






















































SIERRA LEONE 

Area; 71,740 km2 

Population: 3.47 million (United Nations estimate, 1983) 

I. BACKGROUND 

On the basis of the interpretation of aerial photography, Sierra Leone 
has been divided into 44 natural units, grouped in four main regions, each 
subdivided into a number of subregions. 

Natural regions 

Two-thirds of the country are occupied by plains and plateaus deeply 
incised by the hydrographic network, from which rise a number of hills and 
mountain chains and massifs. The plains and plateaus correspond to areas 
of ancient erosion and their characteristics are similar to those of the 
higher parts of the country. A feature of this landscape is the large 
number of narrow valleys covered with alluvial and colluvial deposits which 
are transformed into swamps by flooding in the west season. The coastal area 
has swamps and escarpments flanked by marine terraces. 

The coastal plain covers 15 per cent of the country. It can be divided 
into four subregions. 

1. The marine terraces (about 50 per cent of the coastal plain) line 
between 2 and 40 m above sea level and consist of unconsolidated material 
incised in all directions by small watercourses, There are also some higher 
terraces bordering the mountains of the peninsula close to Freetown, the 
capital. They are about 70 m high and are overlain by a lateritic crust and 
eroded by the beds of swift-flowing rivers. 

2. The estuarial swamps lie at the foot of the marine terraces, They 
were formed by the deposition of silt and clay along the main rivers. Areas 
of mangroves are conunon in this region. 

3. The alluvial plains lie at an altitude of up to 15 m above sea level 
in the area of fresh water which follows the courses of the little Scarcies 
and the Sewa, Here the grassy plains can be very large in extent. 

4. The coastal zones lies along the edge of mountain chains of 
various ages and it 'can be up to 20 km wide, in Turner's Peninsula for 
example. In places these coastal chains have deflected the courses of large 
rivers such as the Wanji and Sewa, which converge in their lower courses 
and flow as a single stream for 50 km along the coast. 

The lower plains cover some 43 per cent of the country and form its 
largest geographical region. The plains rise steadily from west (40 m) to 
east (up to 200 m). They are divided into two main subregions. 

1. The "undulating plains" in the west, gently sloping terrain covered 
wlth a thick compact layer of lateritic and pyrolytic gravel which has a 
high iron content, The swampy areas are less common and narrower than in 

- 325 -



the plains in the east, In their central part these plains are formed of 
hard sediments of the Rokel group. The swampy areas spread out into depressions 
called "bolis". 

The eastern plains lie on a complex of granitic rocks, The slopes ,·111:0e 
gentle and the swamps narrow; isolated hills are found throughout the region. 
In the north near the escarpment the terrain is more broken with many low 
rocky hills. 

2, The "Bolilands" extend for 50 km at their widest point, These are 
depressions and low terraces along the Rokel and the Mabole resting on Rokel 
sediments, The extensive floods of the rainy season are due to the lack of 
development of the hydrographic network, which causes the rivers and streams 
to overflow. 

The plateaus lie on granitic rocks at an altitude of 300 to 700 m and 
cover 22 per cent of the country in the north-east and south-east. The 
variations in relief and the heavy erosion lend variety to the landscape. 
There are two main subregions. 

1. The high rolling plains in the east, They resemble the interior 
plains and are dotted with low isolated hilis, 

2. The plains and hills of the western and southern parts of the 
plateaus. Narrow alluvial plains are found here adjacent to the courses 
of the main rivers. Altered granite suboutcrops in the north; this area has 
many rocky outcrops, The southern hills are covered with a thick layer of 
ferrous and lateritic gravel. 

The hills and mountains form two subregions: 

1. The hills of basic and ultrabasic rocks resistant to erosion. 
These chains of hills are generally quite high, The high iron and alluminium 
content of the rocks has produced crusts of laterite and compact ferralitic 
gravel. Chains of hills formed of these gravels are common at altitudes of 
470 to 800 m in the Freetown peninsula and along the escarpment. The iso
lated mountains or mountain chains are covered with laterites and rise above 
the plateau and the interior plains. 

2, The hills of acid. granitic rocks, which rise to 1,000 m along the 
perimeter of the plateau. In the escarpment area the hills are eroded by 
the water courses, 

Mt. Bintumani rises to 1,945 m in the Loma mountains; it consists of 
"young" granites and is capped with dolorites, 

Climate 

The climate is generally of the wet tropical type with six separate 
seasons: three dry and three wet. 

