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Area: 235,800 km2 
Population: 14,6 million 

UGANDA 

I. BACKGROUND 

Uganda is the ''water tower'' of Central Africa. It consists of high plateaus 
900-1,500 m above sea level, 18 % of the area of which is made up of freshwater 
swamps and lakes such as Lake Victoria, the second largest lake ln the world: 
69,000 km2 with a maximum depth of 80 m and a capacity of 2, 700 km2. '.l'be otbeJC mHjor 
lakes are Kyoga (5,000 km2) and George, Edward and Albert (Mobuto, Sess<> and Seko). 

The country has the following five climatic zones: 

~ake Victoria: Daily variation of 8-11 "C (40-80 km from the shore of the 
lake); rainfall \17ell distributed throughout the year with maximums in 
March-April, May and October-"November. Annual rainfall on the lake's shorc~s: 

1,500-1,800 mm with 160 to 170 rainy days; 

Karamoja (in the north): Altitude 1,070-1,220 m with isolated peaks up to 
2,745 m; average annual rainfall 510-750 mm (maximum 1,020 mm); rainy season 
from April to August with the low point in June and the peak in May and July; 
December and January are the driest months; 

West Uganda: This is the highest area- 1,220-1,525 m with isolated peaks 
rising to 2,135-2,440 m and a high mountain (Mt. Ruwensori- 5,090 m); annual 
rainfall 1,270 mm, with maximums of 1,525-2,440 mm, distributed over 
100-150 days; in some areas it is 890-1,000 mm over 80-100 days. The 
morphology and altitude have a great influence on rainfall; 

~choli-Kyoga: Plateau area (1,050-1,240 m) with average rainfall of 1,270 nm1 
over 140-170 days. The wet season is from April to October with high points 
in April-Hay and August-October. The rain is produced by convection currents 
and falls in the afternoon and evening; 

Ankole-Buganda: Average rainfall of 1,010 mm over 90-130 days, with high 
points in April-May and September-November and top dry seasons in June-July 
and December-February. 

Surface water 

Uganda has permanent watercourses with clearly established directions of low 
which are influenced first by the tectonics and then by the geological and 
geomorphological structures. There are seven main hydrographic basins: 

Lake Edward (1,935 km2) which receives the waters of the Ntungu, Ishasha and 
Nyamwere and other streams; 

Lake Victoria (58, 161 km2) which receives the Kagera and the Ruwizi; 

The Victoria Nile (27,773 km2) with the Kafu and its tributaries, where there 
are vast swampy areas; 

Lake Albert (16,699 km2) which receives the Musizi, Nkusi, Wanbabye, Waki and 
We iga; 
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Lake Kyoga (57,004 km2), the second largest basin, with tho J.a.rgest swampy 
area. Its main rivers include the Sezibwa, Victoria Nj.le, Olcere, Okol<, 
Akweng, etc. The waters of this lake discharge into the Victoria Ni lr:J; 

The Aswa, a tributary of the White N.ile (26,558 km2): its main watercourses 
include the Pager, Agago, Aswa, Nyimur and Ateng; 

The Albert Nile (19, 773 km2): the main tributaries are the Ome, Aswa, 'l'angi., 
Ora, Ala, Anyau, Kochi, Jurei and many others. Most of tl1ose rivers rise in 
the West Nile Hills. The low areas along the Nile include 5,600 km 2 of swamp. 
There are about 704 dams and artificial reservoirs of various sizes. 

II. GEOLOGY 

Most of the country is covered by crystalline rocks of the Prccambrian basement. 
Volcanic rocks and Cretaceous sediments are also found in the east and west of the 
country. Between these two systems, whj.ch are 460 million years old, lie the Karroo 
argillaceous schists. 

The crystalline basement includes gneiss, granulite, metamorphic schists, and 
marbles, with acid and basic intrusions. The rocks are of various ages and 
the degree of metamorphism also varies; its most recent manifestation dates to 
about 500 million years ago; 

Nyanzian and Kavirondian systems. The Nyanzian system overlies the 
crystalline basement and consists of acid or neutral volcanic rocks. The 
Kavirondian system consists mainly of rhyolites, porphyry, tufa and basalt, 
with some conglomerates; 

Toro-Buganda system. This system outcrops in the south-north of Lake Victoria 
and south of Lake Albert. It consists of schists, phyllites and micaschists. 
Large amounts of quartzite occur in the north and west of the system. The 
Kyoga and Bwanba series and the Madi quartzites rest in discontinuity on the 
basement. The rocks are tightly folded and intensely metamorphized and 
granitized in some places; 

