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Praia is located on Santiago island, the largest of the ten volcanic islands making part of Cape Dakar is located in the Senegalo-Mauritanian Basin, which stretches from Guinea-Bissau to Mau- Bamako is located on the edge of the Taoudeni Basin. A series of fractured sandstones covers the Ouagadougou is located on a crystalline basement with limited aquifer storage and permeability. Niamey is located on the edge of the lullemmeden Basin, where the Continental-Terminal (Mio-Plio-
Verde. The weathered and fractured volcanic rocks have good storage and permeability. However, ritania. There are several aquifers available: the deep Maastrichtian sandstone aquifer, the Paleo- crystalline basement. These sandstones have a good aquifer potential. There are also shallow Qua- cene) aquifer thickness doesn’t exceed 30m. The crystalline basement underneath can be exploited
the recharge is extremely low, with precipitation around 200 - 300 mm/year, and irregular cene limestones, the Lutetian limestones, the Quaternary Infrabasaltic aquifer and Thiaroye sands ternary deposits in the alluvial plain of the Niger River and laterites, both with a good aquifer potential. Water supply . i ) ) i locally, depending on the level of weathering. The alluvial plain of the Niger River also constitutes a

’ ’ ) e ’ ’ ’ Ouagadougou relies on the Ziga and Lumbila reservoirs. The Ouaga reservoir local a, uifer '

Water supply " Water supply has been abadonned due to pollution. In addition, the water company ONEA g er.
About 98% of the population has access to the water supply network, mainly Water supply According to the most recent resources, it appears that the coverage of public ’ uses several boreholes to supply the network, as well as boreholes equiped 2% Water supply
by a private tap or a public fountain. The network is supplied with desalinated F All residents of Dakar have access to public water supply, either through water supply has greatly improved in the last few years in Bamako, with an : with hand-pumps to decrease the pressure on public fountains. Private con- The public water network of Niamey has a relatively good coverage. It is es-
seawater from several treatment plants. 2% private taps (96%) or public fountains (4%). Half of the network is supplied by almost universal access. Not so long ago, shallow hand-dug wells were still % nections to the public water supply network are restricted to the city centre. timated that 85% of the population has access to it. Water is pumped from

Groundwater use in the rest of the country
Main urban centers rely on desalination.

Groundwater issues and impacts

Not applicable (groundwater use is extremely limited) Non-groundwater

@ \Indifferentiated
Water demand strategy

Managed Aquifer Recharge (MAR) is under study, but for irrigation purposes.
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Climate
Hydrogeology

Banjul is located in the Senegalo-Mauritanian Basin, which stretches from Guinea-Bissau to Mauri-
tania. There are two main aquifers: the Shallow Sandstone Aquifer (made of the phreatic aquifer in
Quaternary deposits and the semi-confined aquifer) and the Deep Sandstone Aquifer. The latter is
not exploited because it is brackish.

Water supply

About 56% of the residents have access to public water supply, either via a
private tap (80%) or a public fountain (20%). The network is supplied with
groundwater from the semi-confined sandstone aquifer, tapped by 77 bore-
holes across the Great Banjul Area although only 70 are operational. It is
estimated that 20% of the population rely on domestic hand-dug wells, which
are not considered as safe drinking water supplies. Other residents use com-
munity boreholes equipped with solar or hand pumps, or private boreholes.
Groundwater also supports cash crops smallholders in the fringe of the city
and hotels.

@ Groundwater

Groundwater use in the rest of the country
Because the Gambia River is under tidal influence until far inland, all drinking water is abstracted
from the Shallow Sandstone Aquifer in the Gambia.

Groundwater issues and impacts

The limited collection and treatment of wastewater and solid waste is a concern for groundwater
quality in the phreatic aquifer (nitrates, bacteria). The proliferation of boreholes also causes a risk
of over-abstraction in the semi-confined aquifer, with potential intrusion of saltwater from the sea or
the river and contaminated water from the overlying phreatic aquifer.

Water demand strategy
There are plans to extend the public water supply network and to drill additional boreholes.

boreholes, tapping various aquifers near Dakar. Since 1972 and to cope with
the demographic growth, water is also pumped from the Lac de Guiers, 250
km away from Dakar.

Non-groundwater
Groundwater use in the rest of the country @ Groundwater
In Senegal, 150 out of the 193 urban centers managed by the national urban water supply company

rely exlusively on groundwater.

