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1.0 INTRODUCTION

The use of treated wastewater effluent to supplement the water demands of water systems has increased

in Texas over the past fifteen years.  The increase in use can be attributed to increasing costs associated

with clean water production, reduced reliance on groundwater sources, and scarcity of feasible water

sources.  The usage trend among municipalities has been increasing at a greater rate than other users.

West University Place authorized Kimley-Horn and Associates, Inc. to assist with evaluation of the existing

water supply and alternatives to reclaim and recycle wastewater toward providing long term operational

resiliency for customers.  The alternatives for use of reclaimed water included the following applications:

· Potable Reuse:
o Direct Potable Reuse (DPR): involves purification of wastewater treated effluent and

introduction directly into a potable water supply distribution system or into the raw water
supply immediately upstream of a water treatment plant.

o Indirect Potable Reuse (IPR): involves the same process; however, an environmental
barrier is included between the wastewater discharge and water purification
step.  Treated municipal wastewater is discharged to the environment (i.e. Groundwater
or surface water sources) to augment the drinking water supply

· Non-Potable Reuse: involves use of treated municipal wastewater for applications that do not
include human consumption, and in most cases, human contact.  This may sometimes require
additional treatment to meet regulatory standards for use of non-potable water.

1.1 STUDY PARAMETERS

A decision support matrix was developed to establish the evaluation criteria.  The matrix includes the

following data:

· Existing and forecasted limitations and restrictions for potable and non-potable water supply.
· Projections and trends for potable water usage.
· Regulatory compliance and permitting requirements associated with reclaimed water for both

potable and non-potable applications, including regulatory trends.

1.1 GENERAL RECOMMENDATIONS

Kimley-Horn recommends that the City of West University Place, Texas consider developing Non-Potable

Reuse (NPR) as  a  source  of  additional  revenue.    In  addition  to  offsetting  a  portion  of  the  cost  of

conventional wastewater treatment, other benefits include reducing stress on freshwater supplies

currently used for non-potable applications and improving sustainability economically, environmentally,

and socially.  Detailed recommendations are located in Section 7.0.
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2.0 EXISTING CONDITIONS

The City owns and operates water and wastewater utilities.  The following sections summarize each

system.

2.1 WASTEWATER SYSTEM

The City of West University Place, Texas is the owner and operator of a wastewater system which includes

a 2 million gallon per day wastewater treatment plant (WWTP) located at 2801 North Braeswood

Boulevard, on the north bank of Bray’s Bayou to the south of the City.  Wastewater is conveyed from the

City to the WWTP through approximately 45 miles of collection system piping and twelve lift stations.

The location of the WWTP in relation to the City of West University Place is shown in Figure 1.

Figure 1: WWTP Location and Service Area
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The WWTP was constructed in approximately 1982 and is permitted for an average daily flow of 2.0

million gallons per day (MGD) and a peak flow of 6.0 MGD.  The WWTP treats an annual average daily

flow is approximately 1.1 MGD.  Figure 2 shows an aerial photograph of the WWTP parcel boundaries

and the location of Outfall 001.  The WWTP is located on a parcel which is approximately 3.7 acres total

area.

Figure 2: WWTP Site

The WWTP is permitted under the Texas Pollutant Discharge Elimination System (TPDES); a copy of the

permit is attached to this report (Appendix A).  The permit expires on September 1, 2022.   The WWTP is

operated under the direction of a Class A Wastewater Treatment Operator, Barron D. Copper, license

number WW0043776. The WWTP discharges through permitted outfall 001 to the south of the site to

Brays Bayou, which is part of the Houston Ship Channel/Buffalo Bayou Tidal in Segment No. 1007 of the

San Jacinto River Basin.
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2.2 WATER SYSTEM

The City of West University Place owns and operates a public water distribution system serving

approximately 6,135 connections. The source water is a combination of surface water purchased from the

City of Houston supplemented with water from two City-owned groundwater wells (Wakeforest No. 7 and

No. 8). The water is blended in the ground storage tanks prior to being pumped into the distribution

system.  The City operates two water plants, located at 3825 Milton and 5299 Wakeforest. The Milton

Water Plant (Plant 1) includes a 400,000-gallon Ground Storage Tank (GST) and a 1.5-million-gallon (MG)

GST.  Plant 1 includes four pumps with a total capacity of 6,500 gallons per minute (gpm).  The Wakeforest

Water Plant (Plant 2) includes two 500-gallon GSTs and has a pumping capacity of 3,000 gpm. The

distribution system includes two elevated storage tanks (ESTs) located at 3700 Bellaire Boulevard and

5299 Wakeforest Street.  The Wakeforest EST has a capacity of 500,000 gallons.  The Bellaire Boulevard

EST has a capacity of 250,000 gallons.  The distribution network consists of approximately 56 miles of

buried piping, 1200 main valves, 340 fire hydrants, and 6,100 water meters. The locations of the water

plants are shown in Figure 3.

