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1.1.

CHAPYER ONE : HYDROGEOLOGY, WATER RESOURCES AND NATURAL,
ENVIRONMENT

Geology, Hydrogeology and Groundwater

1. Geéography aid Topography

General Peatures of Uganda
Ug'mda is a landlocked couniry which is surroundod by Sudan to the nonh Kenya to the
cast, Zaire to the “est and Rwanda _and Tanzama to the south. The country has rectangular

features and is locnt'cd between lat, 1° 28" Sand 4° 157N and long. 29° 34 " E and
' 35° 00 E. The a\ crage axis is appromnatcly 470 km east- -west and 530 km in the rest

with the total arca of 236,000 km’.
Uganda s topograplucal features have a close relat:onshlp as the resu!ts of moiintain-
bu:ldmg tovement in Cambrian time and rift mov cment formed Western Rift Valley after

. late Cretaceous. The latest stages of fonnatlon of the Rift ga\c rise lo reneved volcanic

aclmty and a genetal sag: in the center of the counlr) which pmduoed the Lake K} oga
drowned valle> system and Lake Victoria. :

The p!atcau which forms the major landscape e!cmcnt of the country occupies about 85%
of the land atea, is d:rectory underlain by gnclsses and granitized rocks of Precambrian,
and is mainly ﬂat northem palt of the counlry but produce hilly terrain in the peripheral
parts of the country in the south and south-west the gencrail) less- mctamorphoscd
Precmnbnan formataons give rise toa more inci ised topography 'Ihe surfaces of Ihe plateau

' are remnants ‘of an old dissected peneptane a.nd threé alutudc levels of the smface have been

1dent|ﬁed These surfaces are of somg |mportance to the occurrence of groundwater in
weathered or fracturcd zones in Precambna.n aquifers. |

The sed:mentar)' infill of the Weslem Rift Valley floor produces a Tow rehef \'-hICh is
diversified i m the south by the lestocenc lava and ash crater ficlds. In the east the country

is dommatcd by Miocene volcanoes in various stages of erosion.

Most of Uganda lies iithin the upper part of the White Nite basin, \\hlch consists of seven

: major catchmcnts About l?% of Uganda lS covered b} Jakes and swamps, The present

dramagc pattml is largely lhe tesult of up\\ arping and faulimg along the Rift. This caused
a reversal of flow in many of the ongma!]) \\estward-ﬂox\mg rners as wells 1mpcdmg the
flow of rivers draining the plateau to form extensive swamp arcas and lakes.



2)

Study Area

(a) General Features of the Study Area o - ) ,
The study area is situated in the south-wesferri area of Uganda and avc.‘r-agé axis is
approximately 110 ki east-west and 135 kin horth-south with the total area of 17,102 k®.
The altitude ranges from 700 to 1,800 mcters. - '
The topographlcal features of the study area are represented by flat topped plateau hke hills
rising gencrall)r to much the saime helght broad[y rounded plateau dnd vallc},s which are

filled by papyrus swamp, hlgh grass. or forest (see F:gure 1 l 1)

 Flat topped th are espccna!ly charactcnstac of the southem half of the area. 'lheu summnt

shows a rcmarkable snmllant} of altitude and’ the tops lic consistently between | 300 and
1350 ni. Their profiles commonly show a relative steep upper slopcs of about 24° to 27,
rap1d1y flattening to fong pediment slopes averaging hills $° to 7 mcl ination.

In the imiost part of the study atea aré rounded, donie-like pIateau lower than the flat topped
hills with oonstant or slsghtly smusoldal slopes a\.eragmg ST . Fla(ter proﬁles are
found to the nonh of K1boga. sttnct where 3° o 4° 4re more common, _Occaswnally the
rourided hills are surmounted by a steeper plmples and in part of Mubende “hicb are

undetlain by Singo Secrics and granite special conditions give rise to roundcd hxlls \mh"

much steeper sinuscidal slopes They represent remnants of former flat topped hJHS from
which the laterite cover has been removed.

" Although there are few major rivers as, for mstance the Mayanja Kalonga and Kafu, they -
~ flow the boundanes of the sfudy area. There are very many tnbutanes of moderate size
- with valleys narrov.er ‘than the major water courses, but most of the vallcys are dr} in hot

season. The valle)s display comparatwcly little flat ground consisting of swamps or

 seasonally flooded forest or grassland. Many valleys are markodly reclrlmear or only

slightly curved, and water-courses and swamps do not show the smuoswy and meanders in

tow valley gradlents In general the m (33 net\\ork bears litile relation to goologma! structure
in the area of sedimentary rocks, but in gneiss and gramte areas recblmear character of 1he
streams are well structura}ly controlled. '

ln the south ther¢ isa large swamp filled dcpresston knmm as Lake Wa.mala The dramagc :
" in the south area is to“ards Lake Victoria, cither duectiy or by way of Lake Wamaa and

