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SUMMARY

The development of groundwater resources in Malawi
hag to date been primarily for rural domestic supplies by the
construction of boreholes and dug wells. By the end of 1981
about 5500 boreholes had been drilled, 80 percent of which
vere equipped with handpumps, 10 percent with motor pumps and
about 10 percent were abandoned, primarily because of low yields
or poor quality groundwater., At the end of 1981, there were
about 1600 protected dug wells, all equipped with handpumps. In
1979 the Government of Malawi incorporated all the agencies res-
ponsible for water development into oneorganisation, the Departe
ment of Lands, Valuation and Water., The Groundwater Section of
the Water Resources Branch of the Department is now regponsible
for all groundwater development, including both construction and
maintenance of boreholes and dug wells,

The greater part of Malawi is composed of crystalline
metamorphic and igmeous rocks referred to as the Basement
Complex, Younger consolidated rocks are limited to minor
occurrences of Karoo sedimentary and volcanic rocks at the
northem and southemn extremities of the country. The most im-
posing structural feature is the rift valley, occupied by Lakes
Malawi and Malombe and the Shire River, Variable thicknesses of
Quaternary sediments occur along the lakeshore, around Lake
Chilwz and in the Lower Shire valley,

The rift valley dominates the topography of the countay
and the major physiographic divisions define the occurrence of
groundwater. There are two principal gquifer types, the extensive
but thin and relatively low-yielding weathered basement aguifer
of the platean areas and the potentially higher-yielding alluvial
aquifers of the lakeshore plains and Shire Valley.

The approach to groundwater development has in the past
somewhat obsoured the potential of both of these aquifers because
of poor borehole design. Ieore recent work has shown that; by the
careful application of appropriate borehole design and construction
techniques, the weathered zone aquifer will usually support a dis-
charge adequate for a handpump where ids saturated thickness is
more than 15 me. In most of the platean areas, therefore, yilelds
sufficient for handpumps (0.25 to 0,5 1/sec) can be obtained without
the need for groundwater exploration using geophysical techniques,
Higher yields may be obtained where the weathered zone agquifer is
thicker, but even where sophisticated exploration technigues are
erployed to locate sites of greatest potential and the boreholes
are properly constructed, yields greater than 3 1/sec are likely
to be rare. The potential for irrigation from the weathered zone
aquifer is therefore limited, In contrast, investigation drilling
carried out in1980 and 1981 for the lNational Irrigation Study has
shown that yields in excess of 15 1/sec could be obiained from the
alluvial aquifers along thelakeshore and in the Lower Shire Valley.
In both weathered basement and alluvium, water is generally en~
countered within 10 to 20 m of the ground surface and anly rarely
are depths to water greaber than 30 m,



Estimations of the avallable groundwater resources have
been carried out, but in both principal aguifers there are pro=
blems with the application of conventional methods, In the plateau
areas the dambo drainage systems play an important but uncertain
role in the movement and storage of groundwater. In the alluvial
areas there are difficulties in determining the relative importance
of the various sources of recharge and routes for discharge. In
summarising the estimates of recharge by the various methods, there
ig therefore a wide range of figures and additional work is re-
quired to define them more closely. Nevertheless, it 1s clear
that there is sufficient recharge to support the relatively low
level of groundwater abstraction needed to meet present and future
medium~term domestic water requirements.

Groundwater quality is generally acceptable for domestic
use. In the weathered basement aquifer the concentration of dis-
solved solids is generally very low (EC below 750 nS/cm) but there
are some areas of highly wvariable groundwater quality in which
there are very localised occurrences of groundwater with EC approache
ing 4000 pS/om. The poor quality is principally due to high sule
phate levels, The groundwater in the weathered basement aguifer
is usually slightly acidic and there are widespread but very lo-
calised high concentrations of iron., The alluvial aquifer is also
characterised by groundwater of highly variable mineralisation.
Overall, the groundwater is generally more mineralised than in the
weathered basement aquifer and the highest levels of mineralisation
reach an EC of 17,000 uS/cm very locally in the Lower Shire Valley,
Where there is groundwater of low pH, corrosion of galvanised
pump rods and rising main is common and this may contribute to
the problem of high iron levels.

Groundwater development in the present decade will continue
to be principally for rural domestic supplies. Only about 10 per
cent of the total population is classified as urban and the estimated
1990 rural population will be 7.2 million, Only about 25 per cent
of these can be served by the rural piped-water supply programme from
protected surface sources, so about 5.5 million people will depend
on groundwater for domestic supplies. This represents a total amual
demand from groundwater for complete coverage of about 55 million
cubic metres from about 25,000 handpumps. The capital and recurrent
costs of such an expansion in the level of provision of rural water
supplies are encrmous, Muich of the current efforis of the Ground-
water Section of the Department of Lands, Valuation and Water are
heing devoied to establishing an expanding programme of rural supply
projects along the lines of the successful projects currently under-
way in the Upper Livulezi Valley and Dowa West, These projects are
characterised by the close concentration of construction activities
in one area to allow efficient and cost~effective implementation to
keep down the capital costs, and by the establislment of an effective
and reasonably cheap village-based maintenance system to keep down
recurrent costs.




CHAPTER 1

BACKGROUND

1.1 3COPE OF REPORT

This report has heen prepared within the Groundwater
Section of the Department of Lands, Valuation and Water (DLVW).
The data archiving, map preparation and production of the report
have heen a majoxr component of the terms of reference of the ODA-
funded Groundwater Team who have been asgisting the Groundwater
Section since 1980, The report is to be used for the hydrogeological
volune of the report of the National Water Resources Master Plan
(WWRMP), the remaining volumes of which are being prepared by a
UN master plan team within DLVW,

The preparation of a Master Plan was first recommended by
the Water Supply and Sewerage Sector Study carried out by a World
Health Organisation/World Bank team (WHO, 1978), after the decla~
ration by the United Nations General Assembly that the 1980s should
be the International Drinking Water Supply and Sanitation Decade
(IDWSSD). The targets of the Decade are to provide adeyuate do-
mestic water and basic sanitation facilities for all, and the Malawi
Government has adopted these ambitious goals,

This zeport comprises a summary and interpretation of all
available archive hydrogeclogical data from boreholes and wells, up
to December 1981, In addition, information has been obtained from
the more recent work of the Groundwater Section, both in its general
groundwater development programme and in gpecific investigations in-
to key aspects of the hydrogeology, primarily aquifer properties and
water level fluctuations. The report therefore results mainly from
a collation and evaluation of existing records, rather than an e
tensive collection of new hydrogeological data. Nevertheless, the
more recent work has greatly enhanced the understanding of the hy=
drogeclogy of Malawi and much impreved the interpretation of the
large body of existing data.

The report aims to provide an inventory of present ground-
water use, existing and projected demands and an evalugtion of ground-
water resources. Thi is required, along with the other volumes of
the master plan report, to form a sound basis for the careful planning
of efficient and economic development of the country's water re—
sources. This report includes details of the availability of ground-
water, its quality and its potential for development for rural, urban
irrigation and industrial supplies. Associated with this report, a map
of the country summarising groundwater potential for planning purposes
(1:1,000,000 scale) and a set of nine hydrogeological maps {1:250,000
scale) with brief sheet descriptions have been prepared by staff of
the Groundwater Section of DLVW,



1.2 BACKGROUND TC GROUNDWATER DEVELOPMENT

1.2,1 History

Development of groundwater resources in Malawi has been pri-
marily for rural domestic water supplies by the construction of
boreholes and dug wells.,

Prior to 1979, the respensibility for borehole construction
lay with the Geological Survey Department. The first borehcles were
drilled in the 19%0s under Colonial Development Water Supply Schemes,
then from 1947 to 1968 about 100 boreholes were constructed each year.
From 1969 to 1972 this rose to nearly 500 each year with large agriw
cultural development projects in the Lower Shire Valley, Salima Lake-
shore, Lilongwe and Karonga areas. These boreholes were constructed
using contractors' as well as Government drilling rigs. In the late
19708 the construction rate declined again, reducing o about 150
boreholes each year by 1980, There were about 5,500 bore-
holes in the countxy in 1981, the vast majority being equipped with
handpumps (see section 4.143).

The first programme of dug well consitruction was organised
under the Colonial Development Schemes in the 1930s, Over 400 wells were
constructed between 1931 and 1939, most of these being equipped with
a windlass and bucket, and some are thought to be still in use.

There was then little organised dug well construction until 1975
when the "Community Protected Wells Programme" was initiated by the
former Ministry of Community Development. This programme now con-
structs several hundred protected dug wells each year and by 1981
there were about 1600, all equipped with handpumps (see section

4-1 03)0

In July 1979, the Government of Malawl reorganised all the
agencies responsible for its water development into one organisation
the Department of Lands, Valuation and Water (DLVW). The Ground-
water Section of the Water Resources Branch of thig Depariment is
now responsible for all groundwater development, including both
construction and maintenance of boreholes and dug wells.

12,2 Previous hvdrogeological investigations

The earliest reports which deal specifically with groundwater
are a series of Colonial Development Water Supply Investigation Pro-
aress Reports (19%31-1940). These give details of the first zural
water supply programme of dug well and borehole construction.

There appear to be few other hydrogeological reports pub-
lished until the 1970s when the Geological Survey (GS) produced a
general account of the groundwater resources of Malawi (Wilderspin,
1975) and several regional reports (Bradford, 1973 a -e, VYWilderspin,
19743 Pascall, 1973 a, 1973 b; Chapusa, 1977 a~c3Crow, 19793 Habgood, 1963),
These reports provide a useful background to the hydrogeclogy. The




G S Bulletins, published for most areas of the country (see 2.1),
also include brief summaries of the groundwater development.

There are several consultant reports relating to the de-
velopment of the Shire Valley which include discussions of the
hydrogeology but these are not very detailed (Halcrow, 19%54; Lock-
wood 19703 Howard Humphreys, 1975). Much more comprehensive reports
were produced by Hunting Technical Services as a part of the
National and Shire Irrigation Study (NSIS). The groundwater re-
sources are considered both nationally (NSIS, 1980, 1982) and with
particular reference to the Lower Shire Valley (NSIS, 1981).
Designs for water supplies for urban centres were proposed by
Howard Humphreys {1979). Their investigations included some ana-
ly=sis of hydrogeological data, but the information used was limited
and some of it is considered to be unreliable,

In 1978, Wright (Institute of Geological Sciences/Overseas
Development Administration) visited Malawi to examine the state of
groundwater development and identify topics for further hydrogeo—
logical investigations. As a result of his report, a three month
visit was made by Chilton (1979) to make a preliminary assessment
of groundwater avallability and the scope for further groundwater
development, The main recommendation arising from this vigit was
that it should be followed up by a long term assignment. This
began in December 1979, with the setting up of the Groundwater Pro-
Jject, under the auspices of the newly formed DLVW, consisting of
a team of hydrogeological advisers and professional officers of
the Groundwater Section. The objectives of this were to improve
all aspects of the groundwater development programme and to produce
the hydrogeclogical volume and maps for the National Water Re-
sources Master Plan (NWRMP).

. Catchment studies have been carried out to investigate in
detail the hydrogeological conditions in the Bua Catchment (Smith-
Carington , 1983) and in the Salima~Nkhotakota lakeshore area
(Mauhaka, 1983). Test drilling to determine the irrigation po-
tential of some of the alluvial areas for the NSIS (1982) was
also supervised by Groundwater Project staff, and provided an ex—
cellent opportunity for training in construction and testing prac-
tices for higher yielding boreholes. Considerable improvements
have been made to borehole designs, local handpump production and
groundwater development programmes; full details are given in a
comprehensive manual produced by DLVW (1982).

16263 01d records

The data presented in this report have been abstracted from
nunerous files and reports of varying ages now housed within the
Groundwater Section of DLVW (Table 1.1). Many of the records
are incomplete and some of the data is suspected to be unreliable,
Often the records are sole original copies, some over 40 years old,
and they are commonly torn or illegible. Some of the original re-
cords have been logt. Data has been compiled from the old records,



and it is recommended that all those not required for routine use be
archived to avoid any further losses or deterioration.

The old records file data in a variety of ways and it is
difficult to assess all the available data for any particular area
without a lengthy search. The Groundwater Project thus, as a fixst
priority, sought to establish a subdivision of the country into
groundwater units and secondly to establish a readily accessible
borehole data system.

TABLE 1.1  LIST OF FILESUSED FOR DATA COMPLLATTON

e Borehole construction files (listed by siting geologist)
2. Summaries of borehole details (listed by siting geclogist)
36 Anmual borehole construction records (listed by date of
siting)
de Borehole fund accounts construction records for inveicing
(listed by date of submission)
De Borehole maintenance records (listed by siting geologist)
6e Borehole geophysical siting files (listed by siting
geologist)
7o Colonial Development Water Supply Schemes (listed by date
of construction)
8. Water chemistry analysis files (1listed by local sampling
area)
9. Water chemistry laboratory analysis (listed by Water
Resource Unit)
10, Borehole location maps (sited at 1:50,000 scale)
t1a Borehole test pumping records (listed by area)
12, Dug well construction reports (listed by project avea)
13, Dug well location maps (sited at 1:50,000 scale)
14, Dug well maintenance inspection reports (listed by project
area)
156 River discharge records (listed by Water Resource Unit)
16, Rainfall data (listed by map sheet)




1624 Water regource uniis

4 gystem of 'Water Resource Units' has been adopted divi-
ding the country into 17 physiographic regions (Figure 1.1).
These have been modified from the groundwater units proposed by
Wilderspin (1973) and Chilton (1979) in order that surface water
and meteorological recoxrds can use the same data storage system.
Thig facilitates resource studies and more effective water manage—
ment, Each water resource unit comprises a single large catch-
ment or compatible group of small catchments. Fach unit is
divided into sub=units which join at a river confluence and either
comprise small catchments or clear physiographic divisions.
There are a total of 66sub-tnits. Each unit is indicated by a
number and each sub-wiit by a letter.

Te2:5 Revised bhorehole numbering syvstem

In order to allow borehole numbers to convey information
on location, a revised numbering system has been adopted %o replace
the old Geological Survey (GS) system, based on the initials of the
siting geologist., The boreholes are now categorised according
to water resource sub-units; and are numbered in chronological
order of drilling, Far example,5F148 is the 148th borehole con-
structed in sub-catchment F {Rusa) of the Bua unit (number 5),
Abandoned boreholes have a suffix letter X, cleaned boreholes
have a suffix C, and rehabilii=sted boreholes have a suffix R, 4
full list of the known exisiting boreholes for which records are
available (some 5500 in total including abandoned holes) to-
gether with leocational details and cross reference with 0ld G §
numbers is being prepared. It is likely that there are an addi~
tional small number of boreholes which have been omitted from
this list, either because the original constiruction records are
misging, or because they were drilled privately by a contractor
and no infomation about location or construction details is
known, If these boreholes can be located in the field, the lisi~
ing can be updated,

1266 Borehole datz compilation

4 borehole data cardex card {Figure 1.2) was designed by
the Groundwater Project in order to record all available data for
each borehole on one record card for easy reference. This was a
prerequisite for the map preparation in the water resources work,
and has proved wvaluable in the assembly of borehole data for other
purposes such ag project planning. Metriecation of all existing
records was undertaken at the same time as the transfer of in-
formation and a virtually complete set of cardex cards is now
available for consultation in the Groundwater Secition of DLVW,
The cards are designed so that the borehole number, test dis-
charge, rest water level, specific capacity and electrical con-
ductivity can be seen at a glance within the storage files. As
new boreholes are drilled or rehabilitated, cardex records will
be made and added to the system. A full data scrutiny is dbeing

= b wn



FIGURE 1.1 WATER RESOURCE  UNIT BOUNDARIES
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Figure 1.2
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Cardex Record of Borehole Information
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Figure 1.2 Cardex Record of Borehole Information
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carried out by professional hydrogeologisis to ensure that the
manual system is free from errors. This checking has largely
heen completed, although there are s$till likely to be a few mig-
takes and omissions.

The cards have also been designed with fubure computer
storage in mind so that the data can easily be transferred. When
this stage has been reached it will be vexy easy to call up lo-
cations of boreholes, water level data, water chemistry and other
infommation required for water resources management decislons,

It will also be easier to locate and correct any remaining errors
using computer listings of data input.

Te2e T Hydrogeological maps

Hydrogeological information from the cardex cards has
been vsed to compile a master set of maps for each Water Regource
Unit at a scale of 1:100,000, For each unit, maps have been pro-
duced Lo show the following 3=

a) borehole location and number

b) borehole test yields and specific capacity (where
available)

c) minimim rest water level with piezometric form
lines

d) depth to bedrock (for alluvial aquifers)

e) electrical conductivity of groundwater (where
available)

Groundwater Section staff are using these maps to pre-
pare a set of nine hydrogeological maps at a scale of 1:250,000
for publication. In addition a 1:1,00C,000 hydrogeclogical map
has been prepared to show groundwater potential for planning pur—
poses,

10208 Dug-well data,

There ig only a limited amount of information available
for most of the existing protected dug wells., Daia recorded at
the time of construction includes the following :

a) well number

b) village

c) grid reference
d) depth of well

e) diameter of slab



f) depth of water in well

g) date of comstruction

h) type of handpump

i) depth of pump suction

3) diameter of rising main pipe
k) length of outlet pipe

1) date of pump installation

The wells are constructed according to two standard
designs (see section 4.3e6)n They are either brick lined ox
lined with concrete rings at depth and backfilled to grourd sur-
face. Locgl variagtions in the well designs and dimensions have
not been recorded, nor is there any indication of the lithological
succession.

A new dug-well construction report has been designed to
ensure that more hydrogeological data is collected (Figure 1.3),
and this will be used for all future wells. In future, the recovery
of water levels within the well after pumping it dry will also be
monitored for a period of several hours, and this data will give
some idea of well performance.

Monthly maintenance reports give details of any repairs
carried out on dug wells and the materials used. The well depth
and waler depth are also recorded at the time of these visits.

The wells have been numbered by project area, usually
recomnencing each year with a new nunber one, thus there is often
confusion when referring to different wells, especially as the
numbers are not marked on them in the field, The numbering system
is being revised, sc that all the wells will be categorised accord—
ing to the water resource sub-unit, in a similar form to the bore-

holes (see section 1.2.5)s

1.3 TOPOGRAPHY AND DRATNAGE

TeBet Physiographic zones

Malawi is situated at the southern end of one limb of the
Bast African Rift Valley System which dominates the topography of
the country. There is a wide range in relief, which has a great
influence on the climate, hydrology and occurrence of groundwater;
thus the Water Resource Units (see section 1.2.4) were defined
largely based on the topography. The distribution of the populam
tion, and hence the demand for water supplies, is also largely
controlled by the topography.

Malawi can be divided into four main topographic zones
(Figure 1.4) s~
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a) platean areas

b) upland areas

c) rift valley escarpment
d) rift valley plains

a) plateau areas

The platean areas are extensively peneplained, gently un-
dulating surfaces with broad valleys and interfluves. They are
ancient erosion surfaces lying at aliitudes of 900-130C m above
sea level {see 2,1,2) and cover particularly extensive areas in
the Central and Northern Regions. The surfaces 1ilt away from the
escarpment zones as a result of uplift along the rift valley.
Rejuvenation has kept pace wilth these earth movements and rivers largely
drain towards the rift valley; ag a consequence the valleys become
more incised towards the escarpment. The plateaun areas are drained
largely by "dambo'" which are broad, grass-covered, swampy valleys
that are liable fo flooding and have no well-defined channels.,

b) upland areas

The flat surface of the plateau areas is broken by occasional
inselbergs rising abruptly and steeply from the plains., These are
small isolated residuals where The bedrock is more resistant to
erogsion,

There are also several extensive highland areas rising from
the plateau which represent remmants of the post-Gondwana erosion
surface (see section 2.1.2), The mountains of Mulanje, Zomba and
Dedza, and the Viphya and the Nyika plateaux are the most prominent
uplands, reaching altitudes of 2,000 -~ 3000 m above sea level, They
are formed mainly of granitic or syenite intrusions which are more
resistant to erosion. Slopes are steep and the topography is often
very dissected,

c) rift valley escarpment

The rift valley escarpment falls steeply from the platean
areas, and slopes are commonly very dissected. The Yen echelon®
faulting commenly results in the land surface falling in a series
of steps down to the ift valley floor. Bedrock cccurs at or near
the surface because active erosion strips away any products of
weathering processes as fast as they can form,
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d) rift valley plains

The plains of the rift valley floor are gently sloping
and of very low reliefe. They extend along parts of the lakeshore
and Upper Shire Valley at levels of less than 600 m, and fall to
less than 100 m above sea level in the Lower Shire Valley. The
plains are areas of deposition, where sediments derived by erosion,
particulaxly from the escarpment zone, are deposited.

16 3.2 Mgjor drainage systems

The major drainage systems are clearly dominated by Lake
Malawi (Figure 1.5), The River Shire is the largest river and it
is the only outlet for Lake Malawi; it follows the rift valley
southwarde to join the River Zambesi. The Upper Shire Valley is
a flat alluvial plain sepavrated from the broad lowlands of the
Lower Shire Valley by a series of gorges, rapids, and falls, Its
major tributaries are the Ruo draining the Mulanje Mountain area
and eastern Shire Highlands, and the Mwanza from the Kirk Range.
The principal rivers draining into Lake Malawi are the Linthipe,
Bua, Dwangwa and South Rukuru. These have numercus tributaries,
and the drainage patiem appears to be freguently controlled by
gtructural weaknesses. These rivers nearly all have extensive
areas of dambo on their upper tracts on the flat plateau areas.
The dambo may occupy up o 25% of the total land area (Hill and
Kidd, 1980) and these have a distinct hydrological regime which is
not clearly understood, but is important in relation To water
resources (see section 3.4.2). The broad, poorly defined chammels
and slow flow of water through the grasses result in vexry low
ercsion rates and the platean landforms have been stable for a
very long pericd of time. The major rivers all have deeply dige
sected valleys vwhere they have cut through the upwarped edge of
the rift valley escarpment. In between them are many smallex
rivers having their headwaters in the dissected escarpment. There
are often gorses with rapids over the fault sections,

On entering the rift valley plains the gradient hecomes
very gentle and, as a result, much of the river lcad is deposited.
There is annual flooding in the wet season in these sections, and
river channels frequently change their course. This is well
observed in the Bwanje Valley., Rivers frequently lose much oxr all
of their flow into the alluvial deposits especially where they
debouch from the escarpment zone. Further downgradient the dis-
charge may increase again with a contribution of groundwater dise
charge. It is clear that the hydrology is complex. The intense
rainfall during the wet season can give rise to extremely high
flood flows,; however the long dry season leads to ephemeral flow
in most streams except the largest rivers and streams rising in
the highland areas (Drayton, 1980),
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All drainage systems discharge to Lake Malawi or the
Shire River with the exception of the catchment of Lake Chilwa.
This isa shallow, internally-draining basin where inflow is
balanced by high evaporation losses, The lake is saline and
periodically dries up due to excessive evaporation. The sur—
rounding areas tend to be swampy during the wet season. The
lake is fed by rivers which cross the Phalombe Plain originating
from Zombz and Mulanje mountains, and from Mozambique. Many of
these rivers are seasocnal.

Ted CLIMATE

Todel Introduction

The climate of Malawl is markedly seasonal and rainfall
is largely associated with the migration of the Inter-Tropical
Convergence Zone (ITCZ) and the associated Equatorial Troughs
which bring the region altemmately under the influence of the SE
Trade winds and the NE monsoons. However climatic conditions are
complex due to the very varied topography and the influence of
Lake Malawi. Genemally speaking the platean areas have warm ¢li-
mates with moderate rainfall, and the rift valley has a hot
climate which may be semi-grid in places.

The climate can be divided into three main seasonsg. The
Yhot wet" season usually extends from November to March; rains
start slightly later in the north but may last until April or
even May. The dry season is divided into "cool dry" extending
from about May to August, followed by a "hot dry'" season with
progressively increasing temperatures and relative humidity from
September to November,

T1e 40 2 Winds

During the dry season the prevailing winds are the SE
Trades which are relatively dry and produce clear or fair-
weather cloudy conditions. Witht#e migration of the ITCZ south
over Malawi, the winds tend to become more northerly, as the in-~
fluence of the NE monsoons increases, the temperatures rise and
the relative humidity increases. The wel season is associated
with the convergence of air towards the ITCZ, The winds are
generally light during this period and usually from the north,
noxth-east or north-west. The strengthening of the SE Trades
again drives the ITCZ north amd brings the wet season to an end
over most of the country, although the escarpment and other slopes
exposed to the south=east continue to receive orographic rain by
forced convection.

- 17 -



1e4.3 Rainfall

The rainfall distribution is strongly related to tow
pography {Figure 1.6), with the highlands and areas with exposed
slopes facing the prevailing winds having much higher rainfall
than those in the raine~shadow and those in the lowlands. Over
90 percent of the country has a mean annual average of more
than 800 mm. Mulanje Mountain, Zomba Mountain and the exposed
Nkhata Bay lakeshore (with steeply rising escarpment behind)
have an annual average of more than 1800 mm. The low rainfall
areas are restricted to parts of the lakeshore {South Karonga,
Salima and Mangochi areas), the lowlands of the Shire Valley,
and other protected rain-shadow areas (for example the South
Rukuru Valley).

Armual rainfall varies greatly from year to year with
a tendency for a number of welter than average years to be
followed by a number of drier than average years, but there is
no predictable pattern, Nommally the lower the rainfall the
grealer is the variabilitly and vice versa. The seascnal nature
of the rainfall is shown by the bar charts in Figure 1.6. The
initial rains of the wel season are ugually intermitient, but
they become more continuous and heavier reaching a maximum in
about January. After this they tend to decline in frequency
and intensity. The tropical slorms are produced by convergence
associated with the ITCZ and the high temperatures causing
strong convection which may be aided by topography forcing the
air to rise., Rainfall can be very heavy and vecords of over
20 mm/day are guite common., There is very large spatial va—
riability in tropical storms, even over short distances, How-
ever on an annual basis, the total rainfall at any one site
is probably reasonably representative of rainfall over the
area,

The higher altitude areas also receive orographic
rainfall and mists, known as "chiperoni', duvring the dry season.

1.4.4  Temperature

Temperatures are closely related to zltitude and the
latitude effect has much less significance, Van der Velden
(1979, 198%) showed that the mean monthly tempegatuge ranges
from 10-16C in the highlands of Nyika, from 16°=26"C on the
platean areas of the Central Region, 20-29 ¢ along the lake-
shore and 21— 30 C in the Lower Shire Valley. The actual maxi~
mum temperatures rise to as high as 40°C during October and
November in the Lower Shire galley while on the high plateau
areas this value is about 30°C, The absolute minimum tem-
peratures fall to about free21ng level in the highlands in June
and July but only to 4~6 C on the plateau areas and remain
above 10°C on the lakeshore, The amellorating influence of
Lake Malawi is clearly seen at stations along the lakeshore,
where the annual range in temperatures is subdued.

18 .
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1.4.5 Evaporation and transpiration

Pan evaporation can also be closely related to topography
(Van der Velden, 1979). The average annual pan evaporation ranges
from 1500-2000 mm on the plateau areas and iz highest along the
lakeshore and in the Shire Valley (2000-2200 mm),

|

Estimates of open-water evaporation (E,) and potential eva~-
potranspiration (Et) have beenderived by the Meteorological Office
using the Penman method for several sites from 1972 onwards (Dandaula,
1979). The estimates of Penman E, are similar but slightly lower
than those of open pan evaporation showing the need for a 'pan
factor correction®. The mean annual Penman potential Et ranges from
1100=1700 mm depending on altitude, but the actual Et is likely to
be much less than this because of the moigture deficiency which
builds up during the dry season., Over much of the country, with the
exception of some valley bottoms where conditions remain moist, it
is suspected that actual Et rates fall to zero or almost zero by
the end of the dry season., This will vary significantly on a local
scale depending on land use and scoil conditions.

Actual Et has been estimated as an average of 780 mm over
the total platean area of the Bua catchment based on a consideration
of vegetation types and moisture conditions although there will be
large spatial variations depending on topographic position (Smithe
Carington, 1983), Further details are given in section 3.4.5
where a catchment water balance is considered.

1.5 S0ILS

1:5.1 Introduction

Summaries of the soils and land capability are provided by
Brown and Young (1962 and 1965} which discuss the physical envie-
ronments of the Northern and Central Regions. These are each
accompanied by a map of natural regions and areas at a scale of
1: 500,000, and there is an additional map for the Southern Region.
Various soil surveys have been carried out by the soil survey unit
of the Ministry of Agriculture, and the data in reports and maps
is available, though unpublished. The soils of the alluvial
plains are described by the National and Shire Irrigation Study !
(NSIS, 1980). 5

There are 4 main soil types based on the classification
by Brown and Young (1965) iw

a) Latosols

b) Lithosols

c) Hydromorphic soils
a) Calcimorphic soils



1.5.2 lLatosols

P Latosols are formed by the prolonged weathering of clays
and downward leaching of exchangeable bases and silicates, They
are found mainly on the gently sloping areas of the platean and
are generally reddish-brown and yellowigh-red acid soils with re-
latively free drainage. They are predominantly fine texiured,
renging from loamy sands to clays, and the clay content usually
increases with depth. In general the more basic parent materials
result in more heavily textured, darker red soils. The soils

are commonly deep {often 1-3 m) and are generally more permeable
than the hydromorphic soils of the valley bottoms, though drain-
age may ve impeded where massive laterite layers are well de-
veloped. The soils appear to have relafively low infiltration
capacities and often the lower soil layers are dry even after
prolonged rainfall, Soakaway pits from boreholes are commonly
very poorly drained confirming the low pemmeability. Mosi va-
riagtions in texture can be broadly related to topography and

are determined by the extent of erosion, leaching and relative
position of the water table., The latosols are moderately fer-
tile and often heavily cultivated especially where the textures

are lighter,

Latosols can be divided into 3 broad types :~

a) ferallitic soils which are strongly leached with an
advanced state of clay mineral weathering (mainly
kaolinite). These generally have poor nutrient sta~-
tus and often have associated laterite layers,

b) ferrisols are less acid and less leached than the
ferrallitic soils.

c) ferruginous soils are found where the weathering of
parent materials is even less advanced and the soils

are relatively weakly leached.

The physical characteristics of the soils in relation to
groundwater recharge are described by Smith~Carington (1983) with
reference to the Bua Catchment.

1:5.% Lithosols

Lithosols are shallow, immature and stony soils found on
the steep slopes of the rift valley escarpment and highlands rising
from the escarpment. They ars usually saprolites, i.e. developed
in situ. Deep solls have not had the chance to develop because of
rapid erosion in the dissected sloping areas. There is little
horizon differentation and any weathering of parent material is
balanced by losses through slope wash or scil creep, Drainage may
be rapid, but the shallow profile results in low moisture retention,



1¢5.4  Hydromorphic soils

Hydromorphic soils are waterlogged for all or most of
the year; these are found in dambo areas on the platean, and
valley floors on the alluvial plains. They are usually black
or mottled swelling clays, with a high organic content and a
very heavy texture, and they have low permeability.

Vertisols, (black cotton soils), for example those of
the Ngabu area of the Lower Shire Valley and around Lake Chilwa,
are alkaline clays which are very sticky when wet and crack
strongly on shrinking when they dry out.

165.5  Caleimorphic soils

Calcimorphic soils are derived mainly from alluvial
parent material and are found largely along the lakeshore plain.
They are grey or brown soils and the texture varies widely,
with altemating layers of clays, silts and sands. The clays
are strongly swelling but do not usually crack on drying out
due to the high proportion of silt. Drainage is impeded where
the water table is high and the lower horizons may be mottled
as a result. The soils have variable but generally high per—
meabilities on the old river flood plains. They are usually
relatively deep.

