o Avglea  Zry

Step 1 Report

ey

o)

FEASIBILITY INVESTIGATION

o R e g

AL R e B Rt LR T
tu-,.,»-.-r-m- M -

Submitted to

Brownsville Public Utilities Board

Brownsville, Texas

CHMHILL

January 1996

\\l\".........’ l} b

.\M“““\“'

b e e ek L) ec AT N
DR 0 o L st o ) SISTER.. \\.-
l.f.?. /ON AL ‘\ o




Engineers

O " By
— Planners

(o, 2 15!l Fconomists
_ Scientists

January 25, 1996

116700.F0.ZZ

] Mr. Kelvin S. Hinrichs, P.E., Manager
3 Water/ Wastewater Engineering
Brownsville Public Utilities Board

7] 1425 Robinhood Drive
o P. O. Box 3270
Brownsville, TX 78520-3270
.
2 Dear Mr. Hinrichs:
> Subject: Aquifer Storage Recovery Feasibility Investigation

CH2M HILL is pleased to transmit to you 10 copies of our final report for the first phase of
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i received from the Texas Water Development Board (TWDB) into the report.
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) Texas Water Development Board
| 1700 North Congress Avenue
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! NRS Consulting Engineers
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It has been a pleasure working with you and John during this initial phase. We look
forward to the continuation of this important project.
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Executive Summary

Aquifer Storage Recovery (ASR) is a water management technique in which large volumes of
treated water can be stored underground in aquifers. The technique is particularly useful to
utilities that experience conditions of excess water supplies during certain times and water
shortfalls during others. Using ASR, a utility can produce and store water when it is
available for later use during high demands.

The results of this investigation suggest that ASR may be a feasible alternative for the City of
Brownsville Public Utilities Board (PUB) to meet future water demands. It may be possible
for an ASR facility to work with the PUB'’s recently expanded water treatment facilities,
existing water rights, and recently acquired Permit 1838, to meet projected mid-level water
demands through the year 2012. Without the ASR alternative, projected water demands
exceed supplies by the year 2003, and demands exceed treatment capacity by the year 2005.
It is recommended that the PUB proceed with the next phase of the ASR investigation and
work with the Texas Water Development Board (TWDB) to construct test borings/wells at
selected sites.

The PUB operates a water supply system that serves the City of Brownsville, Texas, and
surrounding areas. The Rio Grande river is utilized as a raw water source. The PUB system
currently serves residential, commercial, industrial, and wholesale customers. In 1994, the
PUB potable water system produced an average of more than 18 million gallons of potable
water per day. The City of Brownsville is experiencing a growing population and the
associated increase in water demands on their system. Current firm water rights and
contracts for the Rio Grande water are only expected to provide sufficient raw water flows
until the year 2003. Water treatment facilities are also projected to require additional
expansion by the year 2005.

The PUB has recently obtained Water Use Permit 1838 which allows the PUB to pump
additional raw water during times when the Rio Grande flows equal or exceed 25 cubic feet
per second (cfs). The permit allows the use of up to 40,000 acre-feet of excess Rio Grande
water annually that would normally flow into the Gulf of Mexico. The amount of water
available each year will depend on actual river flows. Based on historical conditions, it is
expected about 17,000 acre-feet per year would be available.

Raw water available under Permit 1838 during high river flows may not correspond to
periods of high water needs. In order to provide the most effective use of this water, large
volume storage is required. In this way, water could be diverted under Permit 1838 and
stored until needed. '

Aquifer Storage Recovery provides a method to store water obtained and treated under
Permit 1838. Water for storage would be diverted during the low demand months
(November through about May), and treated using water treatment plant (WTP) capacity in
excess of current demands. Depending on the water demands and availability of the Permit
1838 water, it is feasible that 6,000 acre-feet or more of treated water could be stored during
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a given year. Recovery of this stored water during the peak demand season would serve two
purposes. First, the recovered water would reduce the use of the PUB firm water rights
during that year. Secondly, the recovered water would supplement WTP flows during peak
demand months and allow the upgraded WTPs to meet maximum day demands in excess of
their capacities.

A preliminary balance of water supply, ASR operations, and water demands indicate the ASR
operation would benefit the PUB system operation most effectively if integrated thoroughly
with the Permit 1838 water. This entails not only using the Permit 1838 water for injection
but also for direct treatment and distribution when possible. This type of operation involves
some risk without the ASR component because of the need to release Falcon Reservoir water
in advance. With an ASR system, the risk is greatly reduced. If insufficient water is
requested from Falcon Reservoir, and the Permit 1838 water is not available, water stored in
the ASR system can provide the required flows. These three components working together
should be capable of meeting PUB’s projected water demands through about the year 2012
and possibly beyond.

In order for an ASR facility to be feasible for the PUB, a suitable storage aquifer must exist.
Because of the poor water quality exhibited by the Brownsville area groundwater, little
exploration has been done in the past and existing information is somewhat limited.
Additional information is needed to fully assess the ASR operations.

The hydrogeologic information available identifies three potential aquifer zones beneath
Brownsville that may be suitable for aquifer storage. These are identified as the Gravel, the
Intermediate, and the Lower Zones. The Gravel Zone exists at depths of approximately 150
to 225 feet, the Intermediate Zone from 200 to 400 feet, and the Lower Zone from about 400
feet to well over 1,500 feet. Water quality of the Gravel and Intermediate Zones are
estimated to be similar with total dissolved solids (TDS) concentrations ranging from 2,500
to 12,000 mg/l. Water quality in the Lower Zone may exceed 20,000 mg/l TDS.

The expected capacities of individual wells completed in the potential ASR zones were
estimated based on the available information. The information suggests that wells completed
into the Gravel or Lower Zones may provide individual capacities of 700 gpm to 1000 gpm.
Wells completed into the Intermediate Zone would probably result in lower capacities.

A test drilling program is required to define the hydrogeologic conditions underlying the
Brownsville area and further assess the ability of an aquifer zone to store and recover treated
water. However, it appears promising that an appropriate ASR zone exists to provide some
level of large volume storage for the Permit 1838 water.

The PUB water system is expected to benefit from two ASR applications. First the PUB is
projected to require additional raw water supplies by the year 2003 as raw water demand is
projected to exceed its firm water rights by that year. One use of ASR for the PUB is to store
water available from Permit 1838 for use later in the year. Water obtained under this permit
could be treated and stored, and later used to supplement the PUB’s firm water rights. A
water balance constructed using projected monthly demands, WTP maximum capacity at 40

DEN2463.D0C ES-2
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million gallons per day (mgd), annual firm raw water rights of 33,973 acre-ft, and Permit
1838 water indicate that the PUB system could probably operate through the year 2012 using
a fully applied ASR facility in conjunction with Permit 1838 water.

The second benefit of ASR for the PUB will be the ability of an ASR system to meet peak
demands on water treatment facilities. The PUB WTPs are being expanded to a combined
maximum capacity of 40 mgd. Projected demands on the PUB system indicate the maximum
day demand will exceed the WTPs’ capacity during the year 2005. A properly operating
ASR system could provide recovered water during these maximum day demands and allow
the PUB system to safely meet demands in excess of 40 mgd. The water balance conducted
indicates that during the year 2012 the maximum day demand is over 49 mgd and this
demand can be met through a combination of ASR recovery and WTP operation.

The ASR system that appears to be best suited for the PUB will be a systemn of wells and
piping that operates at average injection and recovery rates of 10 mgd and 12 mgd,
respectively. The system will be capable of handling maximum rates higher than this in order
to take advantage of the Permit 1838 water which may only be available in large quantities
for short periods of time. The maximum rates for injection and recovery of the conceptual
ASR system are approximately 15 mgd and 19 mgd, respectively.

The conceptual system may operate most effectively if located in approximately five
locations in Brownsville. Two of the locations could be WTP No. 1 and No. 2. At each of
the WTPs, 5 or 6 ASR wells could possibly be located. The other 3 locations could be at
PUB elevated storage tanks. At each of the elevated storage tanks, 1 or 2 ASR wells could be
located. The preliminary estimated cost in 1995 dollars for developing this system as
described to potentially meet water demands through the year 2012 is approximately $ 10.8
million.
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Section 1
Introduction

Overview

The City of Brownsville Public Utilities Board (PUB) operates a water supply system that
serves the City of Brownsville, Texas, and surrounding areas. The Rio Grande river is
utilized as a raw water source and the PUB system currently serves residential, commercial,
industrial, and wholesale customers. This includes approximately 105,200 people through
more than 26,200 potable water connections. In 1994, the PUB potable system produced an
average of more than 18 million gallons of potable water per day.

