Managed Aquifer
Recharge (MAR)

Practical Techniques for the
Caribbean
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e \What i1s MAR?

e Antigua and Barbuda water resources
ISSues

e Why promote MAR?

e MAR: Techniques

e MAR: Design criteria and considerations
e MAR: Strategy guidance
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e Managed Aquifer Recharge

e /s the intentional diversion of surface water to the groundwater
reservolr by modifying, through a variety of techniques, the natural
movement of surface water’ (UNESCO-IHP, 2005).

— Previously known as ‘artificial recharge’

— MAR is a useful mechanism in sustainable
integrated water resources management.
e Store freshwater for water supply underground, in aquifers
e Restore ground water levels
e Address water quality issues
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e High seasonal and interannual rainfall
variability

Isohyetal
distribution of
rainfall in
Antigua, in inches.

Source: Cooper and Bowen,

2001.
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e Antigua and Barbuda are prone to

droughts and storms.

— Less than 10% of annual rainfall falls in the dry
season: January to April.

— Hurricanes can produce 250-750mm of rain in a few
days

— The unreliability and variability in climate is predicted
to worsen (Office of the Prime Minister, 2001)
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e \Water Demand
— Antigua and Barbuda has a combined population

of 84,000

— Tourism
requires
reliable
water




Antigua & Barbuda water %EHI
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e Water supply

— Surface water reservoirs: Potworks reservoir is
contaminated and has high evaporation rates

— 50 active well fields (coastal aquifers affected by salt
water intrusion)

— 2 Desalination systems (table below describes the over-
reliance on desalination)

Rainwater harvesting Source Dry season % |Wet season %
IS an important source Surface water 5 25
of safe drinking water Groundwater 20 15
at the household scale Desalination 75 60
| (After USACE, 2004)
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e Sanitation

— Poor sanitation Is a
particular problem in St
John’s

— Some properties discharge
untreated effluent

— The majority use septic tanks which vary In
efficiency

— Groundwater guality Is affected
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The ability to store freshwater for later use

Balancing out supply and demand fluctuations

Stabilising or raising groundwater levels where currently over-exploited
Freshening of brackish groundwater

Reducing losses to evaporation and runoff

Improving Groundwater quality

An appropriate simple technology

A reduced footprint to surface water storage

Flood benefit: control of surface runoff

Environmental benefit: control of land degradation and desertification
and reduction in turbidity of surface water
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e However:

MAR is not always
applicable

Poor water quality
creates ‘clogging’ of

systems

Potential contamination
of groundwater

Maintenance

Larger scale schemes
require detailed
Investigation

>

EHI
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Physical ‘clogging’ caused by suspended sediments

clogging is often the major limiting factor to recharge

STRAINING PHYSICAL-CHEMICAL

Bridging
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MAR: Techniques %EHI

e Main groups:
— Infiltration techniques
— Direct recharge
— Channel modification (infiltration)
— Catchment management

— Indirect recharge
e Over-irrigation
e Leaking supply pipes
e Sewage disposal via septic tank
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MAR: Techniques

Soakaway/trench

Infiltration techniques

EHI

CARICOM

A: Infiltration trench with surface inflow (for good quality run-off)
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MAR: Techniques %EHI
Infiltration techniques W

Side slopes

Swale slopes less than 5%, J:1 or less
as close to zero as dreinage
will permit

Small weir
7 Surface run-off

»

: \
oy
| Infiltration
Stone prevents

downstream scour
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Infiltration techniques W
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Infiltration techniques G

Infiltration gallery with pre-treatment

B: Infiltration trench with perforated pipe and capacity for pre-treatment

Inflow: run-off from

Clean shone road, swale or gutter
or rubble Filter fabric down pipe
/ —

ll"*. Perforatad pipe (not essential) I =] 1'1513n dard
i e curb inkst
\ \
1 Sediment trap,
J.-"" . optional
¢ ; . ; : 3 ] . ; hydrocarbon
Permeable f i 1 ' Y i i ; interceptor

filter fabric Infiltration
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MAR: Techniques
Infiltration techniques W
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Bz Ditch and furrow system
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slope >3%
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Recharge well

MAR: Techniques

Direct recharge

CARICOM

A: Recharge well or "suckwell’ for storm drainage

Inflow, run-off = =
from road 1 I]
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MAR: Techniques %EHI
Direct recharge e

Direct Injection:

(Aquifer Storage and Recovery)

Aquifer Storage and Recovery (ASR)

ll‘l‘lﬂi“ﬂ'l ‘r-l.l““":'n
wall

Source: Smartwater.com.au
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MAR: Techniques
Channel modification
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Check Dams
Recharge dams

Examples...