1.5.6  Soil associations

A distinct soil catena segquence often cccurs from the
interfluve crest to the valley centres, especially in the pla-
teau arecas. Here there are commonly latosols on the uplands
grading tThrough colluvial, sandier soils which have been trans-
ported downslope to the valley margins, to hydromorphic dambo
clays in the valley floor., This sequence is modified by geology
and in detail the pattern of =soll types is complex. In other
areas, two soll groups often occur in close association, for
example lithoscls with latoscols on the dissected steeply sloping
areas,

Termite mounds composed of fing low-permeability clays
gre found zll over the platean area and rift valley plains exe
cept where waterlogging is permanent. They tend 4o be large
domes on the interfluves and low mounds at the dambo margins.

1.6 LAWD USE AND AGRICULTURAL POTENTTAL

1,661 Land use

Land utilisation in HMalawi is changing rapidly as the
country develops. There has been a very rapid increase in the
areas under cultivation since the 19308, and associated reduction
in the areas of natural vegetation, which was predominantiy de-
ciduous woodland and scrub vegetation. The effects of these




changes in land use patterns have yet to be evaluated in detail,
but it is possible that they have significant impact on the
hydrological regime. The removal of permanent, deep rooted
vegetation and introduction of cultivation could have resulted
in increased soll ergsion and incision of drainage channels, ine
creased total runoff and peak flood flows, and a decrease in
dry season river flows.

, A study of land utilisation was carried out in 1980
(Table 1.2), Agriculture is the most important sector of Malawi's
economy and it employs about 85 percent of the population. The
figures suggest thaitthe gross potentially cultivable land amounts
to nearly 60 percent of the total land ares, the highest per-
centages being in the Central Region, and the lowest in the
Northemm Region where there are large areas of rugged topography.
A national average of 60 percent of the potentially culti-

vable land has been utilised at sometime and nearly 40 pexcent
was cropped in 1980, the rest lying fallow or untouched, This

is unevenly distributed, with by far the greatest pressures on
the land being in the Southern Region. In parts of this region
there is little possibility for agricultural expansion and
virtually all the available land is being or has been recently
croppeds for example the Phalombe Plain. The same applies %o

the central parts of the Central Region, but in peripheral areas
and the whole of the Northemmn Region there is scope for congiw
derable expansion and even immigration.

Malawi's agricultural production comes from two subw-
sectors, smallholdings and estates. The former accounts for
over 85 percent of all agricultural production, mainly growing
subsistence crops but with some surplus for export, and it
supports the bulk of the country's population. The estates
occupy only about 10 percent of the gross cultivable land but
produce gbout 70 percent of the country's agricultural exports.

The National Parks, Game Reserves and Foresiry Reserves
occupy 20 percent of the total land area (Figure 1.7) most of
these being in locations where the dlopes are steep and soils
are thin, and the land would be largely unsuitable for cultim
vation anyway.

Other areas which are nonwcultivable were delineated by
Land Husbandry Department using serial photographs to define
areas of steep slopes (greater than 12 percent) and saturated
dambog. It is possible that some of the marginal areas of
dambo soils could be cultivated, and indeed there are already
many ''dimba gardens" which make use of the moist conditions
throughout the dry season in these areas. However, if the per—=
manently waterlogged areas of the dambo were drained, this
would be likely to upset the hydrological balance. The pro=
bable results would be increased exosion, and the fommation of
well defined drainage chammels, higher flood peaks and earlier
cessation of flow in the dry season.
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TABLE 1.2  LAND UTILISATEON (1980)
(based on Ministry of Agriculture Survey data)

Land use Northern Central Southern Total
Eegion Region Region o
(%2 ) (Km?) (¥m*) (Kin“)
Total land area 26,900 35, 600 31,600 94, 100
National Parks & 4,000 3,900 2, 500 10, 400
Game Reserves
Torest Reserves 3,000 2,900 2,800 8,700
Urban areas and 860 1, 400 1, 300 3, 500
infrastructure
Non~cultivable 7,600 2,200 3,700 15, 500
(steep slopes & :
dambos) 1
Gross potentialil' 11, 500 25,200 19, 300 56,000

cultivable land

Cropped by smallholders
in 198C 2y 300 7,000 T, 300 16,600

Fallow but cropped by
by smallholders in 2,500 5,200 4,300 12,000

last 5 years

Agricultural estates 1,100 25500 1,300 4, 900
Potentially oculti- 5, 600 10, 500 6,400 22,500
vable but unused

Total area which has 5,900 14,700 12,900 33,500
heen used gt some

time

% of potentially cul-

tivable land which has o 0 0

been utilised at some 519% 58% 67% 60%
tine

*
Avea cropped in 19807 3,400 9,500 8,600 21,500

% of potentially cule
tivable ,land cropped 30% 38% 45% 38%
in 19807

Notes:

Outside National Parks, Game Reserves and Forest Reserves

#*

2 Total land area minus National Parks, Game Reserves, Forest
Reserves, urban areas and non~cultivable areas

* . .

3 Likely to be overestimated as not all estate area is cropped
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The greatest areas of steep slopes are found in the
Noxrthern Region, but there the pressures on the land are much less
severe, In the Southern Region where the population densities
are much greater and smallholding sizes are much less, many of
the unsuitable areas are now being encroached upon, resulting in
increased scil erosion and declining soil fertility.

Te6.2  Agricultural potential

The agricultural potential is closely related to climate,
particularly rainfall and to a lesser extent the temperature,
which helps to define which crops are suitable. Host soil types
are relatively fertile but this appears to be less important
than rainfall in determining the productiviiy. IHost of Malawi
has sufficient and fairly reliable rainfall for successful dry
land farming, and a variety of food and cash crops can be groWwn.
Brinn and Bunning (1981) give an assessment of crop suitability
for different areas. Only limited areas of the country, in the
lowlands of the Upper and Lower Shire Valley, parts of the lake—
shore and areas of rain-~shadow such as the South Tudmuru
Valley, receive less than 80C mm., These areas are best limited
to certain crops e.g. sorghum and cassava, as they always have
the risk of severe droughts.

fost of the fammland has medium agricultural potential,
but there are some arezs with high potential where there is high
rainfall and fertile scoils, These are nrincipally in the dis-
tricts of IMulanie, Thyolo, 'Khata Bay and Yorthern Karonga, and
also in the higher altitudes of Dedza, Dowsz and Htchiei, Crop
yields from these areas are higher than those from the rest of
the country. However there is scope for improvement in all areas
to intensify crop retums by better famm management, sultable
crop rotations and the use of fertilisers. There is alsc po~
tential for increased yields, and even for double cropping, by
the uge of irrigation in some areas, provided that the increased
levels of fechnolegy and managemeni required are given.

1.6.,3  Smallholder asriculture

The smalilholder cultivation on customary land covers an
area zghoul six times thatl of The commercial estete sector., The
average farm size is estimated at 1.5 ha and the average {amming
family has five members {(World Rank 1981).

Maize is the most important subsistence crop, grown on
more than 70 percent of the foial land under cultivaticn, and it
iz the staple diet of the majority of the population. ice is
regionally important along seme areas of the lakeshore (Karonga,
Nkhata Bay, Salima), avound Lake Chilwa aznd in the Lower Shire
Valley, Cassava is also locally important especially along the
iakeshore. Groundnuts are grown on 10 percent of the total cul-
tivated area, and are mogt important in the Central legion. Small-~
holders grow tobacco as a cash cron, althoush to 2 much lesser
extent than the estates., Cotton is also grownm as a cash crop,
particularly in the Chikwawa district of the Lower Shire Valley




and the Salima district., Potatoes are grown loczlly, especially
in the higher land of Dedza disirict,

The livestock population of Malawi is low compared with
other Fasterm African Countriess. It is found mainly associated
with smallholders, particularly in the Central and Northern Regions.
Chickens, goats and cattle are the main types of livestock. Some
large herds of cattle are found in the Lower Shire.

One of the Government's aims in agriculture since inde-
pendence have been to maintain self sufficiency in food staples
and improve rural incomes., Under the National Rural Development
Programme (NRIP) smallholder production is designed to be ine
creased through the provision of agriculfural extension, seasonal
credit for irputs, and better infrastructure. Various projects
are encouraging rural development within the eight Agricultural
Development Divisions covering the country. Under NRIP, culti-
vaiion of new land is discouraged and emphasis ig put on impro=
ving productivity of alrealy cultivated areas. Land use plamning,
maintenance of soil fertility and afforestation have become in-
cressingly important, TRursl water supplies are also usually a
component of the improved infrastructure which ig included in

the NRIP programme,

1.6.4 Bgtate agriculture

The estate sector is heavily cohcentrated on three commo-—
dities: tobacco, tea and sugar. Cultivation is efficlent and
geared towards export. Tobacco estates are the mogt important,
accounting for 80 percent of the total estate area, although much
of the tobacco estate areas lie fallow or are planted with other
crops. The tobacco growing areas are concentrated mainly in the
Central Reglion especially in the districts of Kasungu and Mchinji,
Teg is grown on well established estates, particularly in Thyolo
and Mulanje districts of the Southern Region. Sugar is grown on
two large estates, Sucoma in the Lower Shire Valley and Dwangwa

BEstate on the lakeshore,

iy POPULATTON

The 1977 census (NS0, 1980) showed a national population of
5.5 million with an avexage intercensal (1966~1977) growth rate of
249 percent per year, The growth rate is unlikely to fall in the
near fubure because of the very young population with 50 percent
under the age of 15. The census showed that the population was pre-
dominantly rural with only 9 percent living in urban centres and
65 percent of these being concentrated in Blantyre and Lilongwe.

The rural population densities are very variable in
different districts (Table 1.3). The highest densities of popu-
lation are in the Southern Region, and some areas have such dense
populations at present that the carrying capacity of the land is
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TABLE

1.3 RURAL, POPULATTON

1977 Census 1977 Census 1966-1977 Projected

District Population average density intercensal 1990
{head/Xn ) wth rate population
% per annum)

Chitipa 69,200 17 1.6 92, 700
Karonga 91,000 32 2,0 140,500
Nichata Bay 100, 600 26 1.9 142,100
Rumphi 58, 400 11 2.5 89, 400
Mzimba, 275, 400 29 2,3 423, 600
Northern Region 594, 600 24 241 888, 300
Kasungu 1874900 25 663 399,700
Nkhotakota 82,100 22 2.8 133,800
Ntchisi 85,800 53 2e5 122,500
Dowa, 238,700 81 267 346,800
Selima 126,000 £0 3.8 206,700
141 ongwe 600, 600 114 2,1 882, 100
Mchinji 155, 900 47 59 317,400
Dedzsa 292, 600 82 2.3 355,400
Ntchen 222, 300 66 2.9 324,500
Central Region 1,991,900 60 340 3,088,900
Mangochi 294, 600 48 2+3 420,700
Machinga 331,500 57 3¢5 527,900
Zomba 325, 300 137 2.0 375, 300
Chiradzuln 175,600 230 2.0 214,700
Blantyre 186,900 203 3.9 238,700
Mwanza, 68, 100 31 3,9 125, 300
Mulanje 473,300 138 1.6 563,700
Thyolo 314,800 188 2,0 381, 200
Chlkwawa 183,900 41 Je5 252,500
Nganje 100, 100 56 165 108, 300
Southermn Region 24 454,100 _jzz ,iilz 34208, 300

55040, 600 59 2.6 7,185,500

National




almost fully utilised already e.g. Chirddzulu District. The low-~
est densities are found in the more inaccessible and mountainous
northern region. The uneven distribution results in an areally
disproportionate demand for domestic water supplies at present,
though this could even out in the future if migration occurs,

The rural growth rate varies considerably from one district
to another. Kasungu and Mchinji showed particularly high 1966-
1977 growth rates because of the large scale development of estates
creating job opportunities and encouraging migration of labour
from other rural areas. However this high growth rate is not
likely to be sustained and the future growth rate is more likely
to be around the national average figure. By contrast the inter-
censal growth rates in Mulanje and Nsanje were low, probably due
to agricultural pressure on the land and consequent migration. In
Chitipa district the low growth rate is thought to be due 1o its
remoteness and limited infrastructure. The large agricultural
Rural Development Projects (RIPs) which started in the late 1960s
and early 1970s in Lilongwe, XKaronga and Lower Shire Valley areas
do not show any significant effect on rural population growth
rates,

The availability of cultivable land must control the popu-
lation growth rate to a certain extent. There ig the possibility
that migration will occur to the underdeveloped areas, and there
is some evidence that this could be Commencing_(NSIS, 1980) al-
though there will be difficulties due to tribal and language di-~
ferences. Economic circumstances and the development of infra-
gtructure will also affect the growth rates. The National Physical
Development Plan (NPIF), a UN funded project, has made preliminary
population projections but these may be subject to revision
following their detailed survey of the country. DBased on their
studies, the 1990 rural population (Table 1.3) and urban population
(Pable 1.4) have been estimated.

The urban growth rate (intercensal average 6.5 percent
per year) is much greater than the national average because of
the migration from rural areas., Some towns are likely to grow
faster than others for reasons of location, infrastructure, agri-
cultural potential, and some rursl centres may soon bhe considered
as small towns, Many factors are involved and it is difficult
to predict future urban populations with any accuracy.,

The urban population figures given in Table Te4 include
some centres which are small at present but which may be
classed as market centres by 1990. The NPIP project is cone
ducting surveys to gain local information on factors contidie
buting to urbanisation, and the number of centres and the DIO~
Jected populations are subject to revision,

Using the above estimates, the national population of
Malawi is likely to be in the order of 8.3 million by 1990,
of which 7.2 million will be living in rural areas and 1.1
million in urban centres.



TABLE 1.4 URBAN POPULATTON

e e om0 e
Mzuzu 16, 100 34,000
Xaronga 12,100 23,000
Mzimba, 5,400 10,000

" Rumphi 4,000 7,000
Chi lumba 3,900 7,000
Nkhata Bay 4,000 6,500
Chitipa 3,100 5,500
Katete 1,500 2,500
Loudon 1,500 2,500
Chinteche 1,200 14900
Edingent 500 800
Ekwendeni 500 800
Bathini 500 800
Noxthern Region 54, 300 102, 300
I41longwe 98, 700 217,200
Kasungu 6,500 13,000
Nxhotakota 10, 300 16,000
Salima 4,700 10,000
Dedza 5, 600 10,000

Mponela 3, 400 6,000
Nicheu 3,100 55500
Dwengwa 2,000 4,000
Dowa 2,000 %,500
Mchinji 2,000 34500
Nembuma, 1,800 3,000
Nathenje 1,800 3,000
Madisl 1,700 3,000
Nami tete 1,700 2,600
Vtohi st 1,700 2,500
Chipoka 1,600 24500
Kasiya 1,300 24100
HMkanda 1,000 1,600
Sharpavale 1,000 1,600
Central Region 151,900 310, 600



(Contination) TABIE 1.4

1977 Census 1990 projected
Urban Centre population population
Blantyre 219,000 557,800
Zomba 24,200 52,000
Nsanje 6,400 11,000
Balaka 5,600 11,000
Ngabu 4,800 8,500
Liwonde 3,700 74000
Tuchenza 3, 400 6,500
Thyolo 3,900 64500
Monkey Bay 3,200 5,500
Chikwawa 3,000 5,500
Mulanje 3,000 5,500
Mangochi 2,800 4,500
Nchalo 2,600 4,500
Bangula 2,300 45500
Mwanza 2,400 4,500
Domasgi 2,000 3,000
Namwera, 1,700 2,600
Mpemba 1,500 2,500
Phalombe 1,200 1, 900
Machinga 1,000 1,600
Neno 1,000 1,600
Namadzi 800 1, 300
Lirangwe 700 1,100
Chiradzulu 600 1,000
Southern Region 300,800 711,400
National 507,000 1,124, 300




CHAPTER 2

GEOLOGY AND GEOMORPHOLOGY

261 GRILOGY

2e1a Introduction

The greater part of Malawi is underlain by crystalline
metamorphic and igneous rocks of Precambrian to Lower Palaeozoic
age referred to as the Basement Complex (Figure 2.1 and Table
2.1). These rocks are overlain unconformably by younger sedi-
mentary and volcanic rocks which are mainly found in small out-
crops in the north and south of the country., They include the
Permo-~Triassic Karco sedimentary series, Jurassic Karoo Stormberg
volcanics, and Cretacecus to Pleistocene sedimentary beds. In-

trusive rocks of Jurassic-Cretaceous age occur at several lo-
cations in southern Malawi and are assigned to the Chilwa
Alkaline Province., Along the lakeshores and large parts of the
Shire Valley the bedrock is covered by unconsolidated Quatemary
alluvium ®

A summary of the geology of Malawi is given by Carter
and Bernmett (1973) and this has especial relevance to this
report. Geological maps covering most of the country at a
scale of 1:100,000 (some 40 in total), have been published by
the Geological Survey (G S) and these are each accompanied by
a bulletin giving local geological details. In addition there
are some other G 8 bulleting which deal with sgpecific aspects of
the geology of Malawi. A general geological map at a scale of
111,000,000 was issued in 1966 although this has been updated
for the Atlas of Malawi (in Press).

2+1.2 Geological history and siructure

The Basement Complex rocks have been subjected to
several phases of deformation and metamorphism affecting
large tracts of Africa (Camomet al, 1969), The Rusizi-
Ubendian orogeny affected the extreme north of Malawi and
this was followed by the ITrumide orogeny, also affecting the
north of the country. The later Mozambiguian orogeny affected
a vast area, with high grade metamorphism in the south of
Malawitogether with brittle deformation of already metamorphosed
rocks in the north. Structural trends therefore follow several
directions; the most common being NW-SE and NNE-55W. The
strata are generally folded isoclinally, often intensgly and
are usually steeply dipping. Igneous intrusions occurred at
various atages during these orogenies., '
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Age

uaternaxry

Cretaceous %o
Pileistocene

Jurasgsic

Jurassic

Permo-Triassic

Precambrign-Liower
Palaeozoic

TABLE 2.1  GEOLOGICAL SUCCESSION

Formgtion

Alluvium

Sungwa, Chiwondo
and Chitimbe beds
Dincsaur beds
Lupata series

Chilwa Alkgline
Province

Karoo Stormberg
voleanics

Karoo sedimentary

Series

Basement Complex

Dominant lithologies

clays, silts, sands

and occasional gravels

sandstones, shales,
marls and conglo-
merates

syenite-granite
plutons

basalt

sandstones, conglo-
merates, shales
with coal seams

gneisses and granue~
lites with granite
and syendte intru-
sions



The post Basement Complex structural history of Malawi
has been dominated by crustal warping and orogenic movements,
interspersed with periods of prolonged erosion, and peneplan-

ation. Several distinet erosion surfaces can be distinguished
at different topographic levels (Lister 1967)

a) the Gondwana and post-Gondwana erosion surfaces of
Jurassic~Cretaceous age are found as remnants at the
summits of the highlands reaching altitudes of
2,000-3,000: above sea level (see section 1.3.1).

b) the African surface of late Cretaceous-Miocene age
lies at altitudes of 900-1300 m above sges level
and forms the very extensive 'plateau areas®. These
old shield surfaces extend into Zambia, Mozambique and
Tanzania.

c) the post-African surface of the lakeshore plain is a
Quaternary age surface, lying at altitudes of 475
600 m along the shores of Lake Malawi in the bottom
of the rift valley. The plaing of the Lower Shire
Valley are also surfaces developed on the
rift valley floor.

The most imposing structural feature is the rift valley,
This was fommed by down-faulting during the late Mesozoic and
Cenozolic and remains seismically active today. IEven the Qua~
ternary alluvium has been affected by faulting, The rift valley
is one of the southern limbs of the extensive East African Rift
System, which runs in a discontinuous fashion through Africa from
the Zambezi River to the Red Sea. In Mglawi, it is a single
linear zone of extsnsive "en echelon" down-faulting, occupied
by Lake Malawi, Lake Malombe, and the River Shire., The major
faults trend N-S or NNW-SSE and most of them show normal dis-
placement, There is also associated upwarping and tilting of
erosion surfaces at the top of the rift valley escarpment. The
post Basement Complex sedimentary sequences were probably de~
posited in a series of tectonically-conirolled basins which
have been affected by subsequent warping, faulting and erosion.
The most recent Quaternary alluvial meterial has been deposited
in the bottom of the rift valley and lies unconformably on

older strata.

2.7.3 The Bagsement Complex

The Basement Complex comprises mainly gneisses and gra-
nulites which have been highly metamorphosed and deformed.
Biotite and hornblende gneisses are most commonly encountered,
although other rock types are often interbanded with them,




These include various other types of gneisses (for example
guartzo-feldspathic and calc-gilicate gneisses), granalites,
schists, quartzites and marbles. The gneisses are commonly
yich in graphite and frequently also contain sulphide minerals,
notably pyrite and pyrrhotite., A sedimentary origin for most

of these gneisses is likely (Bloomfield, 1968). Mineral sizes
vary from fine to coarse, however the recrystallisation during
netamorphism results in low primary porosity and permesbility.

The Mafinga and Mchinji groups (in the north and west
respectively) are low-grade metamorphic rocks which originated
as mudstones, sandstones and conglomerates; these occasionally
have cross-bedding and other sedimentary structures preserved
in them. Various intrusions are associated with the Basement
Compiex. These include the Nyika granite in the north, the
Dzalanyama granite on the western border with Mozambigue and
the Lake Malawi Province granites and syenites at Senga Bay, Cape
Maclear and Likoma Island. Syenites are found near Blaniyre,
Dedza, EBast of Lake Malombe and in nwnerous smaller outcrops.
The Zasement Complex rocks are also often cut by a variety of
minor intrusives including pegmatite veins and dolerite dyke

SWalins.

2.1.4 The Xaroo gedimentary series

<

The Karoo sedimentary rocks ouitcrop in the north of
the country in a number of N-3 trending basins, and on the
SW side of the Lower Shire Valley. They lie unconformably on, or
are faulted against the underlying Basement Complex., The basal
beds of the succession are conglomerates and sandstones, which
are overlain by seguences of sandstones, mudstones, shales and
coal seams. The upper part of the succession comprises grits,
arkose sandstones, sandstones, shales, mudstones and marls. The
gequence is variable and there are significant lateral facles
changes from basin to basin, The upper sandstones and marls
become Increasingly red in colour, The Karoo sediments are
well cemented by caleite and indurated; the primary porosities
are thus low, and any more permeable horizons are related fo
secondary fracturing or enlargement along the well developed
bedding planes. In the south, the thickness of the seguence has
heen estimated as exceeding 3,500 m (Bradford 1973), and Karoo
sediments probably underlie much of the Lower Shire alluvium,

2atab The Karoo Stormberg volcanics

The Stormberg Volcanics represent the upper part of the
Xaroco system, and outcrop on the SW side of the Lower Shire
Valley. They comprise a series of basaltic lava flows with occa-
sional thin bands of tuff and sandstone (Habgood, 1963), They
are most perneable in the more porous layers belween successive

lava flows,



2.1.6  The Chilwa Alkaline Province

The Chilwa Alkaline Province of southern Malawl .consists
of a mumber of syenite and granite intrusions and various minorx
dykes and velcanic vents. The most important intrusions are the
Zomba and Mulanje plutons, however they have little hydrogeclogi-
cal significance becavse of the steep slopes, low primary porosity,
low permeability and poorly develoved weathered zone.

P The Cretaceous to Pleistocene sediments

small outcrops of sedinmentary vocks occur in several
narrew, elongated rift basing, parallel to the lakeshore in the
north of the country. These consist of friable sandstones, un~
consolidated sands, sandy narls, clays and conglomerates. There
ig also a small outerop of a sedimentary sequence overlying the
Karoo Sexies in southern Malawl. This is reported to be mainly
desert sandstones with abvwmdant traces of evaporiies within a
Tre

calcareous matrix. Porosities and permeablilities are likely to
be relagtively high.

2,1.8  The Quaternary alluvium

Deposits of colluvial, fluviatile and lacustirine type are
well developed along the shores of Lalke Malawi (particularly near
Karonga and between Nkhotakota and Salima) and also arcund Lake
Malombe and Lake Chilwa., There are also extensive alluvial dew
posits in the Upper and Lower tracts of the Shire Wiver Valley
and in the Bwanje Valley,

The alluvial seguences lie uwnconformably on older strata
and the junction is offten fault~bounded. The deposits are un-
consolidated and have been lormed by deposition from rivers de-
bouching from the rift escarvment and, along the lakeshores, also
from lacusirine sedimentation. The deposits interdigitate
therefore, and the resulting sedimentary successions comprise
highly variabls sequences of clays, silts, sands, and occasional
gravels. There are considerable areal differences in the
occurrence of sand and clay over short distances because of the
complex nature of alluvial deposition in outwash fans, river
channels and flood plains. The overall impression ig one of
fine grained sediments predominsting in most areas. The sedi-
ments would be expected to be coarsest at the edge of the escarp—
ment, becoming finer down gradient, but the litholegical data
for existing boreholes igs not good enough to confirm this. The
nineralogy of rock fragments in the alluvium show that the de-
posits have been derived from the strata at the sides of the

rift valley.
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The sediments in the Lake Chilwa Basin appear to be
dominantly very fine~grained; this is probably related to
the very low energy environment of deposition with internal
drainage to the lake, One would expect that there may be
some coarser sediments derived from Mulanje or Zomba Mountains
deposited in river channels, but these are not apparent from
lithogical records for exigting boreholes except in Domasi
Valley where there are some coarse sands.

Aong Lake Malawi the thickness of the alluvial sediw
ments is very variable due to the uneven surface of the undexr—
lying bedrock but, in general, appears to increase towards the
laekeshore, where thicknesses of over 60 m have been recorded.
The Bwanje Valley and Upper Shire Valley both have thicknesses
of alluvium commonly 40-80 m deep in the centre of the valleys,
In the Lower Shire the thickness of alluvium varies from zero to
over 150 m, with the deepest parts of the basin ocourring on
the eastem side of the valley. The full thickness of the se~
guence in the centre of the basing is unknown because bhoreholes
do not penetrate to the bedrock beneath,

2.2 WEATHERING OF BASEMENT COMPLEX ROCKS

Weathering is the breakdown or decomposition of rocks
which can take place by both chemical and physical processes.
There are many factors affecting the type and extent of wea-
thering, including climate, geology, topography, vegetation
and time, In tropical zones, chemical weathering is usually
dominant, and the development of a thick weathered zone (sa-
prolite) is common. The high temperaturesallow relatively ra=-
pid chemical reactions, and infilirating water allows the re-
moval of soluble weathering products and acts as a reagent for
further chemical weathering, The processes operate near the
surface, and considerably alter the water-bearing character of
the upper layers of rock. This has a profound influence on
the occurrence and availability of groundwater (see section

Zele)a

The majority of rock~forming minerals are silicates,
such as ferro-magnesian minerals, micas and feldspars which
decompose to form various clay minerals. There are prow-
nounced differencesin the rate of breakdown of individual
minerals. Quaytz is an exception in that it is resistant to
chemical decomposition and persists as a residual primary con-
stituent,

The texiural nature of the weathered zone depends very
largely on the parent rock composition and the crystal type and
give, The weathered basement can be broadly considered as one



aquifer regardless of parent lithology as the finalweathering

" products for gneissic and granitic rocks are always clay minerals
with residual quariz fragments. However the best aquifers appear
to be found where the parent rock contains abundant guartz. Me-
tamorphic rocks with a higher proportion of feldspars and mafic
minerals, and basic igneous rocks, tend to have poorer waber-
bearing qualities when weathered because of the greater dominance
of clay minerals (Table 2,2). Coarse grained parent materials
also appear to give rise to better eguifers than fine grained
ones,

Since the saprolite develops in situ", it is stratified
with a distinct sequence of materials which increase in thelr
degree of alteration from the fresh bedrock upwards {(see section

30102) .

The principal reaction which takes place during chemical
weathering is hydrolysis. This invelves the replacement of the
metal cationz in the silicate latticeby H ions, and the combi-
nation of these cations with OH ions to form soluble products
which can be removed from the system by leaching. The most
mobile metal cations are calcium and sodium. Potassium and mag-—
nesium are also readily mobilised but they commonly recombine
to form new c¢lay minerals. The least mobile cations are iron
(in a ferric state) and aluminium which tend to remain as re-
sidual products as sesquioxides. Detailed descriptions of the
chemical reactions which take place are given by Thomas (1966)
and Acworth {1981).

Circulating groundwater is a very important reagent of
chemical weathering. It provides a source of hydrogen ions and
removes the soluble products, which would otherwise build up to
an equilibrium condition, inhibiting further chemical breakdown.
The depth of the weathered zone and extent of decomposition is
thus also related to the amount of rainfall which infiltrates.

The character of the weathered products will depend on
the weathering environment, The pH of infiltrating water is
usually just less than 7 (slightly acid) due to the presence of
dissolved CO, derived from the atmosphere and from the organic
material in the scil zone, The release of cations during re-
actions with rock minerals raises the pH of the solutions, but
the leaching of catio&s which combine with OH ions generally
leaves an excess of H ions giving pH valves commonly in the range
5T, Acidity is also promoted by the presence of organic acids
(principally lnmic and fulvic acids derived from plant decay).
These have a marked effect on the solubility of certain elements
released during weathering, particularly iron, which form aeganic
complexes called "chelates". The mobility of iron and some other
cations is also affected by the redox potential (Eh) of the

groundwater,




‘TABIE 2,2

WEATHERTNG OF SOME COMMON METAMORPHEC AND IGNEOUS ROCKS

Parent rock Texture Jointing VWeathering - Depth of Water
products weather— bearing
ing capacity
Gnelss coarse moderate  clay minerals moderate good
grained Quartz per— to deep
sists
Schist foliated cleavage clay minersls deep poor
Quartzite fine-coarse strong mechnanical shallow poor to
grained weathering very good
Granite & coarse strong clay minerals deap good
Granodiorite grained Quartz & some
mica persist
Syenite coarse moderate  clay minerals moderate poor
grained
Gabbro coarse 1ittle clay mineralg moderate pooxr
grained
Dolerite fine strong clay minerals moderate poox
grained & diron oxides to deep
Basalt fine strong clay minersls moderate poor
grained % iron oxides to deep

b =



Bioturbation processes can contribute significantly to
the weathering and furtherbreakdown of rock material especially
in the soll zone and upper layers of the saprolite. The mixing
and reworking of scils by temites over a long period is con-
gidered by some writers to result in the fomation of "stone
lines". These comprise mainly quartz fragments which cannot be
moved and tend to accumulate at the base of the soil zone.

They are commonly seen dn latogol profiles on the old erosion
surfaces of the plateau areas where these are exposed in roadw
gide cuttings.