The City of Brownsville is experiencing a growing population and the associated increase in
water demands on their system. Projected water demands forecast continuing growth
through the period to 2014, with 48,373 connections estimated. However, depending on
whether the low, mid, or high water demand forecast is considered, current firm water rights
and contracts for the Rio Grande water are only expected to provide sufficient flows for
another 7 to 13 years. Additionally, an existing water contract with the Brownsville
Irrigation and Drainage District (BIDD) will expire in 1998. The PUB is hopeful this
contract will be extended, but if it is not, a water shortfall could occur in Brownsville by
1999.

As a result of the increase in potable water use and the potential for a water shortfall, the
investigation of additional strategies for providing future water to the PUB customers has
been initiated. One of these strategies is a water management technique known as Aquifer
Storage Recovery (ASR). The ASR concept works by storing large volumes of water
through wells constructed underground in existing water bearing geologic formations known
as aquifers. Water is typically produced for storage during times of the year when excess
supply or water treatment capacity is available. Then when water demands are high and
supplies cannot keep up with demands. the stored water is recovered from wells and used to
satisfy these demands. The ASR concept works well when an abundance of water is
available for a limited time that can be stored for later use. Experience with ASR systems for
other utilities has also shown that ASR systems can typically be implemented for
substantially less cost than the more conventional alternatives to meeting peak water
demands.

This report on the feasibility of ASR for the PUB represents the first phase of the ASR
investigation. The work to prepare this report relied on existing information including water
use records, existing demand projections, geologic reports, verbal communication, and other
associated information. The results of the investigation show that ASR may be a viable
option for the PUB to meet future water demands. However, this conclusion is based on
several assumptions which must be verified through field testing. The subsequent sections of
this report describe conceptually how ASR could serve the PUB, steps necessary to confirm
the proposed operation, and approximate costs for implementation.

DEN2525.D0C 1-1



Report Organization

The following report was prepared as a series of Technical Memorandums that each address
the required topics to determine ASR feasibility and conceptual applications. These
memorandums are included in the appendices to this report. The report sections that follow
summarize the more detailed memorandums and focus these results toward ASR feasibility
and applications for the PUB. The technical memorandums included in the appendices are
listed as follows:

ASR Feasibility Investigation Surface Water Assessment
Geology and Ground-Water Conditions Near Brownsville, Texas
Geochemical Evaluation - Brownsville ASR Project

ASR Applications

Temporary UIC and Surface Water Permit Application

DEN2525.DOC 1-2






Section 2
Water Demand and Water Availability Overview

Existing Water System

The City of Brownsville PUB obtains raw water for treatment from the Rio Grande river
which flows along the western edge of the City. Water is pumped from the river into an
approximate 27 million gallon raw water surface storage reservoir, and from there to two
water treatment plants (WTPs). The WTPs are designated WTP No. 1 and No. 2, and each
has a current treatment capacity of about 10 mgd. Both plants are currently being upgraded
to higher capacity which is scheduled to be completed at the end of this year. At that time,
each WTP will have a treatment capacity of 20 mgd, for a combined total treated water
production capacity of 40 mgd.

Water Treatment Plant No. | is located adjacent to the Rio Grande River and WTP No. 2 is
located near the northeast corner of the City. Facility locations are presented in Figure 2.1.

Raw Water Availability

Raw water obtained from the Rio Grande is pumped by the PUB under existing water rights,
one contract for water purchase and one agreement for raw water exchange toward treatment
charges. These supply sources are listed below:

Water Source Acre-Feet
Rio Grande Water Rights 27,935

BIDD Contract 5,000
El Jardin Agreement 1,038
Total 33,973

In addition to the above firm commitments for water rights, the PUB holds Permit 1838
which authorizes the PUB to divert up to 40,000 acre-feet annually of excess Rio Grande
water from the Brownsville Navigation District. The diversion is allowed when the flow of
the Rio Grande at the Lower Brownsville Gauging Station is at least 25 cubic feet per second
(cfs). It has been estimated from an analysis of river flow patterns that an average of 17,000
acre-feet of water should be available to the PUB per year from Permit 1838.

The PUB water rights for 33,973 acre-feet are considered a firm water right and should be
available for use each year (as long as the contracts and agreements are in force). To obtain
water for use under these rights, the PUB requests the Rio Grande Watermaster to release
water from Falcon Reservoir. Water released from Falcon takes seven days to reach
Brownsville, therefore requests are made weekly based on expected water use for the
following week.

DEN2526.DOC 2-1
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Water available under Permit 1838 is available at the time that river flows are equal to or in
excess of 25 cfs. These conditions can occur for several reasons, some of which may be due
to other users not fully utilizing their respective release, excess rainfall, or other reasons
which cause the flows in the river to be higher than expected. Water obtained under Permit
1838 must be taken from the river at the time it is available.

The PUB currently operates the water system by ordering water released from Falcon
Reservoir each week based on the expected conditions the following week. Each release is
charged against the water right account and as long as the account is large enough to charge
throughout the year, adequate water is available. As discussed further in the following
subsection, water demands are projected to exceed the PUB's firm water rights. At this time,
the PUB will have to make use of the water available under Permit 1838. However, although
on average this permit provides an appreciable volume of water, the water is not guaranteed
to be available precisely when it is needed. Additional complications arise if the Permit 1838
water will be used early in the year to offset or delay the use of the firm water rights.
Because the PUB must request release of its firm water right one week before it is needed,
there is some uncertainty in relying on the Permit 1838 water to be available one week from
requesting a reduced release from Falcon. Once the PUB requests a release from Falcon, the
water right account is charged whether the release is pumped from the river by PUB or not.

It is clear that the Permit 1838 water will play a key role in the future water supply of
Brownsville and that this water is an important acquisition by the PUB. In order to maximize
the effective use of this water, a substantial storage facility is needed. This way, when the
Permit 1838 water is available, it can be pumped from the river, treated, and stored. Once the
water was stored, it could be called upon for use as needed, and ordering releases from
Falcon Reservoir would be much simpler to plan.

Current and Projected Water Demands

Water demands on the PUB system consist of both raw water and treated water demands.
Raw water is used directly for irrigation purposes and for power plant cooling water. Over
the past 5 years, average annual raw water demands have averaged 21 percent of the water
pumped from the river. Treated water demands have encompassed the remaining 79 percent.

Water demands on the PUB water system have been increasing over the past several years.
Demand projections estimated by the PUB forecast this increasing trend will continue
through the forecast period. Current and mid-level projected annual average water demands
for the PUB system are presented in Figure 2.2. The information shown in Figure 2.2
indicates that mid-level projected raw water demands will exceed supply in the year 2003.

Demand variation over a given year plays an important role in water system development and
operation. Water production has to keep pace with the varying demands which require water
facilities to operate at rates much higher and lower than the average annual water demands.
Over the past 5 years, the maximum water production over one day for the PUB water system
averaged 1.6 times the annual average treated water demand. In 1994, this maximum day
rate was 28.5 mgd and the average annual treated water demand was 18.0 mgd.
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The significance of the maximum day water demand is apparent when size of treatment
facilities is considered. Treatment facilities are typically designed to produce water at the
required maximum day demand rate. During the high demand summer months, the WTP
operates at the highest rates of the year. In Brownsville’s situation, the total treatment
capacity will soon be 40 mgd which will be required when the average annual day demand
reaches about 25 mgd. Considering the demand projections presented in Figure 2.2,
additional treatment plant capacity will again be required‘in the year 2005. Annual demand
variations for the PUB system are illustrated in Figure 2.3. '

As shown in Figure 2.3, the highest water demands on the PUB system typically occur during
the month of August. As stated earlier, during this month the maximum day demand
averages 1.6 times the average annual demand and the WTPs typically operate at their
highest rate. Demands are seen to decrease during the winter months and typically remain
below the annual average during the months of November through May.

General ASR Applications

Aquifer Storage Recovery (ASR) is a technique for storing large volumes of water when it is
available in excess. Considering the PUB system operation, two situations exist that would
allow the storage of excess water. The first is the Permit 1838 water which is available when
flows in the Rio Grande equal or exceed 25 cfs. This water is available under short notice,
and is not guaranteed to be available when it is most needed during either high demands, or
late in the year when the PUB firm water rights have been completely used. Storage of this
water when available for later use would increase the efficiency of PUB’s water use.

