3.49 4.94 2.78 0.91 29,213 81.15 60.86
Nov 23 2.25 3.11 1.65 0.54 17,904 49.73 37.30
Dec 23 1.86 2.11 0.48 0.16 5,037 13.99 10.49

TOTAL   31.49 62.87 60.15 19.60       
         

 
Irrigation Demand - Landa Park (50% Rainfall Credit) 

         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 23 0.88 2.03 2.21 0.72 23,269 64.64 48.48
Feb 23 1.01 2.71 3.26 1.06 37,919 105.33 79.00
Mar 23 0.98 4.35 6.47 2.11 67,995 188.87 141.66
Apr 23 1.36 5.29 7.53 2.45 81,816 227.27 170.45
May 23 1.88 7.56 10.89 3.55 114,433 317.87 238.40
Jun 23 1.75 8.24 12.45 4.06 135,214 375.59 281.70
Jul 23 1.10 8.19 13.60 4.43 142,940 397.06 297.79

Aug 23 1.25 8.14 13.21 4.30 138,810 385.58 289.19
Sep 23 1.76 6.20 8.52 2.78 92,537 257.05 192.79
Oct 23 1.75 4.94 6.12 2.00 64,369 178.80 134.10
Nov 23 1.13 3.11 3.80 1.24 41,324 114.79 86.09
Dec 23 0.93 2.11 2.26 0.74 23,773 66.04 49.53

TOTAL   15.75 62.87 90.32 29.43       
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Irrigation Demand - Landa Park (0% Rainfall Credit) 

         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 23 0.00 2.03 3.89 1.27 40,898 113.60 85.20
Feb 23 0.00 2.71 5.19 1.69 60,447 167.91 125.93
Mar 23 0.00 4.35 8.34 2.72 87,638 243.44 182.58
Apr 23 0.00 5.29 10.14 3.30 110,128 305.91 229.43
May 23 0.00 7.56 14.49 4.72 152,309 423.08 317.31
Jun 23 0.00 8.24 15.79 5.15 171,542 476.51 357.38
Jul 23 0.00 8.19 15.70 5.12 165,001 458.34 343.75

Aug 23 0.00 8.14 15.60 5.08 163,994 455.54 341.65
Sep 23 0.00 6.20 11.88 3.87 129,073 358.54 268.90
Oct 23 0.00 4.94 9.47 3.09 99,524 276.46 207.34
Nov 23 0.00 3.11 5.96 1.94 64,745 179.85 134.88
Dec 23 0.00 2.11 4.04 1.32 42,509 118.08 88.56

TOTAL   0.00 62.87 120.50 39.27       
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Irrigation Demand - Landa Golf Course (100% Rainfall Credit) 

         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 14 1.75 2.03 0.33 0.11 3,434 9.54 7.15
Feb 14 2.02 2.71 0.81 0.26 9,368 26.02 19.52
Mar 14 1.95 4.35 2.80 0.91 29,432 81.75 61.32
Apr 14 2.72 5.29 3.00 0.98 32,567 90.46 67.85
May 14 3.76 7.56 4.43 1.44 46,600 129.44 97.08
Jun 14 3.49 8.24 5.54 1.81 60,192 167.20 125.40
Jul 14 2.19 8.19 7.00 2.28 73,579 204.39 153.29

Aug 14 2.50 8.14 6.58 2.14 69,164 192.12 144.09
Sep 14 3.51 6.20 3.14 1.02 34,088 94.69 71.02
Oct 14 3.49 4.94 1.69 0.55 17,782 49.39 37.04
Nov 14 2.25 3.11 1.00 0.33 10,898 30.27 22.70
Dec 14 1.86 2.11 0.29 0.10 3,066 8.52 6.39

TOTAL   31.49 62.87 36.61 11.93       
         

 
Irrigation Demand - Landa Golf Course (50% Rainfall Credit) 

         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 14 0.88 2.03 1.35 0.44 14,164 39.34 29.51
Feb 14 1.01 2.71 1.98 0.65 23,081 64.11 48.09
Mar 14 0.98 4.35 3.94 1.28 41,388 114.97 86.23
Apr 14 1.36 5.29 4.59 1.49 49,801 138.34 103.75
May 14 1.88 7.56 6.63 2.16 69,655 193.49 145.11
Jun 14 1.75 8.24 7.58 2.47 82,304 228.62 171.47
Jul 14 1.10 8.19 8.28 2.70 87,007 241.69 181.27

Aug 14 1.25 8.14 8.04 2.62 84,493 234.70 176.03
Sep 14 1.76 6.20 5.19 1.69 56,327 156.46 117.35
Oct 14 1.75 4.94 3.73 1.21 39,181 108.84 81.63
Nov 14 1.13 3.11 2.32 0.75 25,154 69.87 52.40
Dec 14 0.93 2.11 1.38 0.45 14,471 40.20 30.15

TOTAL   15.75 62.87 54.98 17.91       
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Irrigation Demand - Landa Golf Course (0% Rainfall Credit) 

         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 14 0.00 2.03 2.37 0.77 24,894 69.15 51.86
Feb 14 0.00 2.71 3.16 1.03 36,794 102.21 76.65
Mar 14 0.00 4.35 5.08 1.65 53,345 148.18 111.13
Apr 14 0.00 5.29 6.17 2.01 67,035 186.21 139.66
May 14 0.00 7.56 8.82 2.87 92,710 257.53 193.14
Jun 14 0.00 8.24 9.61 3.13 104,417 290.05 217.54
Jul 14 0.00 8.19 9.56 3.11 100,435 278.99 209.24

Aug 14 0.00 8.14 9.50 3.09 99,822 277.28 207.96
Sep 14 0.00 6.20 7.23 2.36 78,566 218.24 163.68
Oct 14 0.00 4.94 5.76 1.88 60,580 168.28 126.21
Nov 14 0.00 3.11 3.63 1.18 39,410 109.47 82.10
Dec 14 0.00 2.11 2.46 0.80 25,875 71.88 53.91

TOTAL   0.00 62.87 73.35 23.90       
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Irrigation Demand - Prince Solms Park (100% Rainfall Credit) 

         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 16.8 1.75 2.03 0.39 0.13 4,120 11.45 8.58
Feb 16.8 2.02 2.71 0.97 0.31 11,242 31.23 23.42
Mar 16.8 1.95 4.35 3.36 1.09 35,318 98.11 73.58
Apr 16.8 2.72 5.29 3.60 1.17 39,080 108.56 81.42
May 16.8 3.76 7.56 5.32 1.73 55,920 155.33 116.50
Jun 16.8 3.49 8.24 6.65 2.17 72,230 200.64 150.48
Jul 16.8 2.19 8.19 8.40 2.74 88,295 245.26 183.95

Aug 16.8 2.50 8.14 7.90 2.57 82,997 230.55 172.91
Sep 16.8 3.51 6.20 3.77 1.23 40,905 113.63 85.22
Oct 16.8 3.49 4.94 2.03 0.66 21,338 59.27 44.45
Nov 16.8 2.25 3.11 1.20 0.39 13,077 36.33 27.24
Dec 16.8 1.86 2.11 0.35 0.11 3,679 10.22 7.66

TOTAL   31.49 62.87 43.93 14.32       

   
 
      

Irrigation Demand - Prince Solms Park (50% Rainfall Credit) 
         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 16.8 0.88 2.03 1.62 0.53 16,997 47.21 35.41
Feb 16.8 1.01 2.71 2.38 0.78 27,697 76.94 57.70
Mar 16.8 0.98 4.35 4.73 1.54 49,666 137.96 103.47
Apr 16.8 1.36 5.29 5.50 1.79 59,761 166.00 124.50
May 16.8 1.88 7.56 7.95 2.59 83,586 232.18 174.14
Jun 16.8 1.75 8.24 9.09 2.96 98,765 274.35 205.76
Jul 16.8 1.10 8.19 9.93 3.24 104,409 290.02 217.52

Aug 16.8 1.25 8.14 9.65 3.14 101,392 281.64 211.23
Sep 16.8 1.76 6.20 6.22 2.03 67,592 187.76 140.82
Oct 16.8 1.75 4.94 4.47 1.46 47,017 130.60 97.95
Nov 16.8 1.13 3.11 2.78 0.91 30,185 83.85 62.88
Dec 16.8 0.93 2.11 1.65 0.54 17,365 48.24 36.18

TOTAL   15.75 62.87 65.98 21.50       
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Irrigation Demand - Prince Solms Park (0% Rainfall Credit) 

         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 16.8 0.00 2.03 2.84 0.93 29,873 82.98 62.24
Feb 16.8 0.00 2.71 3.79 1.24 44,153 122.65 91.98
Mar 16.8 0.00 4.35 6.09 1.98 64,014 177.82 133.36
Apr 16.8 0.00 5.29 7.41 2.41 80,442 223.45 167.59
May 16.8 0.00 7.56 10.58 3.45 111,251 309.03 231.77
Jun 16.8 0.00 8.24 11.54 3.76 125,300 348.06 261.04
Jul 16.8 0.00 8.19 11.47 3.74 120,522 334.78 251.09

Aug 16.8 0.00 8.14 11.40 3.71 119,787 332.74 249.56
Sep 16.8 0.00 6.20 8.68 2.83 94,279 261.89 196.42
Oct 16.8 0.00 4.94 6.92 2.25 72,696 201.93 151.45
Nov 16.8 0.00 3.11 4.35 1.42 47,292 131.37 98.52
Dec 16.8 0.00 2.11 2.95 0.96 31,050 86.25 64.69

TOTAL   0.00 62.87 88.02 28.68       
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Irrigation Demand - Walnut Avenue (100% Rainfall Credit) 

         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 6.5 1.75 2.03 0.15 0.05 1,594 4.43 3.32
Feb 6.5 2.02 2.71 0.37 0.12 4,350 12.08 9.06
Mar 6.5 1.95 4.35 1.30 0.42 13,665 37.96 28.47
Apr 6.5 2.72 5.29 1.39 0.45 15,120 42.00 31.50
May 6.5 3.76 7.56 2.06 0.67 21,636 60.10 45.07
Jun 6.5 3.49 8.24 2.57 0.84 27,946 77.63 58.22
Jul 6.5 2.19 8.19 3.25 1.06 34,162 94.89 71.17

Aug 6.5 2.50 8.14 3.06 1.00 32,112 89.20 66.90
Sep 6.5 3.51 6.20 1.46 0.47 15,826 43.96 32.97
Oct 6.5 3.49 4.94 0.79 0.26 8,256 22.93 17.20
Nov 6.5 2.25 3.11 0.47 0.15 5,060 14.05 10.54
Dec 6.5 1.86 2.11 0.14 0.04 1,423 3.95 2.97

TOTAL   31.49 62.87 17.00 5.54       
         

Irrigation Demand - Walnut Avenue (50% Rainfall Credit) 
         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 6.5 0.88 2.03 0.63 0.20 6,576 18.27 13.70
Feb 6.5 1.01 2.71 0.92 0.30 10,716 29.77 22.33
Mar 6.5 0.98 4.35 1.83 0.60 19,216 53.38 40.03
Apr 6.5 1.36 5.29 2.13 0.69 23,122 64.23 48.17
May 6.5 1.88 7.56 3.08 1.00 32,340 89.83 67.37
Jun 6.5 1.75 8.24 3.52 1.15 38,213 106.15 79.61
Jul 6.5 1.10 8.19 3.84 1.25 40,396 112.21 84.16

Aug 6.5 1.25 8.14 3.73 1.22 39,229 108.97 81.73
Sep 6.5 1.76 6.20 2.41 0.78 26,152 72.64 54.48
Oct 6.5 1.75 4.94 1.73 0.56 18,191 50.53 37.90
Nov 6.5 1.13 3.11 1.08 0.35 11,679 32.44 24.33
Dec 6.5 0.93 2.11 0.64 0.21 6,718 18.66 14.00

TOTAL   15.75 62.87 25.53 8.32       
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Irrigation Demand - Walnut Avenue (0% Rainfall Credit) 

         

Month 
Irrigated 

Area 
(acres) 

Precipitation 
(in.) 

ET     
(in.) 

Irrigation 
Demand 
(ac-ft) 

Irrigation 
Demand 

(MG) 

Irrigation 
Demand 
(GPD) 

6-hr. 
Interval 
(gpm) 

8-hr. 
Interval 
(gpm) 

Jan 6.5 0.00 2.03 1.10 0.36 11,558 32.11 24.08
Feb 6.5 0.00 2.71 1.47 0.48 17,083 47.45 35.59
Mar 6.5 0.00 4.35 2.36 0.77 24,767 68.80 51.60
Apr 6.5 0.00 5.29 2.87 0.93 31,123 86.45 64.84
May 6.5 0.00 7.56 4.10 1.33 43,044 119.57 89.67
Jun 6.5 0.00 8.24 4.46 1.45 48,479 134.66 101.00
Jul 6.5 0.00 8.19 4.44 1.45 46,631 129.53 97.15

Aug 6.5 0.00 8.14 4.41 1.44 46,346 128.74 96.55
Sep 6.5 0.00 6.20 3.36 1.09 36,477 101.33 75.99
Oct 6.5 0.00 4.94 2.68 0.87 28,126 78.13 58.60
Nov 6.5 0.00 3.11 1.68 0.55 18,297 50.83 38.12
Dec 6.5 0.00 2.11 1.14 0.37 12,014 33.37 25.03

TOTAL   0.00 62.87 34.05 11.10       
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Projected Annual Operating Costs 
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Preliminary Opinion of Probable Project Cost 
 Alternative 1 : South Trib - Walnut Ave.  

