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1. INTRODUCTION
D.T.1.2.1 “Collection of good practices and benchmark analysis on MAR solutions in the EU” is a
thematic report within DEEPWATER-CE WP T1 – Development of transnational knowledge base
on the applicability of managed aquifer recharge (MAR) in CE. The report is based on existing
research papers from the domain of MAR. Furthermore, this report contains national inputs
from five DEEPWATER-CE participating countries – Croatia, Germany, Hungary, Poland and
Slovakia regarding water management, priority issues and experiences in managed aquifer
recharge. It aims to provide a knowledge base for practical and theoretical aspects of MAR
operation. However, to cover all existing MAR types, technologies, applied areas and other
particularities would be practically impossible and therefore, this report will focus on the most
important topics in order to provide a broader understanding of the MAR concept.
The first part of this report presents a compilation of existing knowledge regarding the concept
of MAR. While compiling this chapter, essential literature sources used were:

 Dillon (2005): Future management of aquifer recharge
 Casanova et al. (2016): Managed Aquifer Recharge: An Overview of Issues and

Options
 Sprenger et al. (2017): Inventory of managed aquifer recharge sites in Europe:

historical development, current situation and perspectives
 Dillon et al. (2019): Sixty years of global progress in managed aquifer recharge

Second part of this report focuses on experiences from existing or ongoing MAR projects from
DEEPWATER-CE participating countries. A questionnaire was designed and sent to the
participating project partners to provide an overview of national water management and
differences between the particular EU countries. The purpose was to pinpoint underlying issues
which require a MAR operation as a solution. In order to add value to the knowledge base,
national case studies are presented within this report.
This report will also provide a basis for activity A.T1.3 "Capacity building to stakeholders in
order to ensure integrated environmental approach on MAR", in particular D.T1.3.2 "National
training sessions on MAR topics and collection of good practices and benchmark analysis".
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2. MANAGED AQUIFER RECHARGE
2.1. DEFINITION
Managed aquifer recharge (MAR), is a term conceived by the British hydrogeologist Ian Gale,
who was the founding co-chair of the International Association of Hydrogeologists (IAH)
Commission on Managing Aquifer Recharge from 2002 to 2011 (IAH-MAR 2018a). Managed
aquifer recharge refers to a suite of methods which are increasingly used to maintain, enhance
and secure groundwater systems under stress. Simplified, MAR is an intentional process by
which excess surface water is directed into the ground — either by spreading on the surface, by
using recharge wells, or by altering natural conditions to increase infiltration in order to
replenish an aquifer. Whereas formerly, the term “artificial recharge”, has been used when
focussing on augmenting the quantity of recharge, but with much less attention given to
managing water quality. The MAR term nowadays describes that both quantity and quality are
managed effectively. In spite of a sound knowledge base, implementation of MAR schemes has
tended to be localised and geographic expansion has been limited by lack of understanding of
hydrogeology and knowledge of MAR.