The presance of faulizs and dykes tends te allow greater
access of groundwater to the rock surfaces and hence deeper
weathering. The original joint spacing in the parent rock is
also an important factor controlling the ease with which water
can obtain access to the rock surfaces, and is thus a determi-
nant of the depth and rate of weathering. The size and spacing
of subsequent joints formed as a result of pressure release
appears to be a complex interaction between rock chemistry and
crystal size (Acworth, 1981). GCneisses tend to form a large
number of closely spaced joints, and chemical weathering is
rapide A granite tends to form joints at more widely spaced
intervals with larger fracture blocks which are broken down
more slowly by chemical weathering, The higher proportion of
minerals more resistant to chemical breakdown also retards
chemical breakdown, 48 a result granites tend to form insel-
bergs. Schists tend to break down mogt rapidly af all the
Basement Complex rock types because joint blocks do not form
at all, and the microfissuring vetween adjacent crystals opens
up a very large surface area which is susceptible to chemical
weathering. A small variation in feldspar chemisftry may result
in a large change in the density of jointing and therefore
weathering rate,

The rate of weathering is also conirolled by the thicke~
ness of weathering products; thus on the broader flat inter-
fluves and gently slopes of the plateau areas, where the sapro-
lite ig thick and its rate of removal is vexry low, the rate of
weathering of bedrock at depth will be low. By contrast, in
areas which are more dissected and slopes are steeper, for
example on the escarpment zone, the rate of weathering may be
higher, Thig in tum is in equilibrium with the rate of removal
by erosion, which is also higher, thus the slopes continue %o
be denuded,

The saprolite thickness can therefore be broadly related
to topography with negligible weathered zones on steepiselberg
aglopes, moderate weathering on the gentle slopes, and deeper
weathered zones on the flatter interfluve sites and also sus=
pected to occurundrsame {lat valley floors, It should be
noted that where there has been rejuvenation, part or all of the
weathered zone ig likely to have been eroded away, and in places
outcrops of bedrock can be seen.




CHAPTER 3

HYDROGEOLOGY

Dol OCCURRENCE ¢ GROUNDWATER

Felal Introduction

There are two main aquifer types in Malawis

a) the extensive, but relatively low-yielding, weathered
basement aquifers of the platean

b) bigher~yielding alluvial aquifers of the lakeshore

plains and the Shire Valley

There are several other geclogical sequences VWhich may
vield groundwater but their extent is small and/or their yields
unreliable,

3.1.2  The weathered basement aguifers

The prolonged in sifu weathering of the crystalline basgement
rocks has produced a layer of unconsolidated saprolite material
(see section 2.2.1) and it is this which forms an importent source
for rural domestic water requirements,

The weathered zone is best developed over the platean areas
where it is commonly 15-30 m thick, and locally even thicker. To-
vards the crests of the escarpment, the uplift associated with the
development of the rift valley has resulted in rejuvenation of the
rivers and increased erosion, and thus the thickness of the weathered
rock aquifer tends. to be reduced in these areas. It also thins to-
wards bedrock outcrops. The saprolite thickness tends to be
greatest along fracture zones,

A relatively thick weathered zone may also have built up in
the Basement Complex rocks at the bottom of the rift valley; this is
gsometimes exposed in a zone between the base of the escarpment and
the junction with the overlying alluvial sediments.



Relatively thick weathered zones are also found on
some block=faulted shelves on the rift valley escarpments, for
example, the Upper Livulezi Valley shelf. It is possible that
there might be significant thicknesses of saprelite on the
flatter surfaces on some of the highlands, for example there are
bauxite deposits on parts of Mulanje Mountain, but these areas
are virtually unpopulated, so the demand for groundwater develop~
ment is negligible .

When exposed, for example in roadside cuttings, remnants
of veins can be seen extending from fresh bedrock up to ground
level confirming that the material is "in situ". Relict struc—
tural features, for example fractures, are also preserved, The
aquifer appears to be more or less conitinuous, although it can
be very heterogeneous in texture even over short distances.

The degree of alteration and uncongolidation increases
preogressively upwards from the fresh unweathered bedrock., In
detail, the character of the weathered zone varies with the
parent rock type and texture, and the topography (see section
2.2.1)s There can be considerable spatial variability in
texture and the more permeable horizons may only have limited
lateral extent., The coarser grained parent materials give rise
to the best agquifers as they decompose to a more permeable sandy
texture,

Most of the lithological logs from o0ld drilling records
are very poor with 1ittle differentiation of the variable materials
within the sequence, Where detailed lithological logs exist,
it is clear that a generalised weathered-rock profile can be
glven (Figure 501)0 Above the hard fresh hedrock there is a
zone of broken and hydrated rock where the joini surfaces are
chemically weathered but the centres of theblocks remain fresh
and unweathered., The first signs of weathering are often brown
iimonite stzins on otherwise fresh surfaces, but gradually the
blocks become more weathered arcund the edges leaving a hard
corestone at the centre. This grades into a zone of crumbling
and decomposed bedrock which wetlains the original rock structures
such ags guartz veins and joint surfaces, Partly decomposed feld-
spar crystals can often he observed. These lower layers, which
agre often of sandy or gravelly texture, usually have the highest
permeability and effective poresity, especially where the clayey
material has been removed or redistributed by groundwater as it
is formed. Above, there are commonly pale brown clayey sands or
sandy clays, often with many small loose quartz fragments and mica
flakes, This whole sequence makes up the aguifer and is commonly
10 to 25 m thick. The aguifer is partly confined by an overlying
thickness of 5 to 20 m of red brown.clays and latosols, the final
products of complete weathering., These surface layers are usuwally
very tightly compacted and have very low permeszbility.




FIGURE 3.1 TYPICAL PROFILE OF WEATHERED BASEMENT AQUIFER
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Groundwater is commonly first struck near the base of
the clays, and usually rises (sometimes by several metres) before
rest water level is found. The saturated thickness of the aguifer
will be a critical factor in determining whether sufficient yields
can be supplied, even for rural domestic supplies for handpumps.
As a guide, a minimum saturated thiclkness of 10 m has been taken
a8 a design figure for rural water supply boreholes in the inte-
grated groundwater projects (see section 4.3.3). Where the
weathered zone is too thin, or the depth to water is too great
(even where there is a deep weathered zone), potential yields are
likely to be insufficient. Another important factor is the per-
meability of the saprolite; even if there appears to be a suffi-
cient saturated thickness of weathered material, a very clay-
rich sequence may result in very low permeability and inadeguate
borehole yields.

Laterites, which are iron oxide~rich layers, are commonly
found in weathered bedrock profiles especially where the water
table is high and the fluctuations of water level are conducive
to its formation. On better drained sites the laterites tend to
be indurated and on higher ifopographic sitez they are usually [found
lower in the profile, Fossil laterites may be found anyvhere,
even on the interfluve crests. These indurated layers have very
low permeability and porosity and thma tend to impede infiltration,
Where they are massive and at shallow depth, infiltrating rainfall
will tend to be impeded and be discharged as interflow along the
top of the laterite layers, ualess they are discontinuous or
fractured.

g wells can be constructed in the semi-confining clays
in the wvalley botltons; these reguire sufficient storage within
the well for daily use becauvse the low pemesghility of the clays
resultsin slow rates of refill, The clays are considered fto be
in hydraulic continuity with the nore permeable aguifer material
below, and allow slow vertical percolation of water.

The weathering profiles in the dambo areas are largely
wnimown, and thought to be highly variable depending locally on
the various stages of aggradation and evosiom in the graegis of
the drainsge system. Bedrock is seen to outecron in sone soctions
with well defined channels, yebt other dambo areas are thouzght to
be underlain by relatively thiclk weathersd zmones, togeiher with
some sandy colluvial deposits transported downslope. Dugs wells
dambo margins in the Central Zegion plateau areas show that )
sequence is sometimes fresh bedrock directly overlain by thiclk
clays of very low pemesbility. The sequence is likely teo wvary
even within a single dambo, with changes observed dowm its lengths,

07

In the pediment areas surrounding the uplands rising fron
the platean, there may be coarser colluvial material which has
been transported downslope. The thickness and lateral extent of
these deposits i not well known, but the potential groundwater
vields and recharge from surface zun off are likely to be rela-
tively high due to the coarser and more permeable nalure of the
gsediments (unless they are very poorly sorted).




3.1¢3  The unweathered fractured basement aguifers

The fresh bedrock underlying the weathered zone is rarely
a significant aguifewr, except vhere extensively fractured, as the
available storage is negligible in the rock matrix and likely to
be low in the TracturessAlthough there are many old boreholes which
have heen drilled to considerable depths into fresh bedrock on
the plateaun areas (often reaching 50-70 n) these rely largely on
storage in the overlying weathered zone,

Outerops of fresh wrock are found in the escarpment zone,
and also where the rocks {usually igneous intrusions) are more
resistant to erosion and remain as uplands (for example Mulanje
Vountain, Zomba lountain and Jvika Plateasu) or inselbergs. In
these areas, bhoth the soil cover and the weathered zone are thin
because they are vencved v ervosion as they develop. nly the
lower horizons of zaprolite will e nreserved. The groundwater
storage relies entirvely on cecondary porosity in fractures which
is generally veryr low,

There is sonerall;r 1ow potential for groundwater develop—
ment in the escarrment mone ewceopt very locally when boreholes ine-
tersect a wellwcommected Tracture system vhere flow velocities
nay ne high: however rilelds are likely to be unreliable because
of The low storage. Initially high-yielding bhoreholes may well
deciioe »apidly in perfomance because of depletion of ground-
wator rezourcesy surface runelf from the steep slopes is high
and recharge iz not dependable. Aguifers are poor and disconti-
nuous, and wvields are likely to be unreliable even where fracture

traces can be lecated.

3e1.4 The Faroosedimentary aquifers

"

The sedinentary gequences of the Xaroco Series are thought
to be extrenmely thicik, but the strata are generally strongly ce-
mented oy caleiite which hags resulted in a considerable reduction
in pripary vorosity and pomweability (Bradford, 1973). According
to the dvrilling recorde, the sandstones do not appear to weather
mach on exposure and groundwater storage is likely to be largsly
determined by the exitent of gecondaxyy fissuring and enlargement
of Joints and bedding plarcs.  These zaudlfers tend to ovicrop in
Ridly areas which sre snorsely pepulated and are not very suit—~
able for cultivation, so they have not been well developed. There
is 1little hydrozeclogicsl deta available for the aguifers in the
nortlr of tive country and only scant information on those in
the grzth (Lockwood, 19703 Bradfoxd, 197%),

The Yaroo fequence in the south has been affected by
extensive faulting which ray either form groundwater boundaries,
or gliexmatively could locally increase the secondary porosity

mnd hoerehcle yields., In the Lower Shire Valley the depth
to wnter ig often 20-30 u below growd level, depending

on the elevation of the land surface. Boreholes yields are
generally low and unreliable and some boreholes have been abane



doned because of poor production rates. The Hational and Shire
Irrigation Study (1980) considers that the aguifer is likely to
behave in a confined manner becavee of the intense stratification.

3a1eD  The Karoce Sloxmbers volecanic aguifer

The Stormbery hasalts of the Lowexr Shire Valley are locally
water bearing in the more porous and permeable horizons between
successive lava flows, The most productive layers are found /
nearest the ground surface in the zone of maximum growndwater ¢lr-
culation, and deeper zones tend to have norosities reduced by in-
filling with clay weathering products,

There are several productive boreholes for rural domestic
supplies, and these have a wide range of test yields due to the
very variable nature of the aquifer (0.25-2 1/sec).

3.1.6  The Cretaceous to Pleistocene sedimentary aguifers

These sedimentiary sequences are not very significant in
terms of areal extent, and 1little is kmown about thelr hydrogeology.
They are thought to be only lightly—cemented with relatively high
porosities, Thus, where they are sandy ox gravelly, permeabiliiies
should be high and yields should be good wherever they are saturated.
Poor guality water however may restrict the use of the aguifers, The
outerop in the Lower Shire Valley has saline groundwater, caused by }
the solution of calcareous and evapox te minerals in the matrix,

Zela’ The alluvial aguifers

The alluvial aguifers are fluvial and lacustrine sedinments
which are highly variable in character both in vexrtical segquence
and lateral extent (see section 2.1.3). They occur in several
basins which, apart from Lake Chilwa, are all located along the
rift valley floor -

a) Salima -~ Michotalkota Lakeshore
b) Karonge Lakeshore

c) Buwanje Valley

a) Upper Shire Valley

e) Lower Shire Valley

£) Lake Chilwa Basin

- A o«




There are many boreholes which have been costructed in
the alluvial areas, but the geometry of the basins is not well
understood, because many of the boreholes do not penetrate the
full thickness of alluvium., The maximwa thicknesses are probably
closest to the lakeshore and in the centre of the alluvial wvalleys
(see hydrogeological maps),

Most lithological records from boreholes give litfle
detailed infommation on the successions. The overall impression
is that clays usually dominate the sequence, and although it is
clear that in many localities there are significant thicknesses of
sands, these are often poorly sorted. The sedimentary environ-~
ments likely to produce the highest groundwater yields will be the
buried river channels and the littoral {beach and dune) zones of
the lakeshore where the deposits are usually coarser grained and
well sorted. There may be velatively high yields Irom someof the
coarser outwash fans at the base of the escarpment, although these
are often pcorly sorted, The deposits interdigitate, and the dig-
tribution of the most permeable material within each basin is
likely to be complex., The waterwyielding strats may comprise nost
of the successgion or could, in some cases, be negligible, ‘here
there are thisk clay sequences the aguifers will be semi-confined.
fear the base of the escarpment, where the alluvium is thin, ground-
water may be derived mainly from the uwnderlying weathered basemens
aquifer where this is present and in hydranlic continuity with the
alluviwaelt may be difficult to differentiate vetween alluvium and
weathered basement from the drilling recoxmds and in many cases only
the 1lithological boundary with the undexiying haxd fresh bedrock

[

will be noted,

Tuya Jaain is sonmevhat different fyron the otherw
glluv1a1 areas in L at it is not in the boittom of the rift valley,
but perched on the easiern si T it. The lithological records
from horeholes are poor bul suggest that wuch of The successzion is
cla"ey 'Hw exploratory horeholes drilled for the Mational and

igation Study (1330) nenstrated predominantly clay
ng, and JOu" wer due to lack of suitable -~
g5 thouzght that the
, 5 basin have heen deno-
sitﬁﬂ ina VCr; Tov arnaney opver}ﬂcﬂL o58ibly wnder reducing
conditions, There are some occasional occurrences of sands and

s Tound in burded river AnqﬁquJ, for exaﬂble in the Domasi

Valtley, which have produced the highest groundvater yields,
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3,2 AQUIFER PROPERTIRS

30241 Introduction

Although some information exists for many of the bore-
holes drilled in lalawi, the records are cften insufficient to
give more than a crude estimate of gquifer properties., Very
few boreholes have been test pumped with detailed monitoring
of groundwater levels, and virtually all of these only have
measurenents within the punping borehole itself,

mstimates of aguifer properties using tests from old-
design boreholes may be very misleading; Figure 3.2 shows that
there ig a great contrast in borehole performance between those
of the old design and those which have been properly designed

(see section 4e3e3)e

The aquifer properties appear to be extremely variable,
often over very small vertical and lateral distances, depending
on such faclors as the lithology, degree of weathering, thickness
of the aguifer material and geological structure,

Very few records of any kind exist for the dug wells, ale-
though local information suggests that yields and permeabilities
of the clays in the dambo areas of the weathered basement are
very low. BSome of the wells constructed in these clays regular—
ly dry up during use, because they refill only very slowly and
are not deep enough to provide sufficient storage,

%62.2  Borehole yields

Records of borehole yields are at best the result of
short term test pumping by the drillers (commonly 5 hour tests
but sometimes 12 hour tests), but for the older boreholes the
only indication may be a drillers "recommended yield", the re-
liability of which may be rather dubious. In many cases the
drawdovn 1s not measured, and the %test yield gives the only ine
dication of aguifer performance, The drillers "recommended
vield" is nearly always the same ag the test yield, regardless
of whether the discharge rate was clearly too high {with drau-
dovmn vexry quickly to the pump suction) or whether the discharge
rate was much legs than the productive capacity of the borehole
(with very small drawdown during the test). In cases where tle
drawdown is vexry large, the initial discharge rate often cannot
be maintained because of the reduction in ftransmissivity as the
aquifer is dewatered,

The records show uniformly low yields (mostly less than
2 1/sec) for entirely different aguifers (Table 3%.,1), It is
sugpected that these reflect the poor borehole design which has
been the same for all hydrogeological conditions., In many bore=
holes the productive horizons may have been cased ocut. (8ee
section 4.3:2. The poor construction practices wesult in high
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TABLE 3.1 AVERAGE BORRHOLE YIELDS
Area, Aquifer Number of Average test Source
tyne boreholes yield of datas
(1/sec) NSIS, 1980
5. Rukur Weathered 234 0,76 Wilderspin,
basement 1973
P
Lileongwe area Weathered 40% 1,02 Wilderspin,
basement 1973
Iilongwe ares Weathered 600 1.2 Stanley Inter-
hasement national, 1983
Salima area A wviam 240 0.91 Chapusa, 1977
LY Bwanje Aldgvium 104 1.09 Chapusa, 1977
i Bwanje A)luavium 170 0.82 Chapusa, 1979
1" Shire Alluvium 260 0.94 Bradford, 1973
Note:

The table shows uniformly low ylelds regardless of the aquifer types
this is considered to reflect poor borehole design or pump capacity
and not the full productive capacities of the aguifers.
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well losses and it is likely that many boreholes are very ineffi-
cient. It has been noticed in the Lilongwe area that boreholes
constructed since 1973 where the weathered zone has at least

been partly screened, have significantly higher yields (mean 1.5
1/sec) (Stanley International, 1983). The low yields may also
reflect pump capacity, and some boreholes will not have been

testdd at full productive capacity. It should be noted that yields
are usually quite adeguate for rural domestic supplies with hand-
pumps which only require 0,25-0.5 1/sec,

In the weathered basement aguifer, yields are generally
greatest where the saturated thickness of the weathered zone is
‘greatest and the bedrock coarsest.! The best yields are likely to
occur where the weathered zone is associated with fractures which
commonly allows greater depths of weathering (see section 2.2.71).
These zones can sometimes be picked out ag lineations on aerial
photos. Chilton (1979) showed that for the existing boreholes lo-
cated cloge to fracture traces in the platean area of the Bua
Catchment a plot of yield against distance from the trace showed
no clear correlation. This may parily be explained by the poor
borehole designs, but it is clear that there are many other
factors controlling borehole yields, Topographic considerations
are also important, and it was shown that of those boreholes
situated near the dambo fewer have very low yields (less than C.25
1/sec) and more have high yields (greater than 2 1/sec) than those
situated on the ridges. There ig however a wide scatier in the
plot of yield against distance from the dambo,

Some authors, notably Gear (1951}, have abttempted to sta-
tistically relate borehole yields to borehole depth in tropical
shield areas. A consideration of old borehole construction pra-
tices in Mzlawi (see section 4,3.2)and many of the neighbouring
countries shows that this approach is likely to be inappropriate.
In many cases, the belief that the fractured rock was invarisbly
the productive aguifer, without considering the potential of
the overlying weathered matexrial, led to the latier bveing cased
out. While correlating yield with depth for boreholes constructed
in this way may be possible, it could be misleading because pro-
ductive horizons gt relatively shallow depths may have been ig-
noreds

With improved borehole designs, adequate yields for mral
water supplies have been obtained from the weathered basement
aguifer from boreholes only 1525 m deep in the Livulezi Valley
Integrated Project and 20-40 m deep in the Dowa West Integrated
Project. Yields of 0.25 to 0.5 1/sec can probably be obtained
from most of the weathered basement areas,without a geophysical
survey for site selection, and with smaller drawdowns as well
as the boreholes being shallower and cheaper, provided that there
is asufficient saturated thickness of weathered material, If the
weathered zone is thin, or most of it is dry with great depths to
water, the potential yields are likely to be lower.

The variation in yield appears to be broadly related to
the saturated thickness of the weathered zone. This is clearly



the case at Lilongwe International Airport, where three properly
designed boreholes produced test yields ranging from 1.5 1/sec
to 5 1/sec which could be correlated with weathered zone thicke
nesses of 20 to 29 m , beneath the confining clays,

The highest yields might be achieved using a collector
well system in areas where the weathered zone is thickest and
laterals are drilled out in the most permeable material.

On the escarpment and on the sieep slopes of the highlands,
yields from the fractured basement agquifers are usually low,
except where there is extensive fracturing and they tend to be
unreliable because of the low storage. .

In the alluvial agquifers, yields from existing boreholes
are very variable but generally low ¢ it is suspected that
productive zones are often cased out and that some boreholes have
not been itested to full capacity. Yields should be greatest where
the sedimentary sequences are coarsest and well sorted.

Eight properly-designed boreholes (see section 4.3 3)have
been constructed by the Groundwater Project and Shire Valley
Agricultural Consolidation Project to determine irrigation poten-—
tial in some of the alluvial areas of the Salima Lakeshore,
Bwanje Valley and Lower Shire Valley (NSIS, 1982). These were
tested at yields of up to 15 1/sec, the maximum discharge of the
test pump unit (Table 3.4), and it is clear that some of these
boreholes could sustain even higher discharge rates (Figure 3.6).
Low efficiencies of the old boreholes are clearly masking the
true, much higher productive capacities of some of these alluvial
agquifers, It should be noted that there were alsc a numler of
boreholes drilled for the same irrigation investigations which
had to be asbandoned becamse of dominantly fine grained and low
permeability sequences and tims low yields, There were two un~
successful boreholes in the fine alluvial clays of the Chilwa
Basin, one in the Bwanje Valley and three abandoned in the Lower
Shire Valley due to poor aguifers (four others were abandoned
because of logistical difficulties during drilling).

3.203  Specific capacity and specific drawdown

The specific capacity (SC), which is the yield per unif
drawdown, ig a measure of borehole and aguifer performance and can be deterﬁ
mined where the final water level has been measured during the
test pumping, Recoxrds are only available for a limited number of
boreholes, and thesge are not strictly comparable since they are
not always for a standard time. Also,the specific capacity is likely
to be severely non-linear for different yields, with a larger
incremental drawdown for higher discharge rates. Nevertheless,
they give a better indication of aguifer and borehole perfommance
than the records of yield on their own,




The wesults of long term test pumping of some of the
higher yielding District Wster Supply and ingtitutional bore—
holes are shown in Table 3.2. These nearly all show low specific
capacities, regaxdless of aguifer type, and this is thought to belargely
a result of poor borehole design and consequent low borehole
efficiency., There does not appear to be any relationship bete
ween specific capacity and borehole depth or aguifer thickmess
for any of the aguifer %ypes., The specific capacities are so low,
especizally for the alluvial material, that it is considered that
they do not give a realistic estimate of the aquifer potential.

Many other boreholes which have heen tested for shorter
periods (usually 5 hours) confirm this picture of widespread poor
borehole performance regardless of aquifer type. OSpecific capa~
cities are usually less than 0.2 1/sec/m and large drawdowns of
over 20 m are often observed. A gstatistical analysis of data
from the Lower Shire Valley (MMainala, 1982) showed no significant
correlation between specific capacity (nomalised for variations
in borehole diameter and the degree of penetration inito the
effective saturated zone of the sguifer) and lithology or geow-
morpholeogical factors.

Multiple-rate step-drawdown tests have been carried
out on some of the District Water Supply and institutional boreholes.
Those in weathered basement show that at lower discharge rates, the
specific drawdown (drawdown per unit discharge) increases gradually with pumping
rate. However at higher discharge rales, there is commonly 2
substantial increase in specific drawdown, and even a "breakaway"
where there is a very rapid increase in drawdown for a small
increment in discharge (Figure 3.3). These effects are due to
a reduction in transmissiviity brought sbout by large drawdowns
which result in a decrease in saturated aguifer thickness, and
also an increase in well losses if the fiow of water becomes non-
laminar. Operational pumping rates should be chosen within the
range of more linear gpecific drawdown in order to minimise the

pumping costse

Maltiple step teste carried out in old zlluvial horeholes
show that the discharge/specific drawdown relationships are more
linear (Figure 3.4)e This suggests that the bhoreholes may not
have bheen tested to full capacity because of limitations on
pumping equipment. If, for example, borehole 1H 129 had additional
steps performed at 3.5 1/sec, 4 1/sec and even higher discharge
rates, it is possible that the specific drawdown curve would have
reached a marked "breakaway" point as the borehole efficiency de-
creased rapidly with the increasing discharge. Although the
observed relationships are fairly linear, the gradients are re-
latively steep (no%ably g0 for borehole 1H 77) which suggests
poor borehole performance.




FIGURE33 100 MINUTE STEP DRAWDOWN TESTS BASEMENT BOREHOLES (old design)
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FIGURE 3-4

100 MINUTE STEP DRAWDOWN TESTS IN ALLUVIAL BOREHOLES {otd design)
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TABLE 3,2 CONSTANT RATE TESTS ON OLD BOREHOLES

Aguifer Boxehole G.8. Tischarge Length of Drawdown Specific

Location type mumber number (L /sec) test (hr) (m) capacity

(1/sec/m)
Chitipa W3 9B32 PMAB2 2.0 72 6,93 0.29
Chitipa WB 9B6S CC180 1,0 72 14,62 0.07
Chitipa WB 9B6 H156 0.8 22 13,80 0,06
Chitipa WB 9B7 H157 1.5 22 15,22 0.09
Hora Famm Institute WB 7859 GG40 4¢5 T2 17619 0,26
Chiwenge (Nr Kasungu) WB 51192 A115 1o 29 5.54 0,20
Chicle Mission, Nicheu WB/FB 18129 At 1,0 5 27.57 0,04
Chiole Mission, Ntcheu WR/FB 1R130 nw° 440 24 32,55 0,12
Nicheu 01d Hospital WB/FB 1R84 J101 1.0 8 1404 0,06
N4cheu Hospital WB/FB 1R46 1428 0,58 72 11.34 0.05
Mvera Army Camp WB/FB 4096 RK162 0.85 24 16,0 0,05
Mvera Armmy Camp WB/FB 4C103 RK161 %) 24 19.0 0,08
Mponela WB 5D212 W322 2.0 10 18.18 0.11
Mponela WB 5DA4 AN 2.5 10 15 31 0.16
Mponela WB 5D224 - W176 125 5 26.3 0,05
Mponela Road Camp WB - - 1425 48 1710 0,07
Dowa WB/F3 154210 W120 3.0 4 21.58 0.4
Dowa Red Cross WH/FB 154234 - 440 12 559 0.72
Mpemba WB 1E72 PMA04A 0.75 72 40,23 0,02
Mpeatha WB 1ETY L3004 1.0 24 6oT1 0.15
Mpemba, WB 1B1 ¢162 0.5 24 16,41 0,03
Namweza, WB 11430 K26 2,0 24 8.10 0.25
Songani WB 2022 A21 0.75 72 16.81 0,04
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{Contimuation) TABLE 3.2
Aquifer Borehole GeSe Discharge Length of Drawdown Specific
Tocation type number mumber (1/sec) test (hu) (m) capacity
(1./sec/m)

Chiradzulu School WB 28220 K2 0.5 25 1,05 Ou48
Chirzdzulu WB 28218 JAT 125 24 22,91 0.05
Chiradzulu W3 28217 J35 1.5 24 33,24 0.05
Thekerani (Lower) WB/TR 14D28 RK%8 0.75 T2 21.52 0.03
Chilumba A 17C46 RKY2 0.3 24 19,20 0,02
Chilumba A VYICAT RK14 0.4 24 16,21 0,02
Salima Militia College A 15A198 SM361A 10 T2 %e55 0.28
Salima Militia College A 154199 SM362 05 T2 13,50 0.04
Salina A 154212 AST 9.8 15 5,18 1489
Nkhotakota :\ 15312 W321 3.2 24 4,65 0.69
Balaks A 1053 BA00 4.0 16 25.64 0.16
Chikwawa School A 1L10 164 1.0 24 A2 0.24
Chikwawa 116 164 2,0 72 6.28 0.32
Chikwawe, A 1L4 T3 0.75 T2 3+95 0.13
Chikwawsa A 115 HIM63A 2.0 72 11. 11 0.18
lichalo Plant 1 A 1H292 R3150 0.5 24 14,85 0.03
Hchalo Plant 2 A 1291 2151 3.5 T2 19.17 0,18
Hgabu A 12109 DA4 5.0 72 15.40 0.32
Hgabu A 177 17205 1,25 54 8456 0,15
Hmabu A 1129 Q237 275 72 12.51 022
¥gabu A 11544 A1T9 1e5 72 17.27 0,09



(Continuation) Table 3.2

Aquifer Borehole GoSa Discharge Length of Drawdown Specific

Loaation type number  number (1/sec) test (hr) {m) capacity

(1/sec/m)
Usanje A 1332 T54 5.0 24 5615 0.97
Wsanje A G33 58 Ta5 72 3.82 0.39
Hsanje A 1G28 K1683 Tet 17 4. 27 0.26
Nsanje A 1G27 K1684 0.6 15 10,61 0.06

Notes
The table shows that specific capacities are usually very low regardless of the agquifer type;

this is considered to reflect poor borehole design rather than a true reflection ofaquifer performance,

weathered basement

= Ifractured basement

S

alluvium

It




Better design can almost certainly improve the bore-
hole performance, which will result in higher specific capa~
cities and more linear, lower-gradient discharge/specific
drawdown relationships, Such improvements were confimmed by
the testing of properly designed boreholes (Figures 3.2, 3.5
and 3,6 and Table 3.4}, This emphasises the dangers of using
tests from old boreholes to determine aguifer properties.

The long term behavicur of boreholes in Malawi is
poorly documented, and few have been properly test pumped more
than once, Those which have been retested usually show sig-
nificant deterioration of performance with time (Table 3,3),
unless the borehole had been redeveloped before testing, The
fall in specific capacity could be due to one of several
causess

a) Movement of fine material into the borehole causes infilling
and a decrease in the effective depth of penetration of
the aguifer, There is much evidence, from mainte-~
nance records, of borehole infill by fine material
and wear on pump components, especially in alluvial
areas. This is generally the result of an ineffective
gravel pack in the anmmulus surrounding the borehole,
coupled with large slot sizes in the screen (see
Sectién 40 303 ) ]

b) Corrosion of borehole linings in areas of acid ground=-
water could result in further ingress of aguiferx
material or even the collapse of sections of the
borehole, Acid groundwster is a relatively common
occurrence (see section 3,5) and pump components
have to be replaced in some areas every 612 months,

c) Incrustation of the gravel pack and screen slots by
iron deposits or other materials results in a decrease
in permegbilidty. Deposition on the downhole pump com-
ponents is commonly observed in boreholes in the
weathered basement aquifer,

a) Blocking of fractures will cause a decrease in porosity
and permeability. A good example of this phenomenon
is seen in the fractured basement aquifer at Dowa,
where the boreholes are open and do not hawve any screen,
so the deterioration in horshwle performance (Teble 3.3)
is most likely to be caused by the blocking of fractures.



FIGURE3.5 STEP DRAWDOWN TESTS IN PROPERLY-DESIGNED
WEATHERED BASEMENT BOREHOLES
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FIGURE3.6 100 MINUTE STEP DRAWDOWN TESTS IN PROPERLY
DESIGNED ALLUVIAL BOREHOLES
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TABLE 3.3 LONG TERM BORFHOLE PERFOEMANCE

Location Aguifer Borehole GaSe Date Discharge SC Date Discharge sC
type number mmber (3/sec) (3/sec/m) {1/sec) (1/sec/m)
Dowa WB/¥B 154210 W120 6/2/78 3o 0,80 12/7/19 3.0 0.14
Ntcheu WB/FB 1R129 M1 20/6/78 1.0 0,10 1 /8/79 1.0 0,04
N¥4cheu WB/FB 18130 ar 28/7/78 165 0,28 24/8/79 4.0 0.12
Chitipa WB 9B32 PM482  21/6/78 2.9 0.30 3/6/82 2,0 0,29
Chiradzulu WB 28218 J37 21/8/78 1.25 0,06 21/2/80 1025 0,05
; Balaka A 1R53% w300  11/11/81 365 0.22 21/9/82 4.0 0,16
@ Nsanje A 1G32 msa 18/5/78 0,58 0,26 29/4/62 5,0 0.97"
5 Nsanje A 1G28 XK168B 20/5/78 0.75 0.28 2/8/78 1o 1 0.26
Nsanje A 1627 Ki684 22/5/78 0.6 0,06 31/7/78 0.6 0,06
Mpemba, WB 181 ¢162  24/5/78 0o4 0.03% 30/%/80 0.5 0,03
Salima A 154212 A5T7 27/1/78 2,0 0.83 26/1/79 9.8 1,89

4+ after development of borehole

WB = weathered basement
B fractured basement
A alluvium




e) Declining groundwater levels would result in a de-
creasing saturated aquifer thickness., However the
abstractions are generally much lower than the annual
recharge (see section 3.4) and this is unlikely to be
the case except for some of the fractured basement
aguifers where recharge is not dependable,

3.2¢4 Transmissivity

Transmissivity (B is delinad 55 the volume of flow through
a full section of the aguifer of unit width uvnder unit hydraulic gradient
in undt time, It is usually estimated from the rate of drawdown
observed during an aquifexr test, Most boreholes in Malawi have
not been pumped for long enough for detailed analysis, and only
relatively few iests have been carried out at constant discharge
rates in properly-designed boreholes (Table 3.4),

The long term tests usually have only limited water level
measurenents taken within the pumping borehole itself. The dats
are subject to inaccuracies due to surging waler, well losses,
fluctuations in discharge rate and well storage effects at the
start of the test.