 (100% Rainfall Credit; Steel Storage Tanks) 
Item 
No. Description Est. 

Quantity Unit Unit 
Price Total Cost 

1 PIPE, 4" DIA. (PVC C-900) 5,916 LF 20 118,320 
2 PIPE, 6" DIA. (PVC C-900) 11,954 LF 30 358,620 
3 PIPE, 8" DIA. (PVC C-900) 1,578 LF 40 63,120 
4 PIPE, 10" DIA. (PVC C-900) 19,000 LF 50 950,100 
5 Pumps (Horiz. End Suction, 2 locations) 4 EA 40,000 160,000 
6 Enclosed Pump Structure 380 SF 70 26,600 
7 Ground Storage Tank (@ WWTP) 470,000 GAL 0.50 235,000 
8 Ground Storage Tank 425,000 GAL 0.50 212,500 
9 Highway Bore with Steel Casing 700 LF 65 45,500 

10 Railroad Bore with Steel Casing 200 LF 65 13,000 
11 Creek/River Crossing Bore with Steel Casing 200 LF 65 13,000 
12 Sawcut & replace pavement 8,683 SY 25 217,069 
13 Concrete thrust blocks 2.25 CY 60 135 
14 Trench Safety 37,158 LF 1.00 37,158 
15 Erosion & Sediment control 37,158 LF 1.00 37,158 
16 Traffic control plan  1 LS 5,000 5,000 
17 Gate/Blocking valves 11 EA 1,500 16,500 
18 Comb. Air/Vac Valves & Vault 9 EA 6,000 54,000 

19 Comb. Rate of Flow & Pressure Reducing 
Valve 6 EA 10,000 60,000 

20 Master Meter 2 EA 2,000 4,000 
21 Fittings 3.6 TN 4,000 14,400 
22 Treatment (Rotating Disk Filter; Chlorinator) 1 LS 592,000 592,000 
23 Mobilization/bonds/insurance 1 LS 323,318 323,308 

Subtotal $3,556,390 
Engineering & Survey @ 10% $355,640 

Contingency @ 15% $533,460 
TOTAL $4,445,490 

 
 

Projected Annual Operating Costs 
Item 
No. Description Annual 

Cost 
1 Electricity  $     24,681  
2 Disinfection           6,905  
3 Laboratory           3,600  
4 Egr., Distr., Production           6,000  
5 Effluent Purchase         16,719  
  O&M Subtotal  $     57,900  
6 Annual Debt Service       352,060  

  Total  $   409,960  
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Preliminary Opinion of Probable Project Cost 

 Alternative 1 : South Trib - Walnut Ave.  
 (50% Rainfall Credit; Steel Storage Tanks) 
Item 
No. Description Est. 

Quantity Unit Unit 
Price Total Cost 

1 PIPE, 4" DIA. (PVC C-900) 5,916 LF 20 118,320 
2 PIPE, 8" DIA. (PVC C-900) 13,535 LF 40 541,400 
3 PIPE, 10" DIA. (PVC C-900)  19,000 LF 50 950,000 
4 Pumps (Horiz. End Suction, 2 locations) 4 EA 40,000 160,000 
5 Enclosed Pump Structure 380 SF 70 26,600 
6 Ground Storage Tank (@WWTP) 551,000 GAL 0.50 275,500 
7 Ground Storage Tank 505,000 GAL 0.50 252,500 
8 Highway Bore with Steel Casing 700 LF 65 45,500 
9 Railroad Bore with Steel Casing 200 LF 65 13,000 

10 Creek/River Crossing Bore with Steel Casing 200 LF 65 13,000 
11 Sawcut & replace pavement 8,683 SY 25 217,069 
12 Concrete thrust blocks 2.25 CY 60 135 
13 Trench Safety 37,158 LF 1.00 37,158 
14 Erosion & Sediment control 37,158 LF 1.00 37,158 
15 Traffic control plan  1 LS 5,000 5,000 
16 Gate/Blocking valves 11 EA 1,500 16,500 
17 Comb. Air/Vac Valves & Vault 9 EA 6,000 54,000 

18 Comb. Rate of Flow & Pressure Reducing 
Valve 6 EA 10,000 60,000 

19 Master Meter 2 EA 2,000 4,000 
20 Fittings 3.6 TN 4,000 14,400 
21 Treatment (Rotating, Disk Filter; Chlorinator) 1 LS 592,000 592,000 
22 Mobilization/bonds/insurance 1 LS 343,324 343,324 

Subtotal $3,776,560 
Engineering & Survey @ 10% $377,660 

Contingency @ 15% $566,480 
TOTAL $4,720,700 

 
 

Projected Annual Costs 
Item 
No. Description Annual Cost 

1 Electricity         38,859  
2 Disinfection         10,377  
3 Laboratory           3,600  
4 Egr., Distr., Production           6,000  
5 Effluent Purchase         25,108  
  O&M Subtotal  $     83,940  
6 Annual Debt Service  $   373,850  

  Total   $   457,790  
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Preliminary Opinion of Probable Project Cost 

 Alternative 1 : South Trib - Walnut Ave.  
 (0% Rainfall Credit; Steel Storage Tanks) 

Item 
No. Description Est. 

Quantity Unit Unit 
Price Total Cost 

1 PIPE, 4" DIA. (PVC C-900) 5,916 LF 20 118,320 
2 PIPE, 8" DIA. (PVC C-900) 13,535 LF 40 541,400 
3 PIPE, 10" DIA. (PVC C-900) 12,690 LF 50 634,500 
4 PIPE, 12" DIA. (PVC C-900) 6,315 LF 60 378,900 
5 Pumps (Horiz. End Suction, 2 locations) 4 EA 40,000 160,000 
6 Enclosed Pump Structure 380 SF 70 26,600 
7 Ground Storage Tank (@ WWTP) 650,000 GAL 0.50 325,000 
8 Ground Storage Tank 600,000 GAL 0.50 300,000 
9 Highway Bore with Steel Casing 700 LF 65 45,500 

10 Railroad Bore with Steel Casing 200 LF 65 13,000 
11 Creek/River Crossing Bore with Steel Casing 200 LF 65 13,000 
12 Sawcut & replace pavement 8,683 SY 25 217,069 
13 Concrete thrust blocks 2.25 CY 60 135 
14 Trench Safety 37,158 LF 1.00 37,158 
15 Erosion & Sediment control 37,158 LF 1.00 37,158 
16 Traffic control plan  1 LS 5,000 5,000 
17 Gate/Blocking valves 11 EA 1,500 16,500 
18 Comb. Air/Vac Valves & Vault 9 EA 6,000 54,000 

19 Comb. Rate of Flow & Pressure Reducing 
Valve 6 EA 10,000 60,000 

20 Master Meter 2 EA 2,000 4,000 
21 Fittings 3.6 TN 4,000 14,400 
22 Treatment (Rotating Disk Filter; Chlorinator) 1 LS 592,000 592,000 
23 Mobilization/bonds/insurance 1 LS 359,364 359,364 

Subtotal $3,953,000 
Engineering & Survey @ 10% $395,300 

Contingency @ 15% $592,950 
TOTAL $4,941,250 

 
Projected Annual Costs 

Item 
No. Description Annual Cost 

1 Electricity             53,925  
2 Disinfection             13,849  
3 Laboratory               3,600  
4 Egr., Distr., Production               6,000  
5 Effluent Purchase             33,497  
  O&M Subtotal  $       110,870  
6 Annual Debt Service  $       391,320  
  Total  $       502,190  
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Preliminary Opinion of Probable Project Cost 
Alternative 2 : Merriweather St. - Walnut Ave. 

(100% Rainfall Credit; Steel Storage Tanks) 
Item 
No. Description Est. 

Quantity Unit Unit 
Price Total Cost 

1 PIPE, 4" DIA. (PVC C-900) 5,916 LF 20 118,316 
2 PIPE, 6" DIA. (PVC C-900)  1,578 LF 30 47,353 
3 PIPE, 8" DIA. (PVC C-900)  16,248 LF 40 649,911 
4 PIPE, 10" DIA. (PVC C-900)  17,614 LF 50 880,718 
5 Pumps (Horiz. End Suction, 2 locations) 4 EA 40,000 160,000 
6 Enclosed Pump Structure 380 SF 70 26,600 
7 Ground Storage Tank (@WWTP) 470,000 GAL 0.50 235,000 
8 Ground Storage Tank 425,000 GAL 0.50 212,500 
9 Highway Bore with Steel Casing 700 LF 65 45,500 

10 Railroad Bore with Steel Casing 200 LF 65 13,000 
11 Creek/River Crossing Bore with Steel Casing 200 LF 65 13,000 
12 Sawcut & replace pavement 14,326 SY 25 358,162 
13 Concrete thrust blocks 2.5 CY 60 150 
14 Trench Safety 41,356 LF 1.00 41,356 
15 Erosion & Sediment control 41,356 LF 1.00 41,356 
16 Traffic control plan  1 LS 5,000 5,000 
17 Gate/Blocking valves 11 EA 1,500 16,500 
18 Comb. Air/Vac Valves & Vault 10 EA 6,000 60,000 

19 Comb. Rate of Flow & Pressure Reducing 
Valve 6 EA 10,000 60,000 

20 Master Meter 2 EA 2,000 4,000 
21 Fittings 4 TN 4,000 16,000 
22 Treatment (Rotating Disk Filter; Chlorinator) 1 LS 592,000 592,000 
23 Mobilization/bonds/insurance 1 LS 359,642 359,642 

Subtotal $3,956,070 
Engineering & Survey @ 10% $395,610 

Contingency @ 15% $593,410 
TOTAL $4,945,090 

 
 

Projected Annual Costs 
Item 
No. Description Annual Cost 

1 Electricity             24,681  
2 Disinfection               6,905  
3 Laboratory               3,600  
4 Egr., Distr., Production               6,000  
5 Effluent Purchase             16,719  
  O&M Subtotal  $         57,900  
6 Annual Debt Service  $       391,620  
  Total  $       449,520  
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Preliminary Opinion of Probable Project Cost 
Alternative 2 : Merriweather St. - Walnut Ave. 

(50% Rainfall Credit; Steel Storage Tanks) 
Item 
No. Description Est. 

Quantity Unit Unit 
Price Total Cost 

1 PIPE, 4" DIA. (PVC C-900) 5,916 LF 20 118,316 
2 PIPE, 8" DIA. (PVC C-900)  17,826 LF 40 713,040 
3 PIPE, 10" DIA. (PVC C-900)  17,614 LF 50 880,700 
4 Pumps (Horiz. End Suction, 2 locations) 4 EA 40,000 160,000 
5 Enclosed Pump Structure 380 SF 70 26,600 
6 Ground Storage Tank (@ WWTP) 551,000 GAL 1 275,500 
7 Ground Storage Tank 503,350 GAL 1 251,675 
8 Highway Bore with Steel Casing 700 LF 65 45,500 
9 Railroad Bore with Steel Casing 200 LF 65 13,000 

10 Creek/River Crossing Bore with Steel Casing 200 LF 65 13,000 
11 Sawcut & replace pavement 14,326 SY 25 358,154 
12 Concrete thrust blocks 2.5 CY 60 150 
13 Trench Safety 41,356 LF 1 41,356 
14 Erosion & Sediment control 41,356 LF 1 41,356 
15 Traffic control plan  1 LS 5,000 5,000 
16 Gate/Blocking valves 11 EA 1,500 16,500 
17 Comb. Air/Vac Valves & Vault 10 EA 6,000 60,000 

18 Comb. Rate of Flow & Pressure Reducing 
Valve 6 EA 10,000 60,000 

19 Master Meter 2 EA 2,000 4,000 
20 Fittings 4 TN 4,000 16,000 
21 Treatment (Rotating Disk Filter; Chlorinator) 1 LS 592,000 592,000 
22 Mobilization/bonds/insurance 1 LS 369,185 369,185 

Subtotal $4,061,030 
Engineering & Survey @ 10% $406,100 

Contingency @ 15% $609,150 
TOTAL $5,076,280 

 
 

Projected Annual Costs 
Item 
No. Description Annual Cost 

1 Electricity             38,859  
2 Disinfection             10,377  
3 Laboratory               3,600  
4 Egr., Distr., Production               6,000  
5 Effluent Purchase             25,108  
  O&M Subtotal  $         83,940  
6 Annual Debt Service  $       402,010  

  Total  $       485,950  
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Preliminary Opinion of Probable Project Cost 
Alternative 2 : Merriweather St. - Walnut Ave. 