2.2. BRIEF HISTORY
The modern history of methods covered by the term MAR begins with two techniques which are
prominently represented up to present day: induced bank filtration and surface-spreading
methods. The first reported MAR site in Europe was in Glasgow (UK). In the Glasgow
Waterworks Company constructed a perforated collector pipe parallel to the Clyde River (Ray
et al., 2003) and abstracted bank filtrated water in the year 1810. The idea of naturally
filtered groundwater was born and spread to continental Europe. This method was successful at
the beginning and many other cities in the UK (e.g., Nottingham, Perth, Derby, Newark; Ray et
al., 2002) adopted the idea; thus, the 1860s became the first heyday of naturally filtered water
in the UK (BMI 1985). However, many of these early sites experienced problems with
decreasing well performance and had to be abandoned in later years (BMI 1985); nevertheless,
the idea of naturally filtered underground water^ was born and spread to continental Europe,
and it was soon adopted by cities in the Netherlands, Belgium, Sweden, France, Austria and
Germany. The historical development of MAR in Europe is shown in Fig. 1. Maintenance
strategies and clogging aspects are known to be important to consider for MAR practices, but
were only rarely reported in the available literature for the European historical sites.
Presumably, main issues included turbidity, costly pre-treatments, lack of end use water
monitoring and uncertainty in aquifer hydraulics. The progressing industrialization in the 19th
century and growing population in European cities presented the water suppliers with new
challenges. The traditional water supply based on surface water was impaired by increasing
contamination from the new industries and improper sanitation. At that time, based on the
experiences in the UK, Adolph Thiem proposed the application of riverbank filtration to cope
with degrading hygienic surface-water quality and increasing water demand (Sprenger et al.,
2017). Research and development of well injection methods began in the 1960s.
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The last 60 years has seen unprecedented groundwater extraction, and overexploitation as well
as development of new technologies for water treatment that together drive the advance in
MAR (Dillon et al., 2019). The combined availability of deep wells, electric power and electric
submersible pumps radically escalated water withdrawal from aquifers and quickly reduced
groundwater in storage. Between 1900 and 2008, 4.500 km3 of depletion had occurred globally.
Alarmingly, the depletion rate is still accelerating, reaching 145 km3/y between 2001 and 2008
(Konikow, 2011). Although there is considerable uncertainty in estimates of annual
groundwater exploitation and recharge, Margat and van der Gun (2013) report annual
exploitation of groundwater of ~980 km3/y in 2010, which is less than 8% of estimated global
mean natural recharge (which exceeds 12,000 km3/y; Margat 2008), but nonetheless causes
substantial depletion in some areas. It is clear that for sustainable-water-resource utilization,
stabilization of storage decline is important and there are only two means of accomplishing this
for groundwater: reducing demand (through increased water use efficiency or conjunctive use
with other water sources) or increasing replenishment (Dillon et al. 2012).

Figure 1. Outline of the historical development of MAR in Europe showing the number of MAR
sites opened or closed per decade between the 1870s and 2000s (Sprenger et al., 2017)



4

2.3. OBJECTIVES AND CRITERIA
MAR has application in sustaining and augmenting groundwater quality, quantity and also in
environmental management (Grutzmacher and Kumar, 2012). More detailed objectives are:
Water quality:

 to improve water quality in degraded aquifers (e.g. nutrient reduction from
agricultural pollution, prevention of seawater intrusions), reducing the concentration
of geogenic pollutants like fluoride or arsenic

 to reduce effort for water treatment (e.g. making use of natural purification
processes, such as riverbank filtration).

Water quantity:
 to store water in aquifers for future use (e.g. water supply);
 to increase groundwater levels in over-exploited aquifers.

Environmental management:
 to prevent storm runoff and soil erosion;
 to preserve environmental flows in rivers and streams;
 to mitigate floods and flood damage;
 to control seawater intrusions;
 to reduce land subsidence;
 to provide hydraulic control of contaminant plumes.
 to increase groundwater levels to maintain or improve the status of groundwater

dependent terrestrial ecosystems
Although the criteria for initiating MAR projects differ from location to location, certain
similarities can be singled out. Central Groundwater Board of India (Grutzmacher and Kumar,
2012), summarizes the following potential areas for MAR implementation:

 groundwater levels are declining;
 groundwater availability is inadequate, especially in dry months;
 a substantial amount of aquifer has already been desaturated;
 the site is adjacent to a leaky fault or semi-confining layer containing contaminated

water or water of poor quality;
 the aquifer contains water of poor quality and is highly heterogeneous or has a high

lateral flow rate;
 aquifers show signs of seawater/saline intrusions.
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2.4. TYPES OF MANAGED AQUIFER RECHARGE
MAR encompasses a large variety of applications that can serve many purposes, in different
environments, and settings, and at different scales. These applications can be grouped into
five types describing several similar engineering techniques (Table 1).