River Katonga. The dramage m the north beIongs to lhe Victoria Nzle catchment and
towards River Kafu. ' '

{(b) Kiboga District :
Kiboga is the most northem district of the study area, and the capital, Kiboga town, is over

1-2

e

B




110 ke from Kampala. Major topographic units of the area inctude flat topped hills, dome
like rotnded piatcau and relatively low gradient valleys.
In the northern area of Kiboga which occupics nearly 80% of the tand area of the disteict,
relative relicf is low, seldom more thait 20 to 30 meters, and valleys are wide. Most of this
acea, the rivers aie . slow-flowing and tributary 1o River Kafu and Mayanja. The
top'ographical characteristics accelerate the deposition of fine grained. 'soi'ls aid as the
results find’ dll'ﬁculty in" the rate of vemcal surface water infiltration to underlying
formations. The area is underfain by gneisses of Prc-Cambrian . :
Southward from this northers plain which 1 range from 700 to 1,100 mas!, the plateaut level
rises towards the lake Victoria \w'a:tcréhed ranging from 1,000 to 1,500 masl. The
topography of the area is controlled by the lithology and structure of the underlying rocks.
In the belt underlain by the relatively unmetariorphosed Buganda-Toro Sys’tém (see Figare
1115} there is a tendency for the development of ridges ahd valleys aligned paraflel to the
axes of folding, duc to diffetential crosion in the alternating efosion-resistant and weak
strata. The drainage tends to follow the main direction of éleavage in the rocks. Valicy
formation has also taken place along fault lincs in the System. The main rivers in the afea
- are the Kitumbi and Kizingu, which drain into the Kafu.
The topographical and geological characteristics show that the area accelerates the rate of
vertical infiltration from the riverbeds to the underlying aquifess.

{¢) Mubende District : _ | .

The distsict is encompassed by Kiboga, Mpigi, Masaka_aﬁd Kabarole Districts. The
Kampala-Fort Postal road crosses the center of the district and the railway passes along the
northemn shore of Lake Wamala and then cuts across to the souther bank of River
Nabakazi. Kiboga town is ovér 150 km from Kampala.

Most of the area is undulating hilly country and the relative relief varies bch\een 50 and .
150 meters. Nearly all the hills rise to a fevel of 1,200 to 1 ,400 mast, with occasional
higher residuals. These hills are characteristic by the flat topped ridges and remarkably
similar profiles which cormonly show a relatively steep upper slope averaging 25°
passing into niore gentle pediment slope of between 5° “and 10° . The hill top is generally -
capped by latente “These h:gh steep s!oped hills consist of sandstone of Buganda-’[‘om
System, Singo Senes and Mubende granites.

Anothcr type of hill is conical with rounded top. The upper slopes vary between 15° and
20° . These hills arc often shghtly steeper near the sununit, but their flanks have a more
gentle slope less than 5° and usually only 45 meters above the valley bottoms These low
“hills are composed of finc gr‘aihod'sed.imeﬁlary rocks of Buganda-Toro System.
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" The most rivers int the area flow to the south and into River Katonga bouriding the study
atea to the south. In the northem part the rivers flow fo the north and into River Kitumbi
 bounding Kiboga District. Reinarkable drainage in the area is Lake Warnata which is large
-~ swahip-filled depression; It is linked by the Kibimba valley to the River Katoniga, and 29

km loig and about 12 km wide at its broadest point. The geological formations in the |

. dt:prcssioh dip toward Lake Wamala, and it is considered that the depression vwere formed
by a fectonic movemient of the end-'[‘cmary (Geo!oglcal Shect: 69 Uganda Geologxcal
Survey, 1960). co

(d) Mpigi District

Mpigi is the most southern district of the study arca, and has .rectang{llar featutes with the
-axis of 180 km east-west. The proposed villages are largely divided into two areas which
are contrast in topographical and geological features:’ one is Gomba, Butainbala and
Mawokota County in the west of Mpigi town, and another is Busiro and Kyadendo County
“in the north of Kampala. -