(0% Rainfall Credit; Steel Storage Tanks) 
Item 
No. Description Est. 

Quantity Unit Unit 
Price Total Cost 

1 PIPE, 4" DIA. (PVC C-900) 5,916 LF 20 118,316 
2 PIPE, 8" DIA. (PVC C-900) 17,826 LF 40 713,040 
3 PIPE, 10" DIA. (PVC C-900) 12,593 LF 50 629,650 
4 PIPE, 12" DIA. (PVC C-900) 5,021 LF 60 301,260 
5 Pumps (Horiz. End Suction, 2 locations) 4 EA 40,000 160,000 
6 Enclosed Pump Structure 380 SF 70 26,600 
7 Ground Storage Tank (@ WWTP) 637,550 GAL 0.50 318,775 
8 Ground Storage Tank 582,500 GAL 0.50 291,250 
9 Highway Bore with Steel Casing 700 LF 65 45,500 

10 Railroad Bore with Steel Casing 200 LF 65 13,000 
11 Creek/River Crossing Bore with Steel Casing 200 LF 65 13,000 
12 Sawcut & replace pavement 14,326 SY 25 358,154 
13 Concrete thrust blocks 2.5 CY 60 150 
14 Trench Safety 41,356 LF 1.00 41,356 
15 Erosion & Sediment control 41,356 LF 1.00 41,356 
16 Traffic control plan  1 LS 5,000 5,000 
17 Gate/Blocking valves 11 EA 1,500 16,500 
18 Comb. Air/Vac Valves & Vault 10 EA 6,000 60,000 

19 Comb. Rate of Flow & Pressure Reducing 
Valve 6 EA 10,000 60,000 

20 Master Meter 2 EA 2,000 4,000 
21 Fittings 4 TN 4,000 16,000 
22 Treatment (Rotating Disk Filter; Chlorinator) 1 LS 592,000 592,000 
23 Mobilization/bonds/insurance 1 LS 382,491 382,491 

Subtotal $4,207,400 
Engineering & Survey @ 10% $420,740 

Contingency @ 15% $631,110 
TOTAL $5,259,250 

 
 

Projected Annual Costs 
Item 
No. Description Annual Cost 

1 Electricity             53,925  
2 Disinfection             13,849  
3 Laboratory               3,600  
4 Egr., Distr., Production               6,000  
5 Effluent Purchase             33,497  
  O&M Subtotal  $       110,870  
6 Annual Debt Service  $       416,500  

  Total  $       527,370  
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Preliminary Opinion of Probable Project Cost 

Alternative 3 - Guadalupe River 
 (100% Rainfall Credit) 
Item 
No. Description Est. 

Quantity Unit Unit 
Price Total Cost 

1 PIPE, 4" DIA. (PVC C-900) 5,529 LF 20 110,576 
2 PIPE, 6" DIA. (PVC C-900)  8,744 LF 30 262,315 
3 PIPE, 8" DIA. (PVC C-900)  14,330 LF 40 573,187 
4 PIPE, 10" DIA. (PVC C-900)  10,671 LF 50 533,535 

5 Pumps (Horiz. End Suction, 2 
locations) 4 EA 40,000 160,000 

6 Enclosed Pump Structure 380 SF 70 26,600 
7 Ground Storage Tank (@WWTP) 470,000 GAL 0.50 235,000 
8 Ground Storage Tank 425,000 GAL 0.50 212,500 
9 Highway Bore with Steel Casing 700 LF 65 45,500 

10 Railroad Bore with Steel Casing 300 LF 65 19,500 

11 Creek/River Crossing Bore with Steel 
Casing 500 LF 65 32,500 

12 Sawcut & replace pavement 13,605 SY 25 340,125 
13 Concrete thrust blocks 2.4 CY 60 144 
14 Trench Safety 39,273 LF 1.00 39,273 
15 Erosion & Sediment control 39,273 LF 1.00 39,273 
16 Traffic control plan  1 LS 5,000 5,000 
17 Gate/Blocking valves 11 EA 1,500 16,500 
18 Comb. Air/Vac Valves & Vault 10 EA 6,000 60,000 

19 Comb. Rate of Flow & Pressure 
Reducing Valve 6 EA 10,000 60,000 

20 Master Meter 2 EA 2,000 4,000 
21 Fittings 4 TN 4,000 16,000 

22 Treatment (Rotating Disk Filter; 
Chlorinator) 1 LS 592,000 592,000 

23 Mobilization/bonds/insurance 1 LS 338,353 338,353 
Subtotal $3,721,880 

Engineering & Survey @ 10% $372,190 
Contingency @ 15% $558,280 

TOTAL $4,652,350 
 
 

Projected Annual Costs 

Item No. Description Annual Cost 

1 Electricity  41,926 
2 Disinfection  6,905 
3 Laboratory  3,600 
4 Effluent Purchase  16,719 
  O&M Subtotal  $69,150 
5 Annual Debt Service  $368,440 
  Total Annual Obligation  $437,590 
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Preliminary Opinion of Probable Project Cost 

Alternative 3 - Guadalupe River 
 (50% Rainfall Credit) 
Item 
No. Description Est. 

Quantity Unit Unit 
Price Total Cost 

1 PIPE, 4" DIA. (PVC C-900) 5,529 LF 20 110,576 
2 PIPE, 6" DIA. (PVC C-900)  7,165 LF 30 214,962 
3 PIPE, 8" DIA. (PVC C-900)  15,908 LF 40 636,325 
4 PIPE, 10" DIA. (PVC C-900)  10,671 LF 50 533,535 

5 Pumps (Horiz. End Suction, 2 
locations) 4 EA 40,000 160,000 

6 Enclosed Pump Structure 380 SF 70 26,600 
7 Ground Storage Tank (@WWTP) 551,000 GAL 0.50 275,500 
8 Ground Storage Tank 505,000 GAL 0.50 252,500 
9 Highway Bore with Steel Casing 700 LF 65 45,500 

10 Railroad Bore with Steel Casing 300 LF 65 19,500 

11 Creek/River Crossing Bore with Steel 
Casing 500 LF 65 32,500 

12 Sawcut & replace pavement 13,605 SY 25 340,125 
13 Concrete thrust blocks 2.4 CY 60 144 
14 Trench Safety 39,273 LF 1.00 39,273 
15 Erosion & Sediment control 39,273 LF 1.00 39,273 
16 Traffic control plan  1 LS 5,000 5,000 
17 Gate/Blocking valves 11 EA 1,500 16,500 
18 Comb. Air/Vac Valves & Vault 10 EA 6,000 60,000 

19 Comb. Rate of Flow & Pressure 
Reducing Valve 6 EA 10,000 60,000 

20 Master Meter 2 EA 2,000 4,000 
21 Fittings 4 TN 4,000 16,000 

22 Treatment (Rotating Disk Filter; 
Chlorinator) 1 LS 592,000 592,000 

23 Mobilization/bonds/insurance 1 LS 347,981 347,981 
Subtotal $3,827,790 

Engineering & Survey @ 10% $382,780 
Contingency @ 15% $574,170 

TOTAL $4,784,740 
 
 

Projected Annual Costs 

Item No. Description Annual Cost 

1 Electricity  66,700 
2 Disinfection  10,377 
3 Laboratory  3,600 
4 Effluent Purchase  25,108 
  O&M Subtotal  $105,790 
5 Annual Debt Service  $378,930 
  Total Annual Obligation  $484,720 



 

City of New Braunfels  Parks Reclaimed Water Irrigation Feasibility Study 
146 

 
Preliminary Opinion of Probable Project Cost 

Alternative 3 - Guadalupe River 
 (0% Rainfall Credit) 
Item 
No. Description Est. 

Quantity Unit Unit 
Price Total Cost 

1 PIPE, 4" DIA. (PVC C-900) 5,529 LF 20 110,576 
2 PIPE, 6" DIA. (PVC C-900)  852 LF 30 25,560 
3 PIPE, 8" DIA. (PVC C-900)  15,908 LF 40 636,325 
4 PIPE, 10" DIA. (PVC C-900)  11,963 LF 50 598,150 
5 PIPE, 12" DIA. (PVC C-900)  5,021 LF 60 301,260 

6 Pumps (Horiz. End Suction, 2 
locations) 4 EA 40,000 160,000 

7 Enclosed Pump Structure 380 SF 70 26,600 
8 Ground Storage Tank (@WWTP) 637,600 GAL 0.50 318,800 
9 Ground Storage Tank 582,500 GAL 0.50 291,250 

10 Highway Bore with Steel Casing 700 LF 65 45,500 
11 Railroad Bore with Steel Casing 300 LF 65 19,500 

12 Creek/River Crossing Bore with Steel 
Casing 500 LF 65 32,500 

13 Sawcut & replace pavement 13,605 SY 25 340,125 
14 Concrete thrust blocks 2.4 CY 60 144 
15 Trench Safety 39,273 LF 1.00 39,273 
16 Erosion & Sediment control 39,273 LF 1.00 39,273 
17 Traffic control plan  1 LS 5,000 5,000 
18 Gate/Blocking valves 11 EA 1,500 16,500 
19 Comb. Air/Vac Valves & Vault 10 EA 6,000 60,000 

20 Comb. Rate of Flow & Pressure 
Reducing Valve 6 EA 10,000 60,000 

21 Master Meter 2 EA 2,000 4,000 
22 Fittings 4 TN 4,000 16,000 

23 Treatment (Rotating Disk Filter; 
Chlorinator) 1 LS 592,000 592,000 

24 Mobilization/bonds/insurance 1 LS 373,834 373,834 
Subtotal $4,112,170 

Engineering & Survey @ 10% $411,220 
Contingency @ 15% $616,830 

TOTAL $5,140,220 
 
 

Item No. Description Annual Cost 

1 Electricity  93,502 
2 Disinfection  13,849 
3 Laboratory  3,600 
4 Effluent Purchase  33,497 
  O&M Subtotal  $144,450 
5 Annual Debt Service  $387,860 
  Total Annual Obligation  $532,310 
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Preliminary Opinion of Probable Project Cost 

Alternative 4 - Kuehler - Comal Ave. 
 (100% Rainfall Credit) 
Item 
No. Description Est. 

Quantity Unit Unit 
Price Total Cost 

1 PIPE, 4" DIA. (PVC C-900) 5,529 LF 20 110,576 
2 PIPE, 6" DIA. (PVC C-900)  10,413 LF 30 312,388 
3 PIPE, 8" DIA. (PVC C-900)  16,726 LF 40 669,029 
4 PIPE, 10" DIA. (PVC C-900)  10,671 LF 50 533,535 
5 Pumps (Horiz. End Suction, 2 locations) 4 EA 40,000 160,000 
6 Enclosed Pump Structure 380 SF 70 26,600 
7 Ground Storage Tank (@WWTP) 464,500 GAL 0.50 232,250 
8 Ground Storage Tank 424,200 GAL 0.50 212,100 
9 Highway Bore with Steel Casing 700 LF 65 45,500 

10 Railroad Bore with Steel Casing 300 LF 65 19,500 

11 Creek/River Crossing Bore with Steel 
Casing 300 LF 65 19,500 

12 Sawcut & replace pavement 15,013 SY 25 375,325 
13 Concrete thrust blocks 2.5 CY 60 150 
14 Trench Safety 43,338 LF 1.00 43,338 
15 Erosion & Sediment control 43,338 LF 1.00 43,338 
16 Traffic control plan  1 LS 5,000 5,000 
17 Gate/Blocking valves 11 EA 1,500 16,500 
18 Comb. Air/Vac Valves & Vault 10 EA 6,000 60,000 

19 Comb. Rate of Flow & Pressure 
Reducing Valve 6 EA 10,000 60,000 

20 Master Meter 2 EA 2,000 4,000 
21 Fittings 4 TN 4,000 16,000 

22 Treatment (Rotating Disk Filter; 
Chlorinator) 1 LS 592,000 592,000 

23 Mobilization/bonds/insurance 1 LS 355,663 355,663 
Subtotal $3,912,290 

Engineering & Survey @ 10% $391,230 
Contingency @ 15% $586,840 

TOTAL $4,890,360 
 
 

Item No. Description Annual Cost 

1 Electricity  42,070 
2 Disinfection  6,905 
3 Laboratory  3,600 
4 Effluent Purchase  16,719 
  O&M Subtotal  $69,290 
5 Annual Debt Service  $387,290 
  Total Annual Obligation  $456,580 
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Preliminary Opinion of Probable Project Cost 

Alternative 4 - Kuehler - Comal Ave. 
 (50% Rainfall Credit) 
Item 
No. Description Est. 