Large drawdeowns in thin aguifers may result in signifi-
cantly lower apparent transmissivities because of the reduced
saturated aguifer thickness., Corrections should be made for the

. dewatering effect, unless the drawdowns are smagll, although in
practice thisg is very difficult because of the vertical variations
in permeablility. TIn the weathered hasement aguifer the lower
part of the seguence is usually the most productive {see section
3,1.2). Despite the large drawdowns, the decrease in trmmsmissi-
vity may therefore not be as significant as appears at first
sight.

The interpretation of data from testing of the old-
design boreholes in the weathered basement aquifers (see Table
3,2) would be misleading, because it is suspected that the sa~
prolite ig largely cased out or lined with screen of very low
open areaz, and the boreholes are only open in the hard bedrock
below, The flow routes for groundwater entering such boreholes
will be complex. In addibion To contribuiions from fractures in
the bedrock, there will alsc be gn unknown contribution from the
overliying saprolite by wvertical movement through the aquifer down
the outside of the borehole casing and in the annulus of dige
! turbed ground immediately around the borehole, Thege tesis may

well give a better indication of fractured basement aguifer pro=-
perties rather than those of the weathered zone. The analysis of
the pump test data should be treated with caution since the basic
assumptions for conventional pumping test analysis are not sa-
tisfied. The differences in borehole performance beiween old-
design and properly-designed boreholeshave already been discussed




(See section 3.2,3 and Figure 5.2) and the dangers of estimating
transmissivity from measurements within poorly-desisned pumpling
wells cannot be overstated.

Punping tests on various old-design boreloles were
carried out by Howard Humphreys (1979). Host of these tests wexe
too short and at variable dischange rates, and thus the analysis
is rather unreliable. The Hational and Shire Irrigation Study
(1980) gave estimates of transmissivities mainly based on specific
capacities. These estimates are also rather dubious given vhe
unreliability of the specific capacity determinations as dis
cussed in section 3.2.3.

Results of more recent testing on properly-designed boree
holes with relatively linear specific capacities are presented in
Table 3.4, The NSIS investigations (1982) chow that ihe alluvium
can be an ilmportant aguifer with transmissivities ranging from 50
/d to over 300 r/d. However, aquifer properties are likely Lo be
very variable depending on the lithology and thickness of the de- %,
posits,

) In order to improve the undersisnding of the weathcered
basement aguifer, two detalled pumping tesis were carried out at
Lilongwe International Airport in boweholer !mown to be properlyw
constructed and having linear zpecific dwawdown/yield relationships
(Smith~0aringion, 1983). The water levels were menitored in the
pumping borehole and in two small-diameter, properly-constructed
observation boreholes at each site (Figures 3.7 and 3.8)o The form
of the response to pwiping is wmsual and similgr in all boreholes
except CC113A, with a steep "shouldex” (probably a barrier boundary
effect) followed by a decline in the rate of drawdown. The latter
effect could possibly be caused by gravity drainage during dewabeiw
ing as the water level falls below the seuniwconfining cleys in the
case of CC112, but this is unlikely to be the explanation for the
response in observation boxeholes to CC1134, as the water level
rerains within the surface clays, Here it probably indicates the
intersection of some recharge boundary. The recovery of waler
levels shows a rather different foman with no shoulder effect and
the Initial rates of recovery are nore rapid (Figures 5.7

and 508)9

The small drawdown and delayed response in the ncearer
observation borehole (OW1) during pwaping of CC1134 is thought fo
reflect the fact that it only partially penetzates the weathersd
zone. Lt is suspected from ite response thet the lower part of
the aguifer contributes most of the yield and thal there 1z peoor
hyrdraulic connection between the vppexr and lower layers, Thig
was confizmed by conductivity logging and chemical saspling in
the boreholes (see Figure 3.19), The results from this borehole
camiot be used to estimate tranumissivity becauwse the flow will
be predominantly vertical leakage in respense o punping of CC1ilA.
The delayed recponse iz probably due to both strong vertical
banding in the aguifer and very low pexesbility in the most
weathered upper layers, Another possibility is that the pumping
borehole and OW2 boith intersect some Iracture trace preserved in
the weathered zone.
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PABLE 3.4 RECENT AQUIFER TESTS ON PROPERLY~DESIGNED BOREHOLES

Average

Location Borehole (.5, Aguifer Discharge Length Drawdown  S.C. 2T ¥h

number numbex type rate of (m) (i/sec/m) (m“/a) (m/a)

(1/sec) test
(hr)

Salima 154207 IS A 5 72 11,65  0.43 70" 3
Salima 154228 783 A 15 72 11,71 1,28 1607 6"
Salima 154229 ISy A 15 72 5,39 2,78 3007 g"
Nkhotakota 15864 TRI07 A 14 72 18,00 0.78 130" 11t
Bwanje Valley 3075 55 A 12 72 10,98 1.09 150" 6"
Bwanje Valley 3D60 360 A 7 48 o530 0,28 50t -
Lower Shire 16137 16137 A 12 72 7454 1,59 200" el
Lower Shire K115 1£115 A 15 72 4,83 3,11 330" 25"
Lilongwe AR80 CC137 B 1.5 24 22,24 0,07 - -
Chilumba 17054 cci6s A 3,0 72 13623 0.23 e -
Iilongwe 4F39 Cccid WB 2.2 72 14.5 0.5 - -
Lilongwe 4F35 cc112 B 1od 72 14.4 0.10 5-35% 0.3~1.8
Iilongwe A¥31 CC113A WB 5 75 24,5 0,20 10-35% 0,4.1,2
Chitedze 40272 GP7 /B 2.0 72 11,68 0.17 12 0.5
Chitedze 41274 GPs WB 165 49 10,43 0.14 10 0.6
Chitedze 41273 GP4 B 0.5 60 4,69 0.11 7 0.2
Notes:
A = alluvium
WB = weathered basement
FB = fraciured basement

+ After NSIS (1982)
X After Smith-Carington (1983)




FIGURE 3.7 TEST PUMPING AT LILONGWE INTERNATIONAL AIRPORT CC 112 (4F 35]
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FIGURE 3.8 TEST PUMPING AT LILONGWE INTERNATIONAL AIRPORT cc 113a {4F 37)
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It is clear that the weathered basement agquifer is very
complex with the heterogeneity of the materisl both vertically
and iaterally resulting in variable flow from different horizons,
The eaxnly data has been used to estimate transmissivity; it is proe
bably in the zange of § to 35 m%/d avound CC132 and 10 to 35 m+/d
around CC1134 (Table 3.5). However, this will ouly predict the
decline of water levels for a relatively shoxt period before the
response to pumping is dominated by complex boundary effects. The
late dabe in such tests is required to help choose the setting of
the pump suction, discharge rates and pumpiung regime, and to make
estiinates of long tem punping water levels,

The Lilongwe Intermational Airport boreholes are high
yielding, and not very typical of the weathered basement. ZResults
Txoiz the testing of more representative, lower yielding (0,25 %o
1ol 1/mec) but properly-designed rural water supply boreholes in
the Livelesi and Dows West Projects have been tentatively analysed,
The teats weve short {1 to 5 houws), snd the water levels in some
cages were veyy gulckly drawn down bo pump suction with a conse-
quent reduction in discharge rate for the remaining durabtion of

he teste The Interpretation of the data is complicated both by
Sravity drainage sfter the aguifer passes from & semi-confined to
it unconfined condition, and also by the decrease in saturated
thiclmess resulting in a fall in transmissivity as the aquifer is
dewatered, as well as boundary effects, Analysis of the early
parts of both the drawdown and recovery phases where there are
sufficient data points suggests transmissivities of 1 4o 20 m* fa

in the Livulezi Project {Smith-Carington and Msonthi 1983, and -
Piowre 3.9}, and 0,2 to 5 m*/d in the Dowa West Project (Ruxton,

33 and Figure 3,10). As a vesull of these very low transmissivie
ties in thin heterogenecus agquifexs, there could be a significant
decline in yleld in some boreholes at times of drought with the
lowering of groundwater levels and the loss of imporbant flow hoe

TLUGNS .

oD Pemneahility

Pemmeadility () is defined as the volume of flow through
unit area of the aguifer wnder unit gradient in unit time, It
iz likely to be very variable, both vertically and laterally,in

both alluvial and bagement aguifers because of the large range and
shrupt changes in lithology.

The frequent cccurrence of clays and clay-rich layers in
alluvial zequences and in the weathered zone of the basement will
engure that the properiies are highly anivsotzopic, with vertical
permeabilities suspected to bHe mmch lower than hordizontal permeae
bilities, This effect iz bome out by the aquifer tests at Lilongwe .
Adrport (see section 3.2.4) where the small drawdown in the partiallye |
penetrating, nearbhy observation boxeshole is suspected to be at !
least partly due to layering within the weathered basenent aguifex
and low vertical pzrmaeabilities,

Highly variakle water guality over very chort distanceg in
some areas of weathered basement {sce section 3.5) suggests low perw
meabilities and 1ittle wnixing of groundwater, On the basis of estie
mated transaissivities and agquifer thickmesses, Iypical average per-
meabilities ave likely to be in the ranme 0.5-1.5 m /d. The most
peracable horizong are unliliely %o exceed 5 afd, Groundwater flow
will be complex, with the bulk of the flow often from a few thin
horizons (comuonly veins ox fractures) together with a smaller cone
tripution by diffuse flow from the rest of the sequence.

w TO -




TABLE 3,5 BESTIMATES OF TRANSMISSLVITY,
LILONGWE INTHEENATIONAL ATRPORT

Transmissivity estimate (mz/d)

Ge 5. number | Borehole type curve method | straight line method
S AERU{OToNT IS M A=TEIo A= Nan A IO W= N0 (6 Co10 1D MM = T0 1N i
cti12 4F35 22 3 16 3
0C1120W1 AF26 %9 3 # *
CC1120wW2 4F38 19 39 * Cox
CC1134 4731 11 11 11 11
; CC11340W2 4F37 57 25 * %

after Soith-Carington (1963)
* u is toc large for straight line relationship (Cooper and Jacob,1946)
to hold for early datba.
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FIGURE 310 RECOVERY FROM TEST PUMPING, DOWA WEST PROJECT
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In the alluvial aguifers, typical average permmeablilities
are likely to be in the range of 1~10 m/d, It must be noted that
these are only rough approximations and there will be considerable
local variations, WNSIS (1982) suggest a pomeability of about 10—
20 m/d in clean alluvial sands and gravels and almost an oxder
of magnitude lower, about 2~5 m/d, in gcolluvial clayey sands and
grits., Groundwater flow will be largely intergranular.

Mnisotropic conditions are likely to occcur in the well~
bedded, strongly-cemented Karoo sedimentary aguifer, where the
permeability will be controlled largely by the secondary porosity
along bedding planes and fractures,

Permeability in the fractured bedrock will be highly
variable and dependent on the extent and intersection of fracturs
zones. Flow velocities in individual large fractures could be
very high, but the overall permesbility ie likely to be low
because of the low porosity,

3.2.6  Storage Goefficient

The storage coefficient (S) is defined as the volume of
water which an agurifer releages from storagme pex unit surface area
per unit change in head. There is no reliable information on the
storage properties of the aguifers since this requires analysis
of dsta from an aguifer test where the water levels have been mo-

nitored in observation wells, and iransmigsivitfy estimates are
reliable,
The storage coefficlent will probably be in the range 2

5x10‘3 to 107% in the weathered basement aguifer and 107 %o 5x10°
in alluvial aquifers, bubt it cannot be estimated with any better
precision without beltter lmowledge of the strata and more cer-
tainty of ‘the transmissivity.

There is an additional complication as the storage coe~
efficient in those aguifers which are semi~confined will vary
during pumping, and seagonally, if the groundwater level falls
below the semi-confining layers.

HSIS (41980) BEstimate the specific yield, Sy (effective
porosity) of the weathered basemen:t to be about 5 percent and to
lie in the range 3«10 percent for the alluvium, based on litho-

logical reccrds,




503 GROUNDWATER LEVAELS

3e%e Depths to water

Groundwater levels were measured in boreholes at the time
of construction, and have been recorded subsequently (since 1971)
by Borehole Maintenance Units. The readings are jixregular as they
are only taken when handpumps are removed for repairs, and in
addition many of the measurements are suspected to be unreliable,
Por hoth the alluvial and weathersed basement aguifers, groundwater
ig usually struck at a level below its final rest water level, and
it then rises, sometimes by several meitres. This is evidence of
the semi-confining nature of the surface strata. UThe extent of the
rise in water level reflects the degree of artesian pressure and
devends on many facters including the lithology, the topographic
vesition,; and the time of the year when drilling takes place. The
alluvial bhoreholes may penetrate more than one aguifer, so the
difference bhetween sitruck water level and rest water level repre-
gents a composite of the pressure conditions within the several

aguifers,

Regicnally, the piezometric levels (as shovm by rest waier
levels in boreholes and dug wells) are closest to the ground sup-
face in areas where the rainfall {and hence recharse) is highest,
They tend to form a suhdued impression of the surface topography
heing closest to ground level near surface water courses and deeper
under interfluves,

Over the plateza areas, rest walter levels are generglly less
than 25 m and commonly less than 15 w below ground level, but they
may be deeper towards the xifit valley escarpment or in other localised
areas, wear the dambo, the groundwater levels may rise to ground
level during the wet season.

In the rain shadow area of the South Tukuru Valley, pilezo~
metric levels tend to be slishtly deeper (commonly 15 $0 25 m below
grownd level), lere the saturated thickness of weathered material
may not always be sufficient,even for the low yilelds required forx
rural domestic supplies from handpurps, and the depth of weathering
in relation to the depth to groundwater may well be critical. In
the Upper South Rukura Valley, there is hydranulic continuity between
the aguifer and the river, however groundwater levels are often helow
the viver level in the middle reaches. I1 is uncertain whether the
river loses water into the undexrlying aguifer or wvhether there is
poor hydraulic connection between the two and the aguifer is confined

in this region,



Depths to groundwater in the alluvial basins are again
closely related to the rainfall and recharge. They also tend to
increase with distance from Lake Malawi and or with topography.
Rest water levels are nommally less than 10 m below ground sur-
face in the Salima-ikhotakota lakeshore plain and in the Lake
Chilwa Basin, although the depths of drilling required before
water is first struck are sometimes considerably more, Vater
levels are deeper in the rain shadow areas of the Bwanje Valley,
Rivi~Rivi  Valley, Upper Shire Valley and parits of the Lower
Shire Valley, where they may be 30 m or more below ground level,
In some parts of the Lower Shire Valley, howeven water levels are
very close to the ground surface,

Close to the shores of Lake Malawi, the groundwater levels
may be controlled to a certain extent by the lake level although
this will only affect a relatively narrow zone {see section 3.3.5).
Recent lake levels in the late 1970s have been very high and asso-
ciated with this groundwater levels have been very clese to the
surface or even rising above ground causing flooding in low ly-
ing areas, for example in the {atete dambo, near Salima.

Groundwater levels in the Karco sediments are usually

deep; they depend on the surface itopography, and in the Lower
Shire Valley are commonly 20 to 30 m below ground,

3.3.,2  Seasonal fluctuations

Measurements of groundwater levels talken by the Borehole
Maintenance Units indicate that nomal seasonal fluctuations are
in the range 1 to 5 m in the weathered basement aguifer and 1 to
3 m in the alluvial basins. It must be emphasized that these
neasurements are very infrequent, likely %o be inaccurate, and
can only be used as a rough guide in the absence of other records,

Groundwater levels have been monitored with antographic
recorders at several sites since 1980, These give a much more
accurate indication of seasonal changes in the volume of stored
growndwater, and with continued measurements, the long term effects
of groundwater abstraction can he evaluated. Diurnal fluctuations
in water level of 10 to 50 mm are observed in all the borsholes;
these are agsociated with chongas I barcipelilo presstose

Two borehcles withrecaxiers in the weathered basement aquifer
situated on lower valley slopes in the plateau area of the Bua
catchment show seasonal water level fluctuations of 2 to.&Snl(Figure
3.11). Another borehole with a recorder at Lilongwe International
Airport showed a rise of nearly one meire in 1983; but only one
year of data is available (Figure 3.12). Water levels do not begin
to rise until two to three months affer the commencemeni of the
wet season., Much of the early rainfall is used to satisfy moisture
deficits which have built up in the soll and wnsaturated zone during




Figure31i SEASONAL GROUNDWATER LEVEL FLUCTUATIONS, BUA CATCHMENT
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FIGURE 312 SEASONAL GROUNDWATER LEVEL FLUCTUATIONS, LILONGWE AIRPORT
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the dry season, and little deep infilitration can occur until these
have been made up. Maximum groundwater levels occur around March/
April, towards the end of the wet season, after which there is a
gradual recession of water levels until the minimum is reached bet-
ween December and February., Variations in the shape of the hydro-
graph wiil obviously occur from site to site, and from one year to

the next, depending on the rainfall amount, intensity and distriw
bution through the wet season. The amount of recharge and the storage
properties of the aguifer will determine the amplitude of the water
level fluctuations (see section 3.4.3).

Water levels in the alluvial aguifer are monitored by two
recorders near Salima (Figure 3.13) on the lakeshore plain, These
ghow emaller annual fluctuations of gbout 0.8 to 2.5 m which could
reflect the higher storage propexties of this unconsolidated aguifer
(see section 5.4,3), A delay in response of water levels following
rginfall is observed, with the rise not commencing until December-
Februaxy and peak levels occurring around March/April,

The dry seauson walter levels in the thin weathered basement may
be such that the seturated aguifer thickness is very small, snd the re-
Guetion in traisnliesivity and storage can lead %o supply problems in
severe grought conditlions,

3¢3.3  Long tem groundwater level fluctuations

Boreholes with the longest and most frequent records show
that there is no evidence of declining water levels over the period
1971-1981, in either the weathered basement or alluvial aguifers.
Tigure 3,14 shows an example of the fype of records available for
some boreholes in the Bua catchment. This is not surprising because,
although abstraction has increased over this period, the present
abstraction from groundwater (see section 4.1.9is still a very small
proportion of the seasonally replenished resources (see section Zod)
and thus aguifer depletion would not be expected in any of these
areas., There is scope for considerable further development of
groundwater resources without any significant danger of declining
water levels.

In the fractured bedrock aguifers of the escarpment how-
ever, there may be declining waber levels in some areas because of
unreliable recharge to the fracture zones. For example at borehole
154 155(X186) near Dowa, water levels have fallen from 16 m to 23 m
below ground levd over the period 1971 to 1980,

By contrast, within the Sucomz Sugar Estate in the Lowver
Shire Valley, which was established between 1964 and 1976, there
has been a local ¥ise in  groundwater levels in the alluvium
caused by heavy irrigation of the area using water from the Shire
River {Van der Velden, 1980). Boreholes 1H53, 1H104 and 1H242 had
shown rises of 6m, 3m and 2m respectively, by 1979.
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3.3.4  Groundwater movement

Piezometric form lines have been constructed using estie
mated minimum groundwater level elevations (see hydrogeological
maps), and they give a general indication of the direction of
regional growndwater movement although there are insufficient
data points to construect groundwater contours on a local scale,
The hydrology and hydrogeology is dominated by Lake Malawi and
the Shire River, andthe whole countyy drains to this system, ex-
cept for the internal drainage of the Lake Chilwa Basin.

Groundwater movement may be structurally controlled in
all aguifer types, but particularly those which are more conso-
lidated and more affected by faulting. The Karoo sediments in
the Lower Shire Valley for example, are traversed by many faults,
vhich may form groundwater barriers e.g. Mwanga Fault (Bradford,
1973). The groundwater levels observed at present are a viritually
natural condition because the abstraction is so small, and the
possible effects of faulting will not be fully felt until ab-
straction increases.

Direction of groundwater flow may also be controlled by
the occurrence of uplands with steep slopes and fresh bedrocks
groundwater movement will tend to be deflected around the base of

such highiand areas.

a) Weathered basement acuifers of the platesu

On the plateau areas, the piezometric surface suggests
apparently regional hydraulic continuity, with generally radial
flow to the basin centres and loecal, structurally controlled movew
ment around uplands rising from the plateau. This regional picture
may be misleading as the ground surface is so flat that the under-
lying piezometric surface is also gentle;, and a generalised con-
tour map can easily be drawn. On a local scale, however, the
direction of groundwater movement iz likely to be vexry variable
with flow towards each dambo tributary, and the actual gropmdwatexr
flow patterns are thought to be complex. The localised flow cells
with slow rates of groundwabter movement are confirmed by the highly
variable water quality within short lateral distances (see section

36502)0

The regional hydraulic gradients are very low (often less
than 0,005) but these are a reflection of flat surface topography
rather than permeability. A detailed altimeter survey to determine
the form of the piezometric surface over pari of the Dowa West
Project arvea (Figure 3,15) showed that the groundwater contours were
a subdued expression of surface topography with average hydraulic
gradients of 0,014 to 0.044 (Figure %.16).
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FIGURE 3.16

CROSS SECTIONS THROUGH THE WEATHERED BASEMENT AQUIFER
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The weathered basement aquifer is likely to be in direct
hydraulic continuity with thedambo, and is probably responsible
for most of the baseflow in any surface water courses. The actual
groundwater discharge to rivers will depend on recharge rates, the
extent of impeding laterite and the degree of hydraunlic connection
with the dambo. In the middle section of the South Ruru catbch-
ment on the platean, for example, the groundwater contribution will
be negligible because water levels are virtually always below the
level of the miver bed.

Groundwater underflow in the weathered basement of the
platean areas is probably negligible because the zone of westhering
is usvally thin towvards the upwarped escarpment edge, and the
natural hydrsulic gradients would tend to encourage groundwater
movement away from the escarpment edge itself towards the incised
river channels in this region.

b) fractured‘paseqent aguifers

Grounéwater contribution from the fractured bedrock aguifers
to the rivers discharging from the uplands and the escarpment is
difficult to determine, but is likely to be small, Piewometric form
lines cannot be constructed in these zones because of the discon-
tinucus nature of any aguifers, The hydraulic gradient will be
large because of the steep topography resulting in rapid drainage.

It is possible that thers may be some underflow of grounds--
vater, by deep percolation through the fractures and along fault
planes in the escarpment zone, which eventually discharges to the
alluvial aguifers or directly into Lake Malawi, This is impossible
to guantify, but given the overall low secondary porosity and low
permeability s it is likely to be small,

c) weathered basement and alluvium of zift valley plains

At the base of the rift escarpments, there is commonly loss
of water from the rivers, recharging the weathered hasement and aliu-
vial aguifers, These two contisuous aguifer types appear to dbe in
hydraulic continaity, both along the lakeshore plains and in the
Shire Valley, based on a consideration of groundwater levels. Further
down the hydraulic gradient the river discharge usually increases
with the addition of a component of groundwater, and the piezometric
form lines in the alluvial aguifers usually indicate direct dis-
charge of growndwater into surface water bodies,.
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The regional hydraulic gradients in the alluvium are
generally low (G.OO1~OoQ1)Vénd reflect the very gentle surface
topography. The variable groundwater quality and heterogeneous
lithologies suggest that the small scale flow patterns may be
very localised,

There is likely to be a2 significant amount of groundwater
wderflow through the alluvium, In the Salima area, the annual
discharge towards Lake lMalawi ig likely +o be between 0,13 x 10
m? and 0,38 % 10% n3 for each kilometre of shorelingsiven an esti-
mated transmissivity of 100 - 300 m*/d and a hydraulic gradient of
0,0035, The total discharge from any alluvial area along the
lakeshore will clearly depend on the local aguifer characteristics,

In the vicinity of Lake Melawl it is possible that there
is some seasonal reversal of flow wiith movement of lake water into
the alluvium during the wet season, when the lake rises by one to
twe metres and the hyéraulic gradient ls away from the shore. This
water in "temporary storage" would then be released and flow back
into the lake as the lake level subsided  (UNIP/WHO, 1976). In
the alluvial area by the lakeshore near Salima the hydraulic grae-
dient is about 0,002 at the end of the dry season; a 1.5 m rise in
lake level during the wet season would therefore allow penetration
of lake water into the aguifer to about 500 m inland (allowing for
a certain, though delayed, rise in groundwaier level over this
period). Assuming a specific yield of 5 percent to 10 pexcent, the
temporary storage in the sands is relatively small, about 0.019 x
10°m® to 0,038 x 10m3 per kilometre of shoreline, The amount of
temporary storage in other areas of alluvium close to Lake Malawi
will depend on the local hydramlic gradients and the storage pro-

perties of the aguifer,

Piezometric form lines in the Lower Shire Valley indicate
groundwater flow towards the central axis of the valley, but the
exact relationship between the river and groundwater has not been
established (Bradford, 1973%; NSIS, 19803 Crow, 1981),

Grouwndwater contours around Lake Chilwa show that the
gubsurface drainage converges on the lake as well as all surface
drainage., The hydraulic gradient is vexry low, becauwse of the very
gentle land surface, '



3,4 GROUNDWATER RECHARGE

3o Introduction

A knowledge of groundwater recharge is required in order
that Fhe groundwater abstraction does not exceed the seasonally
rep%enlshed resource and long term depletion of resources is avoided.
It is also important to identify significant recharge areas, if
possible, in order to guide land use policies.

The annual re-
charge to an agquifer is generally a small component of the total
water balance which is difficult to estimate accurately. It is
common practice, therefore, to evaluate groundwater rescurces by
several different methods to give more confidence to the results,

Egtimates of recharge to the weathered hasement and allu~
vial aguifers have been made by the anaglysis of hydrographs, ground-
vater level fluctuations, flow nets and catchment water balances,
Recharge over the plateau area of the Bua catchment (Smith~Carington,
1983) and the Salima~Nkhotakots lakeshore plain (Mawluka, 1983) have
been evaluated in most detail.

A consideration of the reliability of the different esti-
mates and a summary of the most likely recharge figures is given
in section 3.4.6.

3.4.2  Hyvdrograph analysis

Computer-generated hydrographs of total discharge ave
available on both arithmetic and semi-logarithmic scales for many
cauged rivers in Malawi, The hydrographs can be separated into over—
land flow and baseflow using conventional techniques (Hall, 1968).
On a seni-log plot the last straight line portion of the falling
limb represents the baseflow recession, From a backwvard extrapo-
lation of this line, a continuation of the falling limb of the basew
flow hydrograph can be produced. This can be replotted on an
arithmetic scale and the rising limb drawm in to intersect with it
(Figure 3.17). The anmual baseflow discharge can be estimated by
measuring the area under the haseflow hyrdrographs

Bstimates for the rauging stations 501 and 502 in the Bua
platean area during the period 1959/60 =~ 1974/75 shoved that the
anmual baseflovw, determined by conventional analysis, was aoinl) in
the range 15=30 percent of the total flow and 1-3 percent of armmual
rainfall (Smith~Carington, 1983), Vhen this is considered over the
whole catchment, the irplied average recharge is 18 mm and 15 mm for the
two stations. The long period of wiver flow following the end of
the rainy season (usually %~G6 months) suggests that the baseflow
conponent ig deminantly groundwater discharge, although there may
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be a significant interflow component during the rains and con=-
timuing for a short period afterwards, when water is diverted
laterally along impeding layers such as hard laterite within
the weathered profile.

The use of the baseflow hydrograph as an indicator of
anmual recharge, using the conventional method described above,
is considered to be too simplistic for those platean areas whose
drainage is dominated by dambo systems. The dambo occupy up to
25 percent of the total land area and have a distinet hydrologi-~
cal regime; it is thought that the baseflow observed at the
gauging station may not give a tmue reflection of the groundwater
recharge to the catchment above the station,

In catchments which are drained principally by dambo
the hydrograph form is very flattened with none of the peaks
which might be expected to be associated with flashy tropical
rainstorms {Figure 3.17). The dambo acts as a storage reser-—
voir which buffers the peaks of irregular rainfall as a result
of the slow flow through the dambo grasses in the bhroad flat
valleys, The rising limb of the hydrograph is very steep be-
cauge ¥ain falls directly over the saturated dambo, which occupy
a significant proportion of the catchment, and there is only li~
mited infiltration intc the dambo clays. At the end of the wet
season, the discharge decreases suddenly, aided by high evapo-
transpiration over the large dambo ares. Baseflow maintains the
surface runoff for a period of several months, but the river may
dry up before the onset of the following season of rains,

The baseflow analysis should give some idea of minimum
recharge, but the observed baseflow component could represent only
a residual proportion of the total groundwater discharge, It is
posgible that a significant amount of groundwater could be dis-
charged to the drainage system upstream of the gauging station
and subsequenily evaporated or transpired from the dambo before
reaching the gauge. This might give a misleading picture
of recharge to the catchment above the gauge.

If the dambo vegetation (which is always relatively green
and appears to be actively transpiring)were losing water by eva-
potranspiration at nearpotential rate throughout the dry season
(see section %.4.5), and if this were derived entirely from ground-
water flow to the dambe, the implied volumes of recharge would he
very high, perhaps even an order of magnitude higher than that
implied by simple baseflow analysis. Other methods of estimating
rechairge however, suggest that this is unlikely, and the evapc-
transpiration from the dambo during the dry season must derive
at least in part from storage within the clays, with the consequent
bulld up of soil moisture deficits, These deficits would be made
up by infiltrating water and interflow after the onset of the rains.
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In swmary therefore, the minimum groundwater recharge
o the weathered basementv aguifers in catehments dominated by

rograph separaticn, but it could be significantly

greater due o evapoetransniration of growdwater from the dambo
£y ey L)

mrloee {see section 3.4.3).

Conventional enalysis of hvdrographs for the Lilongwe
vtelment {gauze 4AD4) and Unper South ndaimu eatchment (pange
TA%) ™y Chilton (?979} sugoest average groundwater recharge of

mm and 20w respectively (4 percent and 2 vercent of ammal
« These are also likely to be minimun recharge figures
hecause ol the large proportion of danbo drainage, and actual
recharge could be sigmificantly greater as suggested above,

St ]

The convenbional anglysis of hydrographs from the Jiver
Livulezi (333} over the period 1959/60 to 1964/65 sugpests an
average bascellow component of 80 mm across this catchment, rep-
resenting an average of 30 perceni of the tolal discharge and 8
percent of amwmalrainfall, This catchment is also underlain by
wzathered basenent and has a similar climate to the Bua and
Titongwe catchments, but there 1g little dambo and the river
charmels are well deifined. The hydrograph form is therefore much
more {lashy, These baseflow figures misht be a more wealistic
guide to the recharpe of weathered basement aquifers, however it
should be noted that they will also include an element of recharge
from water logt throush the river beds at the base of the escarp~
ment as well as widespread rainfed recharge, and the average rainfall (1035 ma)
is higher than the average on the plateau areas (800-1000 mm).