Table 1. Classification of MAR techniques (IGRAC, 2007)
Main MAR methods Specific MAR methods

Techniques referring
primarily to water
infiltrated

Spreading methods
Infiltration ponds
Flooding
Ditches and furrows
Excess irrigation

Induced bank filtration
River/lake bank
Infiltration
Dune filtration

Well, shaft and borehole
recharge

Aquifer Storage and
Recovery (ASR)
Aquifer Storage, Transfer
and Recovery (ASTR)
Shallow well/shaft/pit
Infiltration

Techniques referring
primarily to
intercepting water

In-channel modifications
Recharge dams
Subsurface dams
Sand dams
Channel spreading

Runoff harvesting
Rooftop rainwater harvesting
Barriers and bounds
Trenches

Several classifications of MAR types can be found, with minor differences in nomenclature and
categorisation, e.g. Sprenger et al. (2017) distinguish four main MAR types: surface-spreading
methods, induced bank filtration, well injection and enhanced storage. Dillon (2019) classifies
types into streambed channel modification, bank filtration, water spreading and recharge
wells. Selection of appropriate MAR type is adapted to the local hydrology, hydrogeology, type
of aquifer, topography, land use, ambient groundwater quality and intended use of recovered
water. An understanding of the local hydrogeology is fundamental for determining viable
options and the technical feasibility of MAR projects. Details on specific requirements for
application, advantages and limitations of each technique are briefly described and presented
in the following section (based on IGRAC (2007) and Dillon et al. (2009):
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 Spreading methods
Spreading methods refer to MAR applications which aim at infiltrating water from the land
surface to underlying aquifers. Possible schemes include diverting water to infiltration basins
or trenches that will enhance infiltration through the unsaturated zone (localized land
infiltration). Other possible techniques include irrigating crops in excess or diverting flood
water to specific areas to allow infiltration (diffuse land infiltration). The recharged water is
stored in the underlying aquifer and recovered in periods of high demand through wells.
Spreading methods can be beneficial for increasing water storage as well as water quality due
to the filtration process occurring when the water travels through the unsaturated zone.
Operation of spreading methods is hindered by flood waters, which are highly turbid and cause
clogging and pollution.

 Induced bank filtration
Induced bank filtration is benefitial both for water quantity and water quality aspects. In cases
of low (poor) surface water quality (river or lake), a series of wells can be installed parallel to
a water body to enhance the infiltration of water through the ground induced by pumping. The
water recovered at the wells will be of better quality as it benefited from the filtration process
taking place when travelling through the river or lake bed, removing dissolved and suspended
pollutants.

 Well, shaft and borehole recharge
In this class of MAR application, water is infiltrated through wells directly into the target
aquifer. These techniques can typically be applied when the unsaturated zone does not allow
water to infiltrate, when the aquifer is covered by a confining layer or to reuse existing shallow
wells. The water is stored in the aquifer and can be recovered either at the injection well
(ASR) or at a different well to benefit from an additional treatment process by extending the
water residence time in the aquifer (ASTR).

 In-channel modification
Several MAR techniques consist in modifying the stream flow to enhance infiltration of water.
Some of them aim at intercepting the flow in intermittent streams with dams built across the
streambed. These structures can be used to control the release of water downstream to match
the capacity of infiltration to the underlying aquifer or to enhance the infiltration of water
behind the recharge dam. In impermeable streambeds, sands and gravels can be accumulated
upstream of the dam to form an artificial aquifer storing storm water runoff. In intermittent
streams with shallow bedrock, underground dams of low permeability material can be built
across the streambed to retain storm water runoff in the alluvium. In permanent streams, the
river flow can be modified by installing L shaped levees that allow enhancing recharge by
increasing the infiltration area and decreasing the flow velocity.

 Runoff harvesting
Rainwater can be harvested at the scale of a household to a village and directed to storage
tanks that can contribute to groundwater recharge. Several structures allow collecting
rainwater such as trenches or reverse drainage. Rooftop rainwater harvesting is being
increasingly used in urban areas, helping to sustain groundwater levels and mitigate storm
water runoff.
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Table 2. Overview of existing MAR techniques based on IGRAC (2007) and Dillon et al. (2009)
Main MARmethods Specific MARmethods Scheme Advantages Constraints Suitable environment

Techniques
referring
primarily to
infiltrate
water

Spreading
methods

Infiltration
ponds

Infiltration of large quantities
of water at relatively low
cost, maintenance and anti-
clogging procedures relatively
simple, organic contaminants
in source water filtered out in
soil

Requires large flat
permeable surface area,
potential for surface
water related breeding
of disease vectors,
potential for water
pollution, potential for
high evaporation

Flat of gently sloped
terrains underlined by an
unconfined aquifer
composed of permeable
sedimentary rocks and
fractured crystalline rocks
with permeable soils