Groundwater issues and impacts

Seawater intrusion due to overabstraction and declining water levels have been reported in the bore-
holes tapping the shallow Quaternary aquifers (Infrabasaltic and Thiaroye). Nitrate contamination
has also been reported since the 80’s, leading to the closure of many boreholes. The interruption of
pumping has caused seasonal lakes and recurrent flooding in suburban areas. Urban encroachment
is a concern for the protection of wellfields originally located outside of the city.

Water demand strategy
A seawater desalination plant is under construction in Dakar. Project for a second seawater desali-
nation plant is in discussion. Pumping capacity at the Lac de Guiers will increase in the next years.

used by 55% of the population.

Groundwater use in the rest of the country

The national water company (SOMAGEP) supplies 18 cities in Mali, including
Bamako. Eight of them rely mostly on groundwater: Bandiagara, Nioro, Kou-
tiala, San, Sikasso, Tombouctou, Gao and Kidal. Since 2017, the company is
supplying 60 additional urban centres, all of which rely on groundwater.

Non-groundwater
@ Groundwater

Groundwater issues and impacts

Nitrate pollution is a primary concern for both shallow and deep groundwater. Nitrate values can
reach 500 mg/L. Faecal coliforms are also present in most of shallow wells. Next to anthropogenic
contamination, the lack of wastewater treatment also causes a rise of the water table.

Water demand strategy
No information available.
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Population city Population growth
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Climate
Hydrogeology

Bissau is located in the Senegalo-Mauritanian Basin, which stretches from Guinea-Bissau to Mau-
ritania. There are several aquifers: the deep Maastrichtian aquifer, used for public water supply, the
lower-yielding Paleocene/Eocene aquifer, the Oligocene aquifer, with high salinity and also high iron
content in certain locations, and the shallow Miocene and Quaternary aquifers.

Water supply

The public water supply company has recorded about 22,000 connections.
Assuming that one connection supplies around 6 or 10 people, it is esti-
mated that the network supplies between 1/5 and 1/3 of the population in
Bissau. Water is pumped by 16 deep boreholes tapping the Maastrichtian
aquifer. Boreholes are spread over the city and supply separated networks
that cover different neighborhoods. Residents without access to public wa-
ter supply rely mostly on community boreholes and wells, tapping the shal-
low Miocene and Quaternary aquifers. Wealthy households and businesses
can afford deep boreholes to reach the Maastrichtian aquifer.

@ Groundwater

Groundwater use in the rest of the country
Urban water supply is decentralized in Guinea-Bissau. It is estimated that all cities rely on ground-
water.

Groundwater issues and impacts

Bacterial contaminants have been found in shallow boreholes and wells, as well as in public piped
water. In the latter case, it seems to result from cracks in the pipes, where wastewater can leak in. In
addition, the lack of maintenance of public supply is causing serious losses.

Water demand strategy: No information available.
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Traditional hand-dug wells are only used for other purposes than drinking.

Groundwater use in the rest of the country

Out of 57 urban centres supplied by the national water company (ONEA), 37
depend exclusively on groundwater and 7 depend partly on groundwater (the
remaining 12 depend on surface water).

Non-groundwater
@ Groundwater

Groundwater issues and impacts

Shallow groundwater is polluted in many places, in particular with nitrates, faecal bacteria, and arse-
nic to a lesser extend. The main sources of pollutants are from agricultural chemicals and fertilizers
from market gardens, wastewater runoff and industrial effluent. Groundwater in deeper boreholes is
of better quality.

Water demand strategy
No information available.

1.000 km
|

the Niger River and treated at several plants. Residents without access to the
public water supply network rely on domestic hand-dug wells and boreholes
equipped with handpumps or purchase water from private sellers or street

vendors.
. Non-groundwater
Groundwater use in the rest of the country

Out of 55 urban centres supplied by the national water company (SEEN), 50 rely on groundwater.

Groundwater issues and impacts

Due to the use of soak pits and losses in the water supply network, the water table has risen, leading
to floods and damages to the foundations of buildings. The agricultural activities have contaminated
the alluvial aquifer with nitrates. Elsewhere, groundwater is mainly polluted by waste and wastewater
(soak pits), associated with faecal contaminants, and by industrial activities. This is further exacer-
bated by floods.