Figure 3: Water Plant Locations
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3.0 BASELINE ALTERNATIVE

3.1 WATER SUPPLY

The water supply needs for the City are provided through two primary sources: wells and wholesale

purchase from the City of Houston.  In the baseline alternative, future demands may be met through

installation of new well, upgrade of existing wells, and/or increased take from the City of Houston.  The

City is interested in evaluating alternative sources to supplement and diversify their supply in the future

and possibly reduce dependency on supply from City of Houston.  This will reinforce system reliability,

resiliency, and redundancy.  One potential source of water is to treat the current effluent from the

permitted WWTP.  The City of West University Place land use is stable, mostly built-out parcels consisting

primarily of single-family residential housing.  No significant future growth is anticipated to change the base

water demand.

From the 2019 fiscal year data, the average cost to purchase water produced from the combined water

wells was $1.221 per thousand gallons of water.  This cost includes chemical, electrical, and operation

costs.   The average cost  to  purchase treated potable  water  from the City  of  Houston was $3.064 per

thousand gallons. Capital projects related to maintenance or improvements to the infrastructure were

not included in these unit prices.

The City’s 2019 annual average water demand was 2.17 million gallons per day.  This demand was met

with 823,000 gallons per day from the City’s water wells and 1.35 million gallons per day from the City of

Houston surface water.  Figure 4 below shows the daily averages of water usage based on the well and

City of Houston meters readings.  This chart shows a consistent water use throughout the year with a low

point in the winter months and a peak in the summer months.  This is most likely due to irrigation during

the summer months and lows during the winter.  The peaks seen in winter are due to longer gaps between

meter readings.
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Figure 4: Water Source Meter Data in Thousand Gallons for 2019

0
1000
2000
3000
4000
5000
6000
7000
8000
9000

Well Production Surface Water Total Water



9 City of West University Place, Texas: Water Supply and Reuse Study
November 2020

4.0 RECLAIMED WATER ALTERNATIVES

4.1 POTABLE REUSE

Potable reuse is the process of using treated wastewater effluent from a WWTP and using additional

treatment to reach drinking water quality, and then distributing that treated water into the water

distribution system.  Currently potable reuse systems are analyzed, permitted, and regulated by the Texas

Commission on Environmental Quality (TCEQ) on a case by case basis.  Potable reuse can be divided into

two different categories, direct and indirect potable reuse.  Figure 2 shows the process flow differences

between direct and indirect potable reuse systems.

Figure 5: Direct and Indirect Potable Reuse Flow Chart

Direct potable reuse treats wastewater that is conveyed in a closed system to further water treatment

processes. From there the purified water is pumped into the water distribution system.  Indirect potable

reuse uses an environmental buffer between the WWTP and the distribution system, such as a channel,

stream, lake, or aquifer. This could be before or after advanced water treatment.  After flowing through

the WWTP, the effluent would go to an advance water treatment process.  The goal of advance water

treatment is to bring the WWTP effluent up to drinking water standards. The advanced water treatment

will  not  differ  between indirect  and direct  potable  reuse.   Since the treatment  that  would occur  in  the

environmental buffer cannot be guaranteed or quantified, TCEQ assumes no additional treatment occurs

in the environmental buffer.   Therefore, TCEQ has the same standards for the advance water treatment

plant for direct and indirect potable reuse.

Indirect Potable Reuse Direct Potable Reuse
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The TCEQ process for obtaining a potable reuse system authorization as shown in Figure 6 below.

Figure 6: Potable Reuse Permitting Outline

Step 1: Pilot Study

The first step would be to start a pilot study to determine the most effective treatment process, quantify

the treatment results, and establish operational criteria.  This process could take between 9 months to 2

years, depending on the number of manufactures that are tested and account for seasonal influences.