Quantity Unit Unit 
Price Total Cost 

1 PIPE, 4" DIA. (PVC C-900) 5,529 LF 20 110,576 
2 PIPE, 6" DIA. (PVC C-900)  10,413 LF 30 312,388 
3 PIPE, 8" DIA. (PVC C-900)  16,726 LF 40 669,029 
4 PIPE, 10" DIA. (PVC C-900)  10,671 LF 50 533,535 
5 Pumps (Horiz. End Suction, 2 locations) 4 EA 40,000 160,000 
6 Enclosed Pump Structure 380 SF 70 26,600 
7 Ground Storage Tank (@WWTP) 551,000 GAL 0.50 275,500 
8 Ground Storage Tank 505,000 GAL 0.50 252,500 
9 Highway Bore with Steel Casing 700 LF 65 45,500 

10 Railroad Bore with Steel Casing 300 LF 65 19,500 

11 Creek/River Crossing Bore with Steel 
Casing 300 LF 65 19,500 

12 Sawcut & replace pavement 15,013 SY 25 375,325 
13 Concrete thrust blocks 2.5 CY 60 150 
14 Trench Safety 43,338 LF 1.00 43,338 
15 Erosion & Sediment control 43,338 LF 1.00 43,338 
16 Traffic control plan  1 LS 5,000 5,000 
17 Gate/Blocking valves 11 EA 1,500 16,500 
18 Comb. Air/Vac Valves & Vault 10 EA 6,000 60,000 

19 Comb. Rate of Flow & Pressure 
Reducing Valve 6 EA 10,000 60,000 

20 Master Meter 2 EA 2,000 4,000 
21 Fittings 4 TN 4,000 16,000 

22 Treatment (Rotating Disk Filter; 
Chlorinator) 1 LS 592,000 592,000 

23 Mobilization/bonds/insurance 1 LS 364,028 364,028 
Subtotal $4,004,310 

Engineering & Survey @ 10% $400,430 
Contingency @ 15% $600,650 

TOTAL $5,005,390 
 
 

Projected Annual Costs 

Item No. Description Annual Cost 

1 Electricity  67,051 
2 Disinfection  10,377 
3 Laboratory  3,600 
4 Effluent Purchase  25,108 
  O&M Subtotal  $106,140 
5 Annual Debt Service  $396,400 
  Total Annual Obligation  $502,540 
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Preliminary Opinion of Probable Project Cost 

Alternative 4 - Kuehler - Comal Ave. 
 (0% Rainfall Credit) 
Item 
No. Description Est. 

Quantity Unit Unit 
Price Total Cost 

1 PIPE, 4" DIA. (PVC C-900) 5,529 LF 20 110,576 
2 PIPE, 6" DIA. (PVC C-900)  5,874 LF 30 176,207 
3 PIPE, 8" DIA. (PVC C-900)  21,265 LF 40 850,603 
4 PIPE, 10" DIA. (PVC C-900)  6,929 LF 50 346,452 
5 PIPE, 12" DIA. (PVC C-900)  3,742 LF 60 224,500 
6 Pumps (Horiz. End Suction, 2 locations) 4 EA 40,000 160,000 
7 Enclosed Pump Structure 380 SF 70 26,600 
8 Ground Storage Tank (@WWTP) 640,000 GAL 0.50 320,000 
9 Ground Storage Tank 582,500 GAL 0.50 291,250 

10 Highway Bore with Steel Casing 700 LF 65 45,500 
11 Railroad Bore with Steel Casing 300 LF 65 19,500 

12 Creek/River Crossing Bore with Steel 
Casing 300 LF 65 19,500 

13 Sawcut & replace pavement 15,013 SY 25 375,325 
14 Concrete thrust blocks 2.5 CY 60 150 
15 Trench Safety 43,338 LF 1.00 43,338 
16 Erosion & Sediment control 43,338 LF 1.00 43,338 
17 Traffic control plan  1 LS 5,000 5,000 
18 Gate/Blocking valves 11 EA 1,500 16,500 
19 Comb. Air/Vac Valves & Vault 10 EA 6,000 60,000 

20 Comb. Rate of Flow & Pressure 
Reducing Valve 6 EA 10,000 60,000 

21 Master Meter 2 EA 2,000 4,000 
22 Fittings 4 TN 4,000 16,000 

23 Treatment (Rotating Disk Filter; 
Chlorinator) 1 LS 592,000 592,000 

24 Mobilization/bonds/insurance 1 LS 380,634 380,634 
Subtotal $4,186,970 

Engineering & Survey @ 10% $418,700 
Contingency @ 15% $628,050 

TOTAL $5,233,720 
 
 

Projected Annual Costs 

Item No. Description Annual Cost 

1 Electricity  94,038 
2 Disinfection  13,849 
3 Laboratory  3,600 
4 Effluent Purchase  33,497 
  O&M Subtotal  $144,980 
5 Annual Debt Service  $414,480 
  Total Annual Obligation  $559,460 
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Preliminary Opinion of Probable Project Cost 
Alternative 5 - Kuehler - Gruene WWTP 

 (100% Rainfall Credit) 
Item 
No. Description Est. 

Quantity Unit Unit 
Price Total Cost 

1 PIPE, 4" DIA. (PVC C-900) 5,529 LF 20 110,576 
2 PIPE, 6" DIA. (PVC C-900)  8,744 LF 30 262,315 
3 PIPE, 8" DIA. (PVC C-900)  15,977 LF 40 639,090 
4 PIPE, 10" DIA. (PVC C-900)  10,671 LF 50 533,535 
5 Pumps (Horiz. End Suction, 2 locations) 4 EA 40,000 160,000 
6 Enclosed Pump Structure 380 SF 70 26,600 

7 Ground Storage Tank (@Kuehler 
WWTP) 464,500 GAL 0.50 232,250 

8 Ground Storage Tank (@Gruene 
WWTP) 424,200 GAL 0.50 212,100 

9 Ground Storage Tank 424,200 GAL 0.50 212,100 
10 Highway Bore with Steel Casing 500 LF 65 32,500 
11 Railroad Bore with Steel Casing 200 LF 65 13,000 

12 Creek/River Crossing Bore with Steel 
Casing 300 LF 65 19,500 

13 Sawcut & replace pavement 14,175 SY 25 354,375 
14 Concrete thrust blocks 2.5 CY 60 150 
15 Trench Safety 40,921 LF 1.00 40,921 
16 Erosion & Sediment control 40,921 LF 1.00 40,921 
17 Traffic control plan  1 LS 5,000 5,000 
18 Gate/Blocking valves 11 EA 1,500 16,500 
19 Comb. Air/Vac Valves & Vault 10 EA 6,000 60,000 

20 Comb. Rate of Flow & Pressure 
Reducing Valve 6 EA 10,000 60,000 

21 Master Meter 2 EA 2,000 4,000 
22 Fittings 4 TN 4,000 16,000 

23 Treatment (Rotating Disk Filter; 
Chlorinator) 1 LS 592,000 592,000 

24 Mobilization/bonds/insurance 1 LS 364,343 364,343 
Subtotal $4,007,770 

Engineering & Survey @ 10% $400,780 
Contingency @ 15% $601,170 

TOTAL $5,009,720 
 
 

Projected Annual Costs 

Item No. Description Annual Cost 

1 Electricity  42,250 
2 Disinfection  6,905 
3 Laboratory  3,600 
4 Effluent Purchase  16,719 
  O&M Subtotal  $69,470 
5 Annual Debt Service  $396,740 
  Total Annual Obligation  $466,210 
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Preliminary Opinion of Probable Project Cost 
Alternative 5 - Kuehler - Gruene WWTP 

 (50% Rainfall Credit) 
Item 
No. Description Est. 

Quantity Unit Unit 
Price Total Cost 

1 PIPE, 4" DIA. (PVC C-900) 5,529 LF 20 110,576 
2 PIPE, 6" DIA. (PVC C-900)  8,744 LF 30 262,315 
3 PIPE, 8" DIA. (PVC C-900)  15,977 LF 40 639,090 
4 PIPE, 10" DIA. (PVC C-900)  10,671 LF 50 533,535 
5 Pumps (Horiz. End Suction, 2 locations) 4 EA 40,000 160,000 
6 Enclosed Pump Structure 380 SF 70 26,600 

7 Ground Storage Tank (@Kuehler 
WWTP) 551,000 GAL 0.50 275,500 

8 Ground Storage Tank (@Gruene 
WWTP) 505,000 GAL 0.50 252,500 

9 Ground Storage Tank 505,000 GAL 0.50 252,500 
10 Highway Bore with Steel Casing 500 LF 65 32,500 
11 Railroad Bore with Steel Casing 200 LF 65 13,000 

12 Creek/River Crossing Bore with Steel 
Casing 300 LF 65 19,500 

13 Sawcut & replace pavement 14,175 SY 25 354,375 
14 Concrete thrust blocks 2.5 CY 60 150 
15 Trench Safety 40,921 LF 1.00 40,921 
16 Erosion & Sediment control 40,921 LF 1.00 40,921 
17 Traffic control plan  1 LS 5,000 5,000 
18 Gate/Blocking valves 11 EA 1,500 16,500 
19 Comb. Air/Vac Valves & Vault 10 EA 6,000 60,000 

20 Comb. Rate of Flow & Pressure 
Reducing Valve 6 EA 10,000 60,000 

21 Master Meter 2 EA 2,000 4,000 
22 Fittings 4 TN 4,000 16,000 

23 Treatment (Rotating Disk Filter; 
Chlorinator) 1 LS 592,000 592,000 

24 Mobilization/bonds/insurance 1 LS 376,748 376,748 
Subtotal $4,144,230 

Engineering & Survey @ 10% $414,420 
Contingency @ 15% $621,630 

TOTAL $5,180,280 
 

Projected Annual Costs 

Item No. Description Annual Cost

1 Electricity             67,453 
2 Disinfection             10,377 
3 Laboratory               3,600 
4 Effluent Purchase             25,108 
  O&M Subtotal  $       106,540 
5 Annual Debt Service  $       410,250 
  Total Annual Obligation  $       516,790 
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Preliminary Opinion of Probable Project Cost 

Alternative 6: Gruene WWTP 
(100% Rainfall Credit; Steel Storage Tanks) 

Item 
No. Description Est. 

Quantity Unit Unit 
Price Total Cost 

1 PIPE, 4" DIA. (PVC C-900)  6,150 LF 20 123,000 
2 PIPE, 6" DIA. (PVC C-900) 7,725 LF 30 231,750 
3 PIPE, 8" DIA. (PVC C-900) 16,186 LF 40 647,440 
4 PIPE, 10" DIA. (PVC C-900) 24,331 LF 50 1,216,550 
5 Pumps (Horiz. End Suction, 2 locations) 4 EA 40,000 160,000 
6 Pump (Vert. Turbine) 1 EA 80,000 80,000 
7 Enclosed Pump Structure 570 SF 70 39,900 
8 Ground Storage Tank (@ WWTP) 888,500 GAL 0.50 444,250 
9 Ground Storage Tank (@ Coco Dr.) 464,300 GAL 0.50 232,150 

10 Ground Storage Tank (@ Prince Solms Park) 424,200 GAL 0.75 318,150 
11 Highway Bore with Steel Casing 700 LF 65 45,500 
12 Railroad Bore with Steel Casing 400 LF 65 26,000 
13 Creek/River Crossing Bore with Steel Casing 200 LF 65 13,000 
14 Sawcut & replace pavement 21,579 SY 25 539,484 
15 Concrete thrust blocks 3.3 CY 60 198 
16 Trench Safety 54,392 LF 1.00 54,392 
17 Erosion & Sediment control 54,392 LF 1.00 54,392 
18 Traffic control plan  1 LS 5,000 5,000 
19 Gate/Blocking valves 12 EA 1,500 18,000 
20 Comb. Air/Vac Valves & Vault 14 EA 6,000 84,000 

21 Comb. Rate of Flow & Pressure Reducing 
Valve 7 EA 10,000 70,000 

22 Master Meter 3 EA 2,000 6,000 
23 Fittings 5.27 TN 4,000 21,080 
24 Treatment (Rotating Disk Filter; Chlorinator) 1 LS 592,000 592,000 
25 Mobilization/bonds/insurance 1 LS 502,224 502,224 

Subtotal $5,524,460 
Engineering & Survey @ 10% $552,450 

Contingency @ 15% $828,670 
TOTAL $6,905,580 

 
 

Projected Annual Costs 
Item 
No. Description Annual Cost 

1 Electricity             24,681  
2 Disinfection               6,905  
3 Laboratory               3,600  
4 Egr., Distr., Production               6,000  
5 Effluent Purchase             16,719  
  O&M Subtotal  $         57,900  
6 Annual Debt Service  $       546,890  
  Total  $       604,790  
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Preliminary Opinion of Probable Project Cost 

Alternative 6 : Gruene WWTP 
(50% Rainfall Credit; Steel Storage Tanks) 

Item 
No. Description Est. 