The other situation where excess water could be available for storage is during the low
demand months of a given year. The PUB water treatment plants are designed to produce
water at a high rate such that the maximum day demand can be satisfied during the year. For
many of the other months, the WTPs are operating at a rate much below the rate at which the
plants were designed. If the WTPs were operated at a rate somewhat higher than required to
meet the average water demand, the excess produced water could be diverted to storage.
During the months of June through September, or October, the stored water could be used to
supplement WTP flows and meet the high summer demands. This type of operation would
allow the PUB to meet maximum day demands in excess of the plant capacity. Maximum
day capacity would then be 40 mgd plus the rate at which water could be removed from
storage. This type of operation could provide several additional years of life to the PUB
treatment system, delaying the need for further WTP expansion.

Aquifer Storage Recovery systems have been implemented for several utilities to work with
both of the above situations. An ASR system stores water by pumping treated water into
underground aquifers through wells. Because aquifers are typically very extensive, large
volumes of storage are possible. It is typical to pump water into an ASR system for several
months and later recover the same water for a similar time period. The rates at which water
can be stored and recovered from an aquifer depend on the capacities and number of the ASR
wells. The length of time water can be left in storage varies and is dependent on the native
quality of the aquifer, aquifer properties, and regional groundwater
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movement. Most ASR facilities have demonstrated successful storage durations of several
months to several years.

The conceptual ASR application that appears beneficial to the PUB is to store treated water
in the brackish aquifer beneath or in the vicinity of the existing WTPs. Depending on the
results of a prototype test program, it should also be desirable to provide ASR storage in the
north and/or west parts of the existing service area. These future areas would be preferably
located at PUB elevated storage tanks. The reasoning for these suggested areas is discussed
in more detail in Section 3, General Hydrogeology.

Water for storage would be Permit 1838 water that is diverted during the low demand months
(November through about May), and treated using WTP capacity in excess of current
demands. Depending on the water demands and availability of the Permit 1838 water, it is
feasible that 6,000 acre-feet or more treated water could be stored during this time. Recovery
of this stored water during the peak demand season would serve two purposes. First, the
recovered water would reduce the use of the PUB firm water rights during that year.
Secondly, the recovered water would supplement WTP flows during peak demand months
and allow the upgraded WTPs to meet maximum day demands in excess of their capacities.

A preliminary analysis indicates that an ASR wellfield with a capacity to pump about 20 mgd
for short time periods could provide the above requirements. Water produced for storage
could probably be injected into the ASR wells at combined rates of about 10 to 15 mgd, and
recovered at rates of about 15 to 20 mgd. Depending on the year’s actual water supply and
demands, around 6,000 acre-feet of water could be stored and recovered.

A preliminary balance of water supply, ASR operations, and water demands indicate the
ASR operation would benefit the PUB system operation most effectively if integrated
thoroughly with the Permit 1838 water. This entails not only using the Permit 1838 water for
injection but also for direct treatment and distribution when possible. Although this type of
operation involves some risk without the ASR component, with an ASR system the risk is
greatly reduced. If insufficient water is requested from Falcon Reservoir, and the Permit
1838 water is not available, water stored in the ASR system can provide the required flows.
These three components working together should be capable of meeting PUB’s projected
water demands through about the year 2011 and possibly beyond.

DEN2526.D0C 2-7






Section 3

General Hydrogeology

Hydrogeologic Zones of Interest

The Brownsville area lies in the area of the Gulf Coastal Plain which is characterized by flat,
low-lying topography that slopes toward the Gulf of Mexico. The geologic materials present
in the area consist of recent alluvium from the Rio Grande river, underlain by Pleistocene and
Pliocene gravel, sand, silt, clay deposits. These deposits belong to the Beaumont and Lissie
Formations, the Uvalde Gravel, and the Goliad Formation.

For the purposes of identifying applicable hydrogeologic zones for ASR applications, only
about the upper 1500 feet of sediments were considered. Through this depth range. the
geologic units were divided into three potential hydrogeologic zones. These are the Gravel,
the Intermediate, and the Lower Zones.

The Gravel Zone exists within the alluvial deposits and consists of unconsolidated gravels
with interbedded fine sands. The Gravel Zone usually occurs between the depths of
approximately 150 to 225 feet below ground surface, and ranges from zero to about 50 feet in
thickness. The Gravel Zone is erratic in occurrence and may not be encountered in all
locations. Based on previous drilling work in and around the study area, the Gravel Zone
may only be encountered at about 50 percent of the sites investigated. Where the Gravel
Zone is not encountered, the zone typically consists of very fine to medium sands with some
clay and silt.

Of the three zones, the hydraulic conductivity and transmissivity of the Gravel Zone is the
best defined. The Gravel Zone is the shallowest hydrogeologic unit with the best water
quality and yield and therefore is the most explored unit. In areas where tests have been
conducted, hydraulic conductivities range from about 50 gpd/ft’ to about 4,000 gpd/ft’.
Transmissivities range from about 4.000 gpd/ft to about 80,000 gpd/ft. Depth to static water
levels in the Gravel Zone are reported shallow ranging from about 10 to 30 feet below land
surface.

The Intermediate Zone is composed of geologic materials below the Gravel Zone. This zone
is usually above the older Pleistocene deposits and typically consists of interbedded fine to
medium sand, silt, clay, and sometimes minor amounts of gravel. In some areas, this zone
may be composed of Pleistocene material. The Intermediate Zone generally extends from
about 200 to 400 feet below ground surface. Very little information exists on this zone and
its typical thickness is not well known. The zone is considered to exist from the base of the
Gravel Zone to the top of the Lower Zone and may average about 200 feet in thickness.

The hydraulic characteristics of the Intermediate Zone are not well documented and no
pumping test data was found. However, review of the limited available geophysical logs and
specific capacity information indicate hydraulic conductivities around 150 gpd/ft’ may be
representative of fine to medium grained sands in this zone. This may place transmissivities

DEN2527.D0C 3-1



at around 10,000 gpd/ft if wells were completed in the sands. If gravels are found in this
zone, hydraulic conductivities may equal those of the Gravel Zone. Little information is
available on the depth to water in this zone but the information reviewed indicates this zone
approximates the depth to water in the Gravel Zone.

The Lower Zone exists from the base of the Intermediate Zone to well past 1500 feet, the
lower limit for this investigation. This zone consists of the Beaumont and Lissie formations,
the Uvalde Gravel, and the Goliad Formation. The sediments are interbedded layers and
lenses of gravel, sand, silt, and clay.

No site-specific hydraulic information is available for the Lower Zone as this zone contains
poor water quality and has not been investigated for groundwater production. However,
based on pumping tests conducted in this zone in Willacy and Hidalgo Counties, hydraulic
conductivity may range from 80 to 150 gpd/ft’. Transmissivities may be on the order of
40,000 gpd/ft if enough of this material is screened. No site-specific information was
available on the depth to water in this zone, but considering regional information, water
levels are thought to be less than 30 feet below ground surface.

Water Quality

Water quality in the Brownsville area is generally mineralized and varies with location and
depth. The freshest groundwater occurs to the northwest of Brownsville in the Gravel Zone.
Mineralization increases to the east and south, and increases with depth. Total dissolved
solids (TDS) in the Gravel Zone beneath Brownsville range from 2,500 mg/l to over 12,000
mg/l. Groundwater samples obtained from exploratory wells near WTP No. |1 and No. 2
during the 1970s reported TDS concentrations of 3,130 mg/l and 9,070 mg/l, respectively.

Water quality in the Intermediate Zone is not well known. Based on the limited data, it is
suspected that the water quality in the Intermediate Zone is similar to that in the overlying
Gravel Zone, but somewhat more mineralized. Water quality in the Lower Zone is also not
well known. Based on the limited data, water quality in the Lower Zone may exceed 20,000
mg/l in TDS.

ASR Considerations

The information presented above and in Appendix 2 of this report summarize the existing
information regarding the hydrogeology of the Brownsville area. Because of the poor water
quality exhibited by the area’s native groundwater, little exploration was previously
conducted and the existing information is sparse. However, the ASR concept has been
successfully implemented in areas with mineralized groundwater conditions and it is not
unusual to find limited existing data on these types of areas.

ASR facilities operate by storing fresh water in existing aquifers. When the native water in
the aquifer is of poor quality, the ASR wells must be designed to displace the native water
during injection so as to result in a minimum amount of mixing between the native and
injected waters. Considering unconsolidated aquifers such as in Brownsville, this has been
most effective in either very uniform aquifers, or in relatively thin permeable units confined
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above and below by clays. From the information reviewed for this area, it appears promising
that a confined permeable unit may be located in either of the three hydrogeologic zones
identified.

The future ASR facility for Brownsville must be capable of storing water available through
Permit 1838, which will comprise a relatively large volume of water over a relatively short
period of time. In the previous section, an ASR recovery capacity of 19 mgd was estimated
to help the PUB meet water demands through the year 2012. In order to maximize the ASR
benefit for the PUB and reduce capital costs, an ASR storage zone that will support wells
with higher capacities should be considered. The above hydrogeologic information suggests
that either the Gravel Zone or the Lower Zone could support wells with individual capacities
of around 700 gpm to 1000 gpm, where the Intermediate Zone would probably result in lower
capacities.