Water demand strategy
A new drinking water plant has been inaugurated in 2021.
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Hydrogeology

Lagos is located in the Coastal Sedimentary Basin, which stretches from Ghana to Nigeria. There
are two main aquifers in use: the Continental-Terminal (or Mio-Pliocene) aquifer and the shallow
Quaternary deposits. In the rest of the Lagos State, the deeper Cretaceous aquifer is also exploited
and might also be exploited in Lagos in the years to come.

Water supply

It is estimated that only 20% to 25% of the population has access to public
water supply, either through a private tap or a public fountain. Public water
supply comes from several treatment plants on the Ogun and Owo Rivers as oA
well as Aye River near Itoikin. Most of the residents without access to public o

water supply rely on domestic boreholes and hand-dug wells. A large propor-

tion of residents also buy water from private sellers.

,

Groundwater use in the rest of the country
Groundwater is a major source of water supply throughout the country. Non-groundwater
@ Indifferentiated

Groundwater issues and impacts
@ Groundwater

There are evidences of contamination by bacteria and heavy metals in wells,
water sold in bags and public water where cracks in the pipes allow wastewa-
ter to leak in. Groundwater contamination is a major issue in Lagos State. Major pollutants include
salt water and oil products.

Water demand strategy
The Lagos Water Corporation had a Master Plan foreseeing the building of new water treatment
plants, a monitoring station and new pipelines by 2020. None of these objectives was achieved.
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Hydrogeology Hydrogeology Hydrogeology Hydrogeology

Conakry is located on igneous rocks that are weathered near the surface.

Water supply

In 2011, it was estimated that 35% of the population had a private access to
public water supply, 30% was getting access through the neighboors and 7%
had access via public fountains. Most of water supply is provided by surface
water reservoirs, in particular the reservoir at Grandes Chutes, 60 km from
Conakry. 15% is provided by groundwater (7 boreholes). Since water is sup-
plied by gravimetry, the higher neighborhoods are poorly served. Residents
without access to public water supply rely on hand-dug wells, boreholes or
private vendors.

A
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Non-groundwater
@ Indifferentiated

Groundwater use in the rest of the country ® Groundwater

In total, 34% of urban centres rely on groundwater.

Groundwater issues and impacts

Groundwater is naturally contaminated by fluoride and arsenic. There are also many evidences of
contamination of wells by faecal bacteria, caused by the gaps in wastewater treatment. It appears
that a majority of shallow hand-dug wells doesn’t meet WHO standards.

Water demand strategy
An additional pumping station of surface water will be built at the Kale dam.

The aquifers consist of intrusive igneous rocks and poorly consolidated Tertiary and Quaternary
sediments (sand and gravel).

Water supply

The public water supply network has not yet recovered from the civil war in
2002. It relies principally on the Guma Dam (over 90%). Residents who are
not connected to the public network mostly rely on shallow hand-dug wells.

N\

Groundwater use in the rest of the country
The rest of the country relies on hand-dug wells and, to a lesser extent (10%)
on boreholes.

Groundwater issues and impacts
Hand-dug wells are particularly vulnerable to contamination. Given the gap of g
public and private water treatment, the city is prone to water-borne diseases.

Non-groundwater
Indifferentiated
@ Groundwater

Water demand strategy
The Freetown Water Supply Rehabilitation project is to rehabilitate the water infrastructure.

Monrovia is located on the Paynesville sandstone aquifer, of Paleozoic-Mesozoic age, which over-
lies a gneiss basement. The sandstone aquifer is topped by Quaternary deposits.

Water supply

The public water network has been severly damaged during the civil war.
Water is pumped from the Saint Paul River, at the White Plains Water Treat-
ment Plant. The water supply company also manages 3 wells, but ground-
water abstraction is not significant.
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Non-groundwater
@ Indifferentiated

Groundwater use in the rest of the country

Urban water supply infrastructure has been damaged during the civil war. It
is being rehabilitated gradually. The cities of Kakata and Zwedru depend on
groundwater.

\
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Groundwater issues and impacts
Hand-dug wells are contaminated by nitrates, heavy metals, bacteria, etc. Contamination is exacer-
bated by flood events.

Water demand strategy
Not available

Abidjan is located in the Coastal Sedimentary Basin. The following aquifers are used:

+  the deep Maastrichtian aquifer (£ 200m deep), exploited by a bottle water company,

+  the Continental-Terminal (or Mio-Pliocene) aquifer, semi-confined, supplying the public water
network, and

+ the shallow Quaternary deposits, exploited through hand-dug wells.

