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prospects for managed underground storage of recover-
able water

#underground water storage #managed aquifer recharge #recoverable water resources #water scarcity solutions
#groundwater banking

Explore the significant prospects for managed underground storage, a vital strategy for enhancing
water security. This innovative approach focuses on safely banking recoverable water resources in
subsurface aquifers to mitigate scarcity, improve resilience against drought, and ensure a sustainable
supply for future needs.
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Prospects for Managed Underground Storage of Recoverable Water

Growing demands for water in many parts of the nation are fueling the search for new approaches to
sustainable water management, including how best to store water. Society has historically relied on
dams and reservoirs, but problems such as high evaporation rates and a lack of suitable land for dam
construction are driving interest in the prospect of storing water underground. Managed underground
storage should be considered a valuable tool in a water manager's portfolio, although it poses its own
unique challenges that need to be addressed through research and regulatory measures.

Water Reclamation Technologies for Safe Managed Aquifer Recharge

Part of Groundwater Set - Buy all six books and save over 30% on buying separately! Water Recla-
mation Technologies for Safe Managed Aquifer Recharge has been developed from the RECLAIM
WATER project supported by the European Commission under Thematic Priority 'Global Change

and Ecosystems' of the Sixth Framework Programme. Its strategic objective is to develop hazard
mitigation technologies for water reclamation providing safe and cost effective routes for managed
aquifer recharge. Different treatment applications in terms of behaviour of key microbial and chemical
contaminants are assessed. Engineered as well as natural treatment trains are investigated to provide
guidance for sustainable MAR schemes using alternative sources such as effluent and stormwater.
The technologies considered are also well suited to the needs of developing countries, which have a
growing need of supplementation of freshwater resources. A broad range of international full-scale
case studies enables insights into long-term system behaviour, operational aspects, and fate of a
comprehensive number of compounds and contaminants, especially organic micropollutants and bulk
organics. Water Reclamation Technologies for Safe Managed Aquifer Recharge depicts advances in
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water reclamation technologies and aims to provide new process combinations to treat alternative
water sources to appropriate water quality levels for sustainable aquifer recharge. Editors: Christian
Kazner, RWTH Aachen University, Germany, Thomas Wintgens, University of Applied Sciences and
Arts Northwestern Switzerland, Peter Dillon, CSIRO, Australia

Arid Lands Water Evaluation and Management

A large part of the global population lives in arid lands which have low rainfall and often lack the
water required for sustainable population and economic growth. This book presents a comprehensive
description of the hydrogeology and hydrologic processes at work in arid lands. It describes the
techniques that can be used to assess and manage the water resources of these areas with an
emphasis on groundwater resources, including recent advances in hydrologic evaluation and the
differences between how aquifer systems behave in arid lands versus more humid areas. Water
management techniques are described and summarized to show how a more comprehensive approach
to water management is required in these areas, including the need to be aware of cultural sensitivities
and conditions unique to many arid regions. The integration of existing resources with the addition of
new water sources, such as desalination of brackish water and seawater, along with reusing treated
wastewater, will be required to meet future water supply needs. Also, changing climatic conditions will
force water management systems to be more robust so that future water supply demands can be
met as droughts become more intense and rainfall events become more intense. A range of water
management techniques are described and discussed in order to illustrate the methods for integrating
these measures within the context of arid lands conditions.

Riverbank Filtration for Water Security in Desert Countries

Riverbank filtration is a low cost, yet efficient water treatment technology. It has most potential to provide
safe drinking water to large cities located along rivers or lakes. In particular, it is ideal for large population
centres in developing countries, where the cost of building extensive treatment facilities is prohibitive.
Water filtration can be successfully implemented using naturally occurring sand and gravel along the
river/lake banks. The cost of water produced by this means is much lower than that of water treated in
conventional treatment plants. Authored by a multi-disciplinary team of experts, this volume addresses
the scientific basis of the filtration process, and also humerous topics of importance for the planning,
technical realization, and security of such plants. Their application for the removal of relevant chemical
pollutants and a variety of pathogens is analysed in detail.

Anthropogenic Aquifer Recharge

The book is an overview of the diversity of anthropogenic aquifer recharge (AAR) techniques that use
aquifers to store and treat water. It focusses on the processes and the hydrogeological and geochemical
factors that affect their performance. This book is written from an applied perspective with a focus

of taking advantage of global historical experiences, both positive and negative, as a guide to future
implementation. Most AAR techniques are now mature technologies in that they have been employed
for some time, their scientific background is well understood, and their initial operational challenges and
associated solutions have been identified. However, opportunities exist for improved implementation
and some recently employed and potential future innovations are presented. AAR which includes
managed aquifer recharge (MAR) is a very important area of water resources management and there
is no recent books that specifically and comprehensively addresses the subject.