Karagwe-Ankolean system. This system is found in the south of Uganda, resting 
in discontinuity on the Toro-Buganda system; it includes several formations of 
argillaceous origin such as schists, slates and tillites. There are large 
amounts of sandstones and quartzites which, together with conglomerates, reach 
great thicknesses in the north, while in the south they are represented by 
poorly sorted clay-sand schists and argillaceous sandstones. Dome-shaped 
granitic structures are found here. The ''arenas" - residual-erosion 
structures - consist of circular granitic areas ringed by hills of sedimentary 
rocks; 

Singe series. These series overlie the Buganda series of the Toro system and 
consist of conglomerates and sandstones; 

Bunyoro series. These series include argillaceous schists and arkoses with 
tillites at the base. They probably date to the end of the Precambrian; 
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Bukoba system an~ Mityana series. Small outcrops of the Bukoba system ttre 
found in Uganda. They consist mainly of fine sandstones resting in c:ontinuit:y 
on the Karagwe-Ankolean system on the western shores of Lako Victoria. 'l'lH~ 

Mityana series include arkosic conglomerates and silicified rocks resti.ng in 
discontinuity on the Singe series; 

Paleozoic. This period is represented by the Karroo clay-schist formations 
which outcrop in a few places at Entebe and Birgiri and on Dugusi Island; 

Mesozoic. This period is represented by isolated circular masses of 
carbonatites associated with alkaline rocks, probably of Cretaceous age, in 
the east of the country; 

Cenozoic. This period is represented by volcanic rocks in the region of Lake 
Kyoga north of Mt. Elgon: alkaline basalts, phonolites, nephelines, trachytes, 
alkali-rhyolites and their pyroclastic equivalents. Kisegi and Kaiso strata 
of Miocene to Lower Pleistocene age are also found in the area of Lake Albert. 
These strata are confined to the western Rift Valley and are sometimes 
over lain by the Semliki series formed of products from the edge of the Rift. 
They are about 2,500 m thick; 

Quaternary. These are Pleistocene to Recent alluvial deposits along the 
valleys of the watercourses, lacustral and swamp deposits, and deposits on the 
floor of the Rift Valley. They are found east and west of Lake Kyoga along 
the courses of the Mpologoma, Sezibwa and Katong-Kagera, and along the 
north-west shores of Lake Victoria. 

Eleistocene to Recent volcanic formations are found only in the south-west of the 
country. 

Intrusions. These are granites, apparently of post-Nyanzian age; 

Laterizations. Laterites are found in large areas of the country, but more 
particularly in the Buganda region, some parts of western Uganda, and in the 
Kyoga area. They originated in several cycles of surface erosion which 
occurred in the region from the Cretaceous period. Several hills are topped 
with the remnants of a lateritic crust; 

Structure. It is usually difficult to identify the faults, for there are few 
outcrops of bare rock. However, several ancient faults are marked by quartz 
or tectonite veins formed by silification of shear zones. 

There are two main structures: the Aswa shear zone and the western Rift Valley. 
The first structure is indicated by mylonites which run from the south-east into 
Sudan. 

The Rift Valley contains several lakes and the horst of the Rwenzori mountains. 
The displacement is about 3,050 m and the sediments are 1,830-2,440 m thick. The 
Rwenzori mountains consist of a raised block of ancient rocks bounded in the west by 
a large fault and in the east by the Lake George depression. 

The gneissic basement and its overlying Precambrian rocks generally run 
northwards, with a few local deviations. 
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III. HYDHOGEOLOGY 

The systematic study of ground water began in 1920. The hydrogeological work, 
including drilling, was entrusted to the Geological Survey and Mines Depart:ment, btJl. 

this Department gave priority to traditional geological activities mainly 
cartography - and mining exploration. This is why it was not furnished with tho 
professional hydrogeological capacity needed to meet the demand. As a result, l;l1e 

Government decided in 1977 to establish a single body to carry out hydrogeologlcal 
studies and water drilling which was subsequently strengthened. The administral;ivo 
structure is as follows: 

Ministry concerned: Land and Resources 

Department: Water Development, which has the following division~.= 

Planning, projects and documentation; 

Construction and development (including a drilling section); 

Operation and maintenance; 

Mechanical (workshop); 

Water resources, which has the following sections/subdivisions: 

- Hydrology; 

- Water quality and pollution control; 

- Research and training; 

- Hydrogeology. 

