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Executive Summary

The City of Kenedy, Texas is the largest community in Karnes County and lies about midway
between San Antonio and Victoria. The City serves approximately 3,400 residents plus about
740 employees and 2,850 inmates of the John Connally Unit, a state maximum security prison
located nearby. Kenedy is located within the TWDB (Texas Water Development Board)
Region L Planning Area. In the City of Kenedy, the total water demand, which is
predominantly for municipal use, is projected to increase. These increasing demands require the
City to replace or upgrade the existing water treatment equipment to consistently meet current
water quality standards. In May 2006, TWDB provided funding to the City of Kenedy and
SARA (the San Antonio River Authority) to demonstrate the efficiencies gained by installing a
new RO (reverse osmosis) system in an existing brackish groundwater desalination plant in the
City of Kenedy, Texas.

The City of Kenedy constructed a RO treatment system in 1995 at the Cottonwood Water
Treatment Plant. The RO treatment capacity of the plant was subsequently expanded in 1996
and again in 2005. The RO system was primarily constructed to meet increasing demands for
drinking quality water; specifically, to reduced the concentrations of TDS (total dissolved
solids), chloride, and arsenic in the City groundwater wells. In 2007, an arsenic reduction
system was also installed to help the facility meet drinking water regulations for this
contaminant. Since 2002, Veolia Water has operated and maintained the desalination plant for
the City under contract. The following overview of the desalination plant facilities addresses
four major components. Task 1, the preliminary engineering assessment, included a detailed
history of the operational changes and capital improvements made to the facility from its
original construction in 1995 through 2007, which was completed by NRS Consulting
Engineers (NRS, 2009). The recommendations from the preliminary assessment included the
need for additional data collection and on-site pilot testing to develop operational protocols.
These recommendations could not be effectively performed given that the Kenedy facility has
been in constant operation to meet escalating water demands with limited well water supply.
Instead, the managers decided to install an additional RO train with advanced design
components. Tasks 2 and 3 included the facility improvements and bidding and construction of
the installation of the fourth RO train in November 2011. The design considerations associated
with the fourth RO train are defined in the request for quotation specification sent to the bidders
and is attached in Appendix A for reference. This report summarizes the data collection and
reporting activities. Task 4, aimed at reviewing trends in system performance and comparing
key operating costs before and after recent system upgrades.

The primary goal of this study was to use operating data from the Kenedy facility to evaluate the
impacts on overall performance and system operating costs due to improvements to the existing
RO system. The intent was to provide information that would assist other similar communities in
Texas make informed decisions regarding upgrades to older brackish groundwater desalination
facilities. However, operation of the Kenedy facility has not followed typical protocols because
the facility constantly has been challenged to meet growing water demands, as a result operational
decisions have focused on meeting product water flow requirements. Over time, the constant
drive to meet capacity with limited brackish well water supplies ultimately reduced treatment and
subcomponent performance.

Despite the challenges, some of the trends may be site specific, but the following general
conclusions can be drawn from the data evaluation:
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e Replacement of aging membranes operating below startup baseline conditions with new
membranes will improve overall system recovery and reduce feed pressure requirements.

o Increased recovery results in higher permeate water rates and lower operating costs
(chemical and electrical) per gallon of produced product water.

o Reduction in feed pressure correlates to a direct savings in power consumption
costs.

e Replacement of aging membranes with new higher yield membranes:

o Improves permeate quality for a given raw water quality which, in turn, will
increase the amount of product water that the plant is capable of producing.
Improved permeate quality allows for the use of more bypass water while still
maintaining product water quality.

o Chemical and power costs per produced product water will also reduce as the
percent of bypass water is increased.

¢ Replacement of aging membranes with new low energy membranes by definition directly
reduces power costs.

e Use of an RO skid design that incorporates a VFD (variable frequency drive) on the high
pressure feed pump also results in direct power cost savings as compared to older skid
designs with constant speed pumps and throttling valves. The use of a VFD on Train D at
the Kenedy facility reduced power consumption costs by roughly 15% over an eight month
period.