Quantity Unit Unit 
Price Total Cost 

1 PIPE, 4" DIA. (PVC C-900) 6,150 LF 20 122,996 
2 PIPE, 6" DIA. (PVC C-900)  6,097 LF 30 182,910 
3 PIPE, 8" DIA. (PVC C-900) 17,813 LF 40 712,520 
4 PIPE, 10" DIA. (PVC C-900) 21,683 LF 50 1,084,163 
5 PIPE, 12" DIA. (PVC C-900) 2,647 LF 60 158,845 
6 Pumps (Horiz. End Suction, 2 locations) 4 EA 40,000 160,000 
7 Pump (Vert. Turbine) 1 EA 80,000 80,000 
8 Enclosed Pump Structure 570 SF 70 39,900 
9 Ground Storage Tank (@ WWTP) 1,054,300 GAL 0.50 527,150 

10 Ground Storage Tank (@ Coco Dr.) 503,500 GAL 0.50 251,750 
11 Ground Storage Tank (@ Prince Solms Park) 551,000 GAL 0.75 413,250 
12 Highway Bore with Steel Casing 700 LF 65 45,500 
13 Railroad Bore with Steel Casing 400 LF 65 26,000 
14 Creek/River Crossing Bore with Steel Casing 200 LF 65 13,000 
15 Sawcut & replace pavement 21,579 SY 25 539,484 
16 Concrete thrust blocks 3.3 CY 60 198 
17 Trench Safety 54,390 LF 1.00 54,390 
18 Erosion & Sediment control 54,390 LF 1.00 54,390 
19 Traffic control plan  1 LS 5,000 5,000 
20 Gate/Blocking valves 12 EA 1,500 18,000 
21 Comb. Air/Vac Valves & Vault 14 EA 6,000 84,000 

22 Comb. Rate of Flow & Pressure Reducing 
Valve 7 EA 10,000 70,000 

23 Master Meter 3 EA 2,000 6,000 
24 Fittings 5.27 TN 4,000 21,080 
25 Treatment (Rotating Disk Filter; Chlorinator) 1 LS 592,000 592,000 
26 Mobilization/bonds/insurance 1 LS 526,253 526,253 

Subtotal $5,788,780 
Engineering & Survey @ 10% $578,880 

Contingency @ 15% $868,320 
TOTAL $7,235,980 

 
Projected Annual Costs 

Item 
No. Description Annual Cost 

1 Electricity             38,859  
2 Disinfection             10,377  
3 Laboratory               3,600  
4 Egr., Distr., Production               6,000  
5 Effluent Purchase             25,108  
  O&M Subtotal  $         83,940  
6 Annual Debt Service  $       573,050  
  Total  $       656,990  
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Preliminary Opinion of Probable Project Cost 

Alternative 6: Gruene WWTP 
(0% Rainfall Credit; Steel Storage Tanks) 

Item 
No. Description Qty. Unit Unit 

Price 
Total 
Price 

1 PIPE, 4" DIA. (PVC C-900) 6,150 LF 20 122,996 
2 PIPE, 6" DIA. (PVC C-900)  4,538 LF 30 136,141 
3 PIPE, 8" DIA. (PVC C-900) 19,373 LF 40 774,901 
4 PIPE, 10" DIA. (PVC C-900) 21,683 LF 50 1,084,163 
5 PIPE, 12" DIA. (PVC C-900)  2,647 LF 60 158,845 
6 Pumps (Horiz. End Suction, 2 locations) 4 EA 40,000 160,000 
7 Pump (Vert. Turbine) 1 EA 80,000 80,000 
8 Enclosed Pump Structure 570 SF 70 39,900 
9 Ground Storage Tank (@ WWTP) 1,250,000 GAL 0.50 625,000 

10 Ground Storage Tank (@ Coco Dr.) 650,000 GAL 0.50 325,000 
11 Ground Storage Tank (@ Prince Solms Park) 600,000 GAL 0.75 450,000 
12 Highway Bore with Steel Casing 700 LF 65 45,500 
13 Railroad Bore with Steel Casing 400 LF 65 26,000 
14 Creek/River Crossing Bore with Steel Casing 200 LF 65 13,000 
15 Sawcut & replace pavement 21,579 SY 25 539,484 
16 Concrete thrust blocks 3.3 CY 60 198 
17 Trench Safety 54,391 LF 1.00 54,391 
18 Erosion & Sediment control 54,391 LF 1.00 54,391 
19 Traffic control plan  1 LS 5,000 5,000 
20 Gate/Blocking valves 12 EA 1,500 18,000 
21 Comb. Air/Vac Valves & Vault 14 EA 6,000 84,000 

22 Comb. Rate of Flow & Pressure Reducing 
Valve 7 EA 10,000 70,000 

23 Master Meter 3 EA 2,000 6,000 
24 Fittings 5.27 TN 4,000 21,080 
25 Treatment (Rotating Disk Filter; Chlorinator) 1 LS 592,000 592,000 
26 Mobilization/bonds/insurance 1 LS 548,599 548,599 

Subtotal $6,034,590 
Engineering & Survey @ 10% $603,460 

Contingency @ 15% $905,190 
TOTAL $7,543,240 

 
Projected Annual Costs 

Item 
No. Description Annual Cost 

1 Electricity             53,925  
2 Disinfection             13,849  
3 Laboratory               3,600  
4 Egr., Distr., Production               6,000  
5 Effluent Purchase             33,497  
  O&M Subtotal  $       110,870  
6 Annual Debt Service  $       597,380  
  Total  $       708,250  
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Preliminary Opinion of Probable Project Cost 

RWPF Option 
(100% Rainfall Credit) 

Item 
No. Description Qty. Unit Unit 

Price 
Total 
Price 

1 PIPE, 6" DIA. (PVC C-900) 2,650 LF 30 79,500 
2 PIPE, 8" DIA. (PVC C-900) 1,579 LF 40 63,160 
3 PIPE, 10" DIA. (PVC C-900) 1,560 LF 50 78,000 
4 Pumps (Horiz. End Suction, 5 locations) 9 EA 40,000 360,000 
5 Enclosed Pump Structure 1710 SF 70 119,700 
6 Sawcut & replace pavement 21,579 SY 25 539,484 
7 Concrete thrust blocks 2 CY 60 120 
8 Trench Safety 3,139 LF 1.00 3,139 
9 Erosion & Sediment control 3,139 LF 1.00 3,139 

10 Traffic control plan  1 LS 5,000 5,000 
11 Gate/Blocking valves 9 EA 1,500 13,500 
12 Master Meter 5 EA 2,000 10,000 
11 RWPF - 60,000 GPD 1 LS 400,000 400,000 
12 RWPF - 100,000 GPD 1 LS 486,000 486,000 
13 RWPF - 150,000 GPD 1 LS 704,000 704,000 
14 RWPF - 200,000 GPD 1 LS 767,000 767,000 
15 RWPF - 250,000 GPD 1 LS 1,019,000 1,019,000 
16 Mobilization/bonds/insurance 1 LS 465,074 465,074 

Subtotal $5,115,820 
Engineering & Survey @ 10% $511,580 

Contingency @ 15% $767,370 
TOTAL $6,394,770 

 
Projected Annual Costs 

Item 
No. Description Annual Cost 

1 Electricity             37,560  
2 Disinfection             17,765  
3 Laboratory               3,600  
4 Egr., Distr., Production               6,000  
  O&M Subtotal  $         64,930  
5 Annual Debt Service  $       506,430  
  Total  $       571,360  
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Preliminary Opinion of Probable Project Cost 

RWPF Option 
(50% Rainfall Credit) 

Item 
No. Description Qty. Unit Unit 

Price 
Total 
Price 

1 PIPE, 6" DIA. (PVC C-900) 2,650 LF 30 79,500 
2 PIPE, 8" DIA. (PVC C-900) 1,579 LF 40 63,160 
3 PIPE, 10" DIA. (PVC C-900) 1,560 LF 50 78,000 
4 Pumps (Horiz. End Suction, 5 locations) 9 EA 40,000 360,000 
5 Enclosed Pump Structure 1710 SF 70 119,700 
6 Sawcut & replace pavement 21,579 SY 25 539,484 
7 Concrete thrust blocks 2 CY 60 120 
8 Trench Safety 3,139 LF 1.00 3,139 
9 Erosion & Sediment control 3,139 LF 1.00 3,139 

10 Traffic control plan  1 LS 5,000 5,000 
11 Gate/Blocking valves 9 EA 1,500 13,500 
12 Master Meter 5 EA 2,000 10,000 
13 RWPF - 100,000 GPD 1 LS 486,000 486,000 
14 RWPF - 200,000 GPD 3 LS 767,000 2,301,000 
15 RWPF - 250,000 GPD 1 LS 1,019,000 1,019,000 
16 Mobilization/bonds/insurance 1 LS 508,074 508,074 

Subtotal $5,588,820 
Engineering & Survey @ 10% $558,880 

Contingency @ 15% $838,320 
TOTAL $6,986,020 

    
Projected Annual Costs 

Item 
No. Description Annual Cost 

1 Electricity             44,823  
2 Disinfection             21,392  
3 Laboratory               3,600  
4 Egr., Distr., Production               6,000  
  O&M Subtotal  $         75,820  
5 Annual Debt Service  $       553,260  
  Total  $       629,080  

 



 

City of New Braunfels  Parks Reclaimed Water Irrigation Feasibility Study 
157 

 
Preliminary Opinion of Probable Project Cost 

RWPF Option 
(0% Rainfall Credit) 

Item 
No. Description Qty. Unit Unit 

Price 
Total 
Price 

1 PIPE, 8" DIA. (PVC C-900) 4,229 LF 40 169,160 
2 PIPE, 10" DIA. (PVC C-900) 1,560 LF 50 78,000 
3 Pumps (Horiz. End Suction, 5 locations) 9 EA 40,000 360,000 
4 Enclosed Pump Structure 1710 SF 70 119,700 
5 Sawcut & replace pavement 21,579 SY 25 539,484 
6 Concrete thrust blocks 2 CY 60 120 
7 Trench Safety 5,789 LF 1.00 5,789 
8 Erosion & Sediment control 5,789 LF 1.00 5,789 
9 Traffic control plan  1 LS 5,000 5,000 

10 Gate/Blocking valves 9 EA 1,500 13,500 
11 Master Meter 5 EA 2,000 10,000 
12 RWPF - 100,000 GPD 1 LS 486,000 486,000 
13 RWPF - 150,000 GPD 1 LS 704,000 704,000 
14 RWPF - 200,000 GPD 3 LS 767,000 2,301,000 
15 RWPF - 250,000 GPD 1 LS 1,019,000 1,019,000 
16 Mobilization/bonds/insurance 1 LS 581,654 581,654 

Subtotal $6,398,200 
Engineering & Survey @ 10% $639,820 

Contingency @ 15% $959,730 
TOTAL $7,997,750 

 
Projected Annual Costs 

Item 
No. Description Annual Cost 

1 Electricity             53,255  
2 Disinfection             25,017  
3 Laboratory               3,600  
4 Egr., Distr., Production               6,000  
  O&M Subtotal  $         87,870  
5 Annual Debt Service  $       633,380  
  Total  $       721,250  
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Appendix F 
 

Draft Reclaimed Water Service Agreement 
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DRAFT 
 

MEMORANDUM OF UNDERSTANDING 
 

for 
 

RECLAIMED WATER SERVICE 
 
 
Effective Date:__________________________  
 
PROVIDER: New Braunfels Utilities (NBU) 
CITY:  City of New Braunfels (City) 
 
For the consideration provided herein, NBU agrees to supply and City agrees to accept 
and use reclaimed water in accordance with the terms and conditions of this 
Memorandum of Understanding (the “MOU”).  This MOU incorporates and is subject to 
all of the terms and conditions set out herein as well as all of the following:  
 
• All applicable Attachments and Appendices attached hereto;  
• NBU Installation Policy;  
• NBU Policies and Procedures; 
• NBU Cross Connection and Backflow Prevention Program;  
• All applicable local, state, and federal statutes, ordinances, and regulations, as they 

may be amended, now or hereafter in effect (“Applicable Laws”), including without 
limitation, Chapter 210 of Title 30 of the Texas Administrative Code.  

 
1. Use  
 
a. General.  
City shall use reclaimed water supplied by NBU under this MOU (the “Reclaimed 
Water”) only as authorized by Applicable Laws, including, without limitation, Sections 
210.22 (General Requirements),  210.24 (Irrigation Using Reclaimed Water), and 210.32 
(Specific Uses of Reclaimed Water) of Title 30 of the Texas Administrative Code.   
 
b. Specific  
City agrees to use the Reclaimed Water only for the purposes and in the locations 
described in Attachment A hereto.  City agrees to inform NBU’s in writing prior to using 
the Reclaimed Water for a purpose or at a location not described in Attachment A.  Any 
changes to the purpose and location of use of the Reclaimed Water will be reflected in a 
substitute Attachment A and attached hereto.  City agrees to take steps to minimize the 
risk of inadvertent human exposure to the Reclaimed Water.  NBU may terminate this 
MOU immediately, in its sole discretion, if NBU determines that City has failed to use 
the Reclaimed Water in accordance with Applicable Laws, this MOU, and/or Attachment 
A.  
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DRAFT 
 
c. Prohibited Uses:  
City hereby agrees to the following:  
 
i. The Reclaimed Water shall not be used for drinking, food preparation, domestic 

purposes or any type of human consumption, but Reclaimed Water may be used for 
landscape irrigation and toilet or urinal flush water in City facilities, if noted as a 
purpose in Attachment A, hereto.  

 
ii. The Reclaimed Water shall not be sold or supplied to any other person for any 

purposes whatsoever.  
 
iii. Except as City may otherwise be expressly authorized by the TCEQ, Reclaimed 

Water may not be discharged into or adjacent to the waters in the State.  
 
iv. There shall be no nuisance conditions resulting from the distribution, use and/or 

storage of the Reclaimed Water.  
 