Several different membranes should be tested in the pilot study since only manufacturers tested would

be allowed to be installed in the potable reuse system.  The most standard advance water treatment

process used in potable reuse system is a two-stage membrane system followed by disinfection which

may consist of ultraviolet, chlorine, and ozone.  The first stage of membrane treatment would be either

micro  or  ultrafiltration,  and  the  second  stage  would  be  reverse  osmosis  membranes.   Some  of  these

processes may not be required but would have to be tested in the pilot study to confirm.  In addition to

permitting the treatment process, TCEQ will need to approve the disposal of the concentrate stream from

the filters and reverse osmosis system.  Without thorough testing of the plant effluent and undergoing

the pilot study, the process of disposal cannot be determined.  Typical concentrate disposal includes, deep

well  injection,  routing  to  the  WWTP,  direct  discharge  into  waters  of  the  state,  and  additional  water

treatment depending on compounds of concern. For this report, the concentrate streams are assumed to

flow by gravity either to the collection system to treated at the WWTP or to Brays Bayou.

Step 2: Data Analysis

Achieving drinking water standards in reclaimed water presents difficulties not present in a standard

groundwater and surface treatment plant.  Disinfectants, pharmaceuticals, and other compounds present

in reclaimed water but only found in low concentrations in surface and ground water are of greater

concern.  TCEQ has standards for drinking water with maximum containment levels (MCL) in TAC §290.104

and secondary standards in TAC§290.105. Tables 1, 2, and 3 list the MCLs and secondary standards per

TCEQ.
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Table 1: MCLs for inorganics per 30 TAC §290.104(b)

Contaminant MCL (mg/L)
Antimony 0.006
Arsenic 0.010

Asbestos
7 million
fibers/liter (longer
than 10 µm)

Barium 2
Beryllium 0.004
Cadmium 0.005
Chromium 0.1

Cyanide 0.2 (as free
Cyanide)

Fluoride 4
Mercury 0.002
Nitrate 10 (as Nitrogen)
Nitrite 1 (as Nitrogen)
Nitrate & Nitrite (Total) 10 (as Nitrogen)
Selenium 0.05
Thallium 0.002

Table 2: MCLs for synthetic organic contaminants per 30 TAC §290.104(c)(1)

Contaminant MCL (mg/L)
Alachlor 0.002
Atrazine 0.003
Benzopyrene 0.0002
Carbofuran 0.04
Chlordane 0.002
Dalapon 0.2
Dibromochloropropane 0.0002
Di(2-ethylhexyl)adipate 0.4
Di(2-ethylhexyl)phthalate 0.006
Dinoseb 0.007
Diquat 0.02
Endothall 0.1
Endrin 0.002
Ethylene dibromide 0.00005
Glyphosate 0.7
Heptachlor 0.0004
Heptachlor epoxide 0.0002
Hexachlorobenzene 0.001
Hexachlorocyclopentadiene 0.05
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Lindane 0.0002
Methoxychlor 0.04
Oxamyl (Vydate) 0.2
Pentachlorophenol 0.001
Picloram 0.5
Polychlorinated biphenyls
(PCB) 0.0005

Simazine 0.004
Toxaphene 0.003
2,3,7,8-TCDD (Dioxin) 3 x 10-8

2,4,5-TP 0.05
2,4-D 0.07

Table 3: Secondary Drinking Water Standards per 30 TAC §290.105(b)

Contaminant Level (mg/l except where
otherwise stated)

Aluminum 0.05 to 0.2
Chloride 300
Color 15 color units
Copper 1
Corrosivity Non-corrosive
Fluoride 2.0
Foaming agents 0.5
Hydrogen sulfide 0.05
Iron 0.3
Manganese 0.05
Odor 3 Threshold Odor Number
pH >7.0
Silver 0.1
Sulfate 300
Total Dissolved Solids 1,000
Zinc 5.0

The National Research Council has outlined other compounds of concern in reclaimed water, all though

these are not all compounds that are of interest to TCEQ.  Wastewater effluent may be tested for a wide

range of these compounds to identify any potential treatment concerns for potable reuse.  Table 4 below

lists some the constituents of concern and the constituents of emerging concern that are commonly found

in reclaimed water.



13 City of West University Place, Texas: Water Supply and Reuse Study
November 2020

Table 4: Constituents of Concern and Constituents of Emerging Concern Found in Reclaimed Water

Category Examples
Disinfection byproducts Bromoform, Chloroform, N-

Nitrosodimethylamine (NDMA), Trihalomethans
Household products and food
additives

Alkylphenol polyethoxylates, Bisphenol A,
Dibutyl phthalate, Flame retardants,
Perfluorooctanoic acid, Perfluorooctane
sulfonate, Sucralose

Industrial 1,4-Dioxane, Methyl tert-butyl ether,
Perfluorooctanoic acid, Tetrachloroethane

Naturally occurring 2-Methylisoborneol, Geosmin, Hormones (17β -
estradiol), Phytoestrogens