An important consideration for an ASR system is the native water quality which exists in the
aquifer. Storage of fresh water in poor quality aquifers always results in some degree of
mixing between the native and stored waters. Typically, water initially recovered from an
ASR well exhibits quality similar or almost identical to that injected. At some point during
recovery, which is dependent chiefly on aquifer behavior, mixing with the native water is
usually observed and the percentage of native water in the recovered water increases as
recovery continues. It is important to note that native water mixing with the stored water
typically decreases with successive ASR cycles and that in most operating ASR facilities the
degree of mixing observed does not render the recovered water non-potable. However,
because mixing of the waters does occur, the selection of the storage zone depth and location
with the best native water quality needs to be considered.

It is also important to consider that although groundwater in aquifers moves generally very
slowly, it still does move. Water stored in an ASR well moves out in the aquifer radially
away from the well during injection. This creates a fresh water lens around the ASR well.
Upon recovery of this water by pumping the well, the lens of fresh water moves back along
the same path toward and out of the well through the well pump. Regional groundwater flow
velocities work to move the stored fresh water lens and, if high enough, or if storage time is
sufficiently long, will tend to move the lens laterally such that only a portion of it is
recoverable.

A range of information relative to groundwater velocity has been presented for the
Brownsville area based on the same data considered for this report. This information can be
interpreted to indicate groundwater velocities are very high and fresh water storage would
quickly move out of the area, or that fresh water storage could work quite well in the area.
There is not enough reliable information on the potentiometric surface in the area to
accurately confirm either interpretation. It would also be very costly and time consuming to
install the required monitoring wells to define this further.

Many anomalies exist in the water level data that was reviewed for this work and certain data
points do not appear to fit an explainable pattern. The existing data is limited to only a few
points and only a couple of these points are in the study area. It is possible that errors exist in
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O some of these measurements or in other measurements. It is certain that more work is needed
‘ in this area and reliable predictions on groundwater velocities cannot be made with the
available information.
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Section 4

ASR Conceptual Applications

General ASR Applications

Aquifer Storage Recovery (ASR) systems can be applied to water utilities in many different
ways. Potential applications include the storage of raw, treated, and reclaimed water.
Storage zones vary from very brackish aquifers containing sea water to fresh aquifers that
have been depleted over many years of over pumping. The concept can be applied to many
situations requiring large volume water storage where: 1) the existing water is suitable for
storage, and 2) a suitable aquifer exists.

Raw water ASR applications may serve a utility or agricultural practice where a supply of
raw water varies seasonally in quantity or quality, such as seen in many rivers. During high
river flows, water can be diverted and stored to be used later during low flow periods. This is
similar to the situation seen in Brownsville where water available from Permit 1838 is
available during high river flows. Raw water storage in ASR wells for the PUB would be an
attractive alternative if it could be done cost effectively.

The PUB raw water is seen to be very high in turbidity and high in dissolved minerals. The
high turbidity poses a problem because injection of water into wells with high particle
content plugs most aquifers very quickly. Additionally, geochemical work conducted on
PUB raw water indicates the raw water is at or near equilibrium with respect to calcium-
carbonate and calcium-sulfate. Small increases in pH that may occur during aquifer storage
may cause mineral precipitation. Potential precipitation of minerals combined with the high
turbidity levels indicate raw water storage would require at least some pretreatment before
ASR storage. For these reasons raw water storage for the PUB does not appear to be a cost
effective alternative.

Many existing ASR facilities utilize fresh water storage in brackish aquifers. Typically, the
utilities experience a seasonal water demand that is high during the summer months and low
during the winter. Additionally, if the utilities are experiencing growth in water demands,
they are faced with expanding their water supply facilities to meet the high summertime
demands. For this situation, ASR storage can potentially reduce the need to expand supply
facilities by providing seasonal and possibly long-term storage of treated water. Water is
typically injected into the brackish aquifer during the winter for later use during the summer.
In most cases the recovered water can be used directly with only disinfection, thereby,
supplementing the treatment plant flows. In these applications, the application of an ASR
systemn can be used to meet growing peak demands and reduce the need for plant expansion.
Typically, ASR systems can be implemented for much less cost than a plant expansion to
meet the same peak demand.

It is also possible to utilize an ASR system to provide storage of treated water supplies for
longer durations than over one annual season. The storage volume of typical aquifers is very
large and compared to typical utility use may be considered almost unlimited in many
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locations. Utilities facing growing water demands and long-term supply shortfalls have
considered long-term water banking in overdrafted aquifers to save water for future years.
This is common in some western states, California in particular, where overdrafted
groundwater basins can be replenished through groundwater recharge. An ASR system has
also been implemented in Kerrville, Texas, to maintain an adequate volume of available
groundwater in the aquifer for future drought years.

Many of the ASR applications involving long-term storage of water in aquifers are systems
recharging freshwater aquifers. In these systems, the important criteria are the aquifer water
levels and the recharge being structured to replenish aquifer volumes, as demonstrated by the
water levels. It is not as critical that the water recovered be the same water that was injected
because all the water is essentially fresh.

Long-term storage of treated water can also work in brackish or poor quality aquifers such as
the PUB system. Additional criteria must be considered for these systems because of the
undesirable nature of the native groundwater. It will be important that the systems can
recover essentially the same water that was injected, or at least with a minimum amount of
native water mixing.

Mixing of injected water with native water is evidenced by the recovered water containing
certain levels of the dissolved constituents that were present in the native water. For the
PUB, this would be high levels of certain ions such as chloride and sulfate. The mixing
referred to during ASR storage can occur through several mechanisms. Three of significance
are: 1) The injection process, where treated water is pushed through the aquifer matrix and
rinses off the aquifer grains, 2) Through diffusion and/or density stratification while the
injected water is idle in the aquifer and the edges of the injected water are in contact with the
native water, and 3) Through movement of the stored water away from the ASR well due to
regional groundwater movement.

The first mechanism contributing to mixing is aquifer specific and typically improves with
several ASR cycles. The effect of several ASR cycles provides a flushing mechanism over
the aquifer grains which reduces the mixing effect with system use. The second mechanism
is a function of the aquifer, the time the injected water spends stored in the aquifer, and the
difference in quality between the injected and native water. The third mechanism is a
function of the hydrogeology of the area and can be an important controlling factor in the
long-term storage of the injected water.

At this point, it is not possible to determine a realistic length of time treated water could be
stored in the aquifers underlying Brownsville. The available information regarding the
hydrogeologic conditions is based on very limited data and is subject to interpretation. Some
of the data indicates the groundwater velocities may be high in certain aquifer zones and, if
true, may limit the effective length of time for underground storage in these zones. For other
zones, data is not available to estimate groundwater velocity. In order to determine a useable
storage time in Brownsville area aquifers, a test program will be required and actual field
testing of the effects of time on the stored water will have to be conducted.
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Conceptual ASR Application For Brownsville

The PUB water system is expected to benefit from two of the above ASR applications. First
the PUB is projected to require additional raw water supplies by the year 2003 because raw
water demand is projected to exceed its firm water rights by that year. The PUB, however,
can obtain raw water through its Permit 1838 which allows the PUB to divert additional
water from the Rio Grande when river flows equal or exceed 25 cfs.

One use of ASR for the PUB is to store treated water available from Permit 1838 for use later
in the year. Water obtained under this permit could be treated and stored, and later used to
supplement the PUB’s firm water rights. A water balance constructed using projected
monthly demands, WTP capacity at 40 mgd, annual firm raw water rights of 33,973 acre-
feet, and Permit 1838 water indicate that the PUB system could probably operate through the
year 2012 using a fully applied ASR facility in conjunction with Permit 1838 water.

The second benefit of ASR for the PUB will be the ability of an ASR system to meet peak
demands on water treatment facilities. The PUB WTPs are being expanded to a combined
maximum capacity of 40 mgd. Projected demands on the PUB system indicate the maximum
day demand will exceed the WTPs’ capacity during the year 2005. A properly operating
ASR system could provide recovered water during these maximum day demands and allow
the PUB system to safely meet demands in excess of 40 mgd. The water balance conducted
indicates that during the year 2012 the maximum day demand is over 49 mgd and this
demand is met through a combination of ASR recovery and WTP operation.

The buildout ASR system that was conceptualized herein is based only on existing data and
was developed prior to any field testing of the ASR operation. Exploratory drilling, analysis,
and ASR testing will be required prior to finalizing this conceptual design and it is possible
the design presented herein may change.

