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I. Managed aquifer recharge 
(MAR) as a water 
management solution

II. Arizona’s regulatory 
framework for water storage 
and recovery

III. Some successes and 
challenges associated with 
MAR in Arizona

Presentation Focus

https://wrrc.arizona.edu/reflections



• Recharge is the process of adding water to an aquifer
• Natural Recharge results from natural process such as 

precipitation and streamflow
• Incidental recharge is water entering the aquifer after various 

human uses, such as irrigation uses or leaks in water lines
• Artificial recharge – or Managed Aquifer Recharge (MAR) –

involves facilities or projects that are developed for the purpose 
of adding water to an aquifer.

• DEFINITION from IAH site: Managed aquifer recharge or MAR 
in all its forms (i.e. infiltration ponds, injection with wells, river 
bank infiltration, etc.) covers the purposeful recharge of water to 
aquifers and its recovery when needed.  
https://www.iah2022.com/Topice_And_Sessions.shtml

• For what purpose(s) MAR is deployed is a key question.

Part I: What/why Managed Aquifer 
Recharge?
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Tucson Water MAR Project 
(Tucson, Arizona, USA)
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Global focus on groundwater, with MAR 
being part of the dialogue

From the Executive Summary of the 2022 World 
Water Development Report:
”MAR is an integrated approach that allows 
replenishment of aquifers to complement storage 
dams and provides a cost-effective alternative that 
minimizes evaporation and environmental impacts. 
MAR can also be used to retain unharvested urban 
stormwater and recycled water, to be made 
available for productive use when needed. At the 
watershed scale, MAR can be used to maintain 
environmental water flows and their availability, 
creating lags in water discharges to a stream. The 
application of MAR has increased by a factor of 10 
over the past 60 years, but there is still ample scope 
for further expansion…”
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• Water governance is the overarching framework of water use laws, regulations, and 
customs, as well as the processes of engaging the public sector, the private sector, 
and civil society.  

• It may involve coordinating administrative actions and decision making between and 
among different jurisdictional levels. 

• The local, regional, or national framework establishes who participates in 
formulating strategies and who is responsible for developing, implementing, and 
enforcing water laws and regulations.

• Water management is what we do based on the authorizing laws, regulations and 
institutional arrangements.

• E.g.,  the actors operate wells, treat water for use/reuse, store water through 
managed aquifer recharge, conserve water, etc.

• Policy is a course or principle of action adopted or proposed by a government, party, 
business, or individual. (Google search definition)

Governance, Management, Policy
Some definitions

Points based on Megdal, S.B., Gerlak, A., Varady, R., and Huang, L. (2015). Groundwater governance in the United States: Common 
priorities and challenges.  Groundwater 53(5), pp.677-684. http://dx.doi.org/10.1111/gwat.12294. 



From Megdal Recent Article: Managed Aquifer Recharge –
MAR as a mechanism to advance water policy goals

MAR is increasingly being recognized as an important 
mechanism for addressing water quantity and/or water 
quality concerns. The 2021 compendium Managing 
Aquifer Recharge - A Showcase for Resilience and 
Sustainability (2021 Compendium) defines MAR as 
“intentionally replenishing aquifers to stabilize water 
storage and improve water quality” (Zheng, Ross et al. 
2021, 16). Alternatively, Australia’s National Guidelines for 
Managed Aquifer Recharge define MAR as “the purposeful 
recharge of water to aquifers for subsequent recovery or 
environmental benefit. It is not a method for waste 
disposal” (Natural Resources Management Ministerial 
Council, et al. 2009, 1).

Considering water policy goals
Link here.
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https://wrrc.arizona.edu/publications/reports/managed-aquifer-recharge


Two recent books (available for free download) 
include case studies from around the world

https://www.mdpi.com/books/pdfview/bo
ok/3558 https://unesdoc.unesco.org/ark:/48223/pf0000379962
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• Includes 23 papers presented at the 10th International Symposium on Managed 
Aquifer Recharge (held in Madrid, Spain in 2019)

• Goals of the MAR projects:
• Improve water security (quantity) (13 papers)
• Improve water quality (13)
• Improve the environment (3)
• Assessing opportunities (9)

• Editorial paper Abstract:
“Managed aquifer recharge (MAR)…can be the most economic, most benign, 
most resilient, and most socially acceptable solution, but frequently has not 
been implemented due to lack of awareness, inadequate knowledge of 
aquifers, immature perception of risk, and incomplete policies for integrated 
water management…”
By Peter Dillon, Enrique Fernandez Escalante, Sharon B. Megdal, and Gudrun 
Massmann

Managed Aquifer Recharge for Water Resilience
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Managing Aquifer Recharge - A Showcase for 
Resilience and Sustainability

Locator Map, p.30
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Article Title: Managed Aquifer Recharge as a 
tool to improve water security and resilience 
• Regulatory scheme
• Operator
• Financial support
• Source of water
• End use of the water

Recently accepted review paper by Cruz Ayala and 
Megdal categorizes 37 projects 
In Press: The Oxford Encyclopedia of Water Resources Management and Policy

“This paper presents an overview of MAR projects functioning in 25 
countries; this review identified that more than 75 percent of these MAR 
efforts had been created to improve water security. Insufficient quantity and 
variable water quality during dry years are the main drivers for building MAR 
efforts. There is a wide variety of methods, management schemes, and 
financial support.” [Emphasis added]