Personal care product ingredients Fragrances, Pigments, Triclosan, Sunscreen
ingredients

Pesticides Atrazine, Diuron, Fipronil, Lindane
Pharmaceuticals and metabolites Analgesics, (Acetominophen, Ibuprofen),

Antibacterials (Sulfamethoxazole), Antibiotics
(Azithromycin), Antiepileptics (Phenytoin,
Carbamazepine), Betablockers (Atenolol), Oral
contraceptives (Ethinyl estrdiol)

Step 3: TCEQ Permitting

These compounds make the treatment and proper disposal of the advance water treatment process

severely important to public health and safety.  During the TCEQ permitting phase, TCEQ will review the

data from the pilot study and determine indicator compounds that will be monitored at a frequency set

by TCEQ.  These parameters are based specific to the pilot study and will provide go/no-go criteria for

sending reclaimed water past the advance water treatment process.

To ensure that these compounds and any bacteria and viruses that may be present in the effluent from

the WWTP TCEQ has been fully treated, TCEQ has set a base line for removal.  Starting from the advanced

water treatment process only, any log removal credits from the WWTP are not considered in reaching the

baseline.  TCEQ may require additional treatment in a case by case basis, as they deem necessary to

protect the public water system from any possible contamination from the reclaimed water.  Log removal

is determined by the log of the pathogen concentration from the WWTP effluent divided by the pathogen

concentration following advance water treatment as shown in the following equation:

݃݋ܮ ݈ܽݒ݋݉݁ݎ = ቆ݃݋݈
ௐௐ௘௙௙௟௨௘௡௧[ݏ݊݁݃݋ℎݐܽܲ]

௣௢௧௔௕௟௘[ݏ݊݁݃݋ℎݐܽܲ]
ቇ
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 Table 5 shows the baseline reuse pathogen log removal for bacteria and viruses.

Table 5: TCEQ baseline potable reuse pathogen log removal targets

Cryptosporidium Giardia Virus
Log10 removal 5.5 6 8

To achieve these values a combination of treatment processes could be used including:

micro/ultrafiltration, nanofiltration, reverse osmosis, membrane bioreactors, biological activated carbon,

chlorination, ozonation, and UV disinfection.  Per our meeting with TCEQ, the most common advanced

water treatment for reclaimed water is a micro/ultrafiltration, reverse osmosis, and several disinfection

processes to achieve the targeted log removal.  (For this report it is assumed that ozonation, chlorination,

and UV disinfection would be used for disinfection.)  A process flow diagram of this process is attached as

Appendix B. Some of these processes may not be required by TCEQ; however, without the pilot study to

confirm effectiveness of the membrane treatment the exact process cannot be determined. TCEQ states

the following in the “EXTERNAL GUIDANCE (EG) for the Water Supply Division (WSD)— Plan and Technical

Review Section: Removal Credit for Reverse Osmosis (RO) and Nanofiltration Membranes (NF)”:

“The TCEQ has determined that spiral wound membranes such as RO may be considered for pathogen

removal credit on a case-by-case basis. To receive pathogen removal credit for RO/NF membranes,

the following must be provided:

· Challenge testing of the membrane module that evaluated the removal efficiency of microbes,
and documentation that the challenge test was conducted according to the criteria established
by 40 Code of Federal regulations (CFR) §141.719(b)(2). (30 TAC §290.42(g)(3)(A))

· A direct integrity testing (DIT) method that demonstrates both the resolution and sensitivity
sufficient to verify the pathogen removal is equal to or greater than the removal credits required
by the TCEQ. (30 TAC §290.42(g)(3)(B))”

Because of this without testing of the membrane units the log removal efficiencies are considered 0 to

TCEQ, requiring the additional disinfection processes.  The recovery of the RO system for direct potable

reuse is approximately 75-85%, meaning that if 1.0 MGD is fed into the membranes, 0.75 – 0.85 MGD of

filtered water would be produced and 0.25 – 0.15 MGD of concentrate will need to be diverted into Brays

Bayou.

The last step in the advance water treatment facility is to stabilize the water, by adding alkalinity, minerals,

and stabilizing the water chemistry to ensure no adverse effects will occur during blending with the

existing potable water system.
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Steps 4 & 5: Construction and TCEQ Approval

Once the treatment process is permitted and established by TCEQ.  The plant can be designed and

constructed based on TCEQ’s guidelines and the results from the pilot study.  After the completion of the

advance water treatment facility, TCEQ will verify that water quality standards are met and that the facility

is accepted to send reclaimed water into the water system.