The results of this study have been used to develop an internet-based educational tool for
interactive use by the public. It allows for simple comparisons of performance and return on
investment between older and newer RO membrane elements and skid design technologies.
The site is sponsored by the San Antonio River Authority in their continued support as a
resource to communities in the TWDB Region L Planning Area (www.sara-
tx.org/public_services/water_planning/kenedy_brackish_water_reverse_osmosis_tool.php).
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1 Introduction

The City of Kenedy, located in Karnes County, Texas, uses a brackish groundwater desalination
plant to supply potable water to its residents as well as to the employees and inmates at the state
maximum security prison, the John Connally Unit, located about two miles south of the city.

The total population served by the facility is estimated at 6,750 people, with roughly a 50/50 split
between city residents and prison staff and inmates. The desalination system was originally
installed in 1995 and, since has undergone multiple modifications and expansions to meet the
growing demand for water, with the latest facility expansion involving the addition of a fourth
reverse osmosis (RO) train completed in November 2011. The design of the new RO train
incorporates newer technology subcomponents and higher yield membranes.

In December 2012, the membranes of the other three RO trains were also replaced with the same
higher yield membranes.

In May 2006, the Texas Water Development Board funded a project entitled “City of Kenedy -
Demonstration of Efficiencies Gained by Using Improved RO Technologies” with the objective
to use the City of Kenedy water treatment system as a means to evaluate the benefits gained by
upgrading older groundwater desalination systems. The project consisted of four main tasks:

Task 1 — Preliminary Engineering Assessment
Task 2 — Design Facility Improvements

Task 3 — Bidding and Construction

Task 4 — Data Collection and Reporting

Task 1, the preliminary engineering assessment, included a detailed history of the operational
changes and capital improvements made to the facility from its original construction in 1995
through 2007, which was completed by NRS Consulting Engineers (NRS, 2009). The
recommendations from the preliminary assessment included the need for additional data
collection and on-site pilot testing to develop operational protocols. These recommendations
could not be effectively performed given that the Kenedy facility has been in constant operation
to meet escalating water demands with limited well water supply. Instead, the managers
decided to install an additional RO train with advanced design components. Tasks 2 and 3
included the facility improvements and bidding and construction of the installation of the fourth
RO train in November 2011. The design considerations associated with the fourth RO train are
defined in the request for quotation specification sent to the bidders and is attached in Appendix
A for reference. This report summarizes the data collection and reporting activities, Task 4,
aimed at reviewing trends in system performance and comparing key operating costs before and
after recent system upgrades.
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2 Objective

The primary objective of this study was (1) to compile and review past and current operating
data, (2) to provide insight into system operation and performance, and (3) to evaluate operating
cost efficiencies gained through upgrading a RO system. The first three RO trains of similar
design (Trains A, B, and C), were compared to the more recently installed fourth RO train
(Train D). The study also compared the performance of Train A before and after membrane
replacement, and the performance of the newer Train D before and after an on-site membrane
cleaning. An internet-based educational tool was also developed to compare the system
performance and return on investment between older and newer RO technologies. The tool can
assist small communities contemplating to upgrade their brackish groundwater desalination
system.

Metrics for the performance evaluation include recovery rate, permeate water quality, blending
rate, flux rate, operating pressures and salt passage/rejection. Metrics for the operating cost
evaluation include power consumption, chemical usage, and cartridge filter replacements.
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3 Background
3.1 Facility Description

The City of Kenedy water treatment facility desalinates local brackish groundwater through an
RO system to produce high quality permeate that is then blended with groundwater prior to
distribution to the community. The groundwater used for blending is raw water that bypasses
the RO treatment process. The RO concentrate is discharged to Escondido Creek in
accordance with the requirements of the facility’s TPDES permit (TDPES Permit No.
WQ0003913000). A schematic of the treatment process is provided in Figure 3-1. The
original plant capacity was 2.8 MGD and with the improvements is now 3.68 MGD.
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Figure 3-1 Process Flow Diagram
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During the length of the study, the raw water supply consisted of groundwater withdrawn from
five wells (referred to as Wells 8, 10, 11, 13 and 14). The addition of a new sixth well (Well
15) began operation after the study was completed. Two of the wells (Wells 11 and 13)
withdraw water from the Catahoula aquifer, and the other four wells (Wells 8, 10, and 14, and
15) withdraw water from the Oakville aquifer. The raw water has an average total dissolved
solids (TDS) concentration of approximately 1750 mg/L and an average conductivity of
roughly 2450 uS/cm.

