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Abstract — This paper describes three successful implementatd Aquifer Storage and Recovery
(ASR) projects in different parts of the words, lrane with a different objective. It demonstratest t
ASR systems are capable of regulating water sugptydemand with multiple benefits of traditional
storage systems.

Palavras-chave -Recarga Artificial Aquiferos
Introduction

In many parts of the world, the major water manag@nchallenge is reliably managing
available supplies and demands on a long-term Pa&&ser shortages are often the result of temporal
imbalances in supply and demand. Excess water mayvailable during part of the year or in wetter
than normal years, which if captured and stored|dcbe put to beneficial use during periods of low
supply or high demand. Local water shortages, thexe are often due to inadequate storage of
available water rather than an inadequate totgblgufhere is rapidly growing interest in the use of
aquifers for the underground storage of water, bseaf the enormous storage capacities available
and the often lack of suitable or economic alteveagurface storage options.

Aquifer storage and recovery (ASR) is defined as storage of water in a suitable aquifer
through a well during times when water is availalbled the recovery of the same or similar quality
water using a well during times when it is needeghg, 1995, Maliva and Missimer, 2010). The main
attractions of ASR are (1) that it can provide vimge volumes of water storage at a substantially
lesser cost than various surface storage opti@hshé storage can eliminate the need for exparafion
water treatment and distribution infrastructurenteet peaks in demand, and (3) it has a minimal
surface footprint. ASR systems have been conguat are under development to store a variety of
different types of water for different purposesluding:

* Potable water to balance seasonal variationspplg and demand,

» Reclaimed water for irrigation uses,

* Treated surface water for potable supply,

* Treated surface water for irrigation use and mmental restoration, and

» Potable water for long-term strategic storagthecase of disruption of primary water supplies
(e.g., desalination facilities).

The following are examples of some actual ASR mtsjewhich illustrate varied applications of
the technology that have potential water resoumt&sagement value in Brazil.
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Destin, Florida (USA), Reclaimed Water ASR System

The city of Destin is a resort area located on ridraisland in western Florida. Destin faces
water and wastewater challenges that are commorany coastal areas. Destin obtains its freshwater
supply from a deep aquifer, which is now considdgpetde regionally utilized at its sustainable lsnit
The city’s reclaimed water flow is mostly reused faigation by residential, commercial, and
recreational users, with excess reclaimed watgrodesd of by land application methods. Additional
wet weather wastewater disposal capacity was ned&déedhe most viable option, offshore discharge,
is a politically charged issue that would elicitosiy public opposition because of concerns over
impacts to the environment and beaches, and tleuscitnomically important tourism industry.

ASR was determined to be a logical and highly effgetive solution to DWU’s wastewater
management challenge. Excess reclaimed water ¢l st i st Sl

stored in the ASR system during wet weather perio
which would address the need for additional peakahal
capacity. The stored reclaimed water could bevesu
during high demand periods, which would increase
reliability of the water supply that is necessawyattract
additional customers. Expansion of the reuse systél
reduce demands on higher quality fresh groundwe &

resources. Figure 1 - Destin ASR system wellhead

The DWU ASR system consists of seven (7) ASR (ilgacand recovery) wells and six (6)
associated monitoring wells, and has a design tioje@nd recovery capacity of 8,044 per day.
The storage zone is a sand-and-gravel aquiferdddabm 35 to 50 m below land surface (bls). The
storage zone contains non-potable freshwater,soutiinerable to saline-water intrusion. Pilot tegti
of the first ASR well indicates that there is athigcoverability of the injected water. Modelingda
monitoring results indicate that the system hasnadegree of dispersive mixing and that the injgcte
water remains close to the ASR wells.