Alternatives for Managing the Nation's Complex Contaminated Groundwater Sites

Across the United States, thousands of hazardous waste sites are contaminated with chemicals that
prevent the underlying groundwater from meeting drinking water standards. These include Superfund
sites and other facilities that handle and dispose of hazardous waste, active and inactive dry cleaners,
and leaking underground storage tanks; many are at federal facilities such as military installations.
While many sites have been closed over the past 30 years through cleanup programs run by the

U.S. Department of Defense, the U.S. EPA, and other state and federal agencies, the remaining
caseload is much more difficult to address because the nature of the contamination and subsurface
conditions make it difficult to achieve drinking water standards in the affected groundwater. Alternatives
for Managing the Nation's Complex Contaminated Groundwater Sites estimates that at least 126,000
sites across the U.S. still have contaminated groundwater, and their closure is expected to cost at
least $110 billion to $127 billion. About 10 percent of these sites are considered "complex," meaning



restoration is unlikely to be achieved in the next 50 to 100 years due to technological limitations. At sites
where contaminant concentrations have plateaued at levels above cleanup goals despite active efforts,
the report recommends evaluating whether the sites should transition to long-term management, where
risks would be monitored and harmful exposures prevented, but at reduced costs.

Using Graywater and Stormwater to Enhance Local Water Supplies

Chronic and episodic water shortages are becoming common in many regions of the United States, and
population growth in water-scarce regions further compounds the challenges. Increasingly, alternative
water sources such as graywater-untreated wastewater that does not include water from the toilet but
generally includes water from bathroom sinks, showers, bathtubs, clothes washers, and laundry sinks-
and stormwater-water from rainfall or snow that can be measured downstream in a pipe, culvert, or
stream shortly after the precipitation event-are being viewed as resources to supplement scarce water
supplies rather than as waste to be discharged as rapidly as possible. Graywater and stormwater

can serve a range of non-potable uses, including irrigation, toilet flushing, washing, and cooling,
although treatment may be needed. Stormwater may also be used to recharge groundwater, which may
ultimately be tapped for potable use. In addition to providing additional sources of local water supply,
harvesting stormwater has many potential benefits, including energy savings, pollution prevention, and
reducing the impacts of urban development on urban streams. Similarly, the reuse of graywater can
enhance water supply reliability and extend the capacity of existing wastewater systems in growing
cities. Despite the benefits of using local alternative water sources to address water demands, many
guestions remain that have limited the broader application of graywater and stormwater capture and
use. In particular, limited information is available on the costs, benefits, and risks of these projects,
and beyond the simplest applications many state and local public health agencies have not developed
regulatory frameworks for full use of these local water resources. To address these issues, Using
Graywater and Stormwater to Enhance Local Water Supplies analyzes the risks, costs, and benefits
on various uses of graywater and stormwater. This report examines technical, economic, regulatory,
and social issues associated with graywater and stormwater capture for a range of uses, including
non-potable urban uses, irrigation, and groundwater recharge. Using Graywater and Stormwater to
Enhance Local Water Supplies considers the quality and suitability of water for reuse, treatment and
storage technologies, and human health and environmental risks of water reuse. The findings and
recommendations of this report will be valuable for water managers, citizens of states under a current
drought, and local and state health and environmental agencies.

Handbook on Particle Separation Processes

Particles in water play an important role in all kinds of water quality and treatment issues. Since the
early beginnings of centralised water production and treatment, the main goal of water purification was
primarily the removal of water turbidity in order to produce clear water free from visible particles. The
Handbook on Particle Separation Processes provides knowledge and expertise from a selected group
of international experts with a wealth of experience in the field of particles and particle separation in
water and wastewater treatment. The Handbook on Particle Separation Processes includes an edited
selection of presentations and workshops held at the academic summer school Particle Separation in
Water and Wastewater Treatment, organised under the supervision of the IWA Specialist Group Particle
Separation.

Analysis, Removal, Effects and Risk of Pharmaceuticals in the Water Cycle

Analysis, Removal, Effects and Risk of Pharmaceuticals in the Water Cycle provides an overview of the
current analytical methods for trace determination of pharmaceuticals in environmental samples. The
book also reviews the fate and occurrence of pharmaceuticals in the water cycle for their elimination
in wastewater and drinking water treatment, focusing on the newest developments in treatment
technologies, such as membrane bioreactors and advanced oxidation processes. Pharmaceutically
active substances are a class of new, so-called emerging contaminants that have raised great concern
in recent years. Human and veterinary drugs are continuously being released into the environment
mainly as a result of the manufacturing processes, the disposal of unused or expired products, and
via excreta. The analytical methodology for the determination of trace pharmaceuticals in complex
environmental matrices is still evolving, and the number of methods described in the literature has
grown considerably. This volume leads the way, keeping chemistry students, toxicologists, engineers,
wastewater managers and related professionals current with developments in this quickly evolving area.