The formier is mainly underlain by Buganda-Toro System dominating schist and sandstone

and is undulating hilly country of which hill top is characteristic by a remarkable similarity

of altitude. The conical with broadly rounded hill top, however, is found in the western area
of River Kibimba, @nd the hills have gentle slopcs Icss than 5% and refative relief is usually
less than 40 m. The’ valle}s in the area are short and rectilincar, and are to“ards Lake
Victoria dlrcctory and by way of River Katonga.
The area of the north of Kampala is hxghiy populated and rich agncultural country in the
economic circle of Kampala. Gnmsscs predominate in this area and topograph:oal features
are characteristic by the conical \\uh broadly rounded hill top. 'ﬂae hills are often slightly
'cteeper near the summit, ho“e\u the ﬂanks ha\e very gentle slopes and usially low
refative reliel between hill top and river floor. The valleys filled by papyrus swamps are
usually broad in width and flat in gfadicnt. The river network shows generally rectiliriear
_ character controlled by geological structures. The streams in the area are towards north and
flow into River Kafu through River Mayanja and Lugogo.
“ Figure 1.3.1. Physiography of the Study Area
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1.1.2. Meteorology and llydrology

(1)

General Meteorology and Hydrology

(a) Meteorology

Most of Uganda has fairly well-marked wet and dry scasons related fo the movement of the
sun across 1he equator arid thc influence of South-Rast and Noith-East Monsootis which
tend to move with the sun. _

The mean ainual rainfall taniges from more than 1,600 nim along the coastal lisie of Lake
Victoria to less than 500 riin in the north-eastern part (see Figure 1.1.2);

Rainfall of about 1,200 to 1,500 mm occurs in the northem arca of Lake Victoria and along
the western bourndary of Uganda. The Lake Victoria 2000 |s charactcnzed by flat topped

hills of uniform helghl extensive swampy lakes and valle) 5. T"hc ccnlral aid easlem area of

Mp:g: District includes in this zone. The primary vegetation is short grass on the hill top

and forests in the valley, giving way to papyrus swamps. The climate of this zone displays ‘_

comparatively smail scasonal variations of temperature, humidity and wind throu gh’dt’lt the
year. The western boundary zonc is faiﬂy describod as a transition zone between the Zaire
forest and Ugandd savanna clin‘fales The rainfall increascs with height.

Rainfall in north-cast zori¢ (Karamola) ranges from 400 to 1,000 mm/ycar, intense dry and

. hot seasan comes from November to March when the streams dry up.
The southem Lake Kyoga zon¢ which includes Mubende and Ksboga Districtsis hilly
region, w:lh flat topped hills in the southem pasts and largcly flat in northern parts The

rainfall ranges from 800 to | ,200 mm falling on 140 to 170 days per year.

The mean temperatures over the whole of Uganda show no great variation, apart from
those of the mountamous ‘districts of western area and around Mt. Elgon. The hlghesl

temperatures occur ‘gencrally in February but occa.swnally in January or March, and the
lowest temperature in July or August. In the south and in Karama;a the temperatures reach

" 321035C during the dry season and 27°C dunng raifi season. The dally variation is 1 to
'4°C in the whole couniry. '

@)  Hydrology |

The country’s hydrology is dominated by the extensive lake Sj.stein 'Ihe total surface area
of Uganda and the proportions covered by open water and swamps are as follows (Atlas of
Uganda, 1967) : _ '
-Land area of'Ugandia ; 235,8]?0 km?

-Area covered by open water. 36,278 km? (15%) |

e
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-Arca covered by swamps - 5,183 km? (2.2%)

Most of southem part of the’counlw drains inta Lake Victoria from the Victoria, water
passes through the Gwen Fall Dam into the Victoria Nile and so by way of Lake Kyoga to
take Albeit; it thei flows out of Lake Aibett, as the Albért _Nife, at the same end as it flows
in. All of the cautitry’s sivers ultimately reach to the White Nile, Because of upwarping and
faulting of the land surface, mahy‘_of the pereitnial streams of the 'pl‘ate‘al.l'clogged with
swamps. Major rivers and their length iri Uganda are as follovs:

km km
Victoria Nife 459 Albert Nile 217
Aswa-Moroto 358 ‘Mayanja Kato 183
Depeth-Okok 315 Katonga 17

Pager - 233 Mpologoma Malaba 174

(¢) Meteorological and Hydrological Stations .
The location and inventory of meteorological and hydrological stations in the study area are
shown in Figure 1.1 3. and Table 1.1.1. and 2. Availability of the récords is shown in Table

_ 1.1.3.and 4.

Nine meteomlogical stations are in lhe-s'tudy area. Entebbe station has recorded rainfall, air
temperaiure relative hum:d:ty sunshine hours wind ‘cloul:, and pan cvaporation. Other
stations have partially recorded.