2. Quantity  
a. Annual Amount: __________________________________ 
 
3. Delivery  
a. Reclaimed Water Pumping, Storage and Distribution  
NBU is responsible for delivery of reclaimed water to delivery points described in 
Attachment A at a pressure of ___ PSI.    
 
4. Quality  
a. State Standards  
NBU agrees to transfer to City, at the time and point of delivery, Reclaimed Water of at 
least the minimum quality required by State standards for Type I usage as set forth in 
Section 210.33 of Title 30 of the Texas Administrative Code, as such may be amended or 
superseded from time to time. Pursuant to Section 210.33(1), the minimum Reclaimed 
Water quality for Type I water initially will be equal to or less than:  

BOD5 or CBOD5 5 mg/L 
Turbidity 3 NTU 
Fecal Coliform 20 CFU/100 ml* 
Fecal Coliform 75 CFU/100 ml** 
* geometric mean 
** single grab sample (not to exceed) 

 
b. Warranties  
City understands and agrees that the quality of the Reclaimed Water is different from that 
of City’s normal potable water supply.  City understands and agrees that the NBU makes 

no warranties as to the quality of the Reclaimed Water beyond those contained in  
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Sections 3a and 4a.  All other warranties whether express or implied, including, without 
limitation, the implied warranty for fitness for a particular purpose or the implied 
warranty of merchantability are hereby excluded.  
5. Reclaimed Water Use Requirements  
a. General  
The use of Reclaimed Water is regulated by the Texas Commission on Environmental 
Quality (“TCEQ”) and Article VII of Chapter 35 of the City Code.  A copy of Article VII 
of Chapter 35 is included as Attachment C. City shall fully inform itself of applicable 
requirements for the use of Reclaimed Water and abide by all Applicable Laws.  Delivery 
of Reclaimed Water may, at NBU’s sole discretion, be terminated for violation of the 
provisions of any Applicable Laws.  
 
b. Reclaimed Water Supervisor  
 
i. City shall designate an individual as City’s Reclaimed Water Supervisor.  The 

Reclaimed Water Supervisor shall be City’s coordinator and the direct contact person 
between NBU and the City.  The City agrees that the Reclaimed Water Supervisor 
shall be responsible for the proper operation of City’s Reclaimed Water system, 
implementing the requirements of this MOU relative to the onsite use of reclaimed 
water, monitoring of City’s Reclaimed Water system for prevention of potential 
hazards, and coordination with NBU and other regulatory agencies.  NBU will assist 
in the training of City’s Reclaimed Water Supervisor as time and resources permit; 
however, it shall be the non-delegable responsibility of City to assure its Reclaimed 
Water Supervisor is trained in the use and handling of Reclaimed Water in 
accordance with all Applicable Laws.  

 
ii. City shall inform NBU in writing of the name, position and daytime and nighttime 

telephone numbers of City’s Reclaimed Water Supervisor and shall promptly inform 
NBU in writing of any changes of designee and/or phone numbers during the term of 
this MOU.  

 
c. Onsite Facilities  
 
If modifications are necessary to City’s onsite facilities to conform to Reclaimed Water 
use requirements, City shall submit its plans and specifications for such modifications to 
NBU which shall approve same before construction commences and which approval shall 
not unreasonably be withheld.  All modifications required in City’s onsite facilities shall 
be the sole cost and responsibility of the City.  NBU shall assist the City in identifying 
the modifications and/or changes required in City’s onsite facilities.  It shall be the City’s 
responsibility to construct the modifications in accordance with the approved plans and 
specifications, and with all Applicable Laws.  
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d. Notifications  
  
i. City shall provide proper notification to City’s employees and to the public that 

Reclaimed Water is being used on the Site in accordance with all Applicable Laws.  
 
 
ii. Prior to City’s commencement of the use of Reclaimed Water under this MOU, NBU 

will notify the Executive Director of the TCEQ and obtain approval for such use in 
accordance with Section 210.4 of Chapter 210 of Title 30 of the Texas Administrative 
Code.  

 
iii. Upon completion of all onsite modifications and changes to City’s Reclaimed Water 

and potable water systems, City shall provide NBU with as-built drawings of City’s 
completed Reclaimed Water system and potable water system on City’s site. The 
drawings shall show at a minimum, the locations of all pipelines, controllers, valves, 
buildings, structures, property boundaries, and any other features important to the 
onsite use of Reclaimed Water.  

 
iv. City agrees to notify NBU by telephone or fax of any Reclaimed Water use not 

authorized by this MOU, including, but not limited to, spills, leaks, discharges, or 
releases of a material volume of Reclaimed Water into or adjacent to the waters of the 
State. The only exception is when the discharge or spill is caused by rainfall events or 
in accordance with a permit issued by the TCEQ.  

 
Telephone or faxed notice must be given to NBU within 24 hours of obtaining 
knowledge of any such spill, leak, discharge, or release.  NBU personnel will then 
assist in (1) assessing the extent of the unauthorized discharge and (2) aid in 
determining what reports, if any, need to be made as well as assist in making the 
reports.  NBU will then provide written notice to TCEQ within 5 working days of 
obtaining knowledge of any such spill, leak, discharge or release.  
 
Notification contacts are (list):  

 
  
7. Price and Payment for Use of Reclaimed Water  
 
a. Rates and Fees  
 
City shall pay NBU for Reclaimed Water        (to be determined)________________.  
 
b. Payment  
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Each month City shall make a payment to NBU based on the applicable rate for the 
amounts of Reclaimed Water received by City for the preceding month (“Monthly 
Payments”).   
 
8. Permission to Enter  
 
City hereby grants to NBU and regulatory agencies, acting through their duly authorized 
employees, agents, or contractors, access at all reasonable times to enter the Site for the 
purpose of observing construction or modification of reclaimed water facilities, for 
maintaining and repairing NBU-installed facilities, for meter reading, and for observing 
and verifying that City is properly operating is reclaimed water facilities in accordance  
with the terms and conditions of this MOU, and Applicable Laws. When entering City’s 
premises, NBU or the regulatory agencies shall not unreasonably interfere with City’s 
operations and its use of the premises.  
 
9. Interruption of Service  
 
NBU may interrupt Reclaimed Water service at any time if NBU determines that City is 
in breach of any provision in this MOU.  If NBU interrupts service pursuant to this 
subsection, City shall have 30 days to cure the breach to the satisfaction of NBU.  If City 
fails to cure the breach to the satisfaction of NBU in the period provided, NBU shall have 
the right to immediately terminate the MOU.  The provisions of this Section are not 
intended to limit the rights of NBU contained in Section 10 of this MOU.  
 
10. Liability, Indemnification and Force Majeure  
 
a. City’s Liability  
City shall be solely responsible for any and all claims, damages, deaths, losses, injury, 
fines, penalties, suits and liability of every kind, including environmental liability, arising 
from the use, distribution or discharge of the Reclaimed Water, whether such us is 
intended or accidental, or authorized by this MOU and Applicable Laws or otherwise.  
City shall be solely responsible for any and all claims, damages, deaths, losses, injury, 
fines, penalties, suits and liability of every kind arising from or relating to the design, 
installation, construction, connection, maintenance, operation and modification of the 
Onsite System, regardless as to whether the Onsite System was released for service by 
NBU.  
 
b. Force Majeure  

If by reason of Force Majeure, NBU shall be rendered unable wholly or in part to carry 
out its obligations under this MOU to deliver Reclaimed Water, it shall not be required to 
deliver Reclaimed Water, and its failure to deliver Reclaimed Water in accordance with 
the terms and conditions of this MOU, shall not be considered a breach of this MOU.  
The term “Force Majeure” as used in this MOU shall mean acts of God, strikes, lock-  
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outs, or other industrial disturbances, acts of the public enemy, orders of any kind of the  

federal or state government or any civil or military authority, insurrection, riots, 
epidemics, landslides, lightning, earthquakes, fires, hurricanes, storms, floods, washouts, 
droughts, power failures, arrests, restraint of government and people, civil disturbances, 
explosions, breakage or accidents to machinery, pipelines or canals, the partial or entire 
failure of the NBU Reclaimed Water System, unsuitable Reclaimed Water quality, or 
other causes. Nothing herein shall be construed to enlarge the duty or liability of NBU 
beyond that imposed by law.  
 
12. General Conditions  
 
a. This MOU shall be construed and interpreted in accordance with the laws of the State 
of Texas, and venue of any litigation hereunder shall be in a court competent jurisdiction 
sitting in Comal County, Texas.  
b. This MOU and the attachments thereto contain all the agreements of the parties with 
regard to this MOU and cannot be enlarged, modified or changed in any respect except 
by written agreement between the parties.  
 
c. The unenforceability, invalidity or illegality of any provisions of this MOU shall not 
render the other provisions unenforceable, invalid or illegal, but the parties shall negotiate 
as to the effect of said unenforceability, invalidity or illegality on the rights and 
obligations of the parties.  
 
d. NBU and City will each use their best efforts to fully cooperate with one another as 
may be necessary to diligently obtain and maintain in effect any required permits and all 
other approvals and records required by regulatory requirements that may be necessary 
for NBU and City to perform under, or take advantage of, the terms and conditions of this 
MOU.  
 
e. The captions, titles and headings in this MOU are merely for the convenience of the 
parties and shall neither limit nor amplify the provisions of the MOU itself.  
 
f. Notices to be given by either party to the other relative to this MOU shall be in writing.  
Both parties agree that any such notice shall be effective when personally delivered or 
deposited, postage paid, in the  
 
U.S. Mail addressed by certified mail, return receipt request, as follows:  
 
NBU:         City:  
Address 1 ____________________________________  
Address 2 ____________________________________  
Address 3 ____________________________________  
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ATTACHMENT A 

PURPOSE AND LOCATION OF USE 
 
 
 
Effective Date of this Delivery Location: _____________________________  
 

1. Describe the boundaries within which the reclaimed water will be used.  Attach a 
map showing approximate meter and location of reclaimed water use.  

 
 
 
 
 
 
 

 
 
2. Describe the hours of operation. 
 
 

 
Does this Attachment A supersede a previous Attachment A?  
 
If yes, what is the Effective Date of superseded Attachment A?  
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ATTACHMENT B 
ANNUAL AMOUNT AND MONTHLY VOLUMES 

 
1. City’s total maximum annual quantity of reclaimed water (“Annual Amount”): 
_______________ acre feet/year (detailed for each delivery point) 
 
2. Peak usage required _____________ gallons per minute (detailed for each delivery 
point) 
 
3. Projected monthly volumes: 
 

  
 

MONTH 
Approximate 
Usage (1000 

gallons/month) 
January  
February   
March   
April   
May   
June   
July   
August   
September   
October   
November   
December  

 
 

4.  Required delivery pressure: 
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Public Meetings 
 



 

City of New Braunfels  Parks Reclaimed Water Irrigation Feasibility Study 
170 

 
 
 
 
 
 
 
 

Public Meeting No. 1 
 

August 11, 2010 
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Meeting: New Braunfels Park Water Reuse Irrigation Feasibility Study  
First Public Meeting 
TWDB Grant #1004831078 

 

Date & Time: August 11, 2010 @ 6:00 PM 
 

11 Notes 
 

1. No published agenda. 
2. Approximately 27 attendees total. 
3. Robert Camareno, CNB Asst. City Manager welcomed crowd and introduced the 

“participants” in the grant process.  This included Matt Nelson (TWDB), Roger 
Biggers (NBU), Bob Hall (EAA), James Murphy (GBRA) and Stephen Jenkins 
from Espey Consultants as the lead for the contractor. 

4. Stephen Jenkins took over the meeting and presented the concept to the audience. 
5. CNB is studying $80M in long term park improvements.  Using reuse water to 

protect the landscape investment in those park improvements is the basis for the 
study. 

6. The study will consider the entire package for reuse water in New Braunfels. This 
will include: 

a. need for additional treatment 
b. transport 
c. storage 
d. possibility of a “scalping plant” 
e. addition of new parks requires more irrigation 
f. environmental concerns 

7. Questions to be answered include: 
a. How much irrigation water is required to sustain the parks? 
b. How much water is available for reuse? 
c. What are the environmental considerations? 
d. What are the delivery options? 
e. What are the physical plant and piping requirements? 
f. What will the water cost from a “scalping plant?” 
g. Will it be affordable? 