The river gauges on the lakeshore plain are all located
relatively close to the foot of the escarpment where the allu-
vium is thin or negligible. Daseflow hydrographs would therefore
not represent groundwater discharge from the alluvial aguifer,
Baseflow separation for the Shire River would bhe misleading because
of the very large contribution of discharge from Lalke Malawi which
would completely mask any groundwater contrihution.

Analysis of hydrographs over the pexiod 1961/62 to 1973/
74 for the Mwanza catchment (gauge 1%1), which is predominantly
alluvial, showed a groundwater discharge in the range 3-80 nm
(average 19 mm) over the catchment, which represents an average
of %) percent of the total discharge and 2 percent of rainfall.
This will not be derived totally from rainfed recharge, but is
likely to include a component derived from infiltration through
the river beds., In alluvial areas groundwaber will also be dis-
charged as underilow through the aguifer and therefore the base-
flow component of surface flow will not represent total rechaxge.
It is clear that recharge to the alluvial aguifers and discharge
from them is complex (Figure 3.18) and the relative contribution
of the different components is uncertain.



FIGURE 3.18  SCHEMATIC DIAGRAM TOSHOW RECHARGE AND DISCHARGE IN ALLUVIAL
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3.4.3 Catchment water balance

Using hydrological and meteorclogical deta an atltemsn:
produce a catciment water balance can be made using the genexsi

equation ¢~

? = H#s + o + Bt + 88 4+ Sg 4 T
Vhere P = precipitation

R = surface run off

Re = groundwater discharge

Rho = actual evapotranspiration

5g = change in surface stoxage

Sg = change in groudwater storage
SHD = change in soil moisture deficit

Assuming a sufficiently long period of analysis the
changes in surface and groundwater storage and soil wmolsture dew
ficit can be considercd to be negligible if the balance is carried
out over water years, and the equation reduces to =

P = Rs + Rg + Bt

It must be noted that there are errors in estimating each
hydrological comnonent, and thus groundwater discharge estimates
should be treated with caution as they can easily be lost within
the margin of error of larger components such as rainfall and eva-
potranspiration,

Considering the catchment to the gauging statizn 5231 on
the Jun Jdver over a period of 16 years, the average balance
equation in mm is ag follows g

904 = 58 + 18 + 779 { + 50 imbalance)

A detalled breakdown of the calculations is given by Smith-
Carington (1983). The average rainfall of 904 mm was estimated
veing Thicssen polygons for 8 rainfall stations and is considered
to be representative with an error margin of perhaps 10 percent.
The botd genged flowv from the catelment (Rs + Rg) is also likely
to be reasonably accurate although it is clear from section 3.4.2
that the determinations of greundwater discharge by hydrograph
saparation way well be an underestimate of groundwaler recharge.

The estimates of actual evapotranspiration have been
made For different types of lznd use within the catchment and
weighted for the area they occupy (Table 3,6). The estimates
were determined using the potential evapotranspiration rates for
5 siation at Lilongwe and they depend on the nature of the vege-



5.6 BSTIMATES OF ACTUAL EVAPOTRANSPIRATION,
BUA PLATEAY ARG

(after Smi th-Carington, 1983)

)
o

Land uoe Cropped Woodiand Dousbo

or fallow

Ruot eonstant (mm) 140 200 -

Aromal astual evapolranse— T0% 763 1156 -
pirvation® (mm)

Proportion of cabchment 7580 5 < 15-20 100
(%)

Evapotrangpiration ex— 533 38 208 779
pressed over whole
catchment (mm)

* armual potential evapotranspiration = 1285 mm




tation (particularly the wooting depth) and the moisture gval
ithin the soll, ° - casurenents of actual evapot
on and the ve are subloct fo large eriox
3 Le to error when thoe soll rwo
which the pocwual evapolranspi:

doflwit cweeeds
Fallis elow the The evapotraispiration v

the daabe areas Lz btalen as 120 percent of potential fro JLﬂw
to carveh and gredually reducing to 30 percent of potenti&l

October at uh@ ond of the dry season. The damoo vegetation appears
to be sreen and CuLVGL“ LTLJQOLTLWQ throughout the dry season

and al thougts the reduce alightly, the los

. .)\;\J

05 510 unlikely be as lov as those suég@sﬁed oy
JQ?C' (ID,T) Tow vooded catohuents with dasbo in Zambia,

i

retion from the daabo arcas duriug the
hon any river flow is entlrely baszow

C mm when cxpreszed over the whole
cotehment,  As stoted in seotion %.4.2 this could be derived
parily Troa srowndwater discharge as well as a build up of
moilsture deficits within the damvo c¢lays. The fotal proundwater’
discharge could thus e as much as 96 mm/year when the residual
croundwater discharge obuerved at the gauging station (18 am) is
i

Mhe evapotng
period June to Hoven
flow) iz ecbimated to bo 7

Toe
*cluacu, although estimates of growndweter flow through the
agquifer sugmest that groundwater discnarge could not be az high

ac thiz (see section 3.4.5).

Groundwater levels con fail to a depth of about 2w
below ground in the dambo by the end of the diy season, with
the build up of moisduce delicils Lt the clays above. The total
water storase which could be availauvle o plantz (belween satue

ration and tensions of 1% abnosrhers: ) in 2 o of heavy claye
iz about 400 to 450 mm, deyendln onthe pore size distrilutions

1

{(Doorenboz and Pmit, 1277). Ihprecsed over the whole calciwment,
this represents a pocsible store of 60 to 68 rm, which would be
cufficient to supply most of the dry zeason svapotpanapiration
from the dambe, but the zelalivé contrzibulion fvem this stose
and from groundwater ave waceritain,

The 50 mo Inbalsnce in theegquation could e entizely
due to underestimates in the detemmination of evapotransniration,
and erwors in the delermination of othex nyﬂ"olo“irzl components,
I conld aluo represzent a component of groundwater underflow through
the weathiwred zone, or deepn percelation threough £ aﬁtu“cd NE Qe
woclk, although these are unlilely to be very laxge given the lowu
permeability and fracture storage available,

the absence of any reliable data for surface wmmnolf,
croundvater di@charg@ and actual @VaDOtTRHSDiTBblOH, and the come
rlexities of the hydrological cvele in the alluvial area (7igure
)QTQ) precluded the attempt to carry out a catcluent valer ha-
lance Hr the Salina lakeshore area.

Sadad] Groundwater level fluctuations

seasonal fluctuations of groundwater levels can hHe used
estimate recharge wherever the storage coelficients of the aguifers
are knowm, lecurate measurenents of groundwater levels ave énly
wallable. for those boreholes with auto Lo recorders, but re-
nle estinates of the storage coefficients and their possinle




temporal variation with changing water levels cammot be made from
the available data.
2

&«

=z

in estimate of 5 x 1077 to 107 has been used for the
gtorage coefficient in the weathered basementaguifer in the Bua
cabtchment where the groundwater level remains within the confining
clays. The observed seasonal fluctuations of water level arve 2.0
to 3.5 m including an extrapolation of dry season recession rates
during the period of water level rise (Figure 313} This would
imply a recharge in the range 10 to 3% wm, although it cannot be
refined to give any more precise estimate because of the inade-
quatc data avallable. If the groundwater level falls below the
confining clays, the storage coefficient will increase as the
aguifer passes from semiw-confined to unconfined conditions., As
a result of these complications, this method of determining re-
charge cannot be used with any confidence.

The observed seasonal flucturation in groundwaier levels
in the alluvial aguifer at Salima are 0.8 1to 2.5 n including a
component for extrapolated dry season recession. Using storage
coefficients ranging from 107 to 5 x 167, an anoual recharge of
between 8 mm and 125 wmm is implied; the smallex water level fluc-
tuations probably reflect a higher stovage coefficient, thus the
very viide range of recharge estimates can probanly be reduced to
10 =« 50 nm, Betier estimales cannot be made because of the lack
of detailed knowledge of the aguifer storage properties,

A2.4.5  Groundwater flow

Regional flow neis can be constructed on the platean arsas
and rift valley plaing because of the very flat ground surface and
therefore very flal piezometric surface beneath, however the local
groundvwater flow patterns are thought to be complex, Thexre are
insufficient data points to construct detailed flow nets on a

local scale,

It is thought that any interpretation of groundwater {low
through a reglonal flow net will be misleading because of the vexy
large areas of dambo to which groundwater discharges, the wnceriain
but variable transmissivities and hydraulic gradients and the come-
plexities ¢f local flow cells,

In the Dowa Yest Integrated Project area, the close pro-
zimity of the water points and the large rumber of treditional wells
near the danmbo has ecnapbled the construction of a rmore detailed map
of piemometric levels (see ssction 3.3.5 and Pigure 3,15), The hye
dranlic gradients are low, ranging from 0,014 fto 0,044 during the
dry season, and would be unable %o sieepen much even in the wet
season because of the very gentle surface topography. The average
transmissivity of the weathered basement in this area is estimated
to be 0,3 to 2,2 m2/d (see Table 3.7 and Section 3.2.3).




Using the equation 3

Q e Tiv
Where Q = groundvater discharge (m?/d)
T = transmigsivity (m%/a)
i = hydranlic gradient
/w = width (m)

the groundwater flow to the drainage lines (many of them
being dambo margins) hap been calculated (Ruxton, 1983 and Tavle
3.7). In the long run, the annual groundwater discharge will be
balanced by recharge, thus the flow estbimates were used to esti-
mate recharge over the areas contributing to each discharge line
(Table 3.7). Using this method, the annual recharge ranges from
4 to 36 wm, It is assumed that there are no evaporative losses
directly from the water table over the interfluve because of the
sepi~confined nature of the agquifer, and that downward leazkage %o
the bedrock beneath is negligible, It must be noted that the
transmiossivity estimates detemmined from test pumping of the bore-
holes are very low and may not be reliable (see section 3.2.4),
and thus the recharge estimates could be rather low,

The ammial groundwater discharge to Lake Malawi through a
one xilometre wide section of the alluvial aquifer in the Salima
aresn vas estimaited to be 0.13 -~ 0,38 x 106m3(see Section 3°3@5)n
This implies a minimum recharge of 13 to 38 mm over a ten kilo-
metre length of outcrop of alluvium. There will, however, be an
additional component of groundwater discharge to surface flow (which
cannot be guantified as data is not available), and an unknown cone
tribution to flow through the alluvial aguifer derived from or lost
to the underlying weathered basement aquifer (see section 3,4.2
and Pigure 3.19).

N Sunmmary of recharse estimates

The estinates of recharge derived using different methods
are summarised in Table 3.8, There is a wide range of resulis, some
of which rust be treated with scepticism, but 1t is clear that re-
crarge is difficult to define accurately. There are limitations
to all the methods, bui the moat reliable estimates can probably
be obtained from analysgis of river hydrographs, provided that
these are interpreted with cantion especially for catchments which are
dominated by dambo drainage. These will at least be able to give
gome idea of the minimum likely recharze. The esitimates of re-
charge based on groundwater flow in the Dowa West Integrated



TABLE 3.7 RECHARGE ESTIMATES FOR IDOWA WEST INTEGRATED PROJECT
BASED ON GROUNIWATER FLOW THROUGH THE AQUTIWR

Length of Average Average Annual ‘Recharge Estimated
Ares, discharge hydraulic  {rensmissivity groundwater area recharge
perimeter gradient discharge
(ln) (m2/a) (16° m3/yr) (1en™) (m)
4 133 _ 0,025 22 267 10.6 25
B 9,0 0,025 104, 15 4.6 25
C 34 0,023 0.6 17 1.6 11
\; D 2.9 0.044 Tod €5 1.8 36
= E 2164 0.016 148 225 19.6 12
F 10,1 0.019 1.5 105 a1 17
G 1642 0,022 0.5 65 1104 5
q 10.4 0,018 0.8 55 £:0 g
J 2.4 0,031 1s3 35 2.1 17
K 8.3 0,023 0.3 21 5,1 4
L 1643 0,014 143 108 1921 10

mesn 1063 0,023 T2 el E.d 16




Project are also likely to be fairly reliable, because of

the large volwne of accurate data available for a small area,
unless the transmissivity estimates asre too low. Less con-—
fidence can be given to the other methods of estimating recharge,
and itis recommended that further work is carried cut in this
field, especially for the alluvial aquifers,

The recharge appears to be directly related to the
amual rainfall, and it is therefore likely to be greatest in
areas where the rainfall is highest. As a guide, the recharge
is likely to be in the range 1-5 percent of anmual rainfall for
the weathered basement aquifers, and in the range 1-7 percent of
anyial rainfall for the alluvial aguifers. This is only a crude
gulde as this approach considers large areasy and boreholes and
dug wells obtain water from relatively small areas, therefore
local conditions may often be more important than regional con-
ditions. It should be noted that the present groundwater abstrac-
tion for rural supplies is only a smnall fraction of the likely re-
charge {see section 4.1.3),

TABLZ 2,8 SUTIARY OF RECHARGE ESTDMATES

Method Recharge to weathered Recharge to

basement aquifer (mm) alluvial aguifer (mm)
Hydrograph 15 = 80 (minimum) 3w 80 (minimum)
analysis
Groundwater
level 10 - 35 10 - 50
fluctuations
Groundwater 4 - 36 13 = 38 (minimum)
flow
Catchment 18 = 96 -

water balance

3.4.7 Recharge  the weathered basement aguifers

Despite the semi-confining nature of the surface clays, it
ig likely that recharge occurs regionally by direct infiltra-
tion of rainfall leaking slowly through the clays. The re~
charge is likely to be recgent, and this is confirmed by the gene-
rally low mineralisation of groundwater and the dominance of bi-



carbonate ions {see section 3,5), However, it is probable that
the recharge on a local scale is very variable and occurs pre-
ferentially along specific zones,

Preferential flow routes may be along relicts of fra-
tures, and along broken quartz or pegmatite veins where these
remain preserved in the weathered profile and extend to the
ground surface, Recharge will also occur preferentially around
the bases of inselbergs and hipgher ground where the colluvial
pediments have higher permeability, although this will occur only
over relatively small areas. Surface runoff from the highlands
may also recharge sediments in thesé areas.

The recharge to the aquifer by lealkage through the snr-
face c¢lays is likely to be slow. This is confirmed hy the very
low infiltration rates observed in sozkavay pits for waste water
from boreholes and also by the delay of several weeks before any
rise in ground water level iz observed after the onset of rains
(althoush the first infiltrating water will be used to satisfy
moisture deficits),

It is possible that there is also some recharge via
cracks in the dambo clays at the beginning of the wel season,
but this must be of limited extent before the clays swell anéd
seal and the water table riseg cloze To the ground surface,

Infiltrating water may. be diverted laterally by impeding
layers in the weathered profile, such as massive laterites, and
conld be discharged as interflow to the dambo areas withovut pene-
trating to the water table. Thig iz suspected to be the case in
some areas of lchinji and Yasungu Districts where laterite is very
extensive and found at shallow depths below the surface, If the
laterite is discontinuocus, nodular or fractured, vertical drainage
may be possible although it will be impeded. Stone lines may
also provide preferential routes for interflow.

The network of burrows in the soil beneath termite mounds
could be routes for any infiltrating water reaching them possibly
vig interflow from up slope, although the surface of the termite
mounds tend te be structureless clay with low intrinsic permea~
bility.

3.4,8  Recharge to the alluvial aguifers

The rainfed recharge will be very variable spatially de-
pending on the pemeability of the surface deposits, and will
obviously be greater in the coarser, well sorted, more permeable
materials, RHecharsze will also occur by seepage from the beds of
rivers whére they aré significantly permeable and the hydwraulic
pradients are suitable, This will tend to occur where streams
dehouch from the escarpment zones. In zddition recharge will
occur hy slow downward leakage thmough clay layers to those agui-
fers which are seni-confined, and from. the underlying weathered
bagement aguifer. The relative importance of these different
components is unceriain.

=100 -~




3049  Evaluation of permanent resources

The pemmanent groundwater rescurces can be determined by
a knowledge of aquifer geometry and physical properties. A lack of
detailed data on specific yield and variation in saturated thick-
ness of aguifer material precliude any accurate estimate of per—

manent resources.

As a guide, typical permanent resources in the weathered
basement would be in the order of 150 mm across the catchment (for
a saturated aquifer thiclkmess of 15 m and specific yield of1 per-
cent) and those of alluvial aguifers would be 1500 mm across the
catchment (for a saturated aguifer thickness of 50 m and specific
vield of 3 percent) although it is recognised that there will be

considerable variagtion from one location to another., The per-
manent resources should not be confused with the seasonally re-
plenished resources vhich are avallable for abstraction.

- 101 =



545 GROUNDWATER  CHEMISTRY

3.5.1 Background

i

The existing data on groundwater quality is mainly major
element chemical analyses {some only partial enalyses) carried
out by the Geslogical Survey during the 1970s, This archive is
considered to provide a useful indication of general wabler qua~
ity but individual analyses cannot be taken as completely re~
lisble. This is evident where there is seriouns imbalance bet-
waen cations and anions,

Cantion must be taken in interpreting the analyses as the
samples were probably collected without filtration, some of the
analytical techniques may not be reliable and sampling/storage
conditions are likely to have been poor. Unstable parameters (pH
and bicarbonate (HC0,) are particularly likely to be erroneous
since they were not measured in the field, Nevertheless the
records are valuable in the absence of any other znalyses,

A DLWV water quality laboratory was set up in Lilongwe
during 1982-1983% with facilities to make more accurate and re-
liable chemical analyses. This is equipped to analyse the major
and secondary constituents and some trace elements present in

. groundvater,

Some local details of groundwater quality are given in
various G S regional reports (Bradford, 1973% Chapusa, 19773 Pascall,
1973 and Yilderspin, 1973). Growndwater guality and its evolution
was investigated in several water resource units by Bath (1980),
and his report should be referred to for fuller details, A limited
mumber of groundwater samples from the Lower Shire Valley were
talten for isotope analysis, and the results indicate that isotopic
compositions may be a useful tool to distinguish between ground-
water o different ages and/or vprovenance (Bath, 1981).

On a national scale groundwater quality is generally
accentable foxr domestic water supplies, hut there are some size-
able problem areas where water gquality is not suitable for human
censumpiion, and some local problem aress which are hard to def=-
ine (these are identified as far as possible in the sheet descrip-
tions accompanving the hydrogeological naps ) .

The areas with unsuitable water quality for drinking can
usually be delineated, in the first instance, by electrical con-
ductivity (3C) of higher than 3000 nS/em (see Table 3.9) though
high concentrations of individual iong may result in some waters
being unacceptable despite the TC being less than 3000 n3/em.

It is generally considered that the World Health Crganisation (1973)
limits for drinking water standards are too strict and inappro-
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TABLE -3.9  STANDARDS FOR DRINKING WATER IN ARTD REGIONS
(modified from Schoeller, 1937, 1955)

Suitability for permanent supply

Good fair Moderate Poor
Electrical (uS/cm) 0-750 750-1500 15003000  3000-6000
conductivity
Wa (mg/1) 0-115 115-230 230460 460~920
Mg (mg/1) 0=30 30m60 60120 60120
Hardness 0-250 250~500 500~1000  1000-2000
(as mg/l CaCOB)
¢l (mg/1) 0=180 180360 360~=710 7101420
80 (mg/1) 0-145 145~290 290580 580-1150
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priate for untreated rural groundwater supplies vhere any alter-
native source is likely to be highly polluted. The standards
given in Table 3.9 are considered to be a more realistic guide to
the desirable and achievable water quality standards in lialavi.
The main dravback for domestic use is the widegpread occurrence
of high iron concentrations (see settion 3,5.0) which are not
dangerous on grounds of health, but make the water unpalatvable
and canse stalning.

50562 Groundwater cuality in the weathered bhagenent aguifer

The available chemical data cusgests ot the total
nineralisation of moundwater in the platoon areas is generally
very lov, indicating that the weathered zone iz highly leached of
soluble minevals and the groundwater is likely to be derdived from
relatively recent reclarae.

The electrical conductivity (7€), which iz indicative
of the concentration of total disnolvaed solids, is gonerally very
low, usually less than 1500 nS/em and commonly telow 750 pS/cmo
Hovrever, there are very local erratically dicgtributed areas where
vhe BC Is greater than 3000 15/en which may be related to variations
in bedwrock mineralogy, or mineraliszation in fault zmones., Those
areas towards the zift valley ezscarpment often have water of
higher BC, which could be a function of more exiensive fauliing
and & thimer, less leached zone of weathering., The weathered
basement al the fout of the escarpment alse tends to have water
with higher conductivities.

The water guality can be very variasble even over short
digtances which is evidence of low aguifex peraeability, slow
groundwater movenent and little mixing. For example several
samples from waterpoints in the Dowa West Inlegrated Project area
have saline water with W0 approaching 4,000 pS/em whereas fresh
wabter with EC lesg than 1,000 uS/cm carn occur sometimes only a
few mundred meires away. The poor gualidy is principally due
to hizgh sulphate levels (see section 3.5.6) and there can be cone-
sidepable differencesz between waterpoints even within one
village. L survey of water quality in existing boreholes and
dug wells in the area before the project commenced did not
reveal any parvticularly high conductivities and on the basis of
these results the wabter quallty problem could not have been
foreseen without nore detailed investigations., The impression
of water gquality wasn distorted because the non-functioning
boreholes, which were not gampled, were subseguently found to
have fallen inte disuse largely because of saline water., The
distribution of saline water deesg not appear to be esasily re-
lated to differences in bedrock composition, and it could be
due to mineralisation along fault zones. Very localised but
significant variations were alsc shown by investigabliong at
Timadzi, near Lilongwe (Bath, 1980).
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It is suspected That there is often quality layering within
the aqulfer. uonduct1v1ty logging and analysis of samples from
different depths in several boreholes 1ocated'close together at
Lilongwe International Airport revealed both distinet layering and cone
siderable lateral variation (Figure 3,19). The chemical analysis
of samples from CC113A observation well 2 show that as well as in-
creasged dissolution down the profile, there is mixing of at least
two growndwater types of different chemical composition (Smithe
Carington, 1983),

The groundwater of the plateau area is classified predo-
ninantly as calciun—-bicarbonate type and a common range of cOm~-
positions 1¢ shown in Table 3,10, In some cases cabtion exchange
may have cccurred and magesium or sodium lons are the dominant
cations. In the more mineralised waters sulphate levels may be
high but chloride is usually very low, The few reliable field
megsurements show that the groundwater is usually slightly acidic
(pH 5.5 to 7), The low pH topether with dominance of the bicar-
bonate iong suggests that the infiltration is recent and that the
water quality is controlled by solution processes in the soil and
weathered profile,

%.5.3  Groundwaier quality in the alluvial aguifers

The main feature of water quality in the alluvial aguifers
is the extreme heterogeneity In the extent of mineralisation and
I the chemical composition even over short distances. This is
probably caused by enhanced minerslisaiion along fault zones and
the very variable nature of the sedimentgand the slow groundwater
movement will allow sufficient residence time for local processes
to dominate, The variable gquality canmmot be easily correlated
with borehole depth, geology ox piemometric level, fuality layer-
ing within  the aguifer is suspected. Overall, the groundwater is
generally more nineralised than that of the weathered vasenent
aqvifer (Table 3.10) and a significant number of boreholes have been

andoned due to high salinity, notably in the Lower Shire Valley
and the eastemn part of the Bwanje Valley

Where electrical conductivitics ave low (¥C less than 1,000
yq/Pw) the composition is usually calcium-~bicarbonate tywme 1mn1v1n~
recent rmecharze and processes of solution and hydvo}*sws cf silicate

=0

minerals controlllng the guality. With higher minenliziilion,
suilan Long tend to hoaowe deocipant through catlon eychange with
the calciuvm and magnesium lons on clay surfaces in the slluvial
sequences, The more saline groundwatexs, with LG excecding 2,000
1S/ cm (and sometines reaching as high as 17,000 15/cn) vevally

' have high concentrations of sulphate Qﬁo/o? chloride which cdominate
the aniong. These are thought to derive from dissolution of eva-

“porite rinerals such as "TPQUH {Ca 30 ) or comnon salt (FaCl), and

nogsikly from oxidation of sulnhides QUCW as pyrite (?02 ). High
from shallow

S?]ln1u700 are almo cauged Wy overnorative concentration
water tables, for example in parts of the Lake Chilwa Basin and in

parts of the Lower Shire Valley, The very high salinity of
groundwater suggests that the hydraulic corttinui by
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FIGURE 3.16

CONDUCTIVITY LOGGING OF BOREHOLES AT LILONGWE
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"TABLE 3,10 COMMON RANGE IN WATER QUALITY OF GROUNDWATER

Weathered basement Alluvial
agquifers (platesu aquifers
area

Electrical conductivity (EC) 1S/ cm 100-1,000 500=3000
Total dissolved solids (TDS) mg/1 60=600 300~-1800
Calcium (Ca) mg/1 10100 50~150
Magnesium (Mg) mg/1 550 20-100
Sodium (Na) me/1 5-70 20~1500
Potassium (K) mg/1 16 16
Total Iron (Fe) mg/1. 15 15
Bicarbonate (HCO3) mg/1 100_500. 200=~1000
Sulphate (304) ng/1 5-1000 20=2000
Chloride (Cl) mg/ 1 less than 20 20~2000
Nitrate (N05~N) mg/ 1 less than 5 less than 5
Fluoride (F) mg/ 1 less than 1 210
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between the alluvial aquifer and the Shire River may

be poor in these areas. However there is localised fresher ground-—
water where there is loss of flow from ephemeral rivers which re-
charge the aquifer, for example from the Nyakambo River near

Ngabu.,

Along the alluvial plains in the Salima-Nkhotakota basin
there is a tendency for the water quality to become less mineralised
towards the lakej this is thought to reflect recharge to the
alluvium from direct infiltration of excess rainfall and also by
influent flow from rivers which lose fresher water into the sedi-
ments as they flow across the plains. This usually counteracts any
natural tendency forsalinity to increasd by solution of
minerals in the alluvium during the slow groundwater movement in
the direction of the lakeshore. There may also be a relationship
between groundwater quality and aquifer permeability, with the
more permeable clean sands and gravels containing the fresher waterx,

By contrast this does not appear to be true for the Lower
Shire Valley. Here there seem to be some large areas of poor
guaiity water regardless of the lithology. 7There is also a
tendency for a gradual increase in total dissolved solids down
the hydraulic gradient away from the valley sides, possibly due
to increased solubtion with movement through the aquifer matrix
and/or evaporative concentration where the water table is shallow.

There are localiged areas of highly mineralised ground-
water associated with hydrothermal activity and upflow of thermal
water along fault zones, for example along the Namalambo and
HMwanza faults, in the Lower Shire Valley, and at the thermal
springs near Nkhotakota (Kirkpatrick, 1969).

3.5.4  Groundwater gquality in the ¥aroo sediments and volcanics

The groundwater quality in the Karco aguifers of the Lowex
Shire Valley is highly wvariable ranging from relatively fresh water
Eusually calcium~-bicarbonate type) to extremely saline watex
sodium~chloride type). The sulphate concentrations are also
highly variable., There is little information on the water quality
in the Xaroo aguifers in the north of Malawi.

32505 Groundwater quality in the Cretaceous sediments

In the DLower Shire Valley, the Cretaceous sedimenis are
calcareous and contain evaporite minerals; dissolution of these
results in groundwater quality being generally poor and saline.
Little ig Xmown about the wabter guality in other outcrops of
(retaceous sedimentse

- 108 -



3506 Individual problem ions

a) sulphate

There are some areas where high concentrations of
sulphate occur., In the Dowa West Integrated Project area, for
example, samples from boreholes very frequently exceed 400 mg/l
and often exceed 800 mg/l; the latter figure is now under corm
sideration as a country limit. Waters with high sulphate con-
tent, especially when in combination with magensium, are un-
suitable for human consumption because of the lamative effect
they will have, although local inhabitants are likely to have
a higher than average natural tolerance.

In the Dowa West Project arsa the high sulphate levels
can not be easily related to differences in bedrock composition,
and it is possible that they could have been derived by upward
leakage of mineralised waters along fracture zones. Conductie
vity logging and chemical sampling show that the concentrations
inerease with depth down the boreholes. Epsom salits (MgSQ¢)
and gypsum crystals (CaS0,) have heen found in dried up surface
water courses and in pifs dug in the dambo clays at the end of
the dry season, and vhere there are heavy deposits, these are
usually a good indication of poor quality groundwater in the
surrounding catchment. It is thought that the high sulphate
levels may he a result of the progressive oxidation of sule
phide rich parent material, probably pyrite and phyrrotite in
veing producing sulphuric acid, and the subsequent reaction
with minerals containing magnesium or caleium .

There may be assoclated high iron concentrations
which could have been released into solution by the acidic cone-
ditions produced by sulphide oxidation. The situation is very
complex and further studies are being made in an attempt to
determine the origin of the sulphate and to predict the occu~
rrence of poor quality groudwater,

High sulphate levels can also be produced by the dis-
solution of evaporite minerals such as epsom salts or gypsum,
with associated high levels of magnesium or calcium. This
situation is commonly found in the alluvial aguiferss

b) iron

The ocewrrence of high iron concentrations in waters from
the weathered basement aguifer is widespread, and the problem is
also quite common in some of the alluvial deposits. Caoncentrations
are very variable, but high levels, commonly up to 5 mg/l are
widespread,

‘This ig far in excess of the WHO advised limit of 0.1
mg/1l and maximum permissible limit of 1 mg/l. The iron is not
damaging to health, but it leads to problems of acceptability of
water because of the bitter taste and digcolouration of laundry
and food. There is thus a danger that people will use altemmative une
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protected water sources, possibly containing disease~producing
bacteria and viruges.

The iron is nost likely to be derived from ferro-mag-
nesian ninerals during weathering, and the presence of organic
fulvie acids may result in complexing and increased mobilisation
of the iron, These soluble complexes may precipitate out due -to
oxidation after prolonged standing or boiling. Iron deposits are
often observed on the dowmhole components of handpwinps when they
are removed for naintenance; it ig thought that these have
been precipitated out because of the aeration caused during pump—
ing. Corrosion of the borehole lining and handpump components by
acldic groundwater may also contribute to the iron problemy this
corrosion is commonly encountered and can result in the need to
replace rods and rising main as often as every two Jyears.

The routine use of PVC lining and rising main may help to reduce
this protilem,

The causes of high iron concentrations and their gppa-
rently random ccourrence are not yet fully understood. If necessaxy,
the iren could be removed by aeration, but the.process is
inconvenient, problematic to maintain, and there is a likelihood of
biocleogical pollution,

c) manganese

High manganese concentrations (above 1 mg/l) present simi-
lar problems o iron because of objectlonable taste and discolouring,
but this problem is less cormmon, The Dukoaru Valley is an example
of a badly affected area.

a) chloride

{igh chloride concentrations are z problem in the alluvial
groundvaters pariicularly in the Lower Shire where concentrations
frequently exceed 500 mg/l and are often over 2,000 ng/l in some
areas, This is probably caused by evaporative concentration from
shallow groundwaters and dissolution of evaporite minerals. Iigh
salinity has led to abandonment of many boreholes in favour of une~
protected surface water sources, There are however some areas where
water ig consumed with very high chloride concentrations because
there is no alternative source, Very little is lmown about the
tolerance of people to saline water and its effect on health, but
reduced consumpiion due to unpalatability is suspected.
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Chloride concentrations are penerslly extremely low in the
weathered basement aguifers {(usuvally less than 20 ng/1),

e) fluoride

There are localised areas associated with fault zones and
hydrothermal activity in the rift valley where fluoride contents
are considerably in excess of desirable limits for potable supplies,
for example the thermal springs in Nkhotakota (Kirkpatrick, 1969),
If concentrations are between 2 to 10 mg/l consumers are subject to
dental fluorosis, and if they ave greater then 10 mg/l skeletal
fluerosis is likely,

£) nitrate

The generally low nitrate concentrations (mostly less than
5 ng/1 expressed as nitrogen) indicate that groundwater poliution
ig usually minimal., Tt 18 .1ikely that the clay =oils  offer cone
sldergble protection to the agquifers from surface contamination de-
rived from faecal matter and/or chemical fertilisers by absorbing
ammoniun compounds, In water—-logged clays, conditions are likely
to be anaerobic thus nitrification would not occur. Vhere water
points have been properly completed, higher nitrate levels would
only be expected vhere the weathered zone is thin, vhere fractured
bedrock is near the surface, or in deep sandy aguifers where there
is a sufficiently thick unsaturated zone below the nitrate source for
nitrification to take place by blological oxidation,

The nitrate levels are likely to be highest in wabter scurces
in the middle of villages, but the health xisk is relatively low,
especially when compared with the altemative, traditional unprotected
sources which are likely to be a much gregter hezslth hazard due to
microbiological pollution.