Water supply

The public water supply company relies exclusively on groundwater from the
Continental-Terminal aquifer. It recorded 535,000 connections in 2018. Anoth-
er source indicates that water supply meets 85% of water demand, but with-
out taking the losses of the network into account. A third source estimates that
70% of the population has access to public water supply. Water supply was
not steady until an additional wellfield was created in 2017 in Bonoua, 60 km
from Abidjan. The residents without access to the public network rely on pri-
vate sellers, most of which tap water from the public network, or on hand-dug
wells in the Quaternary deposits, in partiuclar in low-income neighborhoods.

@ Groundwater

Groundwater use in the rest of the country

Most of the large cities in the country rely on surface water (Bouaké, Yamoussoukro, Daloa, Korhogo,
Man, etc.), either from reservoirs or from pumping stations on the rivers. Villages and small cities that
are not supplied by the reservoirs rely mostly on groundwater.

Groundwater issues and impacts

Anthropogenic contamination was found in several hand-dug wells, indicated by high nitrate, sulfate
and chloride concentrations and the presence of bacteria. Near the coast, saline water is found in
hand-dug wells. Nitrate contamination was also reported in boreholes supplying the public water
network, like the wellfield of Plateau, which was abandonned.

Water demand strategy: A treatment plant is in construction on the Mé River, 40 km from Abidjan,

\_ which should be ready in 2021.
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Hydrogeology

Cotonou is located in the Coastal Sedimentary Basin, which stretches from Ghana to Nigeria. There
are two main aquifers in use: the Continental-Terminal (or Mio-Pliocene) aquifer, supplying the public
water network from several wellfields, and the shallow Quaternary deposits tapped by many hand-
dug wells. The Continental-Terminal aquifer is confined or semi-confined under a layer of clay.

Water supply

About one half of the population of the greater-Cotonou area has access to
public water supply. The other half relies on local water sellers, who also ex-
tract groundwater, or on domestic hand-dug wells. Access to public water net-
work is higher in the old, central part of Cotonou and very low in new suburban
areas. The public water network is supplied by two wellfields, in Godomey
and Ouédo. The Godomey wellfield was installed in 1956. As pumping rates
increased over the years, the water levels dropped and, in the mid-1980’s,
the salinity increased due to the intrusion of brackish water, probably from the
Nokoué lake. Several boreholes were abandonned. Originally located outside the city, Godomey is
now part of it. The second wellfield was created in Ouédo in 2014, further away from the sea and
from the lake. However, urban encroachment is progressing very rapidly in Ouédo. Private well own-
ers in Godomey and Ouédo say the water levels have dropped after the wellfields were installed. This
suggests a conection between the deep aquifer, tapped by the wellfields, and the shalow aquifer,
tapped by hand-dug wells. In some periurban neighborhoods, water supply is shared between the
urban water supply company and the organisation in charge of rural water supply.

@ Groundwater

Groundwater use in the rest of the country

In the rest of the country, only 4 cities are supplied in drinking water by surface water. Two
of these cities are fully supplied from surface water (Parakou and Savalou) and the two oth-
ers (Djougou and Natitingou) are partially supplied by groundwater and surface water.
Groundwater acount for 95% of urban water supply in the country.

Groundwater issues and impacts

Besides, saltwater intrusion, there have been several evidences of anthropogenic contamination of
shallow hand-dug wells. This contamination is exacerbated during flood events, which affects mostly
low-income neighborhoods. The water level in hand-dug wells is also decreasing near the wellfields,
showing a potential hydraulic connection between the Quaternary deposits and the Continental-Ter-
minal aquifer.

Water demand strategy
A third wellfield is developed at Zinvié in the North-East of Calavi and is supposed to be exploited
soon for the area of Abomey-Calavi. Another larger wellfield will be developed in 2021 in Tori in the
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BACKGROUND

The population of Western Africa is booming, as a consequence of the demographic transition.
The region was home to 316 million people in 2007, they are now 391 million, and could reach
796 million in 2050. The population is growing more rapidly in cities than in rural areas, partly due
to migration. The rapid growth of urban areas comes with planning and infrastructure challenges
including water supply and sanitation. As many cities rely on groundwater for water supply, there
are risks of groundwater over-exploitation and contamination.