First dry season: end-November/mid-December, with temperatures of 21oc to 
32°C, west winds and high humidity: storms sometimes occur at night and a 
dense wet mist in the morning, 
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Cool dry season: mid-December/mid-February, with hot days (32°C) and 
cool nights (below 7°C in the north), In the afternoon the air is very dry, 
sometimes with a relative humidity of only 10 per cent, An east wind, the 
harmattan, blows constantly from the late morning until the afternoon, This 
wind can be strong, especially in the north and north-east of the country, 
In the coastal areas the nights are never cool, The minimum temperature 
rarely falls below 18°C and the harmattan rarely blows hard. 

Dry hot season: mid-February to early April in the south-east and to 
mid-May in the north and some coastal areas, until the first storms come. 
The days and nights are hot and increasingly humid, The winds blow from 
the west. The springs dry up, 

Early squalls: April-July, characterized by sudden storms from the 
east with strong winds, heavy rain, thunder and lightning, The squalls occ.ur 
in the early evening in the south-east and increasingly later in the centre 
and west, The days are not and the nights cool after the squalls have passed, 

!1ain rainy season: July-September, c.loudy, humid and fairly cool. There 
is frequent heavy rainfall but little thunder; the sky is usually overcast, 
The winds blow from the '"est. This is the season of food crops. 

Late squalls: mid-September/mid-November, similar to the season of 
early squalls, with gradually diminishing rainfall, 

The coast has the heaviest rainfall (3,000 mm or more), There is 
another zone of heavy rainfall in the centre of the country, In the north the 
rainfall declines to 200 m or even less, December-January and March-April 
tend to be the coolest and hottest months respectively, with annual tem
peratures ranging from 240C to 28°C, The seasonal variations are less marked 
on the coast than in the interior, Temperature ranges of soc to 7oc are 
common along the coast, while in the interior they can reach 15°C in the 
harmattan season. 

Evapotranspiration 

There is little reliable data on evapotranspiration, FAO has calculated 
the potential evapotranspiration figures by computer on the basis of data 
for season, latitude, rainfall, number of hours of sunshine a day and wind 
strength. The figures vary with latitude from 1,300 to 1,400 mm a year. 
They are higher in the dry seasons than in the rainy season, The heavy eva
potranspiration and negligible rainfall in the dry seasons have a serious 
effect on the moisture content of the soil, particularly in the north. The 
soil has a moisture deficit from mid-January to the end of April in the north 
and from February to mid-¥~rch in the south. Crops cannot be grown during 
these periods unless the land is irrigated, and crops grown on bushes suffer 
from lack of water. 
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Surface water 

The size, flow and annual discharge of the main river basin l/ are 
given in the following table, 

Basin Area 
(kn,2) 

Flow 
M in 

Little Scarcies 12,870 5.1 

Seli/Rokel 10,620 1.7 

2.2 

Pampana/Jong 7,511 3.1 

Sewn 14,140 12,4 

418 

Moa 9,220 34.5 

The river basins are fairly small. 
flows are very large, as is the discharge 
40 per cent of the total annual rainfall. 

(m3/s) 
Max 

1,801 

416 

784 

389 

771 

601 

978 

However, 

Annual 
discharge 

(mm) 

1,787 

782 

1,112 

1,275 

1,028 

860 

511 

Station 

Mange 

Bumbuna 

Bumbuna 

Magburaka 

Jaiama 

Jaiama 

Kenema 

owing to the heavy rainfall 
coefficient, which represents 20 to 

The main rivers continue to flow during the dry season and overflow their 
banks in the rainy season. 

Most of the watercourses have a "young" profile in their upper courses 
where they erode the basement rock. Accordingly, with the exception of the 
Upper Mongo, it is only in their lower reaches that alluvial plains of any 
size are found, the most important being those of the Scarcies and the Sewa. 
However, the flood waters in the rainy season are an obstacle to agricultural 
development in these plains. A striking feature of the country's river net
work is the large number of swampy areas in the upstream valleys. They are 

Year 

1971 

1971 

1972 

1972 

1972 

1973 

1971 

the 

the result of regional erogenic movemen ts which blocked the valleys and 
allowed alluvial and colluvial material to accumulate. The resulting narrow 
flat-bottomed valleys are drained only by temporary slow-flowing watercourses 
which usually become swamps for six months of the year. These watercourses 
tend to flm• more quickly in their lower reaches in the better drained alluvial 
valleys. 