8. Questions from the crowd: 
a. “If I want to open a water park, will I be able to outbid the NB for this 

water?”  Efforts were made to explain to this person that the CNB owns 
their effluent, so they could only be outbid for it if they wanted to take 
bids. 

b. “I am a downstream person.  If you take this water out of the stream, the 
stream will be “short” of water.  How will you protect my water rights and 
maintain instream requirements?”  Efforts were made to explain Texas 
water rights and the fact that the downstream water user has no rightful 
claim to CNB wastewater prior to it being discharged.    

c. “Sundance golf course currently uses treated wastewater on its golf 
course.  Where the water ponds for several days, it stinks.  Can you 
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guarantee that this water will not stink?”  No, that is a maintenance issue 
that can only be addressed by proper irrigation. 

d. If scalping plants work, why aren’t there any in Texas?”  Because water in 
Texas has been cheap, for years.  Scalping plants are becoming much 
more common in California and places where water is expensive. 

9. Schedule for the Project 
a. Draft to CNB around Jan-Feb, 2011. 
b. Final to CNB July, 2011. 

10. Next meeting will be scheduled Jan or Feb, 2011. 
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Consultant touts use of effluent  
Posted: Wednesday, August 11, 2010 10:50 pm  

By Greg Bowen The Herald-Zeitung | 0 comments  

NEW BRAUNFELS — No real opposition surfaced Wednesday night regarding using recycled water, or 
effluent, from the city’s sewer plants to irrigate parks and playing fields in New Braunfels. 

While many questions were asked by citizens during a public hearing to kick-off a $175,000 study into the 
feasibility of using effluent to irrigate parks, only one questioner asked about the touchy issues that might 
be expected to arise in discussions about effluent. 

He said recycled water used to irrigate the old Sundance golf course sometimes pooled in low spots “and it 
was really quite stinetimes.” The questioner wondered if the same situation could be avoided in the par. 

Study leader Stephen Jenkins of Espey Consultants said if standing water were to become a problem, it 
could be taken care of by re-grading the ground to keep the water from ponding. 

Jenkins told the crowd of about 30 meeting at Landa Haus that the recycled water, while “not treated to the 
level where it can be consumed, is safe for contact with the public and with food crops.” 

Bexar and Collin counties are using tens of millions of gallons of recycled water daily as a water-
conservation measure, he said, adding regional water planners have identified the use of reclaimed water as 
one of the “best management practices” for water conservation. 

Recycled water is also “essentially drought-proof,” he said, which will allow for continued watering of 
parklands during droughts, when the use of the drinking water is restricted. That means using recycled 
water would improve the ability of the park system to meet the demands of more and more use from a 
growing population, he said. 

 Jenkins said the study, which will be completed next July, will look into such questions as: 

• What will the cost be and is it affordable? 

• How much water is needed to sustain the par 

• How much recycled water is available? 

• What are the environmental considerations? 

• What are the options for moving the water from one or more of the city’s wastewater treatment plants to 
the targeted par 

He said pipelines could be used, or a small sewer-treatment plant ight be built near “where the need is” to 
avoid having to install long pipelines. No such small plants have been built in Texas, he said. 

Wednesday’s public hearing was the first in a series of three. Jenkins said a draft study will be the topic of 
a second meeting in January or February. The findings of the completed study will be unveiled in a final 
meeting in July 2011. 
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Then it’ll be up to city council to make a decision on whether to implement the study. 

“It’ll be a balancing of the investment in the maintenance costs,” he said. “We’re going to try to put it all 
together in a nice neat little package so it’ll be easy to say ‘We’re comfortable with this cost’ or ‘This is 
simply not the time to do this yet.’” 

Texas Water Development Board representative David Meesey said TWDB can finance or help finance 
such projects. 

The recycled water would be used to irrigate Landa Park, Prince Solms Park, Hinman Island, Landa Park 
Golf Course, the HEB soccer complex, the Camp Comal softball complex and the future Walnut Avenue 
hike and bike trail. 

The study is being funded by the Texas Water Development Board, City of New Braunfels, New Braunfels 
Utilities and Guadalupe-Blanco River Authority. Edwards Aquifer Authority is also a study participant. 
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Public Meeting No. 2 
 

December 7, 2010 
 
 
 



 

City of New Braunfels  Parks Reclaimed Water Irrigation Feasibility Study 
177 



 

City of New Braunfels  Parks Reclaimed Water Irrigation Feasibility Study 
178 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

City of New Braunfels  Parks Reclaimed Water Irrigation Feasibility Study 
179 



 

City of New Braunfels  Parks Reclaimed Water Irrigation Feasibility Study 
180 



 

City of New Braunfels  Parks Reclaimed Water Irrigation Feasibility Study 
181 

FAQ (http://www.nbtexas.org/DocumentView.aspx?DID=1702) 
 
• What areas are being considered for irrigation with reclaimed water? 

The study is intended to evaluate the feasibility of irrigating about 173 acres of city 
parks.  The park areas are: 
Landa Park Fredericksburg Fields  a portion of Landa Park Golf Course 
Prince Solms HEB Soccer Fields  landscaping along Walnut Ave. 
Hinman Island Camp Comal   Fischer Park 

 
• Is this a grey water system? 

The feasibility study addresses irrigation of the city’s parks using reclaimed water 
(also known as reuse or recycled water).  This is highly treated effluent that meets 
state stream standards.  Grey water is untreated water from domestic showers, sinks 
and clothes washers and is not considered as an appropriate water supply for parks 
irrigation. 

 
• How much reclaimed water will it take to irrigate the city’s parks? 

The volume of reclaimed water required to irrigate the city’s parks depends on the 
total acreage to be irrigated, average annual rainfall, and the ET rate.  The volume of 
reclaimed water needed to irrigate 173 acres of parklands is approximately 904 acre-
feet, or 295 million gallons per year. 

 
• What does “ET” stand for? 

“ET” is the abbreviation for evapotranspiration.  This is 
the process by which water is evaporated from the soil 
surface and water is transpired by plants growing on that 
surface. 

 
• How would reclaimed water be delivered to the parks? 

A reclaimed water system would be designed and operated 
similar to a drinking water system.  Effluent from the 
wastewater treatment plant receives additional treatment 
before being pumped to storage tanks to be delivered to the parks irrigation systems. 
 

• What is the capacity of the storage tanks? 
Storage tank capacity ranges from a total of 895,000 gallons to 1,250,000 gallons, 
depending on the annual production of reclaimed water.  The ET assumption that 
produces the highest irrigation demand would require two storage tanks of 
approximately 600,000 gallons and 650,000 gallons. 
 

• What about using ponds for storage? 
Ponds are a viable storage alternative.  However, tanks require less land area for a 
comparable volume of storage and also provide advantages for maintaining water 
quality. 
  

• Where are the reclaimed water pipes placed – above or below ground? 
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All pipes will be buried - similar to water distribution and wastewater collection 
mains.  Reclaimed water pipe is purple to contrast with the pipe colors used for 
potable water and wastewater. 
 

• If it rains a lot then isn’t reclaimed water expensive? 
The unit cost of producing reclaimed water decreases as the volume of water 
produced increases.  While the converse is true that the unit cost of reclaimed water 
increases as the volume decreases, the system would be designed according to 
average rainfall conditions.  During the projected 50-year life of the reclaimed water 
system the number of drought periods will balance out periods of abundant rainfall to 
approach the average condition. 
 

• Who owns the reclaimed and stored water? 
State regulations define the responsibilities of the reclaimed water producer and the 
reclaimed water user.   

 
• Is there currently enough reuse water being generated to handle the estimated 

use level? 
The South Kuehler Wastewater Treatment Plant presently produces approximately 
3,140 acre-feet of effluent per year.  With a total projected irrigation demand of 904 
acre-feet per year, the reclaimed water system requires an annual average of about 
29% of the total annual flow from the South Kuehler WWTP.  However, irrigation of 
the city’s parks using reclaimed water may require as much as 42% of the plant’s 
effluent during peak irrigation periods in the summer months. 

 
• What happens if another entity wants to use the reclaimed water? 

The purpose of the feasibility study is to consider a single user system with a well 
defined demand – that being 173 acres in nine city parks.  As such, no marketing or 
market development is included in the analysis as a driver for system capacity.  The 
capacity for potential users other than the parks identified in the study, as well as the 
process of supplying additional customers would be considered if a reclaimed water 
project moves forward into the design process. 

 
• Is the cost of raw water included in any of your projections? 

The current cost projections include the cost of additional treatment, pumping, 
storage and transmission of reclaimed water.  Adding a market cost for acquiring the 
effluent is presently being evaluated and will be addressed in the final analysis. 

 
• Does San Antonio use reclaimed water in their parks? 

The city of San Antonio irrigates five municipal golf courses with reclaimed water 
along with the grounds of Brackenridge Park.  Reclaimed water is also used for 
augmentation of the River Walk. 

 
• Are parks greener because of the availability of reclaimed water or because of 

additional nutrients in that water? 
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Areas irrigated with reclaimed water primarily benefit from the availability of water.  
Reclaimed water does contain small amounts of nitrogen and phosphorus that can 
reduce the amount of fertilizers used for sustaining plant health. 

 
• If it was a “go” how soon would the funding be needed? 

The schedule for a project such as this could take up to 3 ½ years from initiation to 
completion of construction.  This schedule would include securing funding, design, 
permitting and construction. 

 
• Is there a benefit in a phased approach? 

The concept is developed as a single construction project for the purposes of the 
feasibility study.  As a single user system, building the system incrementally or in 
phases may actually increase the overall system cost.   

 
• Does the study look at the effect of water rights (to the Comal River) on the golf 

course? 
The feasibility study considers irrigation of 14 acres of the golf course acreage that is 
not currently irrigated with water from the Comal River.  The feasibility study does 
not address irrigation of the entire golf course using reclaimed water. 
 

• Will irrigation of the city’s parks with reclaimed water affect the Edwards 
Aquifer? 
The use of reclaimed water on the Edwards Aquifer recharge zone is not part of the 
feasibility study.  However, one of the environmental benefits of using reclaimed 
water to irrigate the city’s parks could be that the demand for potable water from the 
aquifer would be reduced during summer months.  According to the Edwards Aquifer 
Authority: “Use of recycled water from sewage treatment plants can defer large 
amounts of Edwards Aquifer pumpage during critical times, thereby helping to 
maintain springflow levels and preserve endangered species habitats.”  
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Public Meeting No. 3 
 

July 5, 2011 
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Public Meeting No. 4 
 

July 11, 2011 
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Appendix H 
 

Comments to Draft Final Report and Response to Comments 
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Response to TWDB Comments – Draft Final Report 
 
1. Public meetings were conducted on August 11, 2010; December 7, 2010; and July 5, 

2011.  A final public presentation was made before the New Braunfels City Council 
on July 11, 2011.  Information regarding the public meetings is included in the Final 
Report as Appendix G.   

 
2. All GIS datasets and electronic files developed under this contract are included as 

part of the submittal of the final report. 
 
3. The analysis has been performed using a discount rate of 4.125%, consistent with the 

U.S. Water Resources Council guideline for 2011  
(http://www.economics.nrcs.usda.gov/cost/priceindexes/rates.html).  The discussion 
has been rewritten to account for this change to the analysis and assumptions. 

 
4. The analysis has been performed using a discount rate of 4.125%.  The discussion has 

been rewritten to account for this change to the analysis and assumptions. 
 
5. The text of the report has been changed to reflect “Present Value.”  
 
6. The development of the irrigation rate design has been included in Section 9.3.2.  A 

framework for a reclaimed water service agreement has been included as Appendix F. 
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TPWD Comments on City of New Braunfels Preliminary Report “Parks Reclaimed 1 
Water Irrigation Feasibility Study”  2 