Groundwater withdrawn for blending from the Oakville aquifer via Wells 8, 10, 14, and 15
can contain elevated levels of arsenic and is pre-treated through an arsenic adsorption system
installed in 2007. Sodium hypochlorite is added prior to the arsenic adsorption system for iron
and manganese oxidation, and carbon dioxide is used for pH adjustment at the arsenic
adsorber. The dissolved arsenic is removed via adsorption onto granular ferric oxide
adsorption media. Groundwater withdrawn from the Catahoula aquifer through Wells 11 and
13 do not require pre-treatment for arsenic removal.

The RO system consists of four RO trains in parallel, referred to as Trains A, B, C and D.
Changes made to the configuration of each train since the system came online are summarized
in Table 3-1. Installed in 1995, Trains A and B have a two-stage configuration with 3:2
pressure vessel array with six membrane elements in each pressure vessel. Train C has a two-
stage configuration with 9:5 pressure vessel array with six membrane elements in each
pressure vessel. All three trains were expanded in 2005 to include additional pressure vessels.
Trains A and B were each expanded to a 5:3 array, and Train C was expanded to a 10:5 array.
New RO membranes also were installed at that time of the expansion. The 2005 system
upgrades were designed to operate all three trains at a 75% recovery with Trains A and B
producing 170 gallons per minute (gpm) of permeate and Train C producing 315 gpm of
permeate.

The preliminary engineering assessment report (NRS, 2009) indicates that the membranes
installed in 2005 were Hydranautics ESPA1 membranes. However, the membranes removed
from Trains A, B and C in December 2012 were DOW BW30-365 membranes. According to
the facility operators, the membranes installed in 2005 were the BW30-365 membranes,
because a membrane replacement had not taken place since the RO system commenced
operation. In December 2012, the original membranes were removed from Trains A, B, and C
and replaced with Hydranautics ESPA1 membranes. Train D, installed in November 2011,
also contains ESPA1 membranes. The ESPA1 membrane element has an active area of 400
square feet, compared to the 365 square-feet active area of the BW30-365 membrane element.
The membrane manufacturers’ specifications indicate that the ESPA1 membrane has a slightly
lower salt rejection of 99.3% than the BW30-365membrane of 99.5%, but a higher yield of
permeate flow due to a larger membrane active area. Membrane projections from the
Hydranautics RO design software indicate that a 5:3 array configuration (such as in Trains A,
B and D) containing ESPA1 membranes operated at 75% recovery can produce an excess of
200 gpm of permeate flow. The software projection for Train C, indicates that with a 10:5
array configuration also operated at 75% recovery will generate 375 gpm of permeate flow.
Copies of the membrane projections are included in Appendix B for reference.

Each RO train consists of a low pressure feed pump and cartridge filter, followed by a high

pressure pump supplying water to a two-stage RO system. There are no interstage booster

pumps. For Trains A, B, and C, the feed flow is adjusted via a manual throttling valve on the
10
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high pressure pump discharge. The high pressure pumps on the three older RO trains
therefore run at constant speed. On Train D, the high pressure pump is equipped with a
variable frequency drive (VFD) which automatically adjusts the pump motor speed to
maintain a desired permeate flow. This is a more energy efficient design. The design of Train
D also provides the option of recycling a portion of the concentrate to the front end of the train
to improve recovery, but this feature is seldom utilized. Antiscalant is added to the RO feed
water to minimize fouling potential. Two different antiscalant chemical products are used,
one for Trains A, B, and C and another for Train D. The use of a different antiscalant for
Train D is based on the recommendation of the equipment supplier. More details on the
antiscalants used is found in Section 6.1 Chemicals — Antiscalant.

The permeate flows produced by each train are directed to a common Finished Water Tank
where raw water is blended with the permeate to meet water demand. Gaseous chlorine is added
to the final product water for disinfection and sodium hydroxide is added as needed for pH
control prior to distribution. The concentrate flows generated from the RO trains are combined
and discharged to Escondido Creek via a common four-inch diameter line. The discharge is
monitored in accordance with the requirements of the facility’s TPDES permit.