Covers the latest developments in trace determinations Concise and critical compilation of the recent
literature Focuses on new treatment technologies

High and Dry

An engaging call to understand and protect groundwater, the primary source of drinking water for
almost half of the world’s population Groundwater is essential for drinking water and food security.

It provides enormous environmental benefits by keeping streams and rivers flowing. But a growing
global population, widespread use of industrial chemicals, and climate change threaten this vital
resource. Groundwater depletion and contamination has spread from isolated areas to many countries
throughout the world. In this accessible and timely book, hydrology expert William M. Alley and science
writer Rosemarie Alley sound the call to protect groundwater. Drawing on examples from around

the world, including case studies in the United States, Canada, Australia, India, and Sub-Saharan
Africa, the authors examine groundwater from key scientific and socioeconomic perspectives. While
addressing the serious nature of groundwater problems, the book includes stories of people who are
making a difference in protecting this critical resource.

Water Wells and Boreholes

Water Wells and Boreholes focuses on wells that are used for drinking, industry, agriculture or

other supply purposes. Other types of wells and boreholes are also covered, including boreholes

for monitoring groundwater level and groundwater quality. This fully revised second edition updates
and expands the content of the original book whilst maintaining its practical emphasis. The book
follows a life-cycle approach to water wells, from identifying a suitable well site through to successful
implementation, operation and maintenance of the well, to its eventual decommissioning. Completely
revised and updated throughout, Water Wells and Boreholes, Second edition, is the ideal reference for
final-year undergraduate students in geology and civil engineering; graduate students in hydrogeology,
civil engineering and environmental sciences; research students who use well data in their research;
professionals in hydrogeology, water engineering, environmental engineering and geotechnical engi-
neering; and aid workers and others involved in well projects.

21st Century Geography

This is a theoretical and practical guide on how to undertake and navigate advanced research in the
arts, humanities and social sciences.

Design, Operation, and Maintenance for Sustainable Underground Storage Facilities

Achieving a sustainable, reliable drinking water supply has emerged in recent years as an increasingly
important goal, not only in the United States but also worldwide. This is being driven by population
growth, increasing water demands, declining groundwater levels, contamination of water sources,
greater awareness of adverse environmental impacts, concern regarding the potential impacts of global
warming, and many other factors. Among the many methods that are being applied to achieve this
goal, managed aquifer recharge is proving to be viable and cost-effective. Recent advances in the
science of aquifer recharge, including the geochemistry, microbiology, and hydraulics, provide a strong
foundation for the successful implementation of aquifer recharge projects. However, to achieve success,
it is necessary to understand the lessons learned, taking advantage of good ideas that worked and not
repeating the ideas that did not work. The overall goal of this project was to identify technical variables
that resultin successful design, operation, and maintenance of sustainable underground storage (SUS)
facilities. The key objectives of the project were to increase the available knowledge base of SUS
facilities throughout the United States, survey a variety underground storage facilities, identify and
evaluate sites where SUS performance failed to meet objectives, address the use of SUS to reduce the
vulnerability of water facilities, and create an easy-to-use, practical guidance document and outreach
program to distribute research findings. The final report discusses surface and well recharge methods
and includes a concise summary of the most important lessons learned from the 22 operating and
failed recharge sites that were visited. It also includes a proposed analytical approach that may be
applied for water utilities to reduce their vulnerability to service interruption and thereby enhance their
system reliability. The appendix includes case studies for the 18 operating and four failed SUS facilities
that were visited as part of this project. These are presented on a CD, providing useful perspectives
regarding how different water utility systems have approached the need for SUS.



SECURE Water Act

This Research Topic is linked to the 3rd International Conference of Environmental Psychology (ICEP
2021), to be held in Siracusa, Italy, 4-9 October 2021. The ICEP is one of the most important scientific
events in the global community for experienced scholars, junior researchers and professionals working
in the field of Environmental Psychology across the world. Submissions to this RT are welcoming, but
are not limited to, works that have been presented (on site and virtually) at the ICEP 2021. Research
Topic articles will be published immediately once accepted in the journal.