June 18, 2011 3 
 4 
Texas Parks and Wildlife Department (TPWD) Water Resources Branch staff has 5 
reviewed the City of New Braunfels Preliminary Report entitled “Parks Reclaimed Water 6 
Irrigation Feasibility Study” prepared by Espey Consultants, Inc. and offers the following 7 
comments.  8 
 9 
The City of New Braunfels is proposing the direct reuse of treated effluent to irrigate 10 
local parklands, including Landa Park, Hinman Island, Prince Solms, Camp Comal, 11 
Fisher Park, and several other City owned parklands.  The identified source of the 12 
reclaimed water is the South Kuehler Wastewater Treatment Plant.  The purpose of 13 
reusing treated effluent to irrigate these lands is to enhance local and regional appeal of 14 
parklands and to preserve limited water resources.   15 
 16 
The report does a good job of outlining alternatives, treatment standards, and 17 
technologies available to meet Type I reuse water quality standards.  While the area 18 
proposed for irrigation is within the Edwards Aquifer Transition zone and not the 19 
recharge or contributing zone, concerns still exist regarding the potential for runoff and 20 
excessive nutrients into the Comal Springs ecosystem as many of the proposed parks area 21 
adjacent to Comal Springs and the downstream ecosystem that provides habitat for 22 
several endangered species. 23 
 24 
Elevated nutrient concentrations (primarily Phosphorous and Nitrate) can lead to 25 
excessive plant growth and eventual die-off that creates water quality concerns (i.e. low 26 
dissolved oxygen) which may in turn impact the endangered species.  The report outlines 27 
the state standards, proposes means of meeting the state standards, and states that 28 
“irrigation water will not be allowed to form runoff or enter into the Comal River, and is 29 
restricted to the transition zone of the Edwards Aquifer…”.  The report also states that 30 
“diverting wastewater effluent to park irrigation will remove approximately 25 pounds of 31 
Phosphorous from the WWTP effluent for each million gallons of reclaimed water.”   32 
 33 
While TPWD supports the reuse of treated effluent for irrigation purposes, concerns exist 34 
that nutrients may enter the Comal Springs ecosystem, especially during periods of 35 
excessive rainfall when runoff amounts are greatest.  A primary concern is the potential 36 
for an increase in nutrient load in areas that are currently unimpacted by wastewater 37 
discharge.  Based on Figure 1 in the report, it appears that the all three City wastewater 38 
treatment plants currently discharge to the Guadalupe River.  By irrigating parkland 39 
throughout the city, there is a potential for increased nutrient loading to the Comal River 40 
and to areas of the Guadalupe River upstream of the S. Kuehler wastewater treatment 41 
plant discharge, that currently do not receive wastewater.  In addition, the proposed 42 
application rates seem excessive, which could in turn lead to excessive runoff.  For a dry 43 
year scenario, the plan is to irrigate 172.9 acres of parkland with 905 a-ft of reuse water 44 
which equates to 5.2 acre-feet of water per acre if irrigation is evenly spaced out over the 45 
course of 12 months.  For comparison, the wet year scenario envisions the use of 2.6 a-46 
ft/acre with an even distribution pattern. If the amount of water that they are applying is 47 
excessive and promotes runoff or lateral movement of the treated water into the Comal 48 
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system, an area where the effluent has not previously been discharged, then the addition 49 
of phosphorus and other nutrients could have an impact.   50 
 51 
Nutrient and chlorophyll-a concentrations for the Guadalupe River and the Comal River 52 
are generally low (Table 1, Figure1).  Average chlorophyll-a values are smallest at the 53 
Comal River station below Clemons Dam, similar at the two Guadalupe River stations 54 
and largest at the Dry Comal Creek station.  For the Dry Creek and downstream 55 
Guadalupe River stations, differences between the average and the median, large standard 56 
deviations, and maximum reported values (117 µg/l at Station 12570 and 64 µg/l at 57 
Station 12596) suggest occasional blooms at those locations.  Average chlorophyll-a, 58 
nitrate, ammonia and total phosphorus measurements are below the statewide freshwater 59 
stream screening criteria at all sites.  (85th percentile values are 14.1 µg/l, 1.95 mg/l, 0.33 60 
mg/l, and 0.69 mg/l, respectively.)  The data collectively present a picture of a system 61 
with good water quality that may be experiencing some stress.  Given the tendency of 62 
parts of the area to have algal blooms and the relatively high nitrate levels already present 63 
in some areas, it seems likely that runoff of irrigation water or release of nutrients 64 
through accumulation in the soil will cause problems.   65 
 66 
The report estimates that 25 lbs of phosphorus will be removed for each million gallons 67 
of water irrigated.  This corresponds to an effluent concentration of about 3 mg/l.   68 

 69 
The report does not provide any analysis of nutrients, including the ability of the crop to 70 
take up available nutrients and the potential for nutrient buildup in the soil.  There is no 71 
provision for soil testing to ensure that nutrients are being applied in quantities and at 72 
rates the crop can use.  The report should address: 73 

 74 
1) Average concentrations of nitrogen and phosphorus in the S. Kuehler wastewater 75 

treatment plant effluent proposed to be used for irrigation 76 
2) A nutrient balance for the irrigated crop, presumably turf grass, to demonstrate that 77 

the crop can utilize the nitrogen and phosphorus at the rates provided.  It is typical to 78 
specify a certain number of cuttings per year, with removal of the cut material, to 79 
ensure that excess nutrients are removed from the system.  It is not adequate to simply 80 
do a hydraulic balance.  For examples, see Texas Commission on Environmental 81 
Quality (TCEQ) rules at 30 TAC 309.20(b)(3)(C) or the Texas State Soil and Water 82 
Conservation Board (http://www.tsswcb.state.tx.us/en/cnmp).     83 

3) Long-term plans must also demonstrate that there will be no inappropriate buildup of 84 
nutrients in the soil.  Excessive levels of nutrients in the soil may contribute to 85 
nutrient runoff.  This requires soil testing before application of wastewater and 86 
periodically thereafter.   87 

 88 
TPWD staff recommends the report be revised to include a nutrient management plan 89 
that accounts for source and soil nutrient concentrations, crop uptake and required 90 
cuttings, and ensures that there will be no buildup of nutrients in the soil.  When a 91 
nutrient management plan has been completed, the allowable loading rates obtained using 92 
the nutrient balance can be compared with the hydraulic loading rate, and the lower of the 93 
two rates will determine the maximum allowable water reuse.  94 
 95 
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TPWD staff also recommends some form of water quality monitoring be performed 96 
during the initial phases of the project, especially during “wet” periods to ensure 97 
excessive nutrients are not being introduced to the Comal Springs or River.  If excessive 98 
nutrient concentrations are found, TPWD staff recommends some means of removing 99 
excess nutrients to ensure the Critical Habitat of the listed species is not negatively 100 
impacted. Examples of means for removing excess nutrients include natural methods 101 
(constructed wetlands or ponds) or mechanical methods (i.e. treatment plants). 102 
 103 
Finally, TPWD staff recommends that Section 6 Pipeline Route Evaluation Criteria 104 
include environmental concerns as a consideration for routing.  Proposed routes should 105 
be evaluated for potential impacts to the high quality aquatic habitat and wetlands in the 106 
area. 107 
 108 

Figure 1.  TCEQ monitoring station locations in and near New Braunfels.  Also shown is the S. 109 
Kuehler wastewater treatment plant  (Google Earth). 110 



 

City of New Braunfels  Parks Reclaimed Water Irrigation Feasibility Study 
199 

Table 1.  Nutrient and field measurements for the Comal and Guadalupe Rivers near New Braunfels.  Average, median, standard deviation (σ) and number of 
measurements (N) for the period 2000-2010.  Data obtained by query of TCEQ Surface Water Quality Monitoring Information System.   

 
 12570 - Comal R. at Dry 

Comal Ck.  
12653 - Comal R. below 

Clemons Dam  
12656 - Guadalupe R. at 

Cypress Bend Park  
12596 - Guadalupe R. at 

ACS (Lake Dunlap) 
Code Parameter N Avg Med σ  N Avg Med σ  N Avg Med σ  N Avg Med σ 
00061 Instantaneous flow (cfs) 132 4.5 2.0 7.2  119 340.0 352.0 68.4  16 380.3 272.5 565.1  110 908.2 589.0 953.3 

00094 
Specific conductance 
(µS/cm) 133 700 693 143  138 569 572 27  18 464 476 38  127 529 535 44 

00300 Dissolved oxygen (mg/l) 133 9.66 9.45 2.71  127 9.98 9.96 0.99  18 10.88 10.95 1.29  127 9.73 9.60 1.50 
00400 pH (standard units) 133 7.6 7.6 0.2  127 7.6 7.6 0.2  18 8.1 8.2 0.2  128 7.9 7.9 0.2 

00610 
Ammonia-nitrogen (mg/l 
as N) 64 0.08 0.05 0.07  63 0.06 0.03 0.05  16 0.06 0.05 0.01  69 0.06 0.04 0.05 

00620 
Nitrate-nitrogen (mg/l as 
N) 69 0.83 0.81 0.26  70 1.75 1.79 0.30  16 0.28 0.26 0.07  70 1.20 1.27 0.31 

00625 
Total Kjeldahl nitrogen  
(mg/l as N) 18 0.55 0.48 0.31  18 0.26 0.20 0.10       29 0.33 0.26 0.21 

00630 
Nitrite + nitrate -nitrogen, 
total (mg/l as N) 38 0.55 0.50 0.24  38 1.02 0.85 0.54       38 0.75 0.73 0.35 

00631 
Nitrite + nitrate -nitrogen, 
diss (mg/l as N) 20 0.78 0.76 0.28  20 1.67 1.67 0.26       20 1.11 1.12 0.35 

00593 
Nitrite+nitrate, total,  
Whatman GF/F (mg/L)           17 0.59 0.52 0.33      

00665 
Total phosphorus (mg/l as 
P) 128 0.08 0.05 0.07  128 0.05 0.05 0.03  16 0.06 0.06 0.01  128 0.07 0.05 0.04 

00671 

Orthophosphate-
phosphorus, dissolved, 
field filtered<15 min, 
(mg/L as P)           16 0.038 0.040 0.008      

70953 
Chlorophyll-a,  
fluorometric, (µg/l)           16 3.3 3.0 0.6      

32211 
Chlorophyll-a, 
spectrophotometric, (µg/l) 127 6.0 2.5 13.5  127 1.3 1.0 1.0       128 2.8 1.0 8.3 

00078 Secchi depth (m)            18 1.58 1.50 1.02      
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Response to TPWD Comments – Draft Final Report 
 
1. TPWD Line 34 - 36: Comment addressed with edit of Sec. 4.2.3. 

“Any residuals of reclaimed water irrigation that could be introduced into Comal 
River by rainfall induced runoff would be diluted and moved downstream with the 
increased flow resulting from stormwater runoff from both the non-irrigated and 
irrigated areas within the watershed.”   

 
2. TPWD Line 43 - 50: The rate at which reclaimed water would be applied and the 

potential for runoff are addressed in Sec. 4.1.4 – “Runoff of reclaimed water is to be 
prevented by the reclaimed water user (30 TAC §210.24) by avoiding excessive 
irrigation.  Applying reclaimed water at the proper rate for the existing soil and 
atmospheric conditions is the principal means of avoiding runoff from irrigated sites.  
Maintenance of the irrigation system to correct sprinkler head and controller 
malfunctions is also an essential part of avoiding runoff from irrigated sites.” 

3. TPWD Line 104 – 107:  A detailed delineation of wetlands in the project area would 
be conducted as part of the final design of a reclaimed water system (Sec. 4.2.4).   
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Edwards Aquifer Authority (EAA) Comments on City of New Braunfels 
Preliminary Report “Parks Reclaimed Water Irrigation Feasibility Study” 

June 1, 2011 
 

1. What measures are available to minimize the discharge of reclaimed water in the 
event of a pipeline break?  (Pg. 30)  
 
The following text has been added to Sec. 5.5 of the draft report: 
“Additional measures for detecting and minimizing the loss of reclaimed water as a 
result of main breaks can be evaluated as part of the final design. As with systems 
supplied by potable water, irrigation systems that rely on reclaimed water function 
only when the delivery pressure is adequate to activate each zone of the system.  An 
ability to detect the lack of sufficient pressure at the delivery points is a design 
feature that may be useful in detecting reclaimed water main breaks.  The delivery 
pressure at each delivery point could be transmitted to the NBU SCADA system to 
initiate an alarm if minimum pressures indicate a possible line break between the 
distribution pump and delivery point.  The feasibility of such a feature can be 
evaluated as part of the final design of a reclaimed water system.” 

 
2. Section 4.2.5 compares inadvertent runoff of reclaimed water with stormwater 

runoff but does not consider temperature of the reclaimed water. 
 

It is known that the temperature of raw wastewater is higher than the temperature of 
surface waters in the Comal River and its tributary creeks.  However, there is no data 
available regarding the temperature of wastewater effluent from the S. Kuehler 
WWTP.  Furthermore, it is reasonable to infer that the process of aeration during 
treatment, followed by storage and transportation of reclaimed water through almost 
three miles of underground piping, will provide a significant thermal transfer 
opportunity.  At the point of delivery, it is unlikely that the temperature of reclaimed 
water will significantly differ from that of potable water. 
 

3. What measures are available to minimize corrosion of welded steel storage 
tanks? 
 

 The following text has been added to Sec. 5.5 of the draft report:  
“Unlike tanks used for potable water, interior coating systems that are classified 
under ANSI/NSF 61 are not required for reclaimed water storage.  This will allow a 
broader choice of interior coating systems in the design of storage tanks for 
reclaimed water that will enhance the durability and corrosion resistance when using 
welded steel tanks.” 
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New Braunfels Utilities (NBU) Comments on City of New Braunfels Preliminary 
Report “Parks Reclaimed Water Irrigation Feasibility Study” 

June 2, 2011 
 
1. Locations of additional treatment and piping for reclaimed water must consider 

the fact that the limited available space at the POTWs will be critical in future 
plant expansions. 

 
Final design of a reclaimed water system will necessarily consider the location of 
plant piping and existing limits of NBU property ownership in the design of the 
reclaimed water supply piping and the location of the rotating disk filter system. 
 

2. Defining the responsibilities for design, funding, construction and operation 
between the City of New Braunfels and NBU is a significant factor in any 
implementation plan for reclaimed water. 
 
Section 9.2 of the draft report touches on some of the inter-agency coordination 
questions associated with the implementation of a reclaimed water system.  Central to 
the implementation plan will be adoption of an administrative framework as a basis 
for implementation .  

 
 



 

 

 