Newly released e-book:
https://recharge.iah.org/
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https://recharge.iah.org/


• March 2022 keynote on MAR at the International Conference on Water Resources 
Management and Sustainability:  Solutions for Arid Regions, Dubai, United Arab Emirates 

• April 2022 ISMAR11 Conference – International Symposium on Managed Aquifer Recharge
• Included Workshop:  “Meeting Water Management Objectives with Managed Aquifer 

Recharge: The Role of MAR Governance and Policy”
• Plenary panels:  MAR in Action

• Two Tribal Nations
• Israel
• Arizona

• May 2022 Joint Meeting of the Board of Earth Sciences and Resources and the Water 
Science and Technology Board, National Academies of Science, Engineering, and Medicine

• This webinar
• Webinar for Interstate Technology and Regulatory Council (ITRC) Managed Aquifer 

Recharge Team
Great enthusiasm for sharing MAR enabling frameworks and lessons learned, both positive and 
negative.

There is strong interest in policy and 
governance aspects of MAR
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Part II: Arizona Regulatory framework 
State legislation

Purposes of Program:
To store renewable water supplies for future use.  
Also reduces infrastructure costs by allowing water to be stored in one location and 
recovered in another location. 

1986 – Underground Storage and Recovery Act

1990 – Indirect Storage and Recovery

1994 – Underground Water Storage, Savings and Replenishment Program

Overview of Underground Storage, Savings 
and Recovery Program

1
Slide by Ken Slowinski, Arizona Dept. of Water Resources, ISMAR 11 Workshop, April 11, 2022
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Constructed Underground Storage Facility 
(USF)

Incorporates constructed devices 
to direct and increase infiltration of 
source water

Requires facility maintenance

3 main types

recharge basins 
vadose zone recharge wells
aquifer storage & recovery (ASR) 
wells/injection wells

Photo-Courtesy Tucson Water

Slide by Ken Slowinski, Arizona Dept. of Water 
Resources, ISMAR 11 Workshop, April 11, 2022
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Underground storage facilities (USFs)

Managed USF

Constructed Basins
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Groundwater Savings Facilities (GSFs)
(indirect or in-lieu recharge)

https://wrrc.arizona.edu/publications/arroyo/arroyo-2017-arizona-water-banking-
recharge-and-recovery 16Link here.

https://wrrc.arizona.edu/sites/wrrc.arizona.edu/files/attachment/Arroyo-2017-Banking-Recharge-Recovery.pdf


Arizona MAR regulatory framework for project 
operations, water storage, protections, and 
water recovery 

• Implementation includes permitting of facilities, storage, and water recovery.
• Reporting
• Accounting, including accrual of Long-term Storage Credits (LTSCs)
• Opportunity for pilot scale projects. 
• Introduces some connectivity between surface water and groundwater management, although 

not connected legally.
• The MAR regulatory framework has been used to meet multiple water policy objectives, 

including providing water during periods of Colorado River shortage through the Arizona Water 
Banking Authority.

NOTE:  Arizona regulations do not refer to MAR but rather water storage and recovery.
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Part III: MAR in Action
MAR enables Arizona and its 
communities to meet water policy goals
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Tucson Water – Recharging 
Colorado River Water 
delivered through the Central 
Arizona Project

Tucson Water – Effluent recharge basin



Arizona Water Banking Authority – since 1996
https://waterbank.az.gov/
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Been writing about AWBA
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UNESCO Book
Megdal, S.B., Dillon, P., and Seasholes, K. (2014). 
Water banks: Using managed aquifer recharge 
to meet water policy objectives. Water 6(6), pp. 
1500-1514. https://www.mdpi.com/2073-
4441/6/6/1500.   



Central Arizona Groundwater Replenishment 
District (CAGRD)
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https://www.mdpi.com/2073-4441/12/2/568



Collaborative opportunity with sovereign 
Gila River Indian Community

22https://wrrc.arizona.edu/reflections

Issue 206, April 2021.  Can send upon request



Water utility-community water management

23Available on request

Assistant City Manager Tim Thomure, May 2022
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1. Basin-wide approach to groundwater management goals and recovery can 
result in hydrologic disconnect between location of pumping and location of 
storage 

Outstanding issues
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2. The Implications of the Popularity of the CAGRD for Meeting the Assured 
Water Supply Program’s Requirement that Groundwater Use be Consistent 
with the AMA Management Goal

Outstanding issues
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3. Recovery, Including Multiple Straws in the Aquifer: Two ”straws” in a basin 
where in-lieu recharge occurred

Outstanding issues
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• Tough Wicked Water Problems context – Communities 
and regions across the globe are facing tough surface 
water and groundwater issues.

• Water cycle context:  MAR is a mechanism that can 
assist in many different settings 

Concluding remarks

https://awra.org/Members/Publications/
IMPACT.aspx for free download
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https://awra.org/Members/Publications/IMPACT.aspx
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The frog does not drink up the pond in which he 
lives. – American Indian (Lakota) Proverb

MAR 5 Gila River Indian Community
October 2021

Thank you!
smegdal@arizona.edu

@SBMWater
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