Based on similar systems, the annual O&M cost for this type of system is approximately $1 per gallon per

day plus the cost of conveyance which will be addressed in the following sections.  Although without a

pilot study to determine the type of membranes required and the amount of chemicals needed to treat

the water effectively and determine if the reject water from the membranes could be diverted to Brays

Bayou directly.

Although the project may receive regulatory approval, social challenges will need to be addressed. The

public is often reluctant to accept potable reuse as a safe alternative water source, public outreach and

education is a vital component for a successful potable reuse system.  Most potable reuse systems have

been installed as a response to drought conditions and a lack of other viable water sources.  Even in these

drastic conditions the public has been outspoken against potable reuse, and in some cases removed

potable reuse as an option.  The most successful potable reuse systems begin educating the public about

potable reuse years before implementing it in their system.

An outline for a strategic outreach program has been developed by the WateReuse Research Foundation.

It is vital that if a potable reuse system is desired public outreach and education should commence as

soon as possible.  Other potable reuse projects in the past have been cancelled due to public comments

and opposition.

4.1.1 DIRECT POTABLE REUSE

Direct potable reuse has no environmental buffer between the WWTP and the water system.  From the

WWTP,  the  water  heads  to  an  advance  water  treatment  facility  and  then  to  the  water  system.   This

presents a challenge for blending the treated reclaim water with the water system for a couple reasons.

The reclaimed water must be distributed through the water system to allow for an even balance across

the system.  This is crucial to maintain an acceptable water age and provide consistent water

characteristics through the system. The second reason direct potable reason is challenging is there is no

buffer to help mitigate any instant water quality drops leaving the advance water treatment plant.  If there

is a spike in an untested parameter and it is not caught immediately this would send possible



16 City of West University Place, Texas: Water Supply and Reuse Study
November 2020

contaminated water to the distribution system.  With an environmental buffer you could have days, or if

the reclaimed water is pumped into an aquifer, years before the water is pulled out for potable use.

The advance water system is assumed to be capable of treating 0.85 MGD.  To account for water demand

spikes and for a conservative estimate, a pump peaking factor of 2 was assumed. To keep the velocity in

the pipe between 2 and 5 feet per second, the water transmission line is determined to be 12-inch

diameter pipe. This should be modeled in the future to more accurately size the water line and identify if

an additional discharge point should be added in the water system.

Because the advance water treatment plant has the same parameters for direct and indirect potable

reuse. The cost difference between the options will be the conveyance to the water distribution system.

12,500 feet of 12-inch water line will need to be installed to convey the reclaimed water from the advance

water treatment plant to the largest ground water storage tank.  Figure 7 below shows an estimated route

for the 12-inch line, design of the line may affect the alignment and change the pumping conditions for

the transmission of reclaimed water from the advanced water treatment plant and the chosen ground

storage tank.

West U Water Plant

Proposed Transmission Line

Wastewater
Treatment Plant

Figure 7: Waterline Route for Direct Potable Reuse
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Appendix C has a project sheet with an opinion of probable construction cost for the direct potable reuse

system. Including advance water treatment, and conveyance to the water system.

4.1.2 INDIRECT POTABLE REUSE

Indirect potable reuse uses an environmental buffer between the WWTP and the water distribution

system.  This could be a channel or stream between the WWTP and the advance water treatment plant,

and/or an aquifer by injected water treated from the advance water treatment plant by means of an

injection well.  The City would then be able to pull the water out of the aquifer with one of their current

water wells.  This process is permitted by TCEQ, and the amount of water and quality of water allowed to

be injected will be determined after the pilot study for the advance water treatment plant.

For  this  report,  the conveyance from the advance water  treatment  facility  to  the water  plants  will  be

through aquifers and an injection well. Appendix C has an opinion of probable construction cost for the

direct potable reuse system. Including advance water treatment, and conveyance to the water system.

4.2 NON-POTABLE REUSE

TCEQ designates reclaimed water for non-potable use into two categories: Type I and Type II reclaimed

product. Type I reclaimed water may come into contact with humans and requires a higher degree of

treatment than Type II.  Type II reclaimed water is not likely be in contact with humans.  West University

Place is fully developed, and a reclaimed water system is not currently in place.  Construction of a new

system for Type I reclaimed water, consequently, would not be feasible due to the cost of implementation.

This would require miles of new piping and service connections in a fully developed and dense community.

Non-potable reclaimed water was evaluated for Type II applications. To provide Type II municipal

reclaimed water to an entity for reuse, written authorization must be granted by TCEQ.  The authorization

process  includes  completion  of  a  form  (TCEQ-20427)  and  compliance  with  the  rules  in  30  TAC  210

Subchapters A-D.  This also requires a contract for reuse, including an operation and maintenance plan.