The ASR system that, at the present time, appears to be best suited for the PUB will be a
system of wells and piping that operates at average injection and recovery rates of 10 mgd
and 12 mgd, respectively. The system will be capable of handling maximum rates higher than
this in order to take advantage of the Permit 1838 water which may only be available in large
quantities for short periods of time. The maximum rates for injection and recovery of the
conceptual ASR system are approximately 15 mgd and 19 mgd, respectively.

The conceptual system may operate most effectively if located in approximately five
locations in Brownsville. Two of the locations could be WTP No. 1 and No. 2. At each of
the WTPs, 5 or 6 ASR wells could be located. The other 3 locations may be PUB elevated
storage tanks. At each of the elevated storage tanks, 1 or 2 ASR wells could be located. The
conceptual ASR system is listed in more detail in Table 4.1.
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" Table 4.1 Conceptual ASR System Configuration

6 total, 5 firm

800 gpm / 1.1 mgd
Recovery Capacity Each Well 1,000 gpm / 1.4 mgd
Total Site Firm Injection Capacity 4,000 gpm / 5.7 mgd
Total Site Firm Recovery Capacity 5,000 gpm/ 7.1 mgd
Average Injection Operation 2,660 gpm / 3.8 mgd
Average Recovery Operation 3,220 gpm / 4.6 mgd

rjgapamm:gs

Treated water injection from WTP
Treated water recovery to WTP clearwell
Alternative treated water recovery to high service piping
Ll;l;covery to raw water intake piping
aste recovery to sanitary sewer

Yotal ASR System

Number ASR Wells

Injection Capacity Each Well
Recovery.- Capacity Each Well

Total System Firm Injection Capacity
Total Site Firm Recovery Capacity
Average Injection Operation
Average Recovery Operation

3 Elevated Tank Sites (each)

Number ASR Wells 2 total, 1 firm
Injection Capacity Each Well 800 gpm/ 1.1 mgd
Recovery Capacity Each Well 1,000 gpm/ 1.4 mgd
Total Site Firm Injection Capacity 800 gpm/ 1.1 mgd
Total Site Firm Recovery Capacity 1000 gpm/ 1.4 mgd
Average Injection Operation 550 gpm / 0.8 mgd
Average Recovery Operation 650 gpm / 0.9 mgd
Capabilit

Treated water injection from Distribution Piping
Treated water recovery to elevated tank
Waste recovery to sanitary sewer

18 total, 13 firm

800 gpm/ 1.1 mgd
1000 gpm/ 1.4 mgd
10,400 gpm / 14.9 mgd
13,000 gpm / 18.6 mgd
7,000 gpm / 10.0 mgd
8,400 gpm / 12.0 mgd
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Injection flows to the ASR wells at either of the WTPs would likely be transmitted off the
high service discharge piping leaving the WTP. Recovery flows from the ASR wells could
be returned to the WTP, either upstream of, or into the clearwell to take advantage of mixing
in the tank and existing chlorination facilities. Depending on WTP hydraulics at the time, it
could also be possible to pump the ASR recovered water directly into distribution piping off
the high service discharge. The ASR facilities at the WTP would also include a recovery
return line to pump water back through the treatment process. This line would probably be
directed back to the raw water intake piping. Additional piping from the ASR facility to the
sanitary sewer or other waste area may be required for more extensive well cleaning or
testing. These requirements will be evaluated during initial ASR testing and can not be
accurately estimated at this point.

The ASR facility located at the PUB elevated tanks would consist of 1 or 2 ASR wells at
each site and would receive injection flows from the distribution system piping near each
tank. Recovered flows would be directed back into the tank to again allow the recovered
water to blend with the system water at that point. It will be necessary to provide a discharge
line to sanitary sewers at each elevated tank ASR system. This piping would be used to
discharge initial flush water and water produced during periodic backflush of the wells.

Another advantage for the PUB of developing the ultimate ASR system at several locations is
the flexibility in ultimate construction. The PUB would be well advised to develop the ASR
system in stages, adding capacity at different locations as needed by existing distribution
system hydraulics and other system needs. Following this path, the PUB can work out
specific design issues on the first sites, and add sites as needed through the planning period.
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Section 5
ASR Recommendations and
Proposed Implementation Plan

Summary of Findings

The work conducted under the ASR Investigation indicates that an ASR system could
substantially benefit the PUB. An ASR system could provide a means to utilize Permit 1838
water and extend the life of raw water supplies. General water balance calculations
conducted in this report indicate this could be through the year 2012. Additionally, the
implementation of an ASR system provides the benefit of increasing the ability of the PUB
system to meet maximum day treated water demands. During the year 2012, the PUB system
with a 40 mgd WTP capacity, working with an ASR system was simulated to meet a
maximum day demand of over 49 mgd.

One of the required criteria for an ASR system is the existence of a suitable aquifer for ASR
storage. This important part of the investigation was completed based on existing
information which is not in abundance for the Brownsville area. Because the groundwater
supplies are of poor quality, little previous work has been done to document the
hydrogeologic conditions. The information that does exist indicates a suitable storage zone
for ASR purposes may exist in one or more of three potential aquifer zones. Each of these
zones is thought to have different hydraulic characteristics, water quality, and areal
variations. It was not possible to verify which zone may best serve ASR purposes, or if any
of the zones will perform as required for the PUB.

However, it is very positive that three potential aquifer zones are present beneath
Brownsville. Based on the limited information, it appears that overall adequate aquifer
capacity probably exists, the confined nature of the aquifer and shallow water levels are
positive aspects for ASR implementation, and interference with existing users should not be
an issue.

The hydrogeologic information that is uncertain at this time includes the existence of aquifer
capacity at the required locations, for example, the WTPs or elevated tank sites, regional
groundwater movement, and levels of stored water mixing and interaction with native
groundwater during ASR storage. In order to obtain the above information and therefore
determine ASR performance, a test program is required.

Recommendations

Aquifer Storage Recovery could provide several benefits to the PUB at a fairly reasonable
cost. The estimated system costs for the conceptual ASR system outlined herein are about
$10.8 million. For this investment, the PUB would be able to meet projected demands
through about the year 2012. Additionally, the ASR system development includes several
sites and a modular approach to development. Depending on the results of the test program
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and ASR system development, some of these sites may not be needed. ASR system
development can be flexible and be adjusted to fit the best application for the PUB.

Because ASR has the potential to be of substantial benefit to the PUB, it is reccommended to
proceed with the ASR investigation and conduct a test drilling program. The drilling
program should be structured to investigate the three potential ASR zones, and to conduct the
testing necessary to estimate if adequate ASR storage properties exist any of the zones.

Interest in the ASR concept by the State of Texas has resulted in the Texas Water
Development Board (TWDB) offering the state owned drilling rig services for the
recommended test drilling program. It is further recommended to continue negotiations with
the TWBD for assistance with this program, which will result in substantial drilling cost
savings for the PUB.

It is recommended that the test drilling program be generally conducted as follows:

. Finalize agreement with the TWDB for the use of drilling rig, crew,
geophysical logger, coring equipment, and other required equipment.
Agreement should include the construction and testing of at least two 450-foot
borings and one 1,500-foot boring at selected sites. The selected sites will
likely include the two WTPs. The 1,500-foot monitoring well will be
constructed at the site selected for later ASR prototype construction. Consider
if an additional 450-foot monitoring well should be constructed at an elevated
storage tank site.

. Select sites for the test drilling at WTP No. 1 and WTP No. 2. It is expected
that the site for WTP No. 1 will be about 1,000 feet south of the WTP in the
existing park area. The site at WTP No. 2 is expected to be adjacent to the
WTP facilities, on the southwest side in the open or grassy area. Final site
selection should be made to minimize piping distances for a potential future
ASR test facility for sanitary sewer, raw water, and treated water piping.

. Begin test well construction, including geophysical logs on mudded
boreholes. Construct two 450 foot monitoring wells first to investigate
existence of the Gravel Zone at WTP sites. If the Gravel Zone is unsuitable at
either WTP, consider a 450 foot monitoring well at a selected elevated tank
site. Construct 1,500 foot monitoring well. Collect geologic cores from
promising aquifer zones and conduct geochemical analysis.

2 Conduct pumping tests on monitoring wells. Run water quality related
geophysical logs. Collect native groundwater samples for laboratory analyses.