11
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Table 3-1.  Summary of RO Configuration from 1995 to present.
System Modification Train A Train B Train C Train D
1995 Original Installation
Array Configuration 3:2 32
Elements per Vessel 6 6
Manufacturer: Hydranautics = Hydranautics
Type: CPA2 CPA2
Membrane Area: 365 sf 365 sf
Year Installed: 1995 1995
1996 Expansion
Array Configuration 3:2 3:2 9:5
Elements per Vessel 6 6 6
Manufacturer: Hydranautics  Hydranautics = Hydranautics
Type: ESPAI ESPAI ESPAI
Membrane Area; 400 sf 400 sf 400 sf
Year Installed: 1996 1996 1996
2005 Expansion and Membrane Replacement
Array Configuration 5:3 53 10:5
Elements per Vessel 6 6 6
Manufacturer: Dow Dow Dow
Type: BW30-365 BW30-365 BW30-365
Membrane Area: 365 sf 365 sf 365 sf
Year Installed: 2005 2005 2005
Design Recovery 75% 75% 75%
Design Permeate Flow 170 gpm 170 gpm 315 gpm
2011 Expansion
Array Configuration 5:3 53 10:5 5:3
Elements per Vessel 6 6 6 6
Manufacturer: Dow Dow Dow Hydranautics
Type: BW30-365 BW30-365 BW30-365 ESPAI
Membrane Area: 365 sf 365 sf 365 sf 400 sf
Year Installed: 2005 2005 2005 2011
Design Recovery 75% 75% 75% 75% minimum
Design Permeate Flow 170 gpm 170 gpm 315 gpm 215 gpm
2012 Membrane Replacement
Array Configuration 5:3 53 10:5 5:3
Elements per Vessel 6 6 6 6
Manufacturer: Hydranautics  Hydranautics  Hydranautics Hydranautics
Type: ESPAI ESPAI ESPAI ESPAI
Membrane Area: 400 sf 400 sf 400 sf 400 sf
Year Installed Dec 2012 Dec 2012 Dec 2012 2011
Design Recovery 75% 75% 75% 75% minimum
Design Permeate Flow 200 gpm 200 gpm 375 gpm 215 gpm

12
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3.2 System Challenges

The Kenedy brackish water desalination facility has been faced with several challenges, the most
significant of which has been the need to meet increasingly higher water demands with a limited
well water supply. A growing demand for water in the service area is due to multiple factors
including the influx of new businesses to the area, the construction of a new hotel and a new trailer
park, and other development. Currently only three of the four trains are operated at any given
time, which includes Train A, B, and D (Train C was taken off-line when Train D began consistent
operation in February 2012). A train is offline due to the lack of well water supply. In addition,
operating four trains produces a RO concentrate flow greater than the capacity of the existing
discharge pipeline. The facility is taking steps to address the raw water supply issue. A new
production well (Well 15) has been installed and placed into service in February 2013. The facility
is operated based on product water demand. In this case, the water quality targets of the product
water meet the TCEQ regulations and the discharge permit limits the quality and quantity of the
discharge. Further discussion on these challenges is found in Section 5.6 Blending Ratios.

The increasing demand for water also has resulted in limited opportunities to remove trains from
service to clean the RO membranes. In the past, routine membrane cleaning was performed off-site
by a third party with minimal system downtime. However, that service was not available after 2005
due to budget reductions and, in order to meet the water demand, it was necessary to keep all three
RO trains in continuous operation, essentially eliminating the opportunity for on-site membrane
cleaning. More recently, after Train D was added, maintenance issues associated with the facility’s
Clean-In-Place (CIP) system surfaced, such as inoperable valves and flow meters, which limited the
CIP’s availability for use. The valves and flow meters were replaced and a CIP was performed on
Train D in December 2012. According to the facility operator, a CIP of the membranes had not
been conducted for Trains A, B, and C from the time they were installed in 2005 until the
membranes were replaced in December 2012.

13
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4 Evaluation Methods

The operating data used for this evaluation was obtained from the facility’s electronic data
management system which utilizes HACH’s Water Information Management Solution (WIMS)
software. The facility operator takes routine readings from existing meters, gauges, and
analyzers and then enters the data into the WIMS system and records in the facility log books.
Operating data was retrieved from the WIMS system from January 2005 through January 2013.
Data available in the WIMS system prior to January 2009 was difficult to obtain and very
limited.

Daily operating data retrieved from the system was reviewed and any obvious outliers in the data
were eliminated. Gaps in the data due to field instruments and meters malfunctioning or out of
service also were identified. The remaining data was then used to calculate monthly average
values which were tabulated and graphed to illustrate historical trends and allow for an
evaluation of system performance.