Flooding Infiltration of large quantities
of water at relatively low cost

Flat of gently sloped
terrains close to rivers,
underlined by an
unconfined aquifer
composed of permeable
sedimentary rocks and soils

Ditches and
furrows

Linear structures that allow for the recharge
water to infiltrate to the aquifer underneath.
They are usually shallow, flat-bottomed and
closely spaced structures that are excavated

In case of reversed drainage,
structures can be installed
underground, and therefore
do not interfere with land use

Requires large
permeable surface area,
potential for surface
water related breeding
of disease vectors

Flat or gently sloped
terrains close to rivers,
underlined by an
unconfined aquifer
composed of permeable
sedimentary rocks and soils

Excess irrigation
Excess water is spread over the area during
dormant or non-irrigated seasons to allow for
aquifer recharge

limited costs due to use
existing facilities
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Techniques
referring
primarily to
infiltrating
water

Induced bank
filtration

River/lake bank
infiltration

Large quantities of good
quality water can be
withdrawn, organic
contaminants in source water
filtered out in soil

Complex design,
complex construction,
complex operation and
maintenance, intensive
monitoring required,
high potential for well
clogging

Floodplains or lake banks
underlined by an
unconfined aquifer with
coarse soils (sand, gravel)

Dune filtration
Large quantities of water can
be withdrawn and pollutants
contained in source water may
be removed by filtration
process

Intensive monitoring of
system performance is
required with high
potential of clogging

Dunes underlined by an
unconfined aquifer with
coarse soils (sand, gravel)

Well, shaft
and borehole
recharge

Aquifer storage
and recovery
(ASR)

Clogging partially removed
during recovery cycle,
infiltration of large quantities
of water at relatively low cost

Complex design,
complex construction,
complex operation and
maintenance, intensive
monitoring required,
high quality
requirements of source
water Confined or unconfined

aquifers composed of
unconsolidated rocks

Aquifer storage,
transfer and
recovery (ASTR)

Infiltration of large quantities
of water at relatively low cost

Complex design,
complex construction,
complex operation and
maintenance, intensive
monitoring required,
high potential for well
clogging, high quality
requirements of source
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water

Shallow
well/shaft/pit
infiltration

Use of existing facilities
reduces costs, recovery from
same structure reduces
clogging

High quality
requirements of source
water

Unconfined aquifers
composed of
unconsolidated sediments
with a low permeability
surface layer

Techniques
referring
primarily to
intercepting
water

In-channel
modifications

Recharge dams
Structures are installed in
streambeds, and therefore do
not interfere with land use

Breached structures may
result in significant
damage downstream

Intermittent or ephemeral
streams underlined by an
unconfined aquifer and a
permeable river bed

Subsurface
dams

Low cost structures,
community based, low
maintenance, structures are
installed in streambeds, and
therefore do not interfere
with land use

Potential ownership
issues, potential for
water pollution,
infiltration of relatively
small quantities of
water, quality control of
the structure difficult

Intermittent or ephemeral
streams underlined by an
unconfined aquifer with an
impermeable layer located
a few meters below the
surface
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Sand dams

Potential ownership
issues, potential for
water pollution,
infiltration of relatively
small quantities of
water

Intermittent or ephemeral
streams with sandy river
beds

Channel
spreading

Low cost technique,
structures are installed in
streambeds, and therefore do
not interfere with land use

Structures are easily
breached during high
runoff; sediment
deposition due to
artificially forced
changes in river course
and dynamics

Natural drainage channels
underlined by an
unconfined aquifer with a
permeable river bed

Runoff
harvesting

Rooftop
rainwater
harvesting

Use of already existing
structures; storage of rain
events mitigating floods

Water quality might be
problematic; potential
soil stability issues – high
recharge may cause
damage in foundations
of the buildings

Urban areas underlined by
an unconfined aquifer with
sandy soils

Barriers and
bounds

Low cost technique, simple
design, simple construction,
simple operation and
maintenance, prevents soil
erosion as well as recharging
the groundwater

Infiltration of relatively
small quantities of water

Gently sloping rural areas
underlined by an
unconfined aquifer with
sandy soils
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Trenches