Seminole Tribe of Florida ASR System

The main irrigation water source on the Seminolddiof Florida's Brighton Reservation is
surface water obtained from South Florida Water &fgment District (SFWMD) canals. During
drought periods, the Tribe’s irrigation water ra@guients exceed its surface water entitlement.
However, during the summer wet season, huge amaingxcess surface water are available for
storage for later use during subsequent dry periods

An ASR system is under development to capture exsedace water from the canals for latter
irrigation use. The system will be located nextite main canal (C-41) in an agricultural areahef t



reservation. The canal water will require filtcatiand disinfection before injection. The recovered
water will be discharged into the canal. The targystem capacity is 150,000 to 450,006/cm
Subsequent ASR system expansion phases would denmapted to meet more extreme drought
events, and would be based on a cost-benefit amlgonsidering actual ASR system construction
and operation costs (from initial phases), and gb&ential economic impacts of various drought
scenarios.

The results of an exploratory well program greattgeeded expectations. The target storage
zone, the Upper Floridan Aquifer, was found to heemmore productive at the test well site than was
suggested by the regional hydrogeologic data. femil ASR {2 5§ -l &, ﬂ
storage zone was identified between the depth$5fatd 423 m & S
bls that is likely transmissive enough for ASR wellith capacities ?
of 11,400 to 18,900 frper day. An additional important result
the exploratory well program is that a new aquitemposed g=
predominantly of very coarse-grained quartz sansl evountered &% '
between 76 and 103 m bls, which may be used ap@esnental
water source. A study has been completed on surfeater |
treatment options. Construction of the Seminolbddof Florida
ASR system has been delayed due to the economictdow

Figure 2- Aerial photograph showing Seminole ASR system site

Strategic Storage ASR in the United Arab Emirates

Water supplies are vulnerable to interruption taowes degrees caused by human and natural
causes, such as wars, contamination, equipmenkdoeas, earthquakes, and major storms. The
major cities in the Middle East have become largahd in some cases essentially totally), dependent
on desalination for their potable water supplies] are particularly vulnerable to interruptionstiie
water supply. Most Middle Eastern cities have astonly several days of above groundwater
storage available. A sudden long-term disruptibthe water supply to a city or country could have
catastrophic human consequences, if alternativeli®sp could not be quickly obtained from
interconnections with neighboring unaffected ar@asome form of storage. Above ground storage
tanks and reservoirs are not an economically vialpion for strategic storage, and aboveground
storage is unattractive because of land requiresnentnerability to contamination, and a very high
evaporation rates. ASR provides a means for glichy storing large volumes of water that coutd b
drawn upon in a crisis situation until either trermal supply is restored or alternative suppliesido
be obtained.

ASR for strategic storage is being actively devetbpin Sharjah and Abu Dhabi, which are
member states of the United Arab Emirates (UAEjat8gic ASR is also being considered in other
countries in the region. Although there is a gmeee¢d for strategic storage of water in the Middle
East, the concept is applicable to many other asé#ise world, especially if global climate change



locally results in more frequent and severe drosightith respect to UAE strategic storage systems,
fundamental consideration in quantifying the need dtrategic storage is the time that would be
required for the construction of new desalinatiaailities, which would likely be one-year or more
(Al-Katheeri, 2008). The strategic storage capasltould, ,
therefore, be adequate to ensure a replacemeritleést a

one-year supply of water from the impacted faeti

desert. The Shwaib ASR system has a planned p#Ban
m® reserve of freshwater and an operational capafit0 |
MIGD (90,840 m3/day) with a potential expansion [~ _
454,200 n¥day) (Schlumberger Water Services, 2006). Y % &

Figure 3 - Schwaib ASR site, U.A.E.

Conclusions

ASR is now a proven technology that has many piateapplications in Brazil and other
countries. ASR has great potential for optimizihg tise of water resources by allowing for improved
management of supply and demand. Excess flowsabalid not otherwise be beneficial used can be
stored for use in low supply or high demand pericdSR systems are often inherently complex
because of the need in some systems to predictnamége solute-transport, which is controlled by
aquifer heterogeneity. The hydrogeological chakeng to quantitatively characterize aquifer
heterogeneity and incorporate the heterogeneitydetailed solute-transport models that can be used
for system design and the optimization of the apen of ASR systems.
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