The operating parameters that were compiled for each RO train and used in the performance
evaluation are summarized in Table 4-1. The compiled monthly average data are provided
in Appendix C. Actual flow data was used instead of normalized data because the amount
of normalized data available in the WIMS system was limited. The impact should not be
significant given the consistent nature of the feed water salinity and temperature.

Table4-1.  Operating Parameters Used for Performance Evaluation

Calculated or Measured

Item Operating Parameter Units Value

1 Permeate conductivity uS/cm Measured

2 Permeate flow rate gpm Measured

3 Concentrate flow rate gpm Measured

4 Feed flow rate _gpm Calculated in WIMS

5 % Recovery % Calculated in WIMS

6 % Salt passage % Calculated in WIMS

7 % Salt rejection % Calculated in WIMS

8 Feed pressure psig Measured

9 Concentrate pressure psig Measured

10 Differential pressure psig Measured

11 Flux rate __gpd/sf Calculated outside of WIMS
12 Total Potable Water to Distribution  gpm Measured

13 % Blend water ratio (% of raw water % Calculated outside of WIMS

that bypasses RO system and is
blended with permeate)

In addition to compiling and evaluating performance data, average monthly operating costs were
estimated based on available operating data and current unit costs. The average monthly
operating costs are expressed in terms of dollars per thousand gallons of potable water sent to
distribution, which includes the RO permeate plus the bypass flow. Due to the lack of available
data in WIMS prior to 2009, operating cost data was compiled from January 2009 through
January 2013. Operating costs that were evaluated included the “variable” costs listed in Table
4-2. These costs are directly related to the operation of the RO system. Antiscalant usage was
the only chemical evaluated because the usage rates of the other chemicals typically are

14
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independent of the RO system operation. Fixed operating costs, i.e., costs not directly related to
the RO system operation such as labor and administration also were not included in the
evaluation. Estimates of the average monthly operating costs for each item listed in Table 4-2
are provided in Appendix D.

Table 4-2.  Operating Cost Parameters

tem Operating Cost Parameter Unit Cost Notes
1A Antiscalant usage — Trains A, B & C $1.80/1b  Consumption rates for the antiscalant
used for Trains A, B, and C available in
WIMS.,
1B Antiscalant usage — Train D $2.53/lb  Usage rate for Train D antiscalant not

available in WIMS. Assumed 2 gpd as
average usage rate for Train D based on
operator feedback.

2 Cartridge filter replacement $15/filter  Cartridge filter replacement data

available in WIMS. Compiled on an
annual basis.

3 High Pressure RO Feed Pump Power $0.085/kwh Power consumption estimated based on
Consumption feed flow and feed pressure

15



Texas Water Development Board Report Contract # 0604830579

5 Performance Data Evaluation

The performance evaluation was based on the historical trends for the various operating
parameters identified in Table 4-2. Differences in the performances of the various trains are
identified, with a focus on comparing the performance of the older RO trains (Trains A, B and C)
prior to membrane replacement to the newer RO train (Train D). In addition, the impact on
membrane performance due to the December 2012 membrane replacement of Train A, B and C
and the on-site cleaning of Train D are assessed by comparing daily operating data for Train A
versus Train D for the first six weeks following membrane cleaning/replacement. Insufficient
post-membrane replacement operating data was available for Trains B and C.

5.1 Flow and Recovery
5.1.1 Older Trains vs Newer Train

The measured permeate and concentrate flows and the calculated feed flow for each of the
four RO trains are illustrated in Figure 5-1(a)-(d).

Figure 5-1 Flow Rates for Trains A, B, C, and D.
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The feed, permeate, and concentrate flows of Trains A, B, and C (i.e., older trains) followed
similar trends. For all three trains, the concentrate flow generally held steady over the entire time
period examined. The amount of permeate flow produced by each train also remained fairly
consistent since 2008, with the exceptions of a slight step increase in permeate production from
Trains A and B in 2012 and a gradual increase of permeate flow in the Train C. The slight step
increase of flows observed in Train A and B beginning in May 2012 is because the original
turbine-type flow meters were removed and new magnetic flow meters were installed. The new
magnetic flow meters, which tend to be more accurate than turbine meters, read higher flows.
Train C experienced a gradual increase in permeate flows starting in Jun