Reclaimed water for Type II purposes must meet minimum standards for treatment. Guidelines for

production of reclaimed non-potable water are included in the Texas Administrative Code, Chapter 210.

Sampling to confirm water quality compliance is required once per week per TAC Title 30, Chapter 319.

The standards in included in the following table.



18 City of West University Place, Texas: Water Supply and Reuse Study
November 2020

PARAMETER LIMIT

CBOD5 15 mg/l

Fecal coliform or E. coli
200 CFU/100 ml*

800 CFU/100 ml**

Enterococci
35 CFU/100 ml*

89 CFU/100 ml**

* 30-day geometric mean
**Maximum single grab sample

The City of West University Place WWTP has a permitted discharge of 2.0 million gallons per day (MGD).

The annual average daily flow is approximately 1.1 MGD.  In addition to the compliance with TCEQ effluent

guidelines and parameters, alternatives for providing non-potable reclaimed water were identified based

on the following:

· Potential customers with a large, consistent, and, sustainable demand.
· Proximity of customers to the WWTP (i.e. Cost)
· Reliability of service to the reclaimed water customer.

4.2.1 TYPE II REUSE ALTERNATIVES

Two potential industrial customers for non-potable reclaimed water were identified based on these

parameters, Rice University and Thermal Energy Corporation.

Rice University

Rice University owns and operates two utility plants on campus, the Central Plant and South Plant.  These

facilities produce energy, provide heating and cooling, and produce about 20-percent of the University’s

potable water demand.  These facilities also serve as distribution points for utility services to campus.

Many of the energy and HVAC processes operate as a closed loop; however, these processes lose water

through evaporation and discharge of steam.  Non-potable water can be used to supplement demands at

these facilities.

Detailed information on the water usage at each facility could not be obtained.  Kimley-Horn compared

similar applications to estimate water usage.  A collective demand of 100,000 gallons per day was

estimated based on facilities of similar size at other higher education institutions.  Kimley-Horn has
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contacted representatives from Rice to confirm and quantify potential supply needs.  Due to COVID-19,

the representatives have not been able to provide data yet.  Kimley-Horn will continue to coordinate this

communication.

The processes that can use non-potable water on campus are relatively continuous and would be a

sustainable option for Type II reuse.

Texas Medical Center (Thermal Energy
Corporation)

Thermal Energy Corporation (TECO)

provides  steam  and  chilled  water  to  50

buildings located within the Texas Medical

Center (TMC). These services are provided

through  a  network  of  pipes  fed  from  two

energy plants, the Central Plant and the

South Main Plant.  These plants have a

collective capacity for approximately

120,000 tons (Over 30 MG) of chilled water

and 980,000 lb/hr of steam.

Kimley-Horn conducted a virtual call with

representatives of TECO to review water

usage and needs.  TECO supplies

approximately 3,000,000 million gallons

per day to the Texas Medical Center service

area.  This water is supplied by the City of

Houston and TECO’s on-site wells.  The

priority  is  resiliency.   Cost  of  water  is

important but is a secondary consideration.  TECO cannot fail to provide service due to the criticality of

need in the service area.  TECO is open to considering reclaimed water from West University Place as an

additional source of supply to meet demand associated with energy needs.

The water demands at TECO are large enough to utilize all of the available non-potable water at the City’s

WWTP. Non-potable reclaimed water could be conveyed from the West University Place WWTP to a

connection at the South Main Plant (1.3 mi. from WWTP) or the Central Energy Plant (2.0 mi. from WWTP).
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Non-Potable Reclaimed Water Capital Improvements

Treatment

The WWTP effluent characteristics are generally in compliance with TCEQ regulations for Type II reclaimed

water.   Additional treatment is not required.

Effluent polishing is not required based on the reviewed effluent water quality but could be provided by

installation of a rotating disk filter, low profile bead filter, or similar polishing process designed to remove

additional suspended solids.  This is not included in the capital cost estimate and could be a point of

negotiation if the customer required an enhanced level of treatment.  The WWTP hydraulic profile is

elevated above the existing grade.  A low-profile technology would be able to fit within the existing

hydraulic profile of the WWTP without requiring additional pumping.