Stone pitching on In Pravious locally sourced fill
upstream face

Maximyﬂﬂ_‘-_*@te_rlg'@L__ o 0.5m frechoard
S R ) s [ = Sl S —— Level of
spillway Boulderfconcrets

apron 0.25m desp

Side slopes
2.5:1 (h:v)

A\ C.3m

5

; trench, 0.6m wide
ﬁam mu:k 1.2m
wide in soft rock

Masonry core”
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MAR: Design
criteria and
considerations

Conceptual flow/decision
diagram for MAR
Implementation

STOP l Determine demand for stored water
—— . 0Orrestart ]

Determine availability of aquifer and surface area for MAR
scheme

1

Is the aquifer suitable for MAR?

-Geological structure?
\ -Hydrogeological parameters?

No

Yes

| Determine availability of source water |

|

Is it economically feasible to recharge aquifer?
No -Hydrology: water availability (in space and time)

-Topography?

-Engineering requirements?

-Soil infiltration?

1 Yes

Select an appropriate technigue for MAR based on
information collected

<Is the quality of source water adequate to prevent clogging?"’e%

| N

—— | Prescribe pre-treatment or management of clogging |

|

Is MAR still economically feasible?

No

| ves

Determine change in water quality as a result of mixing with
native groundwater, plus attenuation of contaminants

|

No Does quality of resultant groundwater meet guidelines for
environmental protection and for the desired beneficial uses?
l Yes
No

Can recharged water be readily recovered or are benefits evident? >

l Yes
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e Geology and Hydrogeology:

— Physical character of the subsurface deposits namely
the depth, porosity and permeability

— Depth to the water table
— Maximum permitted water table fluctuation;

— Transmissivity and hydraulic gradient of the water
table;

— Chemistry of the subsurface deposit and the native
groundwater.
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e Hydrology:
— Quantity of water available for recharge

— Timing of flows and the seasonal
availability of water

— Location (within the catchment) of
available water

— Current demand and water use
— Local topography

— Engineering designs required to convey
water to the recharge site
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e \Water quality and clogging: e
MAR can effectively treat water: physically, through filtration, and
chemlcally and biologically in the soil and rock matrix (e.g. septic tanks).

— Physical clogging generally occurs at or near the surface when water has
a high turbidity (suspended solids load)

— Biological clogging occurs as a result of microbial growth usually when
water has a high nutrient content

— Chemical clogging occurs through the precipitation of minerals in the
soil, aquifer or the infiltration surface

— Clogging is best controlled through prevention (via pre-treatment), and
thus knowledge of the quality of the available water is crucial
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e Solil infiltration capacity:
— Where possible and land is available infiltration systems
are preferable
e Clogging can be affectively managed by scraping of sediment
e Water is naturally treated in the vadose (unsaturated) zone
e Less pre-treatment is required

— Soll infiltration capacity must be high enough to allow
Infiltration

— Soll type maps can inform areas with opportunity for
surface infiltration MAR schemes

— On-site testing must be undertaken to verify infiltration
rate
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] ] [ Topographic map | Including detailed land relief contours
Strateg |C Plan n [ ng i Hydrographic map Including drainage pattern, catchment boundaries
. . and other surface water features
o AChIeved USIng, i Climatic Ma Including average annual rainfall, or effective
rainfall distribution
GIS and mappin P infall distributi
teChanueS " Geological map Including underlying strata and dimensions, for
.. . locating aquifers

— Decision making . _ .

. v Hydrogeological Including groundwater table contours (inferred from
and plannlng tool map baseline information collected)

— Consider a” vi Soil map Including infiltration capacity
re.lt:evant deS|gn vii Land use map To |di2':::fr31/r£§;(:2tlal pollution hot-spots, or sub-
criteria

. .. | Population density . . : :

_ Plannlng for viii map To identify areas of high public water demand
further StUdy Water To identify where schemes can be located to
(fe aSi blllty / Site iX Infrastructure assimilate best with current water supply

map infrastructure (thus reducing cost)

Investigation)
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The role of MAR in Integrated Water Resources Management
(IWRM) and policy:
— MAR exploits natural processes and the connectivity within the
hydrological system
— Has multiple, cross-sector benefits
e Improved, more resilient water resources,
e Reducing water loss, and promoting water re-use
e Adaptation to climate change
e Benefits to public health, agriculture, tourism etc

— MAR implementation requires coordination of the government
and civil society stakeholders

— And... it MUST be implemented alongside demand management
and water conservation strategies, watershed management, and
public education and awareness strategies
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