The completion of the above test program will provide the PUB information regarding the
suitability of the aquifer zones for ASR storage. This will include direct measurements of
native aquifer water quality, aquifer hydraulics including determination of recharge and
recovery rates, analysis of potential geochemical reactions using obtained aquifer cores and
native groundwater, and verification of potentiometric surface levels. The interpretation of
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these results will further the understanding of ASR feasibility for the PUB and will be used to
O determine if ASR prototype testing should be conducted at the recommended location.
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TECHNICAL MEMORANDUM CHMHIL

PREPARED FOR: Brownsville PUB
PREPARED BY: CH2M HILL

DATE: August 9, 1995

SUBJECT: ASR Feasibility Investigation
Surface Water Assessment

PROJECT: 116700.D0.ZZ

Introduction

The surface water assessment component of this project is divided into five elements:

o Existing Supply System

. Existing and Future Demands
. Surface Water Rights

. Water Quality

. General ASR Application

Existing Supply System

The Brownsville Public Utility Board (PUB) obtains raw water for treatment from the Rio
Grande River, adjacent to the City in south Texas. The PUB operates a potable water supply
system comprised of raw water pumping and storage facilities, and two water treatment
plants. Raw water pumping facilities are located along the Rio Grande River, near PUB
Water Treatment Plant (WTP) No. 1. The river pumping station has a maximum capacity of
80.2 million gallons per day (mgd). This water is lifted directly into a surface reservoir with
a capacity of about 27 million gallons, and then pumped to the PUB’s two water plants.
Water Treatment Plant No. 1 is located adjacent to the surface reservoir. Water Treatment
Plant No. 2 is located east of the river pumping station, near the northeast end of the City of
Brownsville. Raw water is pumped to WTP No. 2 through a 36-inch, 5 mile long pipeline,
which is supplemented as needed by the resaca system. The pipeline is now used as the
primary means of transmitting raw water to WTP No. 2.

The rate at which water is produced and pumped from the two WTPs to satisfy customer
demand is typically referred to in terms of maximum day and average day demands. The
maximum day demand as used herein refers to the maximum volume of water produced and
pumped from the WTPs over the period of one day during a given month or year. Maximum
day demand will generally be presented in this report in the units of million gallons per day
(mgd).
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The average day demand referred to in this report is the average production of water from the
two WTPs over a given month or year. This demand is typically expressed as a rate in mgd,
but can also be expressed as a total volume, in acre-feet for example, over the time period. It
is important to note that although water demand can be expressed as rate of water production
over a day’s time, production rates are seldom this constant. Water production rates vary
over a given day to as much as two or more times above or below the maximum day demand
for shorter periods. The historical average and maximum day treated water demands over the
time period of 1989 through 1994 are presented with the raw water demands for that time
period in Figure 2. '

The variation in water demand over the course of the year is another important factor in
assessing the applicability of ASR in a given water system. The ASR concept utilizes large
volume storage of treated water to supplement water supplies. Water system supply and
demand variability are used to plan future ASR operation.

Water demands on the PUB’s system over the period of 1989 through 1994 were used to
estimate the typical variation in water demands over a year. Monthly average and maximum
day treated water demands were used to calculate a ratio of monthly demand to average
annual raw water demand typical for the time period. Raw water demand was included in
the calculation for comparison purposes. The calculated values are shown in Figure 3.

The demand factor shown in Figure 3 is a multiplier that can be used to obtain values for the
illustrated water demands. To interpret the figure, multiply the corresponding demand factor
times the average annual treated water demand to obtain the required value. For example, if
the average annual treated water demand for a given year was 30 mgd, the expected average

monthly treated water demand for June would be 30 times about 1.1, or 33 mgd.

The demand pattern shown in Figure 3 indicates typical PUB water demands are highest
during the period from June through September. Low demand season typically occurs during
the period from November through April. A slight peak in maximum day demand occurs
during December, probably due to the Christmas holidays. It is important to note that
average raw water demands are typically less than the treated maximum day demands. This
indicates the need to either increase the raw water pumpage appreciably during maximum
day demand periods, or rely on storage. Because the PUB system does not have an
abundance of storage, frequent changes in raw water pumping rates appear to be required.

An ASR system could serve to significantly reduce the variability of these pumping rates
over the course of a season.

The future demands for raw water have been estimated by the Brownsville PUB in their
Water Supply and Conservation Report, which has been accepted by the Texas Water
Development Board (TWDB) as satisfying the requirements of a water conservation plan.
These projected demands (mid-level) are shown in Figure 4 along with the most recent
TWDB demand projections.

The demand projections developed by the PUB and the TWDB are approximately the same
for the year 2000, but diverge after this point. The TWDB does not typically project raw
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water demand but projects municipal demand based on per-capita water use and population
projections. Since the Water Supply and Conservation Report of the PUB has been accepted
by the TWDB, the PUB estimates of future demand should be used. The PUB estimates
power plant, resaca irrigation use and raw water losses will continue at 21 percent, so the
treated water demand is calculated at 79 percent of the raw water demand.

Surface Water Rights

Surface water from the Rio Grande is the current source for the City of Brownsville’s raw
water supply. The amount of raw water available to Brownsville is dictated by the city’s
water rights from the Rio Grande which were first established in the court case, The State of
Texas v. Hidalgo County Water Control and Improvement District No. 18, 443 SW 2d 728
(1969). This case, also known as the Lower Rio Grande Valley Water Case, defines the
criteria for the distribution of the United States’ share of Rio Grande water to all claimants
downstream from Falcon Dam. Besides establishing water distribution criteria, the outcome
of this court case provided the initial water rights for the City of Brownsville.

Brownsville’s existing raw water supply is comprised of three sources: Rio Grande Water
Rights, the Brownsville Irrigation and Drainage District (BIDD) Contract, and the El Jardin
Agreement. The second source, the BIDD Contract, was initiated in 1978 and allows PUB to
purchase 5,000 acre-feet of raw water per year through 1998. In 1991 an agreement between
PUB and the El Jardin Water Supply Corporation was established and required El Jardin to
supply PUB with raw water in exchange for credit towards their water treatment charges.
The existing raw water supply sources are summarized below in Table 1.

Table 1
Brownsville’s Raw Water Supply
Raw Water Available
Source (Acre-Feet)
Rio Grande Water Rights (Municipal Basis)
Municipal 25,824,236
Industrial 1,220
Irrigation (713 acres Class A) 891
BIDD Contract 5,000
El Jardin Agreement 1,038
Total 33,973

During low to average flow occurrences in the Rio Grande, water users in both the United
States and Mexico provide requests to the International Boundary and Water Commission
(IBWC) for release of stored water from Falcon Reservoir. The United States diverts water
from various locations that extend along the lower boundary of the Rio Grande.
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The TNRCC administers and processes the United States’ requests for releases to meet the
municipal, industrial, and agricultural demands of users in the Rio Grande Valley from the
conservation pool in Falcon Reservoir through the Rio Grande Watermaster. The Rio Grande
Watermaster accumulates the requests and provides a total daily request for water releases
from Falcon Reservoir to IBWC who operates the reservoir.

For the users located below Falcon Dam, a series of seven reaches along the river are utilized
by the Rio Grande Watermaster to project the time required for the requested diversions to
meet their respective locations. Each reach is equivalent to one day of travel time from
Falcon Reservoir. Brownsville is in the last reach or seven days travel time from Falcon. In
addition, IBWC provides the Watermaster with instantaneous data that corresponds to
particular streamflow velocities along the river and the amount of water stored in the
Anzalduas Reservoir.

Under the current rules and regulations of the TNRCC, the Rio Grande Watermaster accounts
for all diverted water to the United States from the Lower Rio Grande. Based upon existing
water rights, individual storage accounts are charged for the actual amount of water diverted
from the river. On the other hand, periods of high flow can occur during flood spills,
favorable runoff conditions, or releases from upstream reservoirs and are often referred to as
“no-charge pumping” periods. The Rio Grande Watermaster determines when a no-charge
pumping period can effectively be declared. Based upon its availability, water from the
Lower Rio Grande can then be diverted by authorized water rights holders without having
their annual water use and storage accounts charged.

As a result of the Lower Rio Grande Valley Water Case, Brownsville’s acquired water rights
include 21,840 acre-feet for municipal use, 1,220 acre-feet for industrial use, and 713 acres of
Class A irrigation rights. The water rights allocated for industrial use are specifically for
PUB’s Silas Ray Power Plant. Brownsville's irrigation water rights (713 acres) are approxi-
mately equivalent to 1,783 acre-feet. Since the Lower Rio Grande Valley Water Case,
Brownsville’s municipal water rights holdings have increased to 25,824.236 acre-feet. This
municipal water rights figure is based upon the Rio Grande Watermaster’s (TNRCC) account
for the City of Brownsville. Table 2 summarizes the City of Brownsville’s current account
for municipal water rights that is on file at the Rio Grande Watermaster’s office in McAllen.