The moat likely risks of groundwgter polluticon from nitrate
will be where the borehole or well surrounds are poorly consitructed
and 1%t is possible for surface contamination to xun directly into
the water sources,

o) microbiological wollution

Water sources can be contaminated by excreta containing
pathogenic bacteria and viruses elc, which can ceuse many types of
infections, Bactericlogical teste which show the presence of faecal
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coliforms can be used to indicate that disease producing pathoe
gens may be present. Tests for total colifoms do not necessa-
rily indicate faecszl pollution as some of these will occur
naturally as harmless soil bacteria, and waters without any total
coliforms are rare.

Waberpoint construction practices are the single most
important factor determining whether or not contamination will
occur, Bacteriolegical examination of properlywconstructed bore~
holes with good sanitary completion has showm that, on the whole,
the water quality is very good with faecal celiforms usually less
than 5/100 ml and commonly zero. DPoorly-constructed boreholes ave
of ten highly polluied because it is posdible for waste water to
gain access to the boreholes, Covered dug wells are more diffi-
ault to protect because of the larper area of disturbance, and
there are commonly 10~100 faecal coliforms/100 ml, the situation
tending to be worse in the wet season, IHowever this is a very
considexrable improvement from the bacterioclogical guality of
unprotected scurces where 10210 faecal coliforms/100 ml is
typical. Nevertheless, even whexe water is drawn from protected
sources, tests on samples taken from collection buckets and sto-
rage pots in the home show that the water is often severely con-
taminated after collection, This emphasises the need for health
education to preserve the water quality.

Vater points should be sited well away, and preferably
up gradient, from pit latrines and cattle kraals to minimise the
vpollution risks from pathogens, and also from nitrates (see
section 4.%.1), This is, however, no substitute for good con-
struction practices,

35«7 Chemical suitability of groundwater for irrigation

The relationships between water quality and its suitabi-
lity for irrigation are complex and several factors need to be
considered. Vhere groundwater is relatively fresh, with ZC less
than 1500 nS/cm, it will usually be suitable for irrigation. Ilore
saline waters can sometimes be used for irrigation provided that
the soil is well drained, but special practices will probably be
required,

The Sodium Adsorbtion Ratio (SAR) indicates how much free
sodium is available and is defined as follows ¢

SAR = Fa

" Ca + M

g

where the ion concentrations are expressed in meq/l.
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In moderate salinity groundwater, an SAR of less than 10 will
usually be acceptable to prevent damage of soil structure and
reduction in pemeability by deflocculation, but an SAR of up fo
18 may be acceptable if the salinity of the water is low with EC
less than 250 uS/em (Hem, 1970).

There mgy be an additicnal hazard commected with high
residual sodium carbonate (RSC) which is defined as follows 3

RSC = 2 (HCO, =+ 005) -~ (Ca + Mg)

3

vhere ion concentrations are once again expressed in meq/l.
The RSC should be less than 2.5 meq/l and preferably less than
1.25 melg /1. for safe irrigation,

Minor element concentrations, e.g. boron, require consi-~
deration with respect to crop tolerances, If irrigation schemes
are planned; chemical surveys should be carried out in advance
to determire whether the waber gquality is suitable for the crops

regquired,

The water from the weathered basement aguifers appears to
be mainly suitable for irvrigation, except for parts of the South
Rukuru Catchment where there is a salinity hazard, but the yields
which could be supplied are small. Large scale irrigation using
groundwater would be feasible on parts of the alluvial plains, but
detailed preliminary investigations will be regquired o confirm the
extent of suitable irrvigation water because of the patchy salinity,.
In the Lower Shire Valley the highly saline groundwaters arcund the
Slephant Marsh will not be suitable for irrigation, In The Salima
area, the SAR values appear to be low but the overall salinity may
be a problem at some locations. It should also be noted that
field experience around the world has shown soil and management
practices are far more imporbtant than the chemistry of the irri~

gation watex.

- 113 -



CHAPTER 4

GROUNIWATIR _ DEVELOPMENT

4e1 WATER DRMANDS AND EXTSTING GROUNDWATER SUPPLIES

4ote Introduction

The present demand for groundwater is largely for domesti.
purposes, and a sumnary of the supplies existing in 1981 is given
in Table 4.1, Agricultural consumption of water is relatively small
and usually obtained from surface water resources (rivers and dams),
although there is a small demand for groundwater at some tobacco es=
tates for the nurseries. It is likely that the demand for grounde
water for irrigation will increase in the future, with the encourage-
ment of higher crop productivity and even double cropping.
gequirements for industrial purposes are almost negligible at present,
although they are likely to become significant in the future with

the further development of the country,

TABLE 4.1 BOREHOLES AND TUG-WELLS EXISTING IN 1981

Boreholes with handpumps

Boreholes with motorpumps
Abandoned boreholes with lining
Abandoned boreholes without lining

TOTAL

Protected dug—wells

Open dug-wells (Colonial Development
Schemes)

TOTAL
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44275
277
254
428

Fa L

59534

14582

455

2,037



4e1.2 Rural domestic demands for water

Pattems of water use are complex and depend on a variety
of factors including distance from the source, reliability of
supply, water qualiky, and whether health education has encouraged
increased water use., As a result of improved, protected supplies
the water use may increase considerably, especially if the sources
are nearer Lo the homes and more reliable. It is generally taken
that water use remains vexry low {less than 10 1/head/day), unless
there is a reliable source within a few hundred metres when water
use will be moderate (10-to 25 l/head/day), arl only increases
dramatically to more than 40 1/head/day, if there are individual
house commnections (White et al, 1972; Feachem et al, 1978;
Caimeross et al, 1980). FRural supplies in lMalawi are "primary",
i.e. a relatively simple supply which involves water collection
from source rather than individual connections, and thus the
demand is relatively low.

An evaluation of rural water use in the piped-water schemes
(Msukwa and Kandoole, 1981; Ettema, 1983) and a preliminary
study of the pilot groundwater project in the Livulezi Valley
(Maulvka, 1981) both suggest that the actual consumpiion is
commonly 10 to 15 1/head/day in rural areas of Malawi., A design
consumption of 27 1/head/day for rural domestic supplies, has been
used for both integrated groundwater schemes (see seationd.t and
DLVW, 1982) and piped-water schemes (Robertson, 1977), and this is
in line with similar supplies in other parts of the world,

in 1977, the rural population of Melawi (5.0 million)
thus presented an actual water supply demand at 15 1/head/day of
about 27 x 10% m3/year, though with improved supplies (27 1/head/
day) the design consumption would be 49 x 10° m3/year. The demand
at ‘design consumption will rise to the oxder of 71 x 10 m3/year
by 1990 with an estimated rural population of 7.2 million. The
uneven distribution of population throughout the country obviously
has implications for supplies and those areas most in need of imw
proved supplies have been identified (see section 42.2),

4.1.3 EBxisting rural water supplies

Protected water supplies are obtained from boreholes, dug
wells and piped-water schemes in rural areas. The 1977 census
returng showed that a total of 1.28 million people, which was a
quarter of the rural population, professed to have access to safe
water supplies (Table 4.2 ). I% is estimated that about 2 .06 million
people were served in 1981 and the total amount of water drawn
was about 12.5:10° m3/year., The total design capacity of the
exigting schemes is aboutl 2244-m3/year which should be compared with
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TABLE 4,2  EXISTING PROTECTED WATER SUPPLIES
FOR RURAL DOMESTIC PURPOSES

1977 Approxi- Estimated Estimated Bstimated
popula~ mzte mun~ 1981 po~  supply in design
tion ber of pulatign  1981° capacity
served water— served
points in
in 1981 6 3 3 3
(million) (million) (10 m”) (10 m”/year)
boreholes with ‘ 4, 300 1.08 5.9 10,6
handpumps
0,82°
boreholes with 550 0,14 2,0 3 5
motorpumps
protected dug 0.02 1, 600 0.20 1ol 2.0
wells
piped-water 0.44" 4,000 0.64 3.5 £.%
schemes
TOTAT, 1.28 10, 450 2,06 12,5° 22.,4°
NOTHS

1a 1977 censusg rebtums

2, 1 borehole serves 250 people, 1 dug well serves 125 people, 1 tap serves
160 people

3,  Actual water use estimated to be 15 1l/head/day for all sources except
motorised boreholes which are estimated to be 40 1/head/day

4. Design water use, 27 1/head/day

5., Compare with actual water demand of 27x106m3/year in 1977 and 30x106m5/
yvear in 1981

6. Compare with 1990 water demand of 71x106m3/year at design consumpticn
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the projected 1990 demand of 71 x 106 ms/yea:t:' (see section 4.1.2),
It is cleaxr that there is an urgent need to improve water supplies
in rural aveas, as many people are still using unprotected sources
such as rivers and open wells,

a) horeholes with handpumps

In 1987 there were about 4300 boreholes equipped with
handpumps provi clean, safe, tut untreated water for miral
domestic supplies (Tabled4 ,3). These included some 3200 in
villages, about 900 at instdtutions (such as schools, agricule
tural centres, health centres) and about 20 privaje borveholes
(for example at trading centres and on estates), The instie
tutional and private boreholes will be used for domestic supplies
by employees and also by local rural communities. The vast
majority of these boreholes with handpumps are maintained by DLW,
and very few are maintained privately., The Digtrict Councils
are financial¥y responsible for the village boreholes and also forx
some of those at institutions, though there are plans for Central
Govermment to take over this responsibility. Some boreholes which are marked
ag operational in the master cardex records are actually abandoned in the
field. Bomaholes are located all over the platean areas and rift
valley floors, with the greatest concentrations being in ‘the more
densely populated Southem and Central Reglons, especially in
areas where there have been agricultural development projects

(see nydrogeological maps).

The muzber of people served by each borehole is very
variable, Some are hardly used, and others probably supply more
than 500 people, which is many more than desirable, and queues
of women walting to collect water can be observed especially
during the peak hours of the early morning or late afterncon.
There are often very large walking distances from the dwelling
places, and it is cleaxr that the existing boreholes are inguffi-
olent in mmber and too widely spaced to meet the demend., 4As a
very rough estimate, perhaps 250 people on average might be served
by each borehole and thme about 1.1 million people were served in
1981, It should be noted that at any one time there are a signi-
ficant mmber of borsholes which are not opemational. If hand~
pump breakdowns are frequent and long periode elapse before repairs
are carried out, it is suspected that the local commmnity may lose
confidence in the protected supply and cease io use it altogether,

Based on a consumption of 15 1/head/day with an average
gexvice level of 250 people per borvehole, the W tal anmual abw
gtraction of water was in the oxder of 5.2 x 10° n® in 1981, Bach
borehole with a hand produces an average dlscharge of perhaps
700 L/hour or 4 m®/day. These absiractions of groundwater repre-
gsent only very small quantities when expressed over the total
ground surface, and are only a very small proportion of the annual
recharge (see section 3.4). Abstraction of groundwater from bore-
holes (with both handpumps and motorpumps) was estimated to be
equivalent to 0.% mm/year over the Iilongwe catchment (Chilton,
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TABLE 4.3

BOREHOLES HEXISTING IN 4981

]

Handpump Motoxr Pump
WR o, | Village 1Institution Private Total | TInstitution Private District Total § Abandoned | Total
. Water with
Supply lining
14 25 T - 32 3 - - 3 3 38
iB 71 11 - 82 1 1 - 2 - 84
1C 49 28 3 80 1 2 - 3 - 83
16 24 32 1 57 9 3 4 16 1 74
iF T4 10 1 85 1 - s 9 6 92
1G 113 i2 2 127 1 3 A 8 15 150
1H 249 8 5 262 = 5 7 12 T4 548
1K 104 25 3 132 6 1 - 7 3 142
1L 21 = - 21 1 3 3 T 5 33
™ 6 2 - 8 s - - - - 8
(K 6 = - 6 - - - = - 6
10 25 2 > 39 - 1 - 1 - AQ
1P 37 6 2 45 9 1 - 2 1 48
1R 75 30 8 113 5 T 3 15 o - 128
15 41 14 3 58 1 i - 2 4 64
17 15 3 1 19 e - - - - 19
24 59 4 - 63 o = - - 3 66
2B 150 33 7 190 6 17 3 26 4 220
2C 32 20 1 53 - 3 = 3 3 5%
2D 31 11 - 42 - 4 - 4 1 a7




(Continuation) TABIE 4.3

~ Bandpump Motor Pump .
Vilisge  Institatlon Private Total | Institution Privete District — Toiol] Abandoned Total
WR No, Water with
Supply lining
34 13 2 3 18 - - s - - 18
3B 8 - - 8 - - - - - 8
3G 28 5 - 33 - 1 - 1 - 34
3D 48 10 9 67 1 2 - 3 4 T4
3B 52 12 5 69 - 3 = 3 2 74
38 A6 10 6 62 2 - - 2 1 65
44 11 - - 11 2 - - 2 - 13
‘ 48 134 35 2 171 3 1 9 8 188
4C 103 22 - 125 15 1 - 16 - 141
§ 4D 220 23 7 250 14 6 4 24 2 276
4B 116 20 1 137 15 6 - 21 5 163
! 4F 15 4 - 19 14 3 - 17 6 42
5C T 4 1 12 2 12 - 14 3 29
5D 115 44 20 179 8 26 5 39 6 224
5E 205 42 18 265 2 3 1 6 2 273
5F 31 12 31 74 5 84 - 89 3 166
64 9 A - 13 - - - - 1 14
6B 3 5 - 8 4 2 - 6 2 16
6C 32 14 4 50 3 33 - 36 19 105
6D 27 15 4 46 14 11 - 25 10 81




12y =

(Continunation) TABLE 4.3
Handpump TIOLOT Puip
VITIzze — Tnetitution  Private WMotal| Institution Private  District Total] Abandoned | Total
WR No, Water with
Supply lining

74 107 42 1 150 4 1 - 5 2 157

7B 15 29 3 47 2 5 - 7 6 €0

7C 14 15 3 32 - 23 - 23 3 58

TB 17 22 4 43 1 7 s 8 5 56

TE 25 16 8 49 1 11 - 12 9 70

TF 23 12 - 35 2 - - 2 - 37

TG 9 14 - 23 o - - - 1 24

84 23 10 4 37 2 3 - 5 - 42

9A 1% 11 2 29 1 - - 1 - 30

2] 26 29 - 55 3 2 3 8 5 68
104 31 3 1 35 - - - - e 35
114 18 7 1 26 2 1 - 3 1 30
144 13 13 - 26 2 2 3 7 1 34
148 91 21 2 114 5 10 1 16 1 131
14C 8 5 15 2 3 1 6 2 23
14D 17 2 26 - - - - 2 28
154 144 37 7 188 10 19 4 33 12 233
158 47 21 1 69 - 3 2 5 1 7>
15C 4 2 - 6 o 1 - 1 - 7




{Continmation) TABIE 4.3

Handpump Motor Pump
WR W0, § Village Institution Private Total | Institution Private District Total 'Abandone&{' Total
Water with
Supply lining

168 8 9 - 17 1 1 = 2 1 20

168 5 10 3 18 2 1 - 3 1 22
g 16G 1 - 3 1 - - - 4
> 1TA 22 3 - 25 2 - o 2 - 27
N 178 25 3 - 28 - - - - - 28
i

17C 35 12 1 48 2 - - 2 4 54

TOTAL | 3175 899 201 4275 187 341 49 577 254 5106




1979;, less than 1 mm/year over the South Rukuru catchment (Chilton,
1979), 0.2 mm/year over the plateau area of the Bua catchment
(Smith-Carington, 1983) and 0.4 mm/year in the Salima~Nkhotakota
Lakeshore plain (Mauluka, 1983),

The design criferia for rural groundwater supply programmes
are 27 '/head/day and 250 people to be served by each borehole (sec
gection 4.4), On this basis, the design capacity of thn breholes
equipped with handpumps, existing in 1981 was 10.6x 106 ms/year
(Table 4.2),

b) boreholes with motorpumps

There are motorised watier supplies at many institutions
(schools, missions, health centres, agricultural centxes, prisons,
police stations, customs posts, etec) with water derived either
from rivers or growndwater. In 1981 there were about 200 bore
holes with motor pumps at institutions (Table 4.3) of which 56
schemes are maintained by the Water Supplies Branch of DLVW (Table
4.4) and the remainder are maintained privately.

There were also 350 private boreholes egquipped with motfor
pumps for example on estates {Table 4.3). Host of these are used
primarily for domestic supplies for employees., Additional private
boreholes drilled by contractors are also thought to existbut the
total number and locations are uncextain and there are no borshole

records,

The motorised schemes usually have a distribution network
to a series of stand pipes or Individual house conmactions, and
the water is used mainly for domestic supplies. The consumption
per capita is likely to be higher than at boreholes with handpumps
because the walking distances are shorter. There are no records
of abstraction or per capita consumption but taking an estimate of
10 m®/day for each borehole (serving perhaps 250 people with 40
Y/ head/day) the total annual groundwater abstraction from 550
motorised boreholes is likely to be of the order of 2 .0 x 104 m®/

year (Tabled .2 ).

c) protected dug wells

In 1977 +the number of people serxved by protected dug wells
was about 0.02 million, because only about 170 had been consiructed,
The dug-well programme has expanded considerably since then, and it
is estimated that by 1981 about 1600 covered wells had been con=
structed and equipped with handpumps., These are largely restricted
to specific project areas (see Table 4.5 and hydrogeological maps),
but the area coverage is more complete with most villages having
a dug well wherever possible. The walking distances thus fend to
be lower, and the number of people served by each water point is
probably lowexr than for the boreholes. However there are large
areas of the countxry with no protected dug wells.



TABLE 4.4  INSTITUTIONAL SUPPLIES FROM HOREHOLES

HORTHERN REGION DISTRECT
Meru agricultural centre Karonga
Raxonga alrport Karonga
Mwimba sgricultural centre Raronga
Wgerenge agriculiural centre Karonga
Bwengu agricnltural stgtion Romphi
Mgocha customs post Mzimba
Chilumbs secondary school Karonga
Tasangazi { W.B.C, ) Mzimba
Mimbelwa farm institute Mzimba,
Bobert Laws school Mzimbs

CENTRAL REGION
Nathenje agricultural station Lilongwe
Dzeleka prison Dowsa
Kasungu airport Kasungu
Kasungu prison Kasungu
Chilanga primary school Kasungu
Mchinji secondary school Mehindi
Chitala agricultural station Salima
Likasi veterinary campus Salima
Rusa settlement scheme Kasungu
State House Lilongwe
Lisagadzi Kasungu
Tiwaladzi ¥khotakota
Tembwe agricultural station Mchinji
Mlangeni police training school Htcheu
Salima airfield Salima
Mvera water supply¥* Salima
Bua rice irrigation scheme Nkhotakota
Lilongwe old airport# Lilongwe

SOUTHERN REGION
Lengwe NationdlPark Mwanza,
Chirad=alu secondary school Chiradzulu
Chikwawa secondary school Chikwawa
Bangwe police station Blantyre
Mwanza customs/police post Mwanza
Mbulumbuzi pilot daixry Chiradzulu
Naminjiwa agricultural centre Mulanje
Rasinthula research station Chikwawa
Makhanga research gtation Chikwawa
Bvumbwe research station Thyolo
Namitembo health centre Chiradzulu
Ndakwera health centre Chikwawa
Thuchila agricultural centre MMulanje
Mwanza hospital Mwanza,
Mwanza gecondary school Mwariza,
Ndata veterinary famm Thyolo
Magomero training centre Chiradmulu
Chilwa approved school Zomba
Mpyupyv prison farm Zomba,
Mikuyuv prison Zomba,

s
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TABLE 4.4, {Contimmation)

SOUTHERN REGION DISTRICT
Nayuchi police station Machinga
Makanjira police station Mangochi
Makoka research station Zomba,
Ntaja agriculturdl station Machinga
Chiponde customs (Mamwera) Mangochi
Nasawa technical training centre Zomba,
Namwera police post Machinga

NOTH:

* Institutional supply also operated by DLVW

w ?25{ o



TABLE 4.5 PROTECTED IUG WELLS CONSTRUCTED BETWEEN 1975 & 1981

}

District Number of dug wells
Dedza 267
Ntchisi 74
Kasungu 219
Lilongwe 258
Dowa, 602
Mzimba 120
Mwanza 13
Ntcheu 22
Mulanje T
TOTAL q:;g;“
Note:

172 protected dug wells constructed between 1975 and 1977
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Using an estimate of 125 peovle ver dug well and a water
conswnption of 15 1/head/day the estimatel total annual abstrace
tion of groundwater was about 1.1 x 10 m? in 1981. Each dug
well provably abstracts about 2 m®/day on average; yields are
low and some wells may dxy up with heavy use during the day, re-
guiring a pexiod of several hours for replenishment of storage.
Using the design criteria of 27 l/head/day and a service level of
125 people per du; well, the design capacity of those existing in
1981 was 2,0 x 10° m®/year,

It should be noted that some of the 455 dug wells cone-
structed by the Colonial Development Schemes in the 1930s are
thought to be still in use., However these wells are open, and
the level of protection from pollution will usually be considerably
lower than in the covered wells equipped with handpumps.

d) piped-water schemes

Tne programe of gravity fed piped-water schemes provided
protected supplies for 0.44 million people in 1977, according to
the cengus data. Wew schemes have opened since that date and the
population served by the 31 schemes in 1981 is estimated to be
gbout 0,64 million (see surface water volume 2 of IWRMP). Further
projects were then either under construction or planned. These
schemes take water from protected upland rivers with peremnial
flows, and feed it by gravity into a network of reticulation pipes
wvith a tap in each village served (Glennie, 1982),

The schemes are designed to sstract up To a maximum of
the five year low-flow from the river intakes. The design capa~
cities are based on a 10 year projected population or the "agri-
cultural carrying capacity of the land" whichewvexr is the greaten,
and a design consumption of 27 1/head/day (Robertson, 1977). The
present consumption of most schemes is estimated to be less than
full capacity, as the actual water use is only 10 to 15 1/head/
day, although some:of the earlier schemes now have reached or
even exceeded their design populaitions. When uged to full capacity,
the schemes cannot be augmented without the addition of further
pipe networks and possibly the identification of 2 new source,
The 1981 water use is estimated to be 3,5 ¥ 10° m® with an average
of 160 people uvsing each tap and the total design capacity of
these schemes is 6.3 x 10° ma/year (Table 4.2). Any further pipeds
water schemes are likely to require the construction of dams (to
ensure dry season suppliesg and/or treatment works (because of the
danger of source pollution) which will greatly increase both
caplital and recurrent costs., It is unlikely that piped-water
schemes can serve more than 25 percent of the mural population
becauge of the limited number of perennial protected sources.
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e) mprotected supplies

In 1977, three guarters of the rurel population (3.8
million) used unprotected sources (including rivers, springs,
and open dug wells) because there was no access to safe supplies,
These are commonly polluted by bacteria, and other pathogens
derived from excreta, which can cause water—related diseases
such as diarrhoea; cholera, typhoid and hepatitis if the cone-
taminated water is drunk (see section 3,5.6). These infections
are a major cause of disease and infant mortality in developing
countries.

It is clearly desirable that this situation be improved
as soon as possible with the implementation of protected water
supply schemes, Since only about 25 percent of the. rural popu=
lation could be supplied from piped schemes, it follows that
about 75 percent will have to be supplied from groundwater.

4eteA Urban supplies and demands

The operation and maintenance of the District Water
Supplies are the responsibility of the Water Supply Branch of
DLVW, with the excepiion of Lilongwe and Blanfyre which have
their own Water Boards. Water supplies ave derived from either
rivers (some requiring storage dams) or Lake Malawi {See Surface
Water Volume 2 of NWRIP), or from groundwater (Tabled .6 ). The
scurce works are coupled to either a motor pump or diesel engine
and feed into a central storage reservoir., IFrom here the water
gravitates into a reticulation system which supplies communal
stand~pipes or individual houses if the owners can afford the
comnections., Details of individual schemes are given in the Data
Book Project Report (1982),

The total annual consumption of graindrgher for District
Vater Supplies was eskimated to be 1.3 x 10° m® in 1981. These
figures were derived from consumer meter readings between October
and December 1981, in the absence of meters on the main pipelines,
and therefore cannot be taken to be completely reliable, The
consumption vardes slightly during the year ,tending to be highest
during the dry season (when it can be about 20 percent above
average) falling after the onset of the rainy season. The water
consumption per capita is much higher than in rural areas, al-
though accurate figures for water use are not knowrn.

"ost of the District Supply Schemes do not serve the
entire population of the towns, and many are already stretched to
full capacity, especially those relying on groundwater, Boreholes
are often pumped close to 24 hours per day with insufficient time
for recovery of waber levels., Those in weathered basement agquifers
are parlicularly vulnerable 1o overabstraction bhecause the ylelds
which can be obtained are relatively low. Further details of
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number number

Chitipa

Nkhotakota
Dowa,

Chitedze
(Agricultural
Station)

Salima

Mponela

Ntcheu

4,200
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4,500
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TABLE 4.6 (Contirmation 2)

Water Estima~ No. of EHstimated Estimated Estimated % of popu- Aquifer Borehole G. 8. Test
Supoly ted 1982 metered  average - abstrac- average  Igbion co- type rmber romber yield
Scheme popula~ connec~ abstrac~ tion in consump—~  vered by (3)
tion tions  tiom (1) 1981 (2)  tion (1)  scheme (1)
(m3/d) (108 ) (1/head/ (1/sec)
day)
Kochililis W 300 - 20 0.011 100 100 WB e dug well 1.0
Health Centre ‘
Kabudula y 150 - 15 0.006 100 100 WS 5E49 w155 0.8
Hospital :
Dedza Customs 100 - 10 0.004 100 100 WB 4B20 E52 0.8
4
: Balaka " 7,000 136 260 0.116 70 53 A 1R53 E300 4.0
1R44 E299(S) -
P Chikwawa 5,000 124 150 0.055 70 4% A 115 HD1634 2,0
o 156 HD164 2.0
; & 104 T3 075
Ngabu 5,500 300 250 0.119 70 65 A THR66 Q451 2,75
10109 D44 5.0
TETT w205 1.25
1H344 A1T79 1.5
1H129 Q23T -
Mikolongve ‘ 1,200 46 10 0.049 100 100 Wh 14422 W1i2 o
Vet.Station / _ 14411 Q63 0.8
14437 K75 0.5
Nsanje 8,000 194 240 $.090 70 43 A 1G2T K1684 0.6
1G28 K1688 1e
1G32 TSA 5.0
S 1G33 5B 1.5
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TABLE 4.6 (Continuation 3 )
Water EBstima~  No.of Bstimated ZEstimated Estimated % of popu~  Aguifer Borehole G.S. Test
Supply ted 1982 metered  average abstrac—  average lation co- type number number  yield
Scheme popula~  commec— abstrace tion in consump-  vered by (3)
tion tions tion (1) 1981 (2) tion {1) scheme (1)
(m3/a) (10°m3) (1/head/ (1/sec)
day)
Mpemba 2,000 83 65 0.026 70 46 W3 1879 L3C0A 1.0
Training 1E9 L300B{S) 0.5
School 181 162 0.5
1E72 PM604A 0.75
Nchalo 2,000 21 50 0.019 70 36 A 1H291  RB151 3.5
1H292  RB150(S) 0.5
Chiradzuin 1,200 88 60(R) - 0.022(R) 70 72 WB 2B219 J34 2.5
2B217 J35 1.5
2B218 JA7 1.25
Luchenza 5,000 54 80(R) 0.026(R) 70 23 WB 14B49 J28 0.9
Muloza 14200 - 15 0.007 45 20 WB 14C6 E36A C.9
Customs
TOTAT: 77,950 2,176 34 115 1.298
NOTES:
* TDborehole o be eguipped (1) - Tecords from Data Book Project (1982)
5 gtandy borehole (2} ~ based on consumer meter readings October-December 1981
R including supplement from river (3) ~ aguifer types WB = weathered basement
FB = fractured basement
A = glluvium



borehole and aquifer perfommance are given in section 3.2.3 for
those boreholes where there has been long term test pumping,
Some of the very low yielding boreholes are only used as standby
supplies for emergencies,

The District Water Supplies which are most in need of
improvement have been identified, and proposals for emergency up=-
grading of these existing schemes to serve the 1985 demand were
put forward by Howard Humphreys (1979) and Ministry of Works
(1979)e The design consumption was based on housing categories
estimated by the Town Planning Department (1977) as follows @

§

Low density housing 300 1/head/day

200 1/head/day

B

Medium density housing

100 1/head/day

Highdensity housing

i

Traditional housing 50 1/head/day

In the absence of these figures, design consumption of
100 1/head/day has been taken as average.

The designs which proposed to use groundwater are given
in Table 4¢ 7, and most of these schemes were included in Phase 1
of the African Development Fund (ADF) Programme which is currently
being implemented.

There are also projects which are currently underway to
supplement the existing District Water Supplies with further stand
pipes wherever there is spare capacity at the source works. These
projects will particularly be of benefit to the urban poor sector,
These schemes use a design consumption of 37.5 1/heai/day to gerve
the projected 1990 population of the ares. Schemes using ground-
water have already been implemented at Mponela and Dowa and are
under construction at Wkhoitakota and Balaka.

Long term plans for Urban schemes will be made following
the recommendations of Phage 2 of the WP, The ADF Project
(Phase 2) will implement schemes in = programme such that those
centres in most need will have priority., It is difficult to pro-
Jject populations and water demands far into the future, especially
for urban areas vhere growth rates are high and the aspirations
of the population are increasing. The water supply reguirements
therefore need to be reviewed and updated at regular intervals,
preferably every 5-10 years.
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TABLE 4,7 SCHEMES FOR IMPROVEMENT OF DISTRICT WATER SUPPLIES
(GROUNDWATER SOURCES)

Town Proposed Estimated Estimated Design
gource total 1985 1985 domes— capacity
population tic demand of scheme
(n3/4) (m3/4)
Mponela (C) horeholes 3,800 310 406
Mchinji (C) spring 1,200 90 500
Monkey Bay (C) boreholes 3, 300 350 675
Nemwera (C) boreholes 700 70 150
Balaka () boreholes 8,200 700 900
Mwanza (C) well points 600 50 250
Nbchen (c) horeholes 4,400 350 600
Dowa, (¢) boreholes 2, 100 150 250
Hiorendini (G)  well points 1,700 130 250
Runphi (C) river/well 4,600 400 600
points
Mpemba (W) boreholes 1, 300 125 -
Nsanje (W) boreholes 8,400 380 -
Chiradzilu (W) boreholes 500 60 -
Nkhotakota (W) boreholes 11,900 870 -
C - design by consultant (Howard Humphreys, 1979)
W - design by Ministry of Works (1979)
#* =~ deleted from ADE programme
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4.T¢5  Waber demands for agriculture

Over the country as a whole, the present demand for water
for irrigation is very small. There are however a few large
commercial schemes using significant volumes of water for agricul-
tural purposes, MNearly all of the schemes abstract from surface
water resources, either directly from perennial streams and rivers
or from dams. Groundwater abstraction for irrigation is
negligible at present.