Current Trends in Environmental Psychology, volume I

REGIONAL WATER SECURITY Regional Water Security provides new research on policy innovations
that promote the application of demand management and green infrastructure (GI) in managing water
resources across regions sustainably. In particular, with regional water security around the world at
risk from climatic and non-climatic challenges impacting water quantity and water quality, this book, in
addition to providing examples of demand management and Gl being implemented in various locations
globally, contains in-depth case studies that illustrate how regions, of differing climates, lifestyles,

and income levels, have implemented policy innovations that promote the application of demand
management and Gl to achieve regional water security for humans while protecting and restoring the
natural environment. Regional Water Security will be of interest to regional water resource managers,
town and regional planners, resource conservation managers, policymakers, international companies,
and organizations as well as environmental NGOs, researchers, and graduate and undergraduate
students.

Regional Water Security

Book Review Index provides quick access to reviews of books, periodicals, books on tape and electronic
media representing a wide range of popular, academic and professional interests. The up-to-date
coverage, wide scope and inclusion of citations for both newly published and older materials make
Book Review Index an exceptionally useful reference tool. More than 600 publications are indexed,
including journals and national general interest publications and newspapers. Book Review Index is
available in a three-issue subscription covering the current year or as an annual cumulation covering
the past year.

Aquifer Recharge, Storage, and Recovery

Fully Updated Hydrology Principles, Methods, and Applications Thoroughly revised for the first time
in 50 years, this industry-standard resource features chapter contributions from a “who’s who” of
international hydrology experts. Compiled by a colleague of the late Dr. Chow, Chow’'s Handbook

of Applied Hydrology, Second Edition, covers scientific and engineering fundamentals and presents
all-new methods, processes, and technologies. Complete details are provided for the full range of
ecosystems and models. Advanced chapters look to the future of hydrology, including climate change
impacts, extraterrestrial water, social hydrology, and water security. Chow’s Handbook of Applied
Hydrology, Second Edition, covers: - The Fundamentals of Hydrology - Data Collection and Processing
- Hydrology Methods - Hydrologic Processes and Modeling - Sediment and Pollutant Transport -
Hydrometeorologic and Hydrologic Extremes - Systems Hydrology - Hydrology of Large River and Lake
Basins - Applications and Design - The Future of Hydrology

Biennial Report

Since the need to protect ground water from pollution was recognized, researchers have made
progress in understanding the vulnerability of ground water to contamination. Yet, there are substan-
tial uncertainties in the vulnerability assessment methods now available. With a wealth of detailed
information and practical advice, this volume will help decision-makers derive the most benefit from
available assessment techniques. It offers: Three laws of ground water vulnerability. Six case studies
of vulnerability assessment. Guidance for selecting vulnerability assessments and using the results.
Reviews of the strengths and limitations of assessment methods. Information on available data bases,
primarily at the federal level. This book will be indispensable to policymakers and resource managers,
environmental professionals, researchers, faculty, and students involved in ground water issues, as
well as investigators developing new assessment methods.



Comprehensive Analytical Chemistry

This book is a hard copy of the editorial and all the papers in a Special Issue of the peer-reviewed
open access journal ‘Water’ on the theme ‘Managed Aquifer Recharge for Water Resilience’. Managed
aquifer recharge (MAR) is the purposeful recharge of water to aquifers for subsequent recovery or
environmental benefit. MAR is increasingly used to make water supplies resilient to drought, climate
change and deteriorating water quality, and to protect ecosystems from declining groundwater levels.
Global MAR has grown exponentially to 10 cu.km/year and will increase ten-fold within a few decades.
Well informed hydrogeologists, engineers and water quality scientists are needed to ensure that this
investment is effective in meeting increasingly pressing needs. This compilation contains lessons from
many examples of existing projects, including several national and continental summaries. It also
addresses the elements essential for identifying and advancing projects such as mapping aquifer
suitability and opportunities, policy matters, operational issues, and some innovations in MAR methods
and monitoring. This collection exemplifies the state of progress in the science and practice of MAR
and is intended to be useful, at least to water managers, water utilities, agricultural water users and
urban planners, to facilitate water resilience through new MAR projects.