As part of the World-wide Hydrogeological Mapping and Assessment Programme (WHYMAP), the
status of groundwater use and management was assessed for the largest city in each of the 15
member states of the Economic Community of West African States (ECOWAS). The assessment
relies on a comprehensive literature review (accessible at https:/www.un-igrac.org/whymap-refer-
ences) and on inputs from national experts who are acknowledged below.

The main outcomes of the assessment are provided in city profiles. Groundwater-dependent cities
share similar challenges in terms of groundwater use and management, which have been captured
in a Driver/Pressure/State/Impact/Response (DPSIR) framework.

This assessment shows, among other, the need for groundwater characterization and for ground-
water management measures, such as monitoring, borehole licensing and protection zones.

DPSIR FRAMEWORK
DRIVERS, PRESSURES, STATE, IMPACTS & RESPONSES

DRIVERS
D1- Rapid demographic growth in cities and urban encroachment

PRESSURES

P1- Increased groundwater abstraction in wellfields

P2 - Insufficient coverage of water supply network, in particular in peri-urban, low-income
neighbourhoods, resulting i.a. in the drilling of private wells

P3 - Inappropriate sewage systems and solid waste collection and disposal

P4 - Additional polluting activities

STATE

S1- Decline of groundwater levels (sometimes causing seawater intrusion in coastal cities)

S2 - Groundwater contamination (e.g. nitrates, faecal contaminants), affecting mostly private
dug wells

Improved public and domestic facilities for wastewater and solid waste disposal (prevents )
Universal access to public water supply (e.g. pro-poor strategy services) ()

Repair leaking pipes ( and )

Additional sources of water: further wellfields, surface water abstraction plants or seawater
desalination plants ()

Protection zones (-, contamination of wellfields)
Borehole licensing (prevents  and )

General or wellfield groundwater monitoring ( and
and drinking contaminated water)

1 it prevents unsustainable abstraction

GROUNDWATER IN FAST GROWING CITIES IN WESTERN AFRICA

This map was prepared and published as part of the World-wide Hydrogeological Mapping and
Assessment Programme (WHYMAP) - www.whymap.org. The following experts have contributed
to this assessment:

Hydrogeology
Accra lies on top of crystalline (mostly metamorphic) rocks, with variable storage and permeability.

Water supply

It is estimated that only 45% of the population have access to public water
supply. Public water supply is derived from the Volta River, at the Akosom-
bo dam and the Kpong treatment plant, and the Densu River at the Weija /%//
reservoir. The rest of the population relies on street vendors (bottles, bags, //":'4
tanks and carts) and domestic or community hand-dug wells and boreholes.

The access to public water supply is inequal: the coverage in poor, suburban 7////
areas is very low. In some periurban neighborhoods, water supply is shared

between the urban water supply company and the organisation in charge of Non-groundwater
rural water supply. @ Indifferentiated

Groundwater use in the rest of the country: 16% of urban areas depend on groundwater

Groundwater issues and impacts

A greater part of Accra is underlain by hard rocks, where groundwater occurrence is controlled by the
presence of fractures. Not all wells have a satisfying yield. Groundwater has high iron and/or chloride
content.

Water demand strategy
In new neighbourhoods, where public water supply have not yet been extended, individuals have
drilled their own private boreholes.

several aquifers in use (from deeper to shallower): the Maastrichtian, Paleocene and Continental-Ter-
minal (or Mio-Pliocene) aquifers and the Quaternary deposits.

Water supply

It is estimated that 44% of the population has access to public water supply,
mostly in the city centre. In suburban areas, the access is lower than 5%.The
public water network is supplied by groundwater, 70% of which is abstracted
from the Continental-Terminal aquifer. Residents without access to public wa-
ter supply rely on domestic or community hand-dug wells and boreholes, or
groundwater sold by private sellers. The Continental-Terminal aquifer is also
tapped by several boreholes for industrial use.

@ Groundwater
Groundwater use in the rest of the country: 85% of groundwater use in Togo in 2009.

Groundwater issues and impacts

There have been several evidences of anthropogenic contamination of shallow hand-dug wells. This
contamination is exacerbated during flood events, which affects mostly low-income neighborhoods.
Because of the significant use of the Continental-Terminal aquifer, water levels have declined. Saline
intrusions are occuring in the Continental Terminal aquifer and coastal sands. Nitrate pollution is
found in groundwater underlying highly populated areas.

Water demand strategy
Additional boreholes are drilled in 2020. There is the Sogkagakope-Lome project, under study, for
bringing water from the Volta River in Ghana, 80 km away from Lome.
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