The capacity of a polishing unit could be sized to meet up to 1,000,000 gallons per day depending on

conditions of a take agreement with TECO.  This demand could be provided reliably by the City because it

is less than its current average daily flow.  Flows in West U are not projected to appreciably increase in

the future.  If the demands of TECO were to increase beyond 1,000,000, the City would not be able to

reliably supply Type II reuse water because of limitations of the average daily flow to the plant.
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Figure 8: Non-Potable Improvements, WWTP Site Plan

Conveyance

Construction of a wet well structure, pump station, and force main will be required to convey reclaimed

water to connection points at the energy facilities at TECO (and/or Rice).   The wet well and pump station

can be constructed at the WWTP, adjacent to the outfall.  The wet well structure can be pre-cast concrete

or high-density polyethylene.  A high efficiency, duplex booster pump station can be used to convey the

reclaimed water.  Provisions for back-up power can be included to provide resiliency and maintain supply.

An  8-inch  diameter  C-900  PVC  or  HDPE  force  main  can  be  installed  from  the  WWTP  to  TECO.   The

conceptual alignment originates at the WWTP, thence eastward along North Braeswood Boulevard to its

intersection with Main Street, thence northeast along Main Street to connection points at TECO.   The

length of force main is approximately 9,000 linear feet.  Installation of approximately 750 linear feet may

require boring or another trenchless technology to minimize impacts to traffic.

Water-right authorization will not be required in this application.  The effluent will be intercepted for

conveyance to the end user prior to discharge to a state watercourse.

Conceptual improvements are shown in the following map. A preliminary engineering report (PER) is

recommended for further review of details and other requirements needed for this project.

8” Dia. Reclaimed
Water Force Main

Existing Outfall

Reclaimed Water Pump
Station

Type II Non-Potable @
Existing Junction Box

N
Proposed Piping

Current-Reclaimed 
Water 8” Force Main
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Figure 9: Non-potable Force Main Route

Opinion of Probable Construction Cost

An engineer’s opinion of probable construction cost was developed for the non-potable alternative.

Pumping and conveyance of non-potable reuse supply to TECO is projected to cost approximately

$3,900,000.  A detailed breakdown of the OPCC is included in the attached project sheet, P004.

Approx. 9,000 LF of
8” Reclaimed Water
Transmission Main

TECO – Central
Plant & Raw
Water Tank

West U WWTP

N
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5.0 ECONOMIC EVALUATION

An economic evaluation was performed to determine the present value for each alternative over a defined

planning horizon.  A 20-year planning horizon was selected.

The evaluation considered the engineers opinion of projected project cost for each alternative, amortized

over 20 years using a 3% market rate.  Application could be made to utilize State Revolving Loan Funds

(SRF) if the project requires financing.  This rate would likely be much less than 3%.

Annual expenses associated with operation and maintenance were estimated.  These expenses included

raw materials, energy, and labor.  Escalation was factored into the operation and maintenance expenses

over the 20-year planning horizon.   Raw materials, including chemicals and energy, were escalated at

105% annually; A consumer price index was applied to other factors at 103% annually.

The approximately 20-year net present value for each alternative is included below:

· Direct Potable Reuse $38.4 million
· Indirect Potable Reuse $32.9 million
· Non-Potable Reuse $5.4 million

Additionally, a cost per 1,000 gallons was estimated for each alternative based the total cost of operation

for the first year.  These values provide a snapshot of the production cost compared to purchase cost of

water from the City of Houston.  The cost per 1,000 gallons for each alternative was used to estimate

projected cumulative cash flow over the planning period to determine the timeframe when the initial

capital investment was recovered.  Direct and indirect potable reuse does not provide a payback the initial

capital investment within the planning horizon.  Non-potable reuse is projected is projected to generate

enough revenue to pay back the initial investment within a period of 5 to 8 years depending on the

negotiated rate.

Table 6: Costs of Alternatives

Alternative Capital Cost Projected Payback

City of Houston $0.00 $3.06

Direct Potable $28.0 MM -

Indirect Potable $24.8 MM -

Non-potable $3.9 MM 5-8 Years
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The cumulative cost of ownership, assuming the project cost is financed over the planning horizon, was

compared to anticipated revenue from the sale of reclaimed water.  The cumulative revenue generated

is projected to exceed the cumulative cost of ownership in approximately 4 to 5 years.  This is

dependent on the financing structure and the negotiated rate for reuse.

