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Managed aquifer recharge:
The basics, benefits and risks

By Michael Holloway, Kes Murray and Julian Conrad, GEOSS South Africa (Pty) Ltd

anaged aquifer recharge
(MAR), also known as
artificial recharge, is the
process of introducing
available water into a
subsurface aquifer (Ebrahim et al.,
2020). This might be to store and use
later, or to mix and freshen the natural
groundwater. Every MAR project is site-
specific and requires careful planning,
consideration and understanding of
the benefits and risks it could pose to
an area.
This article summarises the concept
and application of MAR that can
be used in the Potatoes SA (PSA)
production regions, as well as the
benefits and risks which run parallel to
MAR projects. To start, it is important to
understand the environmental system in
which PSA potatoes are produced.

Climate

The potato production regions are
variably distributed across the extent
of South Africa. The average rainfall in
PSA regions ranges from approximately
50 mm per annum in the Northern
Cape, to an excess of 3 300 mm per
annum in the highlands of KwaZulu-
Natal and Mpumalanga. Evaporation
rates across all PSA regions are also
highly variable and seasonal. One of
the advantages of MAR is that water
loss due to evaporation is minimised
or removed as the water is stored
underground.

Geology and its influence on MAR
Geology and aquifer types are the
most important factors in selecting
the method of MAR to use in getting
the available water into the aquifer
for storage. An aquifer is a body of
sediment or rock that can store or
allow the transport of water in the
subsurface.

Some aquifers in South Africa are
primary aquifers (sands and gravels),
but many are secondary, where water
lies in fractures within the bedrock.
Depending on the aquifer type,
different methodologies can be used
to recharge the aquifer. Sandy soils are
best for infiltration basins, while areas
that are covered by clay layers or have
deep fractures in the rock, will require
injecting water down a borehole to
ensure the water gets into the aquifer
quickly and efficiently.

Figure 1 highlights the areas in
South Africa where generally favourable
conditions for MAR have been mapped

(Department of Water Affairs and
Forestry [DWAF] Annual Report,
2007) and are shown with the potato
production regions.

Intergranular areas (grey, green
and yellow colours) are primary
aquifers (mostly sands) whereby
infiltrating water into the aquifer
from the surface can be considered.
Other areas and regions which have
weathered and fractured secondary
aquifer units with high recharge rate
potentials are also shown (orange
and red colours).

An estimated recharge rate is also
provided as litres per second (£/s) on

Figure 1: Artificial recharge potential in PSA regions. (Source: Department of
Water Affairs and Forestry Annual Report, 2007)
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the map. To convert this to m%/hour,
multiply by 3.6 (1 /s = 3.6 m3/hour
= 86 m®/day).

Methodologies
There are various methods which can
be used to purposefully put water into
an aquifer, but two main categories
are to infiltrate water into the aquifer
from the surface or to inject water
down a borehole. Within each
category, there are several methods
which can be used to get the water
into an aquifer, where it would then be
retrieved when required through the
current production boreholes. Several
of these methods which are applicable
in agricultural settings are listed in
Table 1.

In order to choose the correct
MAR method for a site or area and
to determine whether the correct
method will be successful (meaning
the site will work as intended, be
economically worthwhile and legal
to implement), several stages of
investigation can be completed, as
summarised in Figure 2 (DWAF Annual
Report, 2009).

This process is most applicable to
large-scale schemes, such as those
for municipal or town groundwater
supplies or where there are potential
concerns about the available water
quality (such as treated wastewater).
But in smaller agricultural cases, it is
often better to first investigate the
current groundwater supply situation
and do some minor testing to see how
successful MAR will be at the site. This
can be done as a pre-feasibility study
to determine what the potential value
and costs would be to proceed further
and identify the relevant method(s).

A small-scale MAR example in SA
The Kharkams small-scale scheme
along the N7 is a very small injection
scheme that was implemented to
assist the town supply borehole with
declining groundwater supplies and
increasingly saline water (brackish).
The scheme was commissioned in
1995 and applied simple, inexpensive
technology to benefit the community,
by increasing and freshening water
supplies (Braune and Israel, 2021).
The scheme makes use of excess
floodwater that is filtered of debris
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Table 1: Selected MAR methodologies. (Source: Dillon et al. 2009)

MAR method | Description

Aquifer storage and
recovery (ASR)

Injection of source water into a borehole (or well), followed by
recovery from the same well.

Aquifer storage, transfer
and recovery (ASTR)

Similar to ASR, however, the injection of water and recovery
water are from different boreholes. Used as an additional
treatment tool as water has a longer residence time in the
aquifer.

Infiltration ponds

Surface water is diverted into off-stream basins and channels,
where water is allowed to then infiltrate down to the
underlying unconfined aquifer.

Infiltration galleries

Buried trenches in permeable soils, allowing infiltration
through an unsaturated zone to an unconfined aquifer, usually
via slotted pipes.