The Sucoms Sugar Estate in the Lower Shire Valley and
Dwangwa Sugar Bstate on the Lakeshore near Wkhotakoia are the two
largest irrigated schemes, and account for most of the irrigated
acreage in Malawi (Table4 .8 ), There are also 16 small rice
schemes (along the Lakeshore, in the Chilwa~Phalombe Plain and in
the Lower Shire Valley). There is some supplementary irrigation on
14 tea estates during the late dry season to make W moisture deficits.
Some of the tobacco estates in the Central and Southern Reglons
irrigate limited areas to allow early planting, but expansion is
limited by high costs (NSIS, 1980).

Very few of the existing schemes have any means of moni-
toring irrigation flows and there is 1ittle idea of how much isg
being consumed. As a rule of thumb a discharge of 1 1/sec/ha is
required for irrigation. However NSIS (1980) examined limited flow
records at Infira rice scheme and found average flow rates of at
least twice that which is theoretically necessary, even allowing

for inefficient lrrigation.

The boxeholes at agricultural centres are not used for irrie.
gation purposes, but entirely for domestic supplies and training
courses etc. {see section 4,14). Some of the private estates may
use groundwater from their boreholes for nurseries, dry planting
and irrigation as well as domestic supplies. Hotable examples are
some of the estates in Mchinji District growing tobacco and ipyim
gated wheat, The amount of water used is wncertain, but likely to
be wvery small relative to domestic wgter use,

With a growing population to feed, Malawi is now looking
for a means of improving crop yields, It is likely that the de-
mand for irrigation water will rise substantially in the future %o
enable double cropping to increase agricultural output. Many areas
will not be able to use surface water since the flows would noi
be dependable., Peak demands will coincide with low (or even non-
existent) river flows towards the end of the long dry season. There
may also be other conflicting demands on surface waler use. 1t is
quite possible that substantial irrigation demands in the future
could be met by groundwater supplies (see section 4.2.3). A
micro~project” baged on groundwater in the Salima area is due
to start in late 1983 and continue for four years.
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TABLE 4.8 IRRIGATION SCHEMES (AFTER NSIS, 1980)

Sites Crop Irrigation’ Total

sources Irrigated
area .

Sucoma, Sugar Shire river 2000
(Lower Shire

Valley)

Dwangwa Stgar River Dwangwa 6000

and Lake Malawi

Lakeshores Rice Rivers 3200
and Lower
chire Valley

Mulanjey, Thyolo  Tea Rivers 860
and Nkhata Bay and Dams
Central and Tobacco Rivers 225
Southern Regions and Dams



4.2 GROUNTWATER DEVELOPMENT POTENTIAL

4.2.1 Introduction

It is clear that further groundwater development is required
to meet even the existing demands for rural and urban domestic
supplies, and that there is also scope for groundwater development
for irrigation or indugtrial schemes in some areas,

From the preceeding sections on hydrogeology in Chapter 3

it is obwious that there are two main, aquifer types in Malawi, with
very different physical properties :=

a) weathered bagement aguifers:

Thege are found largely on the low-relief platean areas and
atthe base of the escarpments. Potential yields are low (generally
less than 1 1/sec) and broadly related to the depth of the weathered
zone but the aguifer is present over most of the platean area, as
there is usually a sufficiently deep saturated thickness of a well-
developed weathered zone, The average recharge is thought to be
in the range 1«5 percent of annual rainfall, typically 10~50 mm per
year. The groundwater guality is generally good, but there are lo-
calised areas with quality problems which are difficult to quantify
without detailed survey woxrk.

b) alluvial agquifers

These are found on the lakeshore plains and in the flood
plains of rivers in the rift valley bottom (egShire, Bwanje), Po-
tential yields are variable due to the hetexogeneous and complex
sedimentation, but could be moderate (5 to over 15 1/sec) wher=
gver there are significant thicknesses of sands and gravels in the
sequence. The average recharge is thought to be in the range 1-7
percent of annual rainfall, (typically 8-60 mm per year) derived
partly by rainfed infiltration and also by seepage from surface
water courses at the base of the escarpmentswhere they first pass
onto the alluvium, Groundwater is generslly more mineralised than
in the weathered basement aguifers and there are some areas where
the water is too saline for human consumption, for example the eastern
paxrt of the Bwanje Valley and paris of the Lower Shire Valley. The
water quality may be extremely variable even over. short dlstances.

The unweathered fractured bagement found on the steep
slopes of the escarpment or the uplands rising from the platean
are rarely significant aguifers because of the low storage and
low permeability. These areas are usually very sparsely popu~
lated and thus the demand for water is not great, but where it
is required, access to the sites may be difficult. There may be
local situations where significant yields can be obtained from
areas where the bedrock is well fractured but these zones can be
difficult to locate and recharge will not be dependable.
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The other aquifer types (Karoo sediments and volcanics,
Cretaceous to Pleistocene sediments) are less significant in
terms of their areal extent but may be important locally.

1.2.,2 Groundwater potential for rural domestic supplies

Low yields (0.25 to 0.5 1/sec) are all that is required
for handpump supplies, With improved borehole and protected dug-
well designs (see section 4.3) it is likely that sufficient yields
will be obtainable from the weathered basement over most of the
plateau areas (except where there are rock outcrops, shallow bed-
rock or insufficient saturated aquifer thicknesses) and from vir-
tually all of the alluvial areas. Chemical quality may eliminate
some areas if the water is not fit for human consumption; these
locations will mainly be restricted to some of the alluvial areas,
for example the eastern part of the Bwanje Valley, but there could
be localised areas on the plateaun where water quality will not be
suitable (see gection 3,5). The construction of dug wells by the
present approach will be restricted to areas where the groundwater
level is shallow, less than about 5 m below the surface (see
gection 4.3%.6),

The rmral village demands on groundwater are small and
should easily be met in all areas without depletion of replenish-
able groundwater resources., Taking a worst case example, with an
estimated projected 1990 mural population density of 350 per km®
for Chiradzulu District, and using the design consumption of 27 1/
head/day, this represents a total annual abstraction of 3.5 mm when
expressed over the whole area, This is will within the annual re-
charge estimates for both weathered basement and alluvial aguifers
(see section 3.4). It should be noted that Chiradzulu District
has a population density well above average, and the observed water
uge in those rural areas which have complete coverage of protected

supplies is only 10 to 15 1/head/day.

Ag another example, the Livulezi Integrated Groundwater
Project will serve a 1990 population of nearly 60,000 dispersed
over an area of some 200 km*, The annual abstraction at the same
design consumption rate would represent 3.0 mm over the valley
floor area, tompared with an esitimated ammual recharge of 80 mm
(see section 3.4 ). It is clear that there is no danger of deple~
tion of these resources with these densities of rural population
and water demands from primary supplies,

In the escarpment areas however, yields are likely to be
wnreliable becanse they depend on intersection of fissures and
recharge will mot be dependable. Thewe is little scope for grounde
water development and there are likely to be a significant number
of abandoned boreholes,
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There is also some scope for spring protection at locations
where groundwater 1s discharged to streams. Surveys need to be
carried out to determine spring locations and discharge rates. Local
information on dry season reliability can often be obtained from
villagers, and where possible this can be backed up by flow measure=
ments Using a portable V-notch weir tank to give some idea of saa~
gonal variability., Wherever the flow is perernial, and from fairly
well defined sources rather than broad seepage zones, it should be
possible to protect the sites from bacteriological pollution by the
congtmetion of spring boxes. These need only comprise a simple
gand filter housed by brick or concrete retaining walls with an
outlet pipe set into the downslope face. Such protected springs
should require minimal mairtenance,

The problem of of poor exigting water supplies is at present
experienced by a very large proportion of the rural population of
Malawl, and there are large areas which are suitable for grounde
water development projects. Indeed, there may be no economic al-
ternative other than groundwater for rural water supplies for many
of the large areas which cannot be served by gravity~fed piped~
water schemes, The large numbers of people to be served mean that
there is overall a very large demand for water (see section 4.1.2).
The cost of individual water points is low, but the huge scale of
requirements means that the overall costs involved are very high,

Boreholes and dug wells will be constructed
where the people are and where the need is greatest, regardless of
the most favourable areas for groundwater development,

There are several major areas of the country with large
rural populations but poor existing water supplies, and for which
there is little potential for untreated gravity-fed surface water
supplies., These areas therefore become priorities for groundwater
development and include :-

a) Lower Shire Valley

b) South Rukuru Valley

e) Kasungu Plain

a) Nkhotakota Lakeshore

e) Parts of the Shire Highlands

At the present time the improvement of rural water supplies
is strongly linked to other development considerations, particularly
those identified by the National Rural Development Programme (NRIP)
co~ordinated by the Ministry of Agriculture. Agricultural develop-
ment projects and all the supporting infrastructure that goes with
them are organised by the elght Agricultural Development Divisions
of the country. Factoms used to determmine priority areas for de-
velopment by NRDP Projects include the following :-
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a) areas with high but largely undeveloped agri-
cultural potential

b) areas where considerable initiative is being
shown by famers

c) areas of food deficif

a) areas of ready accessibility

e) areas to maintain an even balance in providing

development activities to sll regione

Those projects being implemented or at an advanced planning
stage which have provision for a water supply component from an
integrated groundwater project (see section 4.4.2) are listed in
Table 4.9, The total costs estimated at the preliminary plamning
stage are based on-complete coverage of the project area by rehabim
litating existing boreholes and dug wells and constructing new
waterpoints., Where funding has been agreed, the allocation is
not always the full sum estimated for total coverage; in some cases
this reflects funding of only part of the project area (for ex—
ample Ntchisi Project where only NT3 will be served), in othexrs
(for example Kasungu Project) only existing waterpoints will be
rehabilitated, and in a few cases an integrated approach will not
be adopted at all (for example the projects under Blantyre ADD)
and the funds will be spent on a small number of boreholes at
priority locations determined by the ADD and construc~
ted in the dispersed borehole programme at a much higher unit cost
(see section 4.4.2). Possible starting dates for the projects are given
in the table, but these will depend on funding availability and the
construction capacity of DLVW, and will be subject to the preparation
of a detailed implementation plan.

I%¥ can be seen from Table 4.9 that, although unit costs of
borehole and dug well construction are relatively low (see section
4.4), the total investment required to provide coverage to meet the
Decade targets is very large. Many components of rural development
are included within the funding of infrastructural works of each NRIP
project, and the funds for improved water supplies are often severely
limited, In addition, the provision of rural groundwater supplies
within the prograrming of NRBP, as set by the eight different ADDs
(and several different major donors) could lead to conflicting demands
on the DLVW construction capacity, which the Department could find
difficult to meet, There is a need, therefore, for a phased programme
of rural groundwater supply projects to be drawn up by DLVW so that
additional donors can be approached to assist in areas not adequately
covered by NRIFP and so that implementation can be planned over several
years and képt within the Department’s construction capability,



TABLE 4.9 AREAS  WITH PLANNDNG MADE FOR INTEGRATED GROUNDWATER PROJECTS

Extension 1990 projected Bsitimated Possible Punding
A,D.Ds Project planning population total starting Status allocated
ares areas cost date
(X million) (¥ million)
Lilongwe Idvulezi Valley NCH2,4(parts) 60,000 04 1981/2  under construction 0.4
Kasungu Dowa West D01 70,000 0.6 1982/3 under construction 0.6
Tilongwe Lilongwe NB LL18=22 229,700 2.10 1984/5  funding agreed 0.99
Iilongwe Dedza Hills DE5=8, 10 173,000 1025 1986/7 funding agreed 0.61
Idwonde Balaka MGA =4 104, 500 0.89 1984/5 funding agreed 0.69
Kesungu  Ntchisi NT 1-3 118,750 1.02 1984/5  funding agreed 0.62
Iiwonde Namwera MNG1, 3,4~9 119,700 1652 1984/5 funding agreed 0.21
; Mzuzu South Mzimba MZ8-10 101, 100 0.82 1984/5  funding agreed 0.76
- Kasungn  Kasmgu S & NE  KAS1,2,4~T 224,800 2,76 1984/5  funding agreed 0el2
8 Blantyre Chiradzulu CZ1=5 202,120 2,32 1984/5  funding agreed
d Blantyre Blantyxe BT =5, 7 289, 950 3,91 1984/5 funding agreed } 0.22
Blantyre Thyolo TH1-10 431,250 5635 1984/5  funding agreed
Salima Nkhotakota KK1,3,4 121,000 103 1985/6  funding agreed } 162
Salima Salima, SAT -4 184, 200 123 1985/6  funding agreed
Mzuzn Mzimba~Rukurz  MZ4-T 69,750 0466 1986/7 funding agreed } 0,42
Hzuzu West Mzimba MZEB, TA 105, 200 1e 36 1986/7 funding agreed
Mezuzu Hengs LrKasitu MZ2,3,R04 89, 500 0.82 1987/8 funding agreed
Homzu West Rumphi RUZ~4,MZ1 83,850 0.85 1987/8  funding agreed } Te33
Kasungu Mchinji MC1~-6 181,500 2.16 - under preparation -
Kasungu Dowa East D068 123,100 1,60 - under preparation -
Mzuzu Nkhata Bay ¥NBi=-5 134,050 1,62 - under preparation -
Ngabu Nsanje NS1-5 108, 400 1,33 1985/6  finding agreed(UNICEE) , o,
Mz Enod sweni M21 22,500 0,30 1984/5  funding agreed(UNICEF) 0.30




462034 Groundwatexr potential for urban supplies

Urban supplies require higher yielding boreholes (1 1/sec
or greater) because the population is more concentrated and the
average per capita demands are greater (100 1/head/day). Much more
care is thus required in borehole siting in order to ensure that
the aquifer transmissivity can sustain the required yields without
excessive pumping drawdowns. DMore detailed information on local
recharge conditions is also required in order that the proposed
abstraction does not exceed seasonally replenished resources. With
increasing investment in the borehole, pump and surface works, a
greater level of site investigation and exploration is justified to
increase the probability of obtaining the design yields (Chilton
and Grey, 1981).

It is possible that,with optimum siting, good borehole de~
sign and careful construction , yields of 1 to 3 1/sec may be
obtained from many locations in the weathered basement aquifer.
Towards the escarpment, where. the saturated thickness of the agui-
fer may be reduced, the yields will be more unreliable.

Most consumers served by the existing small urban supplies
uge public standpipes. In some cases the potential groundwater
yields and/or local recharge might not support the increase in de~
mand which would result from a significant increase in individual
house connections. Becauge of low individual yields, some towns
require several boreholes to meet the demand, which is in itself ar-
tificlally depressed because of the low yields. Examples of towns
where existing groundwaier supplies amre already streiched to full
capacity are Chiradzulu, Chitipa, Dowa and Mpemba. At difficult
locations where demand is substantial and seéveral boreholes are
required, and where the supply needs to be frequently augmented by
drilling additional boreholes, the combined high capital and ope-
rating costs may at some point become comparsble to the cost of a
dam storage scheme, There may be a population or demand cut—off
beyond which it is more economic to construct a supply based on dam
storage, in spite of the additional cost of water treatment works.

Collector wells with laterals drilled in the most pemmeable
zones from a central shaft might be another solution to provide
larger, more reliable supplies for small towns., The higher yields
would be achieved by increasing the intersection of more permeable
zones by the laterals and provision of greater storage within the
main well shaft. An evaluation of each ftndividual site would be
required, with an exploratory borehole to determine whether a suffi- .
ciently thick weathered zone was present with suitably pemmeable
material in the succession. The local recharge conditions would also
need to be evaluated in relation to the proposed abstraction rates,
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Collector wells would be tethnically more difficult to
construet and maintain relative %o the borehole option, and
would involve relatively high capital costs, Pilot installkbions
are plaimed to determine the feasibility of this option at
several sites in Malawi.

In the alluvial areas it is likely that high enough
groundwster yields from boreholes for urban supplies could be
found in mogt locations except where the succession is dominantly

clay rich.

Fractured bedrock aquifers would usually be unsuitable
for town supplies both in terms of potential yields, long term
reliablility and seasonal recharge. It is likely that there will
be difficulties in siting boreholes with adequate yields in
these areas.

Chemical quality may restrict groundwater development .
for domestic supplies in some sizeable areas of the alluvial depositr
and smaller pockets in the weathered basement, for example at
Madisi in Dowa District.

Several schemes at towns in the alluvial ardas are
currently experiencing supply problems eg. Salima, Ngabu, Nsanje
and Nchablo, From the results of the investigation drilling for
the NSIS (section 3.2 ) it is clear that in most cases these
current problems are caused by poor boreholes
rather than poor aguifers. The provision in each case of perhaps
only one properly-designed and constructed berehole of adequate
diameter could solve many of the problems.




4.2.4 Groundwater potential for irrigation
and industrial supplies

A total of 18 bhoreholes were drilled for the National and
Shire Trrigation Study to determine the irrigation potential from
groundwater in the alluvial basins (NSIS, 1982). These were
drilled and tested by the Groundwater Project in the Salima~
Nkhotakota Lakeshore, Bwanje Valley and Lake Chilwa Basin and by
the Shire Valley Agricultural Consolidation Project in the Lower
Shire. The 8 successful boreholes, where the succession was re-
latively thick and sandy Esee section 3.2.4), were tested at
vields of up to 15 1l/sec (the maximum discharge of the test pump-
ing unit). These would be sufficient for relatively laxge
irrigation schemes; an abstraction of 15 1/sec would supply an
area of approximately 15 hectares depending on crop type, local
climate and soil conditiong. The alluvial areas are generally
relatively flat and there is much land which is agriculturally
very suitable for irrigation.

It must be noted, however, that suitable geological
suceessiong for high yielding boreholes are not found throughe-
out the alluvial areas, because the complex nature of deposi-
tion in these environments results in very heterogeneous, and
often very poorly sorted sequences. One of the pilot boreholes
in the Bwanje Valley, three in the Lower Shire Valley and both of
those in the Chilwa Basin were abandoned because they encountered
predominantly fine grained sequences of very low pemmeability.

If o0ld river channels or littoral laccustrine deposits with coarse
permeable sediments can be located, thesewill offer the most fa-
vourable sites for irrigation boreholes, The potential for
higher yielding boreholes within the alluvial basing justifies
further examination.

The depth to water and the likely drawdowns are important
considerations for the economic viability of schemes, Obviously
the shallower the stabic water level andthe higher the aquifer
transmissivity, the less will be the pumping 1lift required. The
question of drainage may alsc be important in areas where the rest
water level is high. Where drainage is slow, perhaps impeded by
low pemmeability clays near the ground surface, the water level
may rise to such a height that it causes waterlogging and increased
salinity of groundwater by the solution of salts in the soil zone.
This is undesirable, and pilot studies would be required %o ensure

that drainage ig adequate.

The quality of groundwater will usually be suitable for
irrigation in those areas where the conductivity is less than 1500
pS/cm provided that the SAR and RSC are low erough (see section
2.5.7). There are,however, large areas of highly saline water which
need to be avoided and some areas of highly variable quality.

The recharge is algo an important comsideration in areas
where high yielding boreholes are required, in oxrder that deple-
tion of resources does not occur. Considering an abstraction rate
of 15 1/sec for supplementary irrigation of a wet season rice crop
and a dry season maize crop over an area of 12 hechares,a total of
about 4400 hours pumping per year would be required (NSIS, 1982).
The proposed abstraction during August and September represents 24
hours pumping per day which does not allow any time for water level

recovery. The total gross water requiresent for this cropping
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pattern represents 1530 mm/year over the 12 hectares. Thisis clearly
well in excess of vecharge (for which a conservative esbimate would
be 20 mm) and in the long term depletion of water levels would be ex-
pected with such a pumping regime. The horizontal permeability may
be sufficient to allow lateral flow to counteract this to some ex-
tent, but this abstraction will need to be balanced by recharge over
some 900 hectares, unless the irrigation water is not entirely cone-
sumed by the crop evapotranspiration and there are vertical losses

to groundwater. Regional development of an irrigation well field,
with closely spaced, high yielding boreholes, would need to be very
carefully planned and constructed in phases to avoid a fall in
regional groundwater levels.

The weathered basement aguifer is unlikely to have suffie
cient recharge or high enocugh transmissivity for the yields required
for large irrigation schemes. FHowever, small agricultural plots
(0.5 to 2 hectares) could be successfully irrigated using boreholes
vielding 0.5 to 2 1/secs;and smaller plots could be irrigated from
dug wells in the dambo margins. It ig unlikely that schemes will
be very economic, except perhaps for seed beds, ag high pumping
costs would be incurred. Because of the low aguifer yields, surw
face water dams offer better scope for irrigation schemes in the
weathered basement areas.

Water supply for livestock is not an important consi=-
deration in Malawi where animal populations are relatively low
in comparison with other countries in the region, There are, how=
ever, large herds of cailtle in the Lower Shire Valley which could
be provided with water by the construciion of troughs close to
the rural domestic supply water-points. In most areas livestock
can be adequately watered at traditional surface-water sources.

Industrial development may also reguire high yielding
boreholes; and the same considerations will apply as for irri-
gation boreholes except that the restriction on water quality may
not be so severe. The quality requirements will depend on the
particular use for the water supply and will need individual con
sideraton,

4.3 GROUNIWATER ABSTRACTION

de3e1 Borehole siting

Borehole site selection was the major activity of the
Groundwater Section when it was within the Geological Survey De-
partment, For the past forty years or so resistivity surveys have
been routinely used to locate all borehole sites, regardless of
the purpose for which the borehole was being drilled ox the yield
requirements of the user. In the basement areas, constant sepa-
ration traverses attempt to locate low resistivity zones which are
interpreted as an indication of deep weathering and shallower
water tables. Very high resistivity zones are avoided as they are
likely to indicate either fresh bedrock at shallow depths or deeper
water levels. In alluvial areas, constant separation traverses may
be able to¢ locate the occurrence of more sandy or gravelly areas
where there is moderate resistivity. Very low resistivities are
considered an indication of high clay content in the alluvium and

are avoided,
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The amount of constant separation traverse (CST) work
undertaken at a particular site is variable. Individual Jnes or
a more random approach may be adopted to cover an area which is
conveniently situated and where the superficial features of
vegetation and topography appear most promising. In more recent
Years, detailed surveys in which CST are taken over a larger area
on a grid pattem with lines 30-100 m apart have been employed
at some of the locations where higher yields have been required.
The results of these more extensive surveys are contoured to de-
fine struetural trends and low resistivity zones at which to
site expanding arrays. In plateau terrain resistivities of about
25=-60 ohm.m are usually taken to be indicative of water—~bearing
formations and sites with values in excess of 100 chm.m would be
avoided unless the surrounding values were even higher and there
was no more promising alternative.

At the most promising site or sites, resistivity measuve-
ments gre taken with an expanding electrode array using the Cooper
method established in the 1950's (Cooper, 1965). The data are
interpreted by curve matching to give two and three layer depth
profiles. These have been theoretiecally used to indicate likely
depths to bedrock, prominent lithological boundaries and expected
water levels, but in practice instructions to the driller were
usually not related 4o interpreted interfaces in fterms of maximum
depths to be drilled.

Although carried ocut in z routine way, each siting was
treated as an individual exercise unrelated to anything around it.
The large body of geophysical and construction data from existing
boreholes was not generally consulied. Detailed comparison of
archive resistivity data with data from subsequent drilling shows
only very poor correlation (Chilton, 19793 Carruthers, 1981). The
latter concluded that the drilling logs did not suggest that the
quantitative resistivity interpretations defined interfaces of any

lithological or hydrogeological significance.

Other geophysical methods for groundwater exploration have
been investigated in Malawi {(0!'Conner, 1973; Carruthers, 1981).
The earlier work in the 19708 was a sideline fto a major mineral exe
ploration programme in the Geological Survey Department. Magneto-
meter , electromagnetic and induced polarisation equipment was
field tested for hydrogeological investigations near Blantyre and
in the Lower Shire Valley, but the potential of the equipment and
the survey techniques were not assimilated by the Groundwater
Section. Bxtensive fieldwork with several instruments and tech~
niques was carried out in late 1980 by Carruthers but no univer-
sally applicable method was indentified. The reliagbility of re-
sistivity surveys is lessened both by the presence of laterite
which gives anomolously high resistivities at shallow depths, which
may mask potentially good sites, and by graphite bedrock or highly
mineraligsed groundwater, giving low resistivities which may be
confused with a thick weathered zone. Magnetometer surveys are come
plicated by the presence of magnetite and ferro-magnesian minerals;
changes in depth of weathering may be masked by variations in the
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original bedrock mineralogy. Electromagnetic surveys may be able
to delineate fracture traces but the presence of graphite and sur-
face conductors may again mask features of hydrogeological signie
ficance. Seismic refraction surveys were hampered by the hetero-
geneous conditiong,lack of well-defined layering and absence of a
simple bedrock refractor.

This last point is perhaps the most important factor in
appreciating both the potential and the limitations of geophysical
surveying for borehole siting. In the plateau areas, layering in
the weathered zone is by its very nature bound to be more or less
gradational; sharp interfaces would not nommally be expected. In
an alluvial sequence, in contrast, there may be frequent, thin and
well-defined sedimentary layering; the problem here may be to decide
which of them are of hydrogeclogical importance. If geophysics is
to be effectively used, it must be applied in a less routine and
more flexible way with an appreciation of the principles under lying
the survey methods and their interpretationsand an understanding
of the hydrogeology and occurrence of groundwater.

The recent work of the Groundwater Section of DLVW has
shown that, if boreholes are properly designed (see section 4.3.3),
the moderate to low yields required for rural water supply bore-
holes for handpumps can be obtained over much of the platean and
alluvial areas withoui geophysical surveying. The main consi-
derations in choosing borehole sites then become the convenience
for the users - the villagers themselves can choose the sites,
and the avoidance of localised pollution risks (see below). In
areas where bedrock may be close to the surface or where the
saturated thickness of the aguifer may be inadequate, resistiviiy
surveys will perhaps be able to locate areas which should be
avoided.

For urban, industrial or irrigation supplies much higher
borehole yields are required, and the capital costs of borehole,
pump and surface works may be high. The extra cost of a detailed
geophysical survey to locate a favourable site will be justified
particularly in difficult terrain. Where the total capital cost
of thé water supply and the buildings or plant which are going
to be dependent on it (for example the new Kamuzn International Air-
port) are very high, the application of a full range of geophysical
techniques and the drilling of test boreholes is fully justified.

Aerial photographs are very useful for delineating rock
outecrops and areas of waterlogged conditions in the dambo, both
of which should be avoided. For rural water supply project work,
the photos will give a better indication of the settlement
pattern than the 1:50,000 topographic maps. The distribution of
villages, dambo and existing protected and unprotected sources,
particularly dug wells, will greatly assist in the allocation of new
dug wells or boreholes to each village. For more intensive re-
gquirements for higher yields, the air photos may show fracture
traces which could be associated with higher permeabilities and/or
greater thickness of weathered material. In these circumstances
the photos can be used to define promising areas for geophysical
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Waterpoints should be sited up gradient from pit
latrines and cattle kraals wherever possible to minimise the
potential pollution risks (see section 3.5.6), A lateral
geparation of at least 15 m should be adequate for most areas in
Malawi where there is a thick clay cover. Risks will be minimal
provided that the water table is always more than 2 m bhelow the
bottom of nearby pit latrines and the water source has been
properly completed for sanitary protection (Lewis et al, 1982).
In areas where the surface strata are coarser and more permeable,
or more fractured, the separation should be increased to at least
30 me In situations where old, deep pit latrines already exist,
there is a danger that they may be directly discharging to the
water table, In these cases, a lateral separation of 100 m is
desirable, considering the likely maximum permeability to be 5 m/4,
and g 20 day travel time necessary for the elimination of bacteria.
In highly permeable materials the separation needs to be increased
even further,

In urban areas the combined effect of many pit latrines
in fairly close proximity to water supply boreholes needs to be
evaluated. There are several towns in Malawi situated on alluw
vial aguifers with relatively shallow water tables, and where the
public supply horeholes are now well within the built-up areas e.g.
Salima, Nsanje., In locations where the pollution risks are highest,
i.e. coarse sandy soils and sediments above the water table, it may
be a safer practice to site any future boreholes at or beyond the
edges of the town with a protecied zone of appropriate radius
around them, even though thig counld result in longer reticulation
works and higher costs.

The proximity of any urban supply boreholes to each other
should be given careful attention when siting, in order to mini-
mise the interference effects between boreholes whilst aiming to
keep the length of the reticulation works as short as possible,
The optimal positioning will obviously depend on lecal conditions
and cannot be generalised,

da5.2 Dezign of existing bhoreholes

The majority of the existing boreholes in Malawi are
poorly designed. Construction costs are high. IMost of the bore=
holes are 40~50 m deep or even deeper, often reaching well into
fresh bedrock. The drilled depth of the boreholes ofien bears
1ittle relgtionship fo the lithology. In contrast to-the consi~
derable input by geologlsts to the siting programme, borehole cone
gtmiction was carried out almost entirely by drillers. The borehole
design employed hag been the same, regardless of aguifer type or
yield requirement,

A1l of the boreholes drilled prior to 1980 were either
partially or fully lined with imported steel casing of 150 mm no-
minal diameter, or much less commonly 700 mm or 200 mm diameter. The
pipe iz generally slotted in the bottom third or half, torch-cut
up to 1976 and manually with a hacksaw to date. The torch-—cut
slots were vertical, 300 mm long, about 3 mm wide, at 300 mm inw
tervals down the pipe and three slots around the circumference,
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giving an open area of about 0.8 percent. Torch~cutting was re~
placed by hacksaw cutting in an attempt to eliminate sand pumping
by reducing the slot size., The hacksaw slots are cut horizontally,
100 mm long by ahout 1.5 mm wide, %00-400 mm apart prior to 1980
and 75 nm apart currently, two slots staggered around the circumw
ference, This gives an open area of 0.1 percent to 0.2 percent
prior to 1980 and up to 0.5 percent more recently.

The open area of the screened portion of the borehole is
very low, In addition, the more productive levels are often cased
out, especially in the weathered basement aquifer and water is
forced to pass down to the fresh hedrock before it can enter the
borehole, Head losses are likely to be large, the entrance velow
ity of the water may be high and the boreholes are generally very
inefficient. The low specific capacities often reflect this poor
bo;eh;le design rather than a low yielding aquifer {see section
30 050

The gravel pack material used prior to 1930 comprised a
crushed, angular roadstone of 6 to 12 mm size range, most commonly
a nominal 9 mm quarry stone. The annularspace between the 168 mm
OD steel casing and 200 mm borehole would be less than 25 mm (12 mm
over the casing collars). Proper gravel emplacement in these cizw
cumstances would be impossible, and even if it were possible the
"gravel’ would sexrve no useful purpose as a filter., There is no
effective filter and since the slot sizes in the screen are laxge,
fine material from the aguifer can easgily be dravm into the bore=-
hole. DBDoreholes are therefore liable to infill and there is often
excessive wear on pump components, especially handpump cup leathers.
Haintenance visits are consequently frequent and costly.

do3e 3 Improved borehole desigms

Since 1980 a considerable effoxrt by the Groundwater Project
within the Groundwater Section of DLVW has been devoted to improving
torehole designs and reducing thelr costss This hag been achieved
by natching an uwnderstanding of the hydrogeology and groundwater
oceurrence with the most economle and appropriate methods of abstrac~
tion. The improved designs have already been successfully imple-
nented in more than 200 boreholes. Even so, boreholes are still
sometimes drilled that do not produce enough water for a handpump,
but with the much closer supervieion possible in the projects these
can be abandoned during drilling, sawing the additional costs of
non~productive drilling and completion of the boxehole., Overall,
the improved designs have probably resulted in a higher borehole
success rate and have certainly produced better borehole specific
capacities (see section 3.2.3), ¥Full details of the designs and
construction practices, which are briefly summarised below, are given
in the integrated projects manual (DLW, 1982).
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The recognition that the weathered basement is a more
important aguifer than the fractured bedrock below enables bore-
holes to be drilled to much shallower depths. For rural water
supplies a minimum saturated agquifer thickness of 10 m is the
target and over much of the country water levels are such that
total depths of only 20 to 30 m are sufficient for handpump
supplies, Drilling diameter is kept as far as possible to a
standard 200 mm, These modest depth and diameter requirements
make possible the use of small to medium~sized percussion rigs,
relatively lightweight vehicles and small crews, Drilling times
and costs can both be considerably reduced.