In addition to these firm commitments for water rights, the PUB holds Permit 1838 which
authorizes the PUB to divert up to 40,000 acre-feet annually of excess Rio Grande water
from the Brownsville Navigation District. Excess flow is defined in the permit as periods
when the flow of the Rio Grande at the Lower Brownsville Gauging Station is at least

25 cubic feet per second (cfs). This water is not guaranteed but is a potentially lucrative
source of water available for long term injection in an ASR program. Flow records from the
Rio Grande indicate that there are many times when the flow exceeds 25 cfs at this gauging
station. According to the PUB Water Supply and Conservation Report, the analysis of
historical river patterns indicate an average of 17,000 acre-feet of water should be available
per year. Adding the total possible amount under the 1838 permit to the 33,973 acre-feet of
firm and contracted water rights results in a maximum of 73,973 acre-feet of water that is
potentially available during a given year. But, on average, 50,923 acre-feet are available.

DEN2521.D0C 9



The PUB requests water releases from Falcon Reservoir on a weekly basis and usually does
this by estimating whether demand is increasing or decreasing and modifies the release rate
from the previous week. The PUB uses the regulating reservoir located at WTP No. 1 and
the resaca system to handle minor adjustments between the demand and the release rate. The
PUB must closely manage its release requests. This is to ensure a sufficient supply of water
while, at the same time, avoiding being changed for more water than can be used.

Table 2
Rio Grande Municipal Water Riihts for the City of Brownsville

Amount of Water

Date Certificates (Acre-Feet)
1969 Original Water Right Amount 21,840.00
10/8/88 23 Certificates of Adjudication (COA) 2,277.946

Includes: 4 Amigoland Municipal Utility
District Certificates

#10 - 65 AF

#11- 37 AF

#12 - 185 AF

#13 - 35 AF

Total 322 AF

5/15/90 COA 23-276 (75 AF Class A Irrigation) 37.50
8/28/91 COA 23-143 (50 AF Class B Irrigation) 20.00
4/27/92 COA 23-38 (244.675 AF Class B Irrigation) 97.87
5/26/92 COA 23-139 (125 AF Class B Irrigation) 50.00
12/8/92 COA 23-23 (629.80 AF Class B Irrigation) 1,199.42

COA 23-181 (907.50 AF Class B Irrigation)
COA 23-528 (430.00 AF Class B Irrigation)
COA 23-836 (825.00 AF Class A Irrigation

5/26/95 COA 23-242 (125 AF Class A Irrigation) 62.50
COA 23-190 (597.50 AF Class B Irrigation) 239.00
TOTAL 25,824.236 AF

DEN2521.D0C 10
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Water Quality

The quality of the PUB’s raw and treated water was documented through WTP records, State
of Texas analyses reports, and through additional treated water sampling for this project.
Routine analyses were obtained from the two WTPs that reported daily values of raw and
treated water turbidity, alkalinity, and pH from about 1989 through March 1995. Final
chloramine residual was also obtained for this time period and chloride values in the treated
water from 1989 through June 1993 were obtained. This data is presented as plots in
attached Figures 5 through 10.

The State of Texas periodically collects water quality samples for general minerals from the
PUB’s systemn for water quality analysis. A partial set of these records was obtained from the
PUB and is summarized in Table 3.

To supplement the above water quality analyses, two treated water samples were obtained for
complete analyses from WTPs No. | and No. 2 on July 31, 1995. The samples were
analyzed for major cations and anions, organics, metals, some minor constituents, and
selected other parameters. The results of these analyses is presented in the attached
laboratory report forms.

The above water quality information indicates the Rio Grande water is generally very turbid
and relatively high in dissolved solids. Additionally, substantial changes in the raw water
quality occur and these do not appear to follow a set seasonal pattern. The WTPs are very
effective in removing turbidity from the raw water, but the treatment process does not
address most of the dissolved solids in the raw water. The result is a treated water that is
relatively high in dissolved solids.

The implications of this observation. relative to an ASR application, is that little system
blending can be counted on during ASR applications. Storage of the treated water in ASR
wells will result in storing the treated water in contact with the native brackish groundwater.
Recovery of the stored water will result in a blend of the stored water and the native brackish
water. The degree of blending is a function of the aquifer properties. Some sites experience
very little blending and others experience more. The impact of the PUB treated water being
high in dissolved solids before aquifer storage is that use of the water upon recovery will be
best if little blending with the native waters occurs. It is very possible that the final ASR
facility will be able to operate in this manner. However, only a test program involving a
prototype ASR well can determine this.

DEN2521.DOC 11
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Calcium

Chloride

Fluoride

Magnesium

Nitrate (as N)

Sodium

Sulfate

Total Hardness (CaCO3)
pH (units)

Conductivity (umhos/cm)
Alkalinity (CaCO3)
Bicarbonate

Carbonate

Total Dissolved Solids
Barium

Iron

Manganese

Table 3

Water Quality Analyses
Brownsville Public Utility
Laboratory: Texas Dept. of Health, Austin, TX

Raw WTP No. 1 WTP No. 2
3/14/91 3/7/95 6/7/93 12/6/94 6/4/92 9/8/93
122 85 82 101 79 83
319 193 161 223 173 198
0.8 0.9 0.7 0.9 0.7 0.8
37 27 22 32 16 25
0.08 0.16 24.25 0.18 0.18 11.00
273 189 132 195 146 167
406 310 248 327 234 295
459 323 296 385 261 311
8.2 8.3 6.0 7.9 7.6 6.5
2464 1782 1440 1836 1377 1672
169 128 16 140 107 67
206 156 20 171 131 82
0 0 0 0 0 0
1265 889 767 971 719 862
0.115 -- -- -- 0.096 --
0.40 -- -- -- 0.53 --
0.05 -- -- -- 0.04 --

Note: Results in mg/l unless noted
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General ASR Application

The above information concerning PUB present and future water demands, water system
capacities, and water rights was used to identify conceptually how an ASR system could
apply to the PUB’s long-term water needs.

The previous discussion on water rights indicates that the PUB currently has a firm annual
water right of 33,973 acre-feet of Rio Grande water. This volume of water can be pumped
from the Rio Grande for use every year. Over the past several years, potable use of water has
been about 79 percent of the total raw water use. Assuming this pattern continues, 26,838
acre-feet of water is available for potable use. Considering the water demand projections
discussed earlier, this volume of water will be sufficient only through the year 2002.

The PUB has also obtained rights to raw water under recently acquired Permit 1838. This
permit allows the PUB to pump additional raw water when Rio Grande flows exceed 25 cfs.
The total volume of water that may be pumped in a given year under this permit is 40,000
acre-feet, but analyses of historic river flows indicates an average of about 17,000 acre-feet
will be available. This amount of additional raw water is significant and will serve the PUB
well. However, it is only available during high river flows.

To fully utilize the water under Permit 1838, the PUB requires substantial storage to hold this
water. The Permit 1838 water will be available during certain parts of the year, but these
times may not correspond with PUB peak demand needs. This is where ASR could
potentially benefit the PUB. ASR facilities could be used to store this excess water following
treatment, and then could be pumped during high demand seasons to supplement treatment
plant flows.

An initial analysis of PUB water demands indicates that additional treatment plant capacity
could be used to treat and store Permit 1838 water in ASR wells. Beginning in the year
2003, excess plant capacity could be used to store about 6,000 acre-feet annually. This
amount of treated water storage combined with direct use of the Permit 1838 water could
potentially sustain the raw water needs of the PUB through about 2011.

An ASR system conceptually could receive treated water for storage at average rates up to
about 15 mgd during the months of November through May. The stored water would be
water produced under Permit 1838 and treated along with other Rio Grande water used to
meet seasonal demands. During the months of about June through September, or October,
the stored water could be recovered from the ASR system and pumped to the distribution
system at rates up to about 20 mgd to meet customer demands. In this way, the ASR system
can obtain and store the 1838 permit water when it is available, and then provide water to the
customers during peak demands to supplement the PUB firm water rights as needed. A more
detailed description of how an ASR system could work for the PUB is included in

Appendix 3.
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E cs ENVIRONMENTAL
CHEMISTRY
SERVICES, INC.

August 11, 1995

Mr. Kevin Bral

CH2M Hill

P.O. Box 241325
Denver, CO 80224-9325

RE: ECS Project #CHMO074

Dear Mr. Bral:

Enclosed are the pH, TSS, TDS, major cations, metals, pesticides/PCBs, volatile
organic and semivolatile organic results for the CH2M Hill Project #116700.B0.2Z
water samples we received on August 1.

The pH of the samples was measured using EPA Method 9040. The method
consists of electrometrical measurement using a pH meter. The resuits are
reported in Table 1.