The hydrogeology section has the following responsibilities: 

Ground-water development in rural areas, mainly to meet the needs of rural 
communities, official services, agriculture and livestock; 

Evaluation of Uganda's ground-water resources: collection, analysis, inventory 
and interpretation of hydrogeological data, with the specific goal of 
preparing a hydrogeological map. 

Owing to the lack of personnel and material means, the hydrogeology section has 
so far completed very little of this work. 

The hydrogeological data collected include field-reconnaissance observations, 
interpretation of aerial photographs, well logging, measurement of water tables, and 
hydrochemical analyses. Uganda has about 5,000 boreholes, most of them equipped with 
hand pumps and only a few with motorized pumps. They are fairly well distributed 
throughout the country, but their number is not considered sufficient. 

The activities planned for the future are designed to meet the water needs of the 
rural population. The drilling section must be strengthened, particularly with 
respect to aquipment and spare parts. Once the current reorganization of the 
services is completed, the geophysics subsection of the hydrogeology section will be 
responsible for drilling and logging of boreholes. Satisfactory results have already 
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been obtained with the seismic refraction method. Logging is al~_:;o (~xpected to solve 
many of the problems, such as those relating to transitional zones between one 
formation and another. Gee-electric methods will nlso be used fo1' the detail0d st~ttdy 

of alluviums and the altered zones of the basement. 

There has been considerable study in Uganda of yi.elcls, the depth of bore holes, 
the hardness of the rocks, and the altitude of boreholes (absolute altitude or 
altitude in relation to the valley floor), for these factors have a major im{lact 011 

borehole cost, either per linear metre or per installation. Several autJ1ors have 
demonstrated clearly that the yield is highest in boreholes 30--90 m deep, with a 
considerable decline beyond 100 m, and that the yield is related to the hardness of 
the rock. The degree of alteration of the rock is therefore an important factor. 
Three types of alteration are found in Uganda: 

Uncohesive decomposed rocks which appear as mud in the drilling liquid. TJ1esc 
are soft materials filling the joints and producing virtually impermeable 
zones which place the underlying water-bearing zone under pressure. They 
occur in pockets identifiable by the resistivity prospecting method. They run 
parallel to the direction of the underlying rocks. Drilling in these 
decomposed zones is therefore uneconomical; 

Cohesive altered rocks which appear in the drilling liquid as sands with 
identifiable grains indicating the parent rock. Many joints with higher 
porosity are found in these rocks; 

Solid rock without apparent alteration, where ground water is sometimes found 
in the deep fissures, with generally low yields. It should be noted that the 
use of explosives usually results in a lower yield. No relationship has been 
established between the yield and the depth of the well or between the yield 
and the difference in level between the well and the valley floor. 

The ·water-bearing properties of the hard rocks depend on the degree of 
fracturation and jointing of the layers, hence the importance of identification of 
these features for the development of ground water in Uganda. 

Analysis of aerial photographs and electrical sounding and resistivity profiles 
have been used successfully in the study of the ground water of Karamoja. Seismic 
refraction has also been used with excellent results in the identification of areas 
of low wave velocity corresponding to areas where the wells have higher than average 
yields. 

Intensive ground-water research has been carried out in Karamoja, an arid region 
inhabited by herdsmen who are in the process of becoming sedentary, under a project 
of the United Nations Special Fund executed by the United Nations between 1965 and 
1968. Major resources were mobilized for this project: 4 hydrogeologists, 
1 hydrologist, 2 geophysical teams and 6 drilling rigs operated by experienced 
engineers. This was the largest integrated ground-water study operation ever carried 
out in Eastern Africa. 

Between 1932 and 1965, about 490 boreholes were drilled in the Karamoja region, 
of which 256 were exploited (209 by hand pumps, 47 by motorized pumps). It is 
estimated that the minimum exploitable yield is 0.5 m3/h for a hand pump and 4 m3 /h 
for a motorized pump. The annual recharge of the ground water is about 
30 million m3/year. Most of the water has a salt content of 300-900 ppm. 
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The drilling operations c<.trried out und(·~J:' the Sp(~cial Fund project jneloded 
92 reconnaissance boreholes totalling about 10,000 Jll. SJxt~y--nine of tl1csc 
installations are productive and 36 can bo equ.ipped with rnotortzed pumps. 'J'hn 
average yield is 8 m3 /h, with a maximum of 70 m3 /h. The best yield:.. lulve bc•on 
obtained from boreholes /+5--90 m deep (beyond lOO m the yield:.; arn poor) and f:ron1 the 
flat floors of valleys dominated by steep-sided l1ills. 