Another important feature is the 11Bolilands 11 area described above, This 
complex of seasonal swamps seems to have resulted from the formation by silt 
deposits in early times of a common delta of the Mabole, Rokel and Pampana, 
which flowed into the ocean north of their present estuaries during a period 
when the level of the sea was higher. The hydrographic network draining the 
Bolilands is very caried, and the extent and depth of the floods in this 
region are a major obstacle to agricultural development, 

Geology 

Introduction 

Most of the country lies on series of ancient folded crystalline rocks of 
varied lithology dating from the Archean epoch, a subdivision of the Precambrian 

ll Except for the Little Scarcies, the data concern only part of the basin. 
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period, which occurred more than 2,100 million years ago, They are overlain 
in discontinuity by the Rokel and Saionia Scarp groups, which vary in a.ge 
from Upper Precambrian to Upper Ordovician, and by the much later sediments 
of the Bullom group of Tertiary to Recent age, Intense igneous activity 
occurred in the Hesozoic period before the deposition of the sediments of 
the Bullom group, giving birth to the Freetown gabbros and the associated 
silts and minor dykes. 

Archean reeks 

The Archean formation can be divided into two w~in units in Sierra Leone, 
The Liberian complex of granites and green rocks which runs north-south and 
the Kasila group which runs north-west/south-east, 

The first unit includes a series of rocks with high iron and magnesium 
content of metamorphized to amphibolitic facies (Sula group) resting on a 
basement of quartzitic granite. 

The degree of metamorphism in the basement rock tends to increase to
wards the edges of the Sula group, producing local zones of granulite 
(Mano-Moa formation), Younger granites penetrated the series after the period 
of most intense deformation which occurred about 2,7 million years ago at 
the edges of the Sula group. 

The Kasila group consists of a series of granulites flanked by amphi
bolites which developed in an area of intense deformation and came to form 
the south-west edge of the Archean basement rock, In the early stages of 
the formation of the Kasila group a section split off eastwards, producing 
the schists of the Marampa group. 

Rokel and Saionia Scarp groups 

A long time elapsed between the deformation of the Archean basement rock 
and the formation of the River Rokel trench very late in the Precambrian 
period. Fossil-free sand-clay sediments were deposited in this trench 
(Rokel group), forming a band of rock thirty kilometres wide and 225 km long 
running south-south-east from the frontier with Guinea, 

Volcanic episodes occurred from time to time in this epoch, producing 
lava and ash (Kasewe Hills formation). 

The Saionia Scarp group rests in discontinuity on the Rokel group and 
includes a non-fossiliferous sequence of horizontal strata of sedimentary 
sandstones and schists, which are usually attributed to the Upper Ordovician 
period. 

Igneous intrusions 

Two periods of igneous activity occurred when the Gondwana continental 
mass divided into several units in the Upper Mesozoic period, The first 
period was contemporary with the first big fractures and was marked by the 
intrusion of the Freetown gabbros in the form of superimposed strata and 
series of silts, dolorites and dykes running parallel to the Atlantic coast, 
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The second period of igneous activity produced the intrusion of dykes 
and pipes of kimberlite about 90 million years ago. These intrusions are 
found mainly in the east of the country, particularly at Tongo and Yengema 
where they produced the diamond-bearing alluvial deposits of Sierra Leone. 

Bullom Group 

The band of Tertiary sediments running along the coastal zone can be 
up to 40 km wide. These formations rest in discontinuity on the Kasila 
group and the Freetown gabbros and include almost horizontal strata of gravel, 
sand and clay of marine, fluvial and estuarial origin. Laterites are found 
in places at the heart of relatively unconsolidated sediments, thus forming 
resistant outcrops, for example along the Bullom coastline north of Freetown. 