Southwest Hydrology

Produced watera€"water from underground formations that is brought to the surface during oil and gas
productiona€"is the greatest volume byproduct associated with oil and gas production. It is managed by
some combination of underground injection, treatment and subsequent use, treatment and discharge,
or evaporation, subject to compliance with state and federal regulations. Management of these waters
is challenging not only for industry and regulators, but also for landowners and the public because

of differences in the quality and quantity of produced water, varying infrastructure needs, costs,

and environmental considerations associated with produced water disposal, storage, and transport.
Unconventional oil and gas development involves technologies that combine horizontal drilling with
the practice of hydraulic fracturing. Hydraulic fracturing is a controlled, high-pressure injection of fluid
and proppant into a well to generate fractures in the rock formation containing the oil or gas. After

the hydraulic fracture procedure is completed, the injected fluid is allowed to flow back into the well,
leaving the proppant in the newly created fractures. As a result, a portion of the injected water returns
to the surface and this water is called "flowback water" which initially may mix with the naturally
occurring produced water from the formation. The chemistry and volume of water returning to the
surface from unconventional oil and gas operations thus changes during the lifetime of the well due
to the amount of fluid used in the initial stage of well development, the amount of water naturally
occurring in the geologic formation, the original water and rock chemistry, the type of hydrocarbon being
produced, and the way in which production is conducted. The volume and composition of flowback
and produced waters vary with geography, time, and site-specific factors. A workshop was conducted
by the National Academies of Sciences, Engineering, and Medicine to highlight the challenges and
opportunities associated in managing produced water from unconventional hydrocarbon development,
and particularly in the area of potential beneficial uses for these waters. This publication summarizes
the presentations and discussions from the workshop.

Rocky Mountain Mineral Law Institute

This book is the result of a joint research effort led by the U.S. National Academy of Sciences and
involving the Royal Scientific Society of Jordan, the Israel Academy of Sciences and Humanities,

and the Palestine Health Council. It discusses opportunities for enhancement of water supplies and
avoidance of overexploitation of water resources in the Middle East. Based on the concept that
ecosystem goods and services are essential to maintaining water quality and quantity, the book
emphasizes conservation, improved use of current technologies, and water management approaches
that are compatible with environmental quality.

Book Review Index - 2009 Cumulation

This Book includes selected papers that has been published in the Water journal Special Issue (SI)
on Water Supply and Water Scarcity. Moreover, an overview of the Sl is included. The papers selected
for publication in the Sl include review and research papers on water history, on water management
issues under water scarcity regimes, on rainwater harvesting, on water quality and degradation, and
on climatic variability impacts on water resources. Overall, the issue identify and highlight the main
challenges in water sector, and particularly in management and protection of water resources and in



use of alternative (non-conventional) water resources, especially in areas with demographic change
and climate vulnerability in order to achieve sustainable and secure water supply. Furthermore, general
guidelines and possible solutions for an improved and sophisticated water management system are
proposed and discussed, such as the adoption of advanced technological solutions and practices
that improve water-use efficiency and the use of alternative water resources, to address the growing
environmental and health issues and to reduce the emerging conflicts among water users.

The British National Bibliography

As demand for water increases, water managers and planners will need to look widely for ways to
improve water management and augment water supplies. This book concludes that artificial recharge
can be one option in an integrated strategy to optimize total water resource management and that

in some cases impaired-quality water can be used effectively as a source for artificial recharge of
ground water aquifers. Source water quality characteristics, pretreatment and recharge technologies,
transformations during transport through the soil and aquifer, public health issues, economic feasibility,
and legal and institutional considerations are addressed. The book evaluates three main types of
impaired quality water sourcesa€"treated municipal wastewater, stormwater runoff, and irrigation return
flowa€"and describes which is the most consistent in terms of quality and quantity. Also included are
descriptions of seven recharge projects.

Handbook of Applied Hydrology, Second Edition

During the 20th century, the city of Los Angeles diverted surface water flowing into Owens Lake for
water supply, transforming the large, closed-basin, saline lake into a small brine pool surrounded

by dry playa. Under high winds, the exposed lakebed produced large amounts of airborne dust,
resulting in the highest concentrations of airborne particulate matter with an aerodynamic diameter
of 10 micrometers or less (PM10) in the United States. Since 2000, the Los Angeles Department of
Water and Power, at the direction of the Great Basin Unified Air Pollution Control District, has been
constructing and implementing dust control measures on the dry lakebed, with the objective of meeting
the U.S. Environmental Protection Agency National Ambient Air Quality Standards for PM10 and the
PM10 standards set by the state of California. Many of the dust control measures used at Owens Lake
require large amounts of water, energy, and maintenance to sustain their performance. Effectiveness
and Impacts of Dust Control Measures for Owens Lake evaluates the effectiveness of alternative
solutions for their degree of PM10 reduction and the extent that they reduce use of water in controlling
dust emissions. This report considers the associated energy and environmental and economic impacts
of these proposed measures and assesses their durability and reliability.

Ground Water Vulnerability Assessment

Managed Aquifer Recharge for Water Resilience
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