Borehole designs have been further improved by increasing
the open abea of the slotted pipe to about 8 percent and reducing
the slot size to 0.75 mm. The lower entrance velocities and correct
placing of screen together produce increased hydraulic effi-
ciency and improved yields. The use of smaller diameter (110 mm)
locally manufactured and slotted PVC lining is considerably
cheaper than imported 150 mm steel and probably results in increased
borehole life due to its inert nature, It might also reduce the
problem of high iron concentration in groundwater, which could
be partly associated with the dissolution of steel Lliming by
groundwater with a low pil

The use of a correctly graded gravel pack has also ime-
proved hydranlic efficiency and reduced the influx of fine
material into the boreholes. ZLake Malawl beach sand at several
locations has asulf:-ble grein size distribution. A pack thicke-
ness of about 50 mm ig achieved by the combination of 200 mm
drilled hele and 110 mm PVC casing. The benefits of improved
screen and gravel pack are demonstrated dy the results from the
boreholes drilled in 1981 in the first part of the Livulezi Inte-
grated Froject, Twenty four boreholes were constructed between
March and June 1981. No cup leathers needed replacement on any
of the handpumps until December 1982, Twoe sets were replaced
then although one was  only slightly wom and one further set was
replaced in July 1983, This compares with replacement on average
two or three times a yesr in existing boreholes completed with
hacksaw~clotted steel casing and 6~12 mn roadstone as gravel pack
(see section 4.3.2).

The benefits of improved screen and gravel pack can also
be extended to the existing boreholes. 4 programme is underway to
rehabilitate many of the rural supply boreholes which have the worst
records for infilling and frequency of pump repaires The borew
holes are cleaned out and, where appropriate, an inner lining of
110mm PVC is inserted and a gravel pack emplaced in the surround-
ing annmulus, After re~development and test pumping the intention
is that the boreholes should then have improved aprons and sur=
rounds constructed, a new handpump installed (see below) and they
should then be incorporated into the new mapintenance system,

. Borehole surrounds are now carefully constructed to en=
mure good sanitary completion and thus reduce the rigk of direct
pollution of groundwater from the surface. The new Malawi hands
pump (see below) is cemented into the borehele plinth and has a
3 m extension outlet pipe to carxy the discharge water away from
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the wellhead. This is completed with a brick based concrete
apron and channel to carxy the waste water further away down-
slope of the borehole, The development of small irrigated vegew
table gardens to use the waste water is being encouraged.

The same range of design improvements in casing, screen
and gravel pack and much improved hydrogeological supervision have
been incorporated into the urban drilling programme, and have pro=
duced some dramatic improvementsin performance (Figure 3.2). Urban,
irrigation and some of the institutional boreholes require larger
diameters fto. accommodate g motorised punp. PVC casing and screen
of 160 mm OD has been used in some recently completed urban supply
boreholes, with drilled diameters of 300 mm, reducing to 250 mm,
Larger linimg diameters are likely to be required for urban supply
boreholes where the pumping rate is above about 5 1/sec, and would
certainly be required for high~yielding irrigation boreholes. In
the plateau areas, boreholes for motor pumps will need to penetrate
the full thickness of the weathered zone aquifer to ensure the best
yields, with the siting procedures aimed at locating the maximum
aquifer thickness,

It is possible in some areas (particularly in alluvial
aquifers) that high-yielding boreholes could be used conjunctively
with runwof-river piped water schemes, Groundwater could thus be
used to supplement the supply by feeding into the reticulation
network in the dry season when river flows are low. Pilot projects
vould be required to determine the feasibility and economics of
such schemes,

The feasibility of the construction of collector wells
(see section 4.2.3) is being investigated. It is possible that
in the low-permeability weathered zone aguifer a collector well
system might produce higher yields and smaller drawdowns than a
conventional borehole, although there are clearly technical diffi-
culties to be overcome in constructing and dewatering the shaft
and drilling the laterals.

haBol Borehole pumps

HMost of the existing boreholes are eguipped with hand-
punps. There are several different types of pumphead in use;
most are imported and expensive, and all are difficult to maine
tain. A truck with a winch is required to 1ift the pumphead
before even the most basic repairs can be carried out on the
dovnhole components. Handpump maintenance is consequently a
great organisational and financial burden on Government (see

section 4.4).

A locally-manufactured and relatively cheap handpump -
the Malawi (MALDEV) pump - has been developed with ease of maine
tenance being the main design consideration. Prototypes were in-
stalled on village boreholes in September 1981, the first limited
production run of 25 punpheads was made in March and April 1982




and the first full production run of 150 commenced in July 1982,
Hearly 250 are now installed and the pumphead shows considerable
promise in temms af both ease of maintenance and reliability. The
way ls now open for community participation in handpump mainte-
nance {DLVW, 1982) as servicing and repairs should be possible by
hand., The next step is the development of cheap and easily rew
placeable downhole components, a problem which is currently under
recearch in Malawi, bythe Consumer Association in UX, by the UN/
World Bank Interregional Handpump Testing Project, and many othews,
These developments and the involvement of the community in prevens
tive maintenance will help to velieve the burden on Government.
Thz freguency of handpump repairs will be considerabhly reduced

by the use of better borehole construction practices (see pre-
vious section).

Doreholes for the Digtrict Water Supplies and at many
institutions and private estates are equipped with motor pumps.
The type of pump depends generally on the available power source;
electric submersible pumps are used where electricity is avallable
from the national grid, otherwise diesel engines are required,

doe3e5 Dug well siting

In the lialgwi wural water supply programme, dug wells are
congidered to be the sppropriate source where groundwater levels
are less than 4~5 n below the surface. Although much deeper wells
are dug by hand elsewhere (and have been dug in the past in Malawi)
digging in the current programme is limited to relatively
shallow depths to pemit simple, rapid and economical well con-
gtruction in which the villagers themselves play a large part,and to
allow the use of suction=1ift pumps for dewatering. In practice
this means that, in the plateau areas, dug wells are sited towards
the bottoms of valleys and most commonly in the dambo marsgins.

Aerial photographs and topographic considerations from
field visits are the principal means of locating suitable areas for
dug wells, Within the suitable areas, communities can then select
sites for protected dug wells., The relatively shallow water tables
mean that pollution hazards arez prime consideration in choosing
dug-well sites. Wells should not be located where there is a
posgibility of the water level rising in the rainy season to less
than a metre below ground level, There is an understandable de=
gire to 'play safe' and locate the well very near to any existing
open wells, which are often in the middle of the dambo. However, the
existing well may be a serious ready-made source of pollution;, and the
shallow water table may rise to ground level in the wet season and
the centre of the dambo may even he flooded, further increasing the
risk of pollution. Providing there are no rock outcrops or shallow
hedrock to cause digging problems, wells should be sited towards
the dambo margins, The siting considerations in relation to pit
latrines and cattle kraals {see section 4.3%.1) are even more
important for dug wells than for boreholes, emphasising the need
for an element of hydrogeological supexrvision of the communities?
site selection process ?see projects manualy DLVW, 1982).
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4e3.6 Designs of protected dus wells

Dug wells have always been regarded as g simple, unsgophige
ticated and relatively cheap way of providing rural water supplies.
They are dug in a somewhat ad hoc way “until there is encugh water'.
Al though many dug wells with handpumps have bheen constructed in
HMalawi, there are still no general criteria which have been adopted
for well depth or yield to guide the relatively unskilled digging
crews and their village helpers in constructing sz well which is a
good and reliable supply source.

Two principal designs are currently employed in the national,
dispersed wells programme. Where only limited Govermment support
can be provided by a Project Assistant, a 1.5 m diameter hole is dug
by the villagers as far below water as possible. The hole is lined
with bricks and moXtar throughout its depth, reducing in diameter
towards the ftop to accommodate a concrete top slab., A pump is then
installed by the Project Assistant. Where a digging team with a de«
watering pump is available, the hole iz dug, again with community
help, several meters below water level. TWo or three porous conw
crete rings, 1 m high and 0.8 to 1 m in diameter are installed in
the lower part of the well, and the wpper part is lined either with
bricks and mortar or nonwporous concrete rings and completed with a
top slab and handpump. 4 variation of the latter method, in which
the porous rings are covered by a 'bottom' slab, a PVC guide pipe
passes up to ground level and the upper part of the well is backe
filled with the excavated material, has been tried in the Livulezi
Project. The well ig again completed witha top slab and a handpump
installed through the PVC guide pipe., This last design is deg~
cribed in some detail in the projects manual (DLVW, 1982) and there
is also a discussion of the general principles of dug-well design.

The major technical considerations in a dug well programme
relate to two objectives ~ ensuring the reliability of the supply
in terms of quantity and quality. With regard to the former, dig-
ging should as far as possible be concentrated in the dry season
and the target should be to reach into the aguifer at least i m
below the dry season water level. This has often not been possible
in the national wells programme without the dewatering pumps, and
in the curwvent Dowa West Project deepening is invariably a require-
ment in the rehabilitation works on existing protected wells. Even
with this depth target, wells may require deepening from time to
time in exceptional drought conditions. The well design incorpos
rating backfilling makes access in these circumstances difficult,
and this method of construction is no longer used.

The importance of czreful siting in relation to protection
of the well from pollution has already be emphasised. In con-
struction, protection measures include the use of a non-porous
lining in the upper part of the well, preferably with a clay back=-
£i1ll around it to ensure a watertight seal. There also needs to be
a good watertight seal between pump and top slab, and between slab
and lining, The surface works are completed by an apron around
the well and drain to carry waste water away from the well (see
projects manual for details).
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The protected wells in both the national programme
and integrated projects are equipped with a locally fabricated,
direct=azction, shallow-1ift pump which has passed through several
design stages since 1975. The current Mark V handpump has a
mmber of good design features tut is still dependent on
imported components, and much effort in the wells programme
is being devoted to developing a shallow well handpump which can
be mamufactured locally and can be maintained by village

communities.

x 4ot COSTS OF GROUNIWATER DEVELOPMENT

fodol Introduction

Economics usually tries to calculate both the costs and
benefits of a proposed project or activity., While this is common
practice for urban and irvigation supplies, it is genexally accepted
that it is impossible to quantify and evaluate the benefits of an
improved maral watexr supply. In the latter case, therefore, the
approach is one of "cost~effectiveness analysis" ~ gearching fox the
least costly method of accomplishing a given task. This analysis
is concerned with both the initial capital costs and the operating
and maintenance costs. Findihg ways of keeping down the latter
costs in a rural water supply programme is particularly important
vhen there are both severe constraints m recurrent expenditure by
Government and a lack of cash in the villages,

40442 The "dispersed" borehole and dug well programes

The history of groundwater development in Malawi has been
briefly described in section 1.2.1. A large programne has gradually
been built up in which both horehole siting (see 4.3.1) and borehole
construction (4.3.2) have been carried out in a completely routine
and standardised fashion. The poor borehole designs - drilling much
deeper than necessary and the inadequate screen and gravel pack -
were themselves major contributing factors to the high costs of cone
struction and maintenance respectively., The widely dispersed acti-
vities of both borehole and dug well programmes were difficult to
plan, manage and supervise, High costs and low technical standards
were the result., In addition, the large distances between sites
regulted in inefficient use of wvehicles mnd high transport costs .

The charging structure employed by DLVW sets a rate (at
the begimning of each financial year) for each constituent operation
in the constmuction of a borehole, exactly as would be done in a
gchedule of prices for a drilling contract. A contractor sets his
prices to cover all his operational costs ~ labour, running of
: vehicles, materials, supervision and a share of the headguarters over-
i heads, together with whatever rate of profit he sees fit, Fach
operation of moving,drilling, development mnd testing ig costed on
: an itemised ¥per metre’or "per hour™ basis, and it is a simple task,
once the schedule of prices is fixed, to cést completed boreholes
from the drillers'! construction reports,
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The present invoice charges (1983 prices) for rural
water supply boreholes in the national programme range from
around K8000 for a 60 m deep borehole with steel lining and
Climax handpump, to around K6000 for a 45 m deep borehole with
steel lining and National handpunp and down to just under
ER000 for a 30 m deep borehole with PVC lining and National
pump, The introduction into the national borehole programme
of some of the technical improvements in borehole construction,
particularly reduced drilling depths and the use of smaller
diameter PVC lining, is as8isting in keeping down borehole cosis.
There is thus a broad range of borehole costs, depending largely
on depth, type of lining material and type of handpump.

The current actual cost of borehole handpump maintenance
is difficult to estimate. The annual budget for maintenance in
1983=84 was K645,000, coming from government revenue sources.
Dividing this by the total number of boreholes actually maintained,
the approximate average annual cost of maintenance is K200 per
pump, although there will clearly be great wariation from bore-
hole to borehole., The maintenance of these boxehole supplies thus
places a massive logistical and financial burden on central govern=
nenty, which it will find inecreasingly difficult to support with
the rapid acceleration in the rural water supply programme that
the IDWSSD has stimulated (Table 4.9).

The present maintenance organisation comprises 24 units,
mainly based at district centres, each equipped with a 5 oxr 7 ton
truck, a supexrviser and a crew of four or five labourers. The
units carry out repairs to handpumps which have been reported as
broken down by a postal referral system. The work load this
creates and the distances involved mean that there is practically
no opportunity for any preventive maindenance. The high cost of
maintenance is partly attributable to the high frequency of cwp
leather replacement; the poorly-designed screen and gravel pack
(see 4.3.2) allow the ingress of abrasive fine sand which wears
the leathers very rapidly. Another contributory factor is the
use of imported handpumps which require the unit's heavy vehicle
and winch to 1lift the pumphead so that the cup leathers can be re~
placed, and some of which require expensive spares for the pump-
head itself., 4n appraisal of the maintenance costs indicates that
trangport costs are the major component 260&» with staff costs
(20%) and materials and office expenses (20%) being relatively
low proportions of the total.

Thus, while the exdisting boxehole maintenance organisa~
tion is inefficient, difficult to supervise and relatively costly,
it does nevertheless manage to keep most of the boreholes for
which it is responsible operating for most of the time. Some
improvements are currently being sought by trial use of smaller
vehicles and more effective winches; and by changes in the adminige
trative structure to pemit closer field supervision and plamming
of work programmes. In the long term, however, the success of
the rural supply programmes from groundwater can only be asgured
by the local commmnities taking over a significant proportion of
the maintenance burden, especially preventive maintenance, from
central Govermment.




The national dug well programme has also suffered from
inadequate supervision and a lack of hydrogeologlcal input to
the construiction programme, The main results of this are poor
well siting in relation to pollution hazards and occasionally
in relation to yield reliability. In addition many of the dug
wells are insufficiently deep to provide adequate yields through-
out the dry season, The dug well programme is concentrated in
a relatively small number of project areas, which helps con-
siderably to keep down the transpoxt costs. The funds for the
dug well programme come from several sources so it is difficult
to establish accurately the actual costs of individual wells in
the national programme. Costs in 1983 range from about K400 to
K800 depending primarily on depth, level of community participa=
tion and whether a dewatering pump has been used.

There is no established formal maintenance system for
the dug well programme., Within each area where there is dug
well construction in progress, the project assistants are res—
ponsible for the maintenance of wells which have been completed.
It is not, therefore, possible to separate maintenance costs fron
construction costs. It is clear from reports from the field and
from the detailed monitoring of pump performance in the Livuleszi
Project that the present Mark V shallow well pump does require
frequent maintenance. Development work is underway to produce
an improved design of shallow 1lift pump that is more reliable
and more easily maintained at village level,

4:4.3 Integrated projects for rural water supplies

The approach to the provision of miral water supplies
by "integrated projects" which has been developed by the Ground -
water Section of DLVW is largely a response to the need to find
more costweffective ways of providing groundwater supplies (see
44441)s The technical improvements to borehole construction have
already been briefly described (see 4.33); the project approach
combined both technical and operational improvements to reduce
costs. A comprehensive description of the integrated projects
ig given in the manual (DLVW, 1982).

An integrated project aims to provide complete coverage
of an area with improved supplies by rehabilitating existing bore-
holes and dug wells, by constructing new boreholes and dug wells
and by establishing a maintenance system for all of the water
points, Thus, having defined an area and target population, a
project is planned to provide 27 litres per person per day of
clean water within a one-way walking distance of 500 m., Initial
planning is based on a dug well serving 125 people or a borehole
gerving 250 people, The choice between dug well and borehole is
made by the projest hydrogeolggist from local groundwater conm
ditions at each site. Detailed planning and supervision is carried
out by the project hydrogeologist, and consgruction by up to four
drilling rigs and four well digging teams, serviced by one or two
vehicles,




The concentration of effort by keeping the rigs and
digging teams very close together provides for major cost savings
by allowing the use of tractors and trailers, light pick-up trucks
and motorcycles, The careful management and technical supervision
that is permitted by this concentration in one amall area also
provides for greater operating efficiencysa high standard of bore~
hole and well construction and a high waterpoint success rate.
Having the project staff resident in an area for some time also
allows the commmity to be fully involved in the planning and con-
gtruction of the water points by choosing sites and providing
labour and materials, This is an essential prerequdisite for the
involvement of the village communities in maintenance.

Two such integrated projects are underway at present.
In the Livulezi Valley, 133 successful boreholes have been con-
structed, 5 rehabilitated and 60 protected dug wellshave heen
constructed. Costs of boreholes complete with Malawi pump range
from under K1500 for boreholes which are less than 15 m deep to
nearly K3000 for those boreholes that are 30 to 35 m deep. The
majority of boreholes are between 20 and 30 m deep, the average
borehole depth being 24.5m, and average costs about K2400, Thus,
for budgetary and plamming purposes, the present cost of boreholes
in integrated projects works out at just under K100 per metre of
depth, complete with all borehole materials and handpump.

4 detailed procedure has been deviszed for keeping account
of the actual costs of borehole and dug well construction {des~
cribed in the projects manmual). This enables the invoice cost of
the borehole prepared from the schedule of prices to be compared
with the actual direct and indirect cosis of carrying out the work,
and modifications to the schedule can be made where necessary. The
detailed accounting of actual costs is also an important management
tool in identifying where further efficiencies and cost-savings
night be made. In the Livulezi Project, for example, this analysis
of actual costs shows that the cost of a borehole can be subdivided
into

a) direct labour and material costs 33 %
b) project transport 33 S
c) project overheads (supervision, 33 %

depreciation, delivery vehicles,
camp costs)

Even with such a concentrated approach in the integrated
projects, still 33% of the construction costs are for timnsport and
there may vet be scope for improved operating efficiency fo re-
duce this proportion further, A reduction in costs may also be
possible when the imported rods, rising main and cylinders presently
used with all borehole handpumps are replaced by locally mamifactured
components.




The Dowa West Integrated Project is also currently in
progress, serving an estimated 1990 population of 60,000, For
the first 81 boreholes an analysis of the actual costs gives an
average figure of X3100, including handpump. The costs are
higher then those in the Livulezl Project because :

a) the depths to groundwater are greater and
consequently borehole depths ave greater (average 27,5 m)

b) a private drilling contractor was used rather
than the government rigs

¢) up to ben of the boreholes may have to be
abandoned because of poor water quality

d) ten out of 81 boreholes have been abandoned
because of low yields

e) langer development times were required to
produce clean, sand-free water,

A similar charging structure has been devised for the dug
wells, TUsing this structure, the average cost of hand-dug wells
complete with handpump i's similaxr in both projects, ranging from
K650 to K850, the smaller range reflecting the much more limited
range of dug welldepths,

The cost of maintaining borehole handpumps in the integrated
projects will be.lower because the improved borehole designs (see
4¢3.3) will mean that pumps will break down less frequently, The
Malawl handpump does not require a heavy vehicle and winch before
repalrs can be carried out; transport costs should be greatly re-
duceds The handpump promises to be very robust and few repalrs
should be required to the pumphead, especially if preventive maine
tenance is carried out regularly at village level, If a suitable
tiered maintenmnce system along the lines desceribed in the projects
manual (DLVW, 1982) can be established, the likely recurrent cost
can be estimated at 5% of capital comstruction costs (about K100
per annum at 1983 prices)., If cheap and easily replaceable below-
ground pump components can be manufactured locally and 1f a high
level of community involvement in preventive maintenance and minor
repairs can be established, then the target should be to reduce
maintenance costs to 23% of capital costs,

44,4 Urban and irrigation boreholes

Urban and irrigation boreholes regquiring higher yields
will naturally be more expensive to construct than rural water
supply boreholes because ¢

a) preliminary site investigations and detailed
geophysical surveys may be required, depending
on the yield requirements,

b) greater depths and diameters may be required %o
achieve maximum yields,



¢) larger diameters will be reyuired to accommodate
a notor pump = higher drilling costs and materials
cost, '

d) a greater amount of development pumping, and longer
and movre detailed test pumping will berequired.

e) a greater level of technical supervision will be
required,

In the case of urban, institutional or irrigation borew
holes the associated capital costs of pumping equipment, pump-
house, tank and reticulation works may be very substantial., With
this increasing investment a greater level of investigation, in-
cluding possibly test drilling, is justified to increase the proe-
bability of obtaining the design yield. A greaterlevel of
professional supervision is also justified to ensure proper con-
struction, development and test pumping.

The cost of a properly designed and constructed urban
supply borehole (at 1983 prices) would range from about K600O
for a 30 m hole to about X8000 for a 50 m hole, completed with 160
mm. Class 10 PVC casing and screen and inclusive of a detailed
site investigation and test pumping (but not test drilling). For
a borehole that produces one or two litres per second the addi-
tional costs of the pump and surface works would be

electric submersible pump K 3000 1o KA4000
(1-2 1/sec capacily) assuming
power on site

pump house, control box, and X5000
storage tank

or
diesel engine and mono pump K4000  to K6000

(1~2 1/sec capacity)

punp house for diesel engine, K10,000
and storage tank

giving a total installation cost of K15,000 to K25,000.

The cost of comstruction and operation of irrigation bore-
holes was discussed in detail by NSIS (1980, 1982), Theixr princi-
pal conclusion was that irrigation from groundwater could be eco-
nomic, providing pumping was carried out by electric power and pro-
viding the proposed site was within a few kilometres of the existing
power grid., The capital costs of an irrigation borehole would
depend on the yield required and depth to groundwater. Sample costs
were given for a borehole of about 60 m deep to produce a discharge
of 15 1/sec {at 1982 prices)



Borehole construction K 10,000

Electric submersible pump K 4,500
Connection to electricity K 5,000
supply

Total (approx.) K 20,000

The cost of operating the pump was esiimated at K0.2
to 0,7 per hour for the range of likely pumping heads found by
the investigation drilling for the NSIS.
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CEAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 DATA STORAGE

5 e The datas compilation work on which this report and the
associated hydrogeological maps have been based should be seen as
a continuing rather than a completed task. If the archives are

to remaln as an effective source of information to support the
planning of groundwabter development, then the cardex system and
12100,000 master set of maps must be completed, checked and conti-
nually updated to incorporate the new records coming from the
national borehole and dug well programmes, the integrated projects,
the borehole rehabilitation programme and the borehole maintenance
section,

5.1.2 The ledgers cross-referring for all horeholes new water
resource unit numbers with GS numbers and vice versa should he
completed,; checked and made available.

Hele3 The cardex daka storage system should be extended to the
dug wells using a similar numbering system based on the water re-
source units.

S5etsd Consideration should be given to the computerised storage
and retrieval of hydrogeological dagta. This would pemmit the lo-
cation and correction of many of the remaining errors in the cardex
gystem, and would permit seleciive access fto the data other than by
borehole number, Compilations could easily be made according to
district, agquifer, yield, water chemistry or other parameters and
the application of statistical methods would be greatly facllitated.
Consideration should be given to initiating computer gtorage on a
limited trial basis using the Department's existing mini-computer
facilities,

< 5.1.5 To maintain the impetus and carry out the tasks oublined
above, the data archiving subesection established by the Groundwater
Project needs to be consolidated and strengthened by the recrultment
and training of suitably qualified staff,
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5s2, GROUNDWATER RESCURCES

56201 Detailed groundwater resource studies have been carried out
for the Bua and Nkhotakota Lakeshore Water Resource Units. These

two studies should form the veginning of a series of such reports
which should eventually cover all resource units. A phased programme
of compiling these studies by the professional staff of the Ground=
water Section should be established, and realistic targets set for
their completion, bearing in mind the other extensive commitments

of the Section,

5e2.2 The evaluation of the hydrogeology of Malawi from the

large body of existing data has revealed a number of major uncer-
tainties in the estimation of groundwater resoumses. These have

been the target of the limited amount of additional data collection
described in this report. Nevertheless, further studies are required
to provide more field data and a better undersitanding of the
following 3.

a) the hydrological and hydrogeological processes
of the dambo systems and their relationships
to overall groundwater resources

b) aquifer properties of the alluvial and
wegthered bedrock aguifers, and in partioul ar
the vertical and horizontal distribution of
permeability in the heterogeneous weathered
bedrock aguifer

c) seasonal and longer term fluctuations in
groundwater levels,

More reliable and extensive data on all of these is required
to refine the broad range of estimates of recharge given in this
report, The collection of long term water level data is particularly
important for monitoring and predicting the effect of serious and
prolonged drought conditions on the development of the relatively
thin weathered zone aguifer, The present very limited monitoring
network should be agugmented by installing more autographic recorders
and by the regular dipping of suitable abandoned boreholes.

563 GROUNDWATER DEVELOPMENT

50301 It has been stalted several times throughout this report
that the main groundwater development requirement at the present
time is for rural domestic supplies. Of the estimated 1990 rural
population of 7.2 million, perhaps 5.5 million will need to be
supplied from groundwater. This is a massive task with potentially
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huge capital and recurrent costs., Rural domestic supplies from
groundwater should remain (as they have always been) "primary®
supplies based on a handpump source from which people collect
water, rather than "secondary” supplies with motor pumps, storage
tanks and reticulation to stand pipes. While the most obvious
difference between the two is capital cost( a secondary supply
could be 6 to 8 times the per capita cost of a primary supply), this
is only one consideration. The difficulty of maintaining the
existing handpump supplies has already been described; the operation
and maintenance of motor pumps in the rural areas is at present
completely beyond the logistical and financial capabilities of
either central Government or mural communities, Furthermore, break-—
down of a single motorised pump will affect a whole village whexre~
as breakdown of one handpump will have mmch less effect in a
village which has several, People may lose faith in a sophigti-
cated but unreliable supply which they cannot maintain themselves,
and continue to use unprotected sources, Finally, as donor funds
are limited, the rate at which secondary supplies can be provided
is likely to be controlled by the availability of funds, whereas
for the much cheaper primary supplies the limitation iz more likely
to be construction capacity than funds. It is surely better to pro-
vide a basic service of protected supplies to as many of the rural
population as soon as possible than to provide a superior, but peirw
haps unreliable service to a few. For all these reasons, it is
strongly recommended that rural domestic supplies from groundwater
should be primary supplies from dug wells and boreholes equipped with
handpumps. An eventually upgraded system with small motorised pumps
when water demands and operational oapabllltles increase should not,
however, be ruled out,

Be3el Many of the principal features of the groundwater devew
lopment programme follow on directly from the decision to opt for
handpunps for rural supplies. These features are summarised in

part 4 of this report and described in detail in the projects manual,
and there is thus no need to list them here ag recommendations. There
is, however, cne important point which should be stressed., The modest
yield needed for handpump supplies means that the drilling require-
ments in the two principal agquifers in Malawi are also modest., Borew
holes of 15 to 40 m deep and 200 mm diameter, in unconsolidated allue-
vium and semi-consolidated weathered material, lined with 110 m PVC
pipes will be the general requirement except where water levels are
very deep. Light to medium duty standard cable-tool percussion
drilling rigs are proving highly effective and economical in these
conditions. This should without guestion remain the preferred
drilling method for rural handpump supplies in Malawi, although

there may be some justification for a rotary drilling capability

for deeper, higher cost urban and irrigation boreholes.
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De3e3. Significant groundwater quality problems have been iden—
tified in both alluvial and weathered basement aguifers. Further
investigations of the distribution (both vertically and laterally)
and possible origins of the high mineralisation are required at two
levels., Firstly, a better knowledge of the broad scale of likely
variations in groundwater quality over a project area is required
at the plamming and preparation stage. If water quality problems
are anticipated, adsquate financial provision can be made to cover
the estimated extra cost of boreholes or wells abandoned because of
poor quality groundwater. In the preparation stage of each inte-
grated project,; therefore, a comprehensive water gquality survey
should be carried out of existing traditional and protected sources.
At the end of the dry season, river flow will be largely baseflow
and sampling at this time will give a general indication of regional
groundwater quality. This should be augmented by pumped samples
from boreholes and protected dug wells, and samples from open dug
wells and springs. Secondly, a such better knowledge of the very
significant but localised variations in groundwater quality is
reguired at the implementation stage. The additional costs from
unsuccessful water points can then be lessened as poor gquality
groundwater may be avoided by an appropriate choice between shallow
dug well or deeper borehole and/or by careful siting of the water
point. More detailed investigations on a local scale will require
water guality logging and depth sampling in boreholes and sampling
as drilling progresses. The development of field analytical methods
is of particular importance, so that boreholes or wells can be
abandoned at an early stage of construction with minimum cost to
the project,

DeBed The integrated project approach offers the best means of
providing properly-designed and well-constructed water points to
give clean water throughout the year to the design population at
design consumption levels in such a way that the life of the supply
will be maximised, all for the minimum necessary cost. The con=
centration in one area pemmits both the good technical supervision
which ensures g high standard of construction and also efficient
and cost-effective implementation. The project approach also offers
the prospect of establishing an effective and reasonably cheap main-
tenance system in which the village communities play an active part.
The integrated projects are therefore considered to provide the
best hope for achieving the maximum progress towards the Decade's
targets. At present, funds are being provided by a number of donors
for improved rural water supplies within the infrastructural works
of the various NRIP projects. The funds for improved supplies are
often severely limited and fall far short of complete coverage. DILVW
should therefore draw up a phased national programme of integrated
raral groundwater supply projects so that additional donors can be
approached to assist in areas not adequately covered by NRIP. Im-
plementation could then be planmed overseveral years and matched to
the Department's construction capabilities, The establishment of

a clearly defined national rural water supply programme would enable
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the Groundwater Section to plan its staffing requirements at
both professional and technical levels, and would moreover re=
gquire a clear commitment from Govermment to provide the adminis-
trative and logistical support necessary for the effective
implementation of the programme. It would also require the
further commitment from Government of the necessary funds %o
ensure continuing adeguate provision for maintenance by the
tiered, community-based maintenance system established by the

integrated projects.
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