Sediments of rivers and streams 

Quaternary sands and gravels contemporary with the most recent Bullom 
deposits are found in all the country's valleys, They are themselves 
covered with recent alluvial and colluvial deposits in the valleys and along 
the estuaries of the coastal rivers, The alluvial deposits tend to be silty 
or argillaceous, while the colluvial deposits are mainly sandy. Both types 
helped to produce the relatively fertile formations which play an important 
role in the present and potential use of land in Sierra Leone, 

II. GROUND-HATER RESOURCES 

Government bodies 

Freetown was the first town to be equipped with a water distribution 
network. Other towns followed, The Ministry of Public Works (Water Supply 
Division) was initially responsible for the planning (studies), construction, 
management and maintenance of these networks. This responsibility was sub
sequently transferred to the Ministry of Energy and Power established in 
1984 with a Water Supply Division (\;'SD), to take charge of water supply and 
sanitation for towns (except Freetown) and rural areas. The WSD's Rural 
Water Supply Unit (RWSU) was organized with the help of the United Nations 
Development Programme in June 1980 to take charge of the monitoring and co
ordination of all water supply programmes in rural areas, Most of these 
programmes have been implemented at the local level through several in
tegrated rural development projects carried out by the Ministry of Agriculture 
and Forestry with the assistance of the World Bank, the European Economic 
Community, the Government of the Federal Republic of Germany and the African 
Development Bank. In addition to assisting the RWSU, UNDP is helping with 
the implementation of a pilot construction programme as part of the programme 
in operation in the Koinadugu area, where new methods and materials are being 
tested and the supervisory and technical staff are receiving appropriate 
training. UNICEF is taking part in water quality monitoring operations and 
in health education activities under all the rural water supply programmes, 
The Division of Water and Land Resources of the Ministry of Agriculture has 
carried out very limited hydrogeological studies, but no systematic study 
of any size has been undertaken. 

The World Bank is assisting with the institutional reorganization of 
the WSD, Initially the efforts will focus on the urban sector and will seek 
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to reduce to a m~nlmum the f~nanc~al support required from the State budget 
by applying sales tariffs which will at least cover the operating and main
tenance costs of the installations. Parliament is expected to produce 
appropriate legislation to give either the Ministry of Energy and Power or 
a new water distribution corporation (water authority) the legal powers to 
enforce with the necessary vigour the regulations and tariffs applicable 
to drinking water supplies and sanitation, 

Background of ground-water research 

As Sierra Leone has an abundance of surface water, ground water has 
no far received little attention, In March-April 1980 the UNDP/FAO project 
on the study of land resources sent a mission to train in the field a team 
consisting of a civil engineer, a geologist and an associate expert. They 
were taught to operate and maintain the electrical-resistivity geophysical 
prospecting equipment, The methods included electrical sounding and air
borne prospecting; the measurements were interpreted with an eye to the 
.Identification and development of ground water. 

Three geological zones, each with its specific hydrogeological problems, 
were chosen for this research: the Bullom series in the coastal plain, the 
Bolilands in the Rokel area and the granitic series which covers more than 
half the country, The study was carried out in the middle of the dry season, 
no that the team would encounter the most difficult conductivity conditions, 
The best period for prospecting is October to December after the rainy 
:wason when the soil is wet and is a good conductor, A total of 12 electrical 
noundings were made, including seven deep ones (AB = 800 or 1,000 m) and four 
nhallow ones (AB= 140 or 400 m); five geological units were identified: 

-A thin layer of lateritic crust (resistivity 1,200- 1700 ohm/m); 

-A conductive layer of clay and sand (20- 30 ohm/m); 

-A resistant layer of clay (80- 400 ohm/m); 

-A conductive deep layer of clay (25- 30 ohm/m); 

- The Precambrian basement rock at a depth of 70 to 150 m (900 ohm/m 
and higher) • 

The E5 sounding in the lateritic crust identified a thick layer (30 m) 
\iflth a resistivity of 800 ohm/m, corresponding perhaps to a water-bearing 
rwnd stratum. 