The water resources identified in these operations anO'! sufficient to Inf.'JCd: the 
requirements of the people <1nd their livestock but, (,~:x:cnpt in a few cases, they are 
not suitable for irrigation owing to their high cost and tl1e J>oor IJIJit yields. 

Available yields 

Precambrian rocks. Boreholes in these Ancie11t formatic)ns, wlliCll occur 
extensively in the country and include intrusive granites, yielrl 0.35 to 
5 m3/h. The highest yields are obtained from fissured rocks witl1 developed 
joints: quartzites, granites, gneiss and marbles. 'l'he phyllites and slr1tes 
yield very little water; 

'fhe granites and gneiss have poor permeability in the later<ll direction, for 
the joints are not aligned, the aquifers are quite local and small, and the 
recharge is local and produced by direct infiltration. TJ1e porosity is 
estimated at 1 % of the rock and ttte recharge is effected tl1rougl1 the soil 
cover (and not in the thick clay soils); 

Karroo argillaceou~ schists. The Ecca schists outcrop over a small area and 
have very poor aquifer properties; 

Cenozoic carbonatites. The properties of these rocks are not known. They are 
thought to be similar to those of the granites and related types; 

Cenozoic and Pleistocene. The tufas and some of the co~glomerates (Bufumbira 
and Karamoja) are very poor aquifers. Hov1ever, it should be noted that there 
are some volcanic rocks of this type which have not been exploited for thoir 
ground water owing to their topographical position, whereas tile same rocks are 
major aquifers in neighbouring countries, including Kenya; 

Rift Valley sediments. These sediments are about 1,200 m thick in some 
places. They furnish yields of about 0.5 m3 /h, although some boreholes have 
proved barren. Certain sediments produced by the modification of coarse 
deposits give better yields, but they cover a smaller area. The best aquifers 
are thought to be located at depths of 200-300 m. Their 0ater may have a 
fairly high mineral content; 

Pleistocene sands and gravel fill.s. These are important aquifers but tl1ey are 
found only in small pockets where the high pore velocity prevents the deposit 
of fine materials. Sandy laterites have also furnished fairly high yields, 
for example at Kyajjanga and in some parts of the Isingiro valley. 

To sum up: 

In the Kyoga basin boreholes 45-76 m deep have yielded 0.5 to 1,85 m3 /h, but 
some of them which achieved sufficient penetration of developed fissures and 
fractures in communication with each other have yielded up to 5 to 7 m3 /h. In 
the Lake Albert area ground water has been found at depths of 45-140 m in the 
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gneiss of the crystalline basement, witl1 yiel.ds of 1.4 to 3.7 m3 /h. The 
sediments of the Rift Valley have lower yields tl1an expected in comparison 
with those of the l?reeambrian rocks, i.e. l.B to /1.2 nr.3/h: t'hc' \1ater table 1:,; 
virtually at lake level; 

In the Lake Victoria region the yields are 0.5 to 1 1n3/l1 whatever tl1e 
formation. About 8.5 %of the boreholes are 1Jarren; 6% yield 0.5 m3 /t·1. 

The dry residue is in the order of 200-800 mg/1, i.e. higher than for the watr~1: 

of the rivers and lakes. Bicarbonate is the main anion, and the chloride and 
sulphate contents are small :in comparison. Calcium and sodium are the main cations. 
However, magnesium is found instead of calcium in some case8. The pH value of the 
ground water is 6.5 to 8.9 and there are no problems with respect to colour and 
smell. However, the ground water obtained from the gneissic complex or other 
Precambrian crystalline rocks can be more saline. In the area north of Lake Victoria 
the ground water has a salt content of 200-800 mg/1. Fluorides are not a problem in 
Uganda, for they are found in much smaller quantities than in Kenya and Tanzania. 
Most of the ground water is therefore suitable for domestic and agricultural 
purposes, for its salt content is little different from that of the surface water. 

The main problem with respect to the water's chemical composition is that of 
fecal pollution in Lake Kyoga and in Karamoja where the ground water aquifer rises 
almost to surface level in the rainy season. This problem is a major one in all 
places where the boreholes draw pumped water from a surface aquifer close to the soi.l 
and liable to pollution. 
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Geological maps 

These maps have been drawn on scales of 1:50,000 and 1:250,000. They cover the 
following areas: 

Most of Bunyoro and the areas north of Lake Kyoga; 

The area south of the first parallel N; 

The Karamoja and West Nile regions; 

The region bordering Kitgum in northern Uganda. 
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