Kimley-Horn was unable to obtain information from TECO and Rice University related to water usage,

source of supply, and cost.  The supply cost per 1000 gallons to provide non-potable reuse to TECO

and/or Rice University is estimated to be less than the cost of withdrawal and supply of well water.  This

amount would not offset the amount of potable water purchased from the City of Houston.  The pricing

required to support a non-potable reuse project would need to be evaluated as a standalone project;

however, revenue from non-potable supply could help offset the cost of potable water production in the

City.  TECO utilizes well water and purchases water from the City of Houston.  Based on the assumption

well water production costs for TECO are within the same range as those for West University Place, the

economics may be favorable for providing non-potable reuse to TECO for make-up water.
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6.0 SUMMARY

The City of West University commissioned Kimley-Horn to evaluate alternatives for treatment and reuse

of reclaimed water from the WWTP.  Alternatives include treatment for direct and indirect potable reuse

to reduce the dependency on water from the City of Houston and non-potable reuse to provide an

additional source of revenue to possibly offset operational costs associated with potable water production

and supply.  The alternatives for potable reuse are not cost effective due to the large capital investment

required to implement either alternative.  These costs are driven by regulatory requirements and the cost

of  technologies  required  to  maintain  regulatory  compliance.    The  net  present  value  over  a  20-year

planning horizon for either potable reuse alternative is cost over $30 million.  The City may still want to

pursue either potable option to diversify its source water, or to be more environmentally conscious.  If

potable reuse is pursued, the first step would be to start a public outreach program to educate and

familiarize the public to potable reuse.

Production of non-potable reuse appears to be viable and warrants additional evaluation.  The WWTP

effluent characteristics meet TCEQ’s water quality standards for Type II non-potable reuse; therefore, no

additional treatment is required provided the WWTP remained in compliance with the current discharge

permit.  Additionally, two potential customers for non-potable reuse were identified.  They include Rice

University and Texas Energy Corporation.  The latter uses a large amount of water and could benefit from

non-potable reuse if the cost of supply is less than the cost of the current make-up water source for the

energy plants. The net present value over a 20-year planning horizon for supply of non-potable water is

approximately $5.4 million.
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7.0 RECOMMENDATIONS

Kimley-Horn recommends that the City of West University Place, Texas consider developing non-potable

reuse as a source of additional revenue.   In addition to generating revenue in lieu of discharging all of the

wastewater plant effluent, other benefits include reducing stress on freshwater supplies currently used

for non-potable applications and improving sustainability economically, environmentally, and socially.

The WWTP can reliably produce 1,000,000 gallons per day that meets current TCEQ reuse quality

standards for Type II non-potable water.  Two large potential customers are located within a 2-mile radius

from the WWTP: Rice University and Texas Energy Corporation (TECO).

Discussions are recommended with Rice and TECO to confirm their interest in alternative make-up water

supply for the energy facilities and to determine a solid estimate of purchase quantity.  If either has

interest and can accommodate a purchase agreement at or exceeding 500,000 gallons per day, a more

detailed evaluation and conceptual design can be conducted to further refine the cost and provide a solid

basis for negotiation of a water supply agreement.     This agreement will be required for TCEQ to authorize

the project to advance.
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APPENDIX C



Project Description:
Potable reuse pilot study as required by TCEQ to provide data and set the parameters for the advance

water system. This cost assumes that the system will require an UF/MF filter followed by a reverse

osmosis membrane, using the on-site chlorine to chlorinate the water and advance oxidation and UV to

disinfect. Cost was assuming a 9 month pilot study, additional time maybe required if more manufacturers

and treatment options are tested.

Membrane Pilot Skid

Reverse Osmosis Pilot Skid

Ultra Violet and Ozone Pilot Unit



Project Description:
Direct potable reuse system including the advance water treatment plant consisting of MF/UF filters, RO

membranes, advance oxidation, chlorination, and UV disinfection enclosed in positive pressured building.

Conveyance infrastructure to transport the reclaimed water from the advance water treatment plant to the

existing Milton water plant is also included.

High Pressure Pump

PVC Water Line

Reverse Osmosis Membranes



Project Description:
Indirect potable reuse system including the advance water treatment plant consisting of MF/UF filters, RO

membranes, advance oxidation, chlorination, and UV disinfection and injection well to transport the

reclaimed water from the advance water treatment plant to the existing Milton water plant. All units are

proposed to be enclosed in a positive pressure building.

High Pressure Pump

Injection Well Profile

Reverse Osmosis Membranes



Project Description:
Non-potable reuse includes construction of a booster pump station to convey treated effluent from the

WWTP to the end user. Potential end users include Texas Energy Corporation (TECO) and Rice

University for use in the energy facilities as a Type II reclaimed water. This will require approximately

9,000 linear feet of reclaimed water main and metered connections at each facility.

TECO – South 

Main Plant

TECO – Central 

Plant

West U WWTP

Rice University 

Energy Plant (off 

page to north)

Non-Potable Force Main Route
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