The lateritic crust may be 38 m thick at the E52 sounding, 

The electrical soundings have furnished new information about the Bullom 
lio:d.es, the Bolilands and the fracturation of the granite formations. The 
ihll lom series consists mainly of clay but it contains a sand aquifer 30 to 
'•0 m thick in its eastern part, The Precambrian basement rock is 250 m deep 
"' Haterloo, Two soundings in the Bolilands penetrated thick clay strata 
Ill the first 30 to 40 m, The electrical soundings made in granite areas seem 
l '' indicate that the fractured and altered rock may be 30 to 40 m thick along 
l.l!e main faults, Boreholes drilled along these faults would probably yield 
t-ii:~V('l~al litres a second. 
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Aquifers 

The geological and hydrogelogical knowledge of the country is very 
limited, But it is possible to give the following description of the aquifers 
on the basis of the available data. 

In some places the lateritic crust is fairly thick and forms a ground
water aquifer which could perhaps be used, but only to supply small villages. 

The alluvial deposits are usually very permeable, In the biggest valley~ 
they can be sufficiently large to provide an adequate water supply for small 
towns or small irrigated areas. However, it remains to be established whethel 
in Sierra Leone, where permanent surface water is abundant, ground water 
can compete economically with surface water in meeting the requirements for 
irrigation, 

The Bullom series of Pleistocene age, especially the sand and clay strat~ 
constitutes the country's main aquifer. Problems of sea-water invasion may 
arise near the coast and along the estuaries. 

The Rokel series, which includes argillaceous sandstones and schists and 
covers a large area of the Bolilands, is probably water-bearing but to an 
as yet unknown extent, The metamorphic schists of Marampa might contain 
small aquifers in the fracture zones, The altered and fractured zones of the 
granite basement rock are water-bearing, 

Ill, EXPLOITATION OF GROUND WATER 

Government bodies 

The Water Supply Division of the Ministry of Energy and Power is the 
Government body responsible for ground-water development, However, in 1983 
it still had no hydrogeological or geophysical equipment, At the end of 
the 1960s it had a cable-tool drilling rig and a local drilling team which 
operated in only two towns, In 1968 two boreholes were drilled at Lungi with 
a depth of 22.5 m and a diameter of 150 m. In 1970 a third hole was drilled 
to a depth of 41 m by the Ministry of Public Works (at the milestone 91 miles 
from Freetown), Owing to the lack of spare parts the drilling rig was 
scrapped and the team broken up. There are no private drilling companies in 
the country, 

The }!inistry of Energy and Power is planning a hydrogeological study 
for the whole country and was seeking financing for it in 1983. 

Urban water supplies 

The towns listed below use ground water for their drinking water supplie, 
In most cases they take it from dug wells. 

Two towns are supplied from boreholes equipped with submersible pumps, 
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Location Maximum Water use 
yield 
(m3 /h) 

Lungi inter- 22,6 Domestic and 
national air- commercial 
port 

Milestone 91 4,0 Domestic 

Bonthe 

York 

Newton 

Songo 

Kamiendor 

Son go 

Killniendor 

Gh:l.nti 

Hambolo 

.) immi 

50 

13.5 

62,5 

50 

16,2 

50 

16.2 

13.5 

50 

50 

Domestic 

Domestic 

Domestic and 
agricultural 

Domestic 

Domestic 

Domestic 

Domestic 

Domestic 

Domestic 

Domestic 

Type of Well 

Borehole 

Borehole 

Dug well 

Dug well 

Dug well 

Dug well 

Dug well 

Dug well 

Dug well 

Dug well 

Ground-water 
spring 

Ground-water 
spring 

Rural water supplies 

Comments 

Insufficient yield 

Yield declines con
siderably in dry 
season 

Yield varies slightly 
throughout the year 

Insufficient yield 

No supply for two 
months a year in dry 
season 

Water level declines 
considerably in dry 
season 

Water level declines 
considerably in dry 
season 

New station (1982) 

Supply sufficient for 
the population 

Supply sufficient for 
the population 

The water supplied to the inhabitants of rural areas can be classified as 
follows: 

1, Treated water supplied by the WSD through distribution networks. 
fh•Vtetl towns receive these supplies: Makali, Batkanu and Jf.ateboi in the north, 
l'endembu and Buedu in the east, and Serabu and Jimmi Bagbo in the south. 