The samples were analyzed for total suspended solids (TSS) by EPA Method
160.2. This analysis measures the amount of residue retained on a standard glass
fiber filter. The method was modified by addition of sample volume to provide a
lower detection limit. Sample and quality control results are listed in Table 2.

The samples were analyzed for total dissolved solids (TDS) by EPA Method 160.1.
This analysis measures the amount of residue capable of passing through a
standard glass fiber filter. Sample and quality control results are listed in Table 3.

The samples were analyzed for the major cations, silica and metals by Method
200.8. This is an inductively coupled plasma/mass spectrometry (ICP/MS)
method. The sample and quality control results are in Table 4; quality control
results are in Tables 5 and 6.

The samples were analyzed for organochlorine pesticides and polychlorinated
biphenyls (PCB) by EPA Method 608. This is a gas chromatography/electron
capture detector method. The analysis was performed on a hexane extract of the
sample. The surrogate standard was added to all samples to monitor extraction
and analysis efficiency. The sample results are tabulated in Table 7; Table 8
contains the quality control resuits.

7108 S. Alton Way, Bldg E ® Englewood, CO 80112 e OFFICE: (303) 850-7606 ® FAX: {303) 850-7609



Mr. Kevin Bral
August 11, 1995
Page Two

The samples were analyzed for volatile organic compounds by EPA Method 524.2.
This is a gas chromatography/mass spectrometry method using purge and trap
concentration and a capillary chromatography column. The surrogate standards
were added to all samples to monitor purging efficiency. Sample results are listed
in Table 9; quality control results are listed in Table 10.

The samples were analyzed for semivolatile organic compounds by EPA Method
625. This is a gas chromatography/mass spectrometry method. The analysis was
performed on a methylene chioride extract of the sample. The low surrogate
recovery for the samples is a matrix effect, as demonstrated by the duplicate
results. The performance of the instrument was checked by the analysis of a blank
and/or standard. The results are tabulated in Tables 11 and 12; Table 13 contains
the quality control results.

The samples were sent to Acculabs Research for the anion analyses. The samples
were sent to Analytical Technologies for the radiochemistry. The results will be
provided as soon as they are available.

Please call if you have any questions.

Sincerely,

C)M’m) jiwuu%

John Graves
Technical Director
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August 11, 1995

ENVIRONMENTAL CHEMISTRY SERVICES, INC.
7108 S. Alton Way, Bldg. E
Englewood, CO 80112

(303) 850-7606

TABLE 1
ECS Project #: CHM074 Date Received: 8/1/95
CH2M Hill Project #: 116700.B0.22 Date Sampled: 7/31/95
Method #: EPA 9040A Date Extracted: n/a
Matrix: Water Date Analyzed: 8/1/95
Units: n/a
SAMPLE RESULTS I
Temperature
Sample # pH (°C)
Plant No. 1 7.4 25 1
Plant No. 2 7.4 _ 25 "




August 11, 1995

ENVIRONMENTAL CHEMISTRY SERVICES, INC.
7108 S. Alton Way, Bldg. E
Englewood, CO 80112

(303) 850-7606

TABLE 2
ECS Project #: CHMO74 Date Received:
CH2M Hill Project #: 116700.B0.2Z Date Sampled:
Method #: EPA 160.2 Date Extracted:
Matrix: Water Date Analyzed:
Units: mg/L (ppm)

8/1/95
7/31/95
n/a
8/7/95

SAMPLE RESULTS

Total Suspended Solids '

| Sample #
[ Plant No. 1 ND 1
" Plant No. 2 ND "

ND = Not detected at levels exceeding the reporting detection limit.

QUALITY CONTROL RESULTS

Total Suspended Solids

Blank

ND

Detection Limit

1.0
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August 11, 1995

ENVIRONMENTAL CHEMISTRY SERVICES, INC.
7108 S. Alton Way, Bidg. E
Englewood, CO 80112
(303) 850-7606

TABLE 3
ECS Project #: CHMO074 Date Received: 8/1/95
CH2M Hill Project #: 116700.B0.2Z Date Sampled: 7/31/95
Method #: EPA 160.1 Date Extracted: n/a
Matrix: Water Date Analyzed: 8/7/95
Units: mg/L (ppm)

e

SAMPLE RESULTS

o
—s

-

[ Sample #
f Plant No. 1 1,000
Plant No. 2 980

|
Total Dissolved Solids 1
|
|

ND = Not detected at levels exceeding the reporting detection limit.

QUALITY CONTROL RESULTS

L Total Dissolved Solids l

Plant No. 2 Duplicate T 970
Relative % Difference 2
Blank ND
Detection Limit 10
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August 11, 1995

ENVIRONMENTAL CHEMISTRY SERVICES, INC.
7108 S. Alton Way, Bidg. E
Englewood, CO 80112
(303) 850-7606

TABLE 4
ECS Project #: CHMO074 Date Received: 8/1/95
CH2M Hill Project #: 116700.B0.2Z Date Sampled: 7/31/95
Method #: EPA 200.8 Date Digested: n/a
Matrix: Water Date Analyzed: 8/1-8/6/95
Units: mg/L {ppm)
DETECTION SAMPLE # SAMPLE # Plant No. 1 ll

PARAMETER uMIT Plant No. 1 Plant No. 2 Duplicate BLANK

Calcium 5.0 73 66 73 ND

Magnesium 5.0 28 25 28 ND

Sodium 5.0 170 150 150 ND

Potassium 50 8.2 4.8 5.2 . ND

Silica 0.10 15 12 15 ND

Aluminum 0.00t 0.13 0.11 0.13 ND

Iron 0.005 ND ND ND ND

Manganese 0.001 0.0043 0.012 0.0043 ND

Arsenic 0.001 0.0089 0.0092 0.0093 ND

Barium 0.001 0.13 0.13 0.13 ND

Cedmium 0.001 ND ND ND ND

Chromium 0.001 0.0086 0.0072 0.0068 ND

Lead 0.001 ND 0.0025 ND ND

Mercury 0.000S ND ND ND ND

Selsnium 0.001 0.0058 0.0057 0.0059 ND

Silver 0.001 ND ND ND ND

ND = Not detected at levels exceading the reporting detection limit.



ENVIRONMENTAL CHEMISTRY SERVICES, INC.

7108 S. Alton Way, Bidg. E

Englewood, CO 80112
(303) 850-7606

8/1-8/6/95

TABLE 5
ECS Project #: CHMO074 Date Received: n/a
CH2M Hill Project #: 116700.B0.2Z Date Sampled: n/a
Method #: EPA 200.8 Date Digested: n/a
Matrix: Water Date Analyzed:
Units: mg/L (ppm}
DETECTION SPIKE Lcs %
PARAMETER umIT AMOUNT SPIKE RECOVERY
Calcium 5.0 50 52 103
Magnesium 5.0 50 49 98
Sodium 5.0 50 48 96
Potassium 5.0 50 46 92
Silica 0.10 0.20 0.19 93
Alurminum 0.001 0.20 0.21 104
fron 0.005 0.20 0.22 108
Manganese 0.001 0.020 0.019 96 "
Arsenic 0.001 0.020 0.020 102
Barium 0.001 0.020 0.020 98
Cadmium 0.001 0.020 0.020 98
Chromium 0.001 0.020 0.019 85
Lead 0.001 0.020 0.020 99 “
Mercury 0.0005 0.0050 0.0054 109 "
Selenium 0.001 0.020 0.021 103
Silver 0.001 0.020 0.020 101

O

August 11, 1995



ENVIRONMENTAL CHEMISTRY SERVICES, INC.
7108 S. Alton Way, Bldg. E
Englewood, CO 80112
{303) 850-7606

®

August 11, 1995

TABLE 6
ECS Project #: CHMO074 Date Received: 8/1/95
CH2M Hill Project #: 116700.B0.Z2Z Date Sampled: 7/31/95
Method #: EPA 200.8 Date Digested: n/a
Matrix: Water Date Analyzed: 8/1-8/6/95
Units: mg/L (ppm)
DETECTION SPIKE Plent No. 2 %

PARAMETER LIMIT AMOUNT SPIKE RECOVERY

Calcium 5.0 100 170 104 }‘

Magnesium 5.0 100 130 109

Sodium 5.0 100 270 124 Il

Potassium 5.0 100 100 97 “

Silica 0.10 17 29 100

Aluminum 0.001 0.50 0.62 102

lron 0.005 0.50 0.55 109

Manganese 0.001 0.14 0.13 81 II

Arsenic 0.001 0.14 0.18 107

Barium 0.001 0.14 0.25 82

Cadmium 0.001 0.14 0.13 89
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