Recharge weirs

Water detained in ephemeral streams through a dam will
infiltrate the unconfined aquifer and enhance storage within.

Rainwater harvesting for
aquifer storage

Water from roofs (or plastic tunnel covers) is collected, filtered
and diverted for injection or infiltration into the aquifer to be
retrieved later when it is required.

Dry wells

Water is infiltrated into deeper water levels after injection into
shallow dry wells, allowing further infiltration of good water
quality to a deeper, unconfined aquifer.

Bank filtration

Intentional groundwater extraction from a borehole that
is near a surface water body, inducing infiltration from the
surface water body through the subsurface.

Dune filtration

Infiltration of water within sand dams and then extraction from
boreholes downgradient of the sand dams. A local example
of this is the MAR scheme designed at Sedgefield (DWAF
Annual Report, 2010).

Sand dams

These dams are typically constructed in ephemeral stream
channels in arid areas. Sediment is trapped during flood or flow
events, creating an aquifer for filtered groundwater storage.

Figure 2: Stage diagram indicating the four stages of a successful MAR

scheme.

Pre-feasibility stage

Feasibility stage

Implementation stage

Operational and maintenance stage Maintenance and optimisation.

Identify potential MAR project.
Collect existing information. ﬁ

Describe requirements of the Feasibility stage.

Assess the current legal status of water uses. v

Address legal requirements of recharge tests. GEOSS
Conduct feasibility study (including recharge rests. SOUTH AFRICA (Pty) Ltd
Preliminary infrastructure design.

Compile detailed implementation plan.

Estimate costs.

Identify funding sources.

Obtain water use and environmental authorisations.

Drill and test new injection and/or abstraction boreholes, or
construct infiltration basins.

Set up monitoring systems for recharge and recovery areas.
Detailed infrastructure design, tender and construction.
Compile monitoring, operation and maintenance procedures.

Performance monitoring and reporting.

Develop final monitoring and reporting system.
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Figure 3: Improvement of water quality as a result of injection of water into
Kharkams MAR scheme. (Source: Murray and Tredoux, 2002)
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MAR for agriculture
The application of MAR in the
agricultural sector (AgriMAR) is
successful and well documented in
many countries outside of Africa.
The aim and benefits are often to
target improving crop yields by
increasing available water storage and
groundwater salinity reductions.

AgriMAR provides a simple and
affordable option for safely storing
favourable water in the subsurface for
later use, and irrigation when it is most
needed. In America, AgriMAR studies
have been shown to enhance recharge
by approximately 10%, potentially
increasing crop consumption by
almost 10% as well (Niswonger et al.,
2017). In Bangladesh, an AgriMAR
project with construction costs of
approximately R85 000 and annual
maintenance costs of approximately
R15 000 had an estimated benefit-
to-cost ratio of 1.13 and 1.97 for the
two crops farmed in the area (Acacia
Water, 2019).

From cases like these, it is
worth considering the expansion
of AgriMAR to South Africa and,
specifically, the potential positive
impacts on potato production. This
can be investigated in all PSA regions
where groundwater and boreholes
are used. A summary of common

Figure 4: An injection borehole clogged with sediment (A) and an
overflowing injection borehole (B).
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Table 2: Potential errors that could reduce the effectiveness of an MAR scheme.

The error ‘ The problem

Poorly located injection boreholes

Wiater flows underground along a gradient. It is important to understand the hydrogeology of an area so
that injection boreholes are correctly located.

Cascading or high recharge rates

Similar to pumping tests, injection tests are important to calculate how much water can be delivered
down an injection borehole to prevent overflow losses.

Insufficient or no monitoring

It is important to monitor MAR sites in case maintenance is required and to ensure the groundwater
storage and quality response as planned.

Borehole clogging and
sedimentation

When surface water is mixed into groundwater, chemical reactions can occur. If these form particles in
the water, they can block borehole casing slots or the aquifer. This can be tested before starting injection
and can be managed.

AgriMAR benefits that can be
investigated is listed below:

Maximising available storage.
Management of water quality.
Replenishment of over-pumped
boreholes.

Maintenance of ecological
systems which are dependent on
groundwater.

What are the risks of MAR?

If an MAR scheme is not carefully
planned, some basic errors can be
made which reduce the scheme's
effectiveness (Table 2).

Examples of borehole clogging
and overflows can be seen in Figure 4.
The clogged casing slots will require
cleaning and development, while the
overflowing injection borehole needs
to have the rate reduced.

MAR has been identified as a
potential benefit to the South African
potato industry, and this article hopes
to instigate an expanding field in
AgriMAR to aid and benefit producers
who are so carefully managing their
water resources.

The improved sustainability of
groundwater use in South Africa as

a whole will also benefit greatly from
implementing MAR schemes in the
agricultural sector, which is responsible
for approximately 65% of the total
groundwater use in South Africa. @
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