2, Untreated water drawn from dug wells by diesel pumps. Installation 
1>1lth storage tank, main pipes and standpipes, Most of these installations 
nn• managed by the WSD, the others by the people themselves, 

3, Untreated spring water in the high plateaus, Installations p~p~ng 
1 hil "at er to villages three to five kilometres downhill. Distribution by 
ulandpipes, most of which are maintained by the local people, For example: 
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Town District Reg:i,on 

Jaima Kono East 

Gbawandu Kono East 

Tombudu Kono East 

Kayima Kono East 

Panguma Kenema East 

Royeima Bombali North 

Yiffin Koinadugu North 

Mabonto Tonkolili North 

Bimbuma Tonkolili North 

4. Water drawn by bucket from protected wells. Pulleys are sometimes 
installed to facilitate the drawing of the water; most of the well
construction programmes are carried out under integrated rural development 
projects implemented by the Ministry of Agriculture and Forestry with the 
assistance of the World Bank, the European Economic Community and the African 
Development Bank. The intensification of farming activities resulting from 
the implementation of these projects might cause the contamination of ground 
water by chemical fertilizers and pesticides; hence the "drinking water 
supply" element in these projects. The well programmes are operating in the 
following areas: 

Area Organization Financing Number of wells 

Koinadugu UNDP and KIADP UNDP and EEC 220 

Kenema and Kono EIADP World Bank 300 

Bombali/Tonkolili NIADP and Inter- International 700 
national Plan Plan 

Moyamba CARE/MIRDP ADB/CARE 225 

Kambia ILO/Danida UNDP 14 
Magbosi M I ADP IFAD 300 

A lined hand-dug well costs about US$ 4,000; this amount covers staff 
costs, depreciation of equipment and vehicles, spare parts, fuel and lubri
cants, and the cost of the equipment. 

5, Water taken from unprotected wells, pools and watercourses, Most of 
the population is still supplied in this way. 

Problems 

Some of the water-supply systems described above have particular prob
lems connected with the area and the type of system, In the case of dug wells, 
the recharge rate is very low, below 2 m3/h for the most part. This is par
ticularly true in areas of clay aquifers which have a very slow recharge rate, 
There may be villages close to the coast where the dug wells are affected 
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nea-water intrusion, In the case of the old gravity systems, the main 
problems are the deterioration of the piping, inadequate supplies and lack 
; __ ; f liHl:i.ntenance. 

IV. CONCLUSION 

Generally speaking, Sierra Leone has sufficient water resources to meet 
\Ill needs in the immediate future. However, it does not have enough drinking 
rmter. Only two per cent of the rural population, which makes up 75 per cent 
,,f the total population, has access to wa.ter of acceptable quality; the rest 
,,r the rural population takes its water from rudimentary wells, watercourses 
"'"' pools and is thus exposed to water-borne diseases with their familiar 
iumnful social and economic consequenc.es. It must nevertheless be stressed 
I!.HL :Ln Sierra Leone the exploitation of water in rural areas is planned as 
'"'rt of integrated rural development programmes which involve the local people 

lonely in -mvironmental training activities, A water quality control pro
''""nme is incorporated in the construction programme and great importance is 
"ll•lched to sanitation; sanitation construction works are undertaken with the 
l'li!'IIcipation of the local people, Lastly, a maintenance programme is es-
1 nl.olished, 

It is envisaged that these water-supply activities in rural areas will be 
d•-•Veloped further over the next five years, in particular with respect to 
jpound-water research, A proposal has been prepared for this purpose; it 
l!•tludes deep ground-water research and the drilling of boreholes, lOO of 
;,-!dch will be equipped with hand pumps, 

In the case of urban water supplies, the World Bank has proposed the 
rHdilblishment of a single distribution corporation for Freetown and 75 urban 
r<'ntres, The Guma Valley Water Company is to be gradually strengthened over 
!fq ce or four years and will eventually become the Sierra Leone Water Company 
(::I .\VC); the following measures will first have to be taken: 

- Improvement of water supply management methods and of sanitation 
throughout the country except for Freetown; 

- Study of ways of improving the qualifications of the staff, followed 
by their redeployment; 

- Identification of means of covering costs and establishing realistic 
tariffs with a view to creating a viable financial situation and re
leasing the Government from the need to make grants. 

If this transformation is to be accomplished, foreign technical assistance 
\ell .11 be needed in the following areas: organization of services, vocational 
lrl!lning of staff, preparation of legislation and regulations, repair of net
wPtks, and supply of essential equipment, including vehicles. 
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