" Nirte h}drologlcal stations are in the study arca, and three out of nin¢ stations in Rncr

Katonga have recorded flow, and others recqrded only water level. The three flow gauging -

stations in River Katonga, however, have stopped record from 1985,

Table 1.1.1, Inventory of Meteoro]dgit‘al Stations in the Study Area

Station Name . Coordinates Elevation {mas!) |
_Entcbbe 32727007247 | - 1,290
_ Mubende 31722°-0738" § 1,128
Kawanda L 32732°-0"25" 1,177
Namulonge 32°35%-0°32 -
_Nabbingo - 32°27°-0°18" 1,200
Kiboga _31°46-0°55° 1,200
_Vuumba | 3144056 _ 1,170
Maluggi | 31"560"36 1,200
Runnva © - | 3175000470 | 1,305




Table 1.1.2. Inventory of Hydrological Stations in the Study Area

NO. Station Name Coordinates (E-N) | - Type
81362 | RV. Katonpa at Nkonge Road Bndge 31°10°00”-0° | Flow
81319 * | RV.'Katonga at Bugomola 33°26°007-1° ~ Flow
§1359 ' | RV. Katonpa af K’la-Masaka Road |  31"56°00"-0° Flow
81260 ' | RV Kibiiiba af Kanoni-Mubeids Rodd . Level |
82217 " | RV. Kagoye at Luwera-Gulu Road - | Level

Table 1.1.3. Airail'abili(y of Rainfall Records

Station Name | 85 86 87 88 89 90 91 92 93 94 95
Eiitebbe memeeieiiosesienns £ emasoeisiesiasssessesssesasssssoslieesasosoes
Kiboga 1947 - 1977

Nar’:{uiongc SR ST S S S

Mubende . T eeemasieccesenss mermraraeen

Note: dotted line show the period for which continuous records are available

Table 1.1.4. Availabitity of Hydrological Records

Station NO. |70 71 72 73 74 75 76 77 178 79 80 81 82 83 84 85
81362 friossmasseseiasciaaieessiesacaieaoie

B1319 - Neem e e iieememmeeeseeem—nnne

S T T T U S S S

S 0T R O U O U B
82217 meiieimeaeat S S S SO -

Note: dotted line shows the penod for which ¢ontinuous records are avallabie '

@)

Meteorology in the Stlidy Area

{a) Ramfall
Flgure I.14.-6, show mean monthly ramf‘all f‘rom 1985 to 1993 at Bnlebbc station, {rom

. 1958 to 1977 at Kiboga station and from 1983 to 19905 qt Mubende station. The_monlhl)

rainfall at Entcbbe station varies 54.8 mm in February tQ 289.3 mm in May, and average
yearly rainfall is 1,556.1 mm. There is a ‘relatively dryi season bebween December and
Marcﬁ,' and another in Junc'and July. The consequencs is a patteni with'rainfall well-
disteibuted throughput the year and f)e;iks in March-April- Meiy ‘and 'O'Ctdb'e#Nd\ember
the earlier on¢ being the pnn-:lpal one. The rainfall occurs on'the a\ erage on 160 to 170
days each year. The central and southern area of Mplgl District be!ong to samé rainfall

@



patlemn.

Kiboga and Mubende shoiv siniitar rainfall pattein as shown in Figare 1.1.5 and 6. The
arca is a hilly region and the altitude of both stations arc 1,130 and 1,200 mas). The yearly
average rainfall is 1,197 i at Kiboga station and 1,166 mm in Mubende station. Two
peaks associated with the Equatorial Through’ are cvident, onc during March-May, the
other’ Scptenlbe'r'-N(}\'Cmber. Two dry seasoh occur in Juric-July, and the other between
December and February. The rainfalt is falling on 90 to 130 days per year. The westeen
area on Mpigi District and most of Mubende aitd Kiboga Districts belong to this climatic
pattemi, hovever, a much drier zone with mean annial totals below 875 mm extends from
westem Mpigi District to near {.ake Wamala: Maddu in Mpigi, Kiganda, Myanizi and
southem Kitenga in Mubende (Atfas of Uganda, 1969).

(b) - Air Temperature .

Mean maxinuwim and minimin air temperatuic récords at Entebbe and Mubende stations
are preseited in Figure 1.1.7 and 8. ‘The data are recorded on a monthly basis and averaged
throughout the period during 30 years at Entcbbe and recent 5 years at Mubende. Thé mean
maxitium and minimum témperatires in the study ‘arca show no great variation, The
maxinwuin n‘ion.thly temperature ranges frorit 25.0 to 26.8°C at Entebbe and from 26.2 o
28.6°C at Mubende. The highest moiithly mean teiiperatures occur during dry season in
January of February. The minimum tempetature ranges from 16.1 to 17.9°C ‘at Entebbe
and from14.7 to 15.7°C at Mubende. The lowest minimum femperatuses occur in June or
July. The daily variation of temperahire is about 7°C in average at Entebbe slatioh_located
“at the shore of the Jake; while about 11°C in average at Mubende located about 70 km far
from the Lake edge. ' ‘ S

(c) Relative Humidity _

Humidity Records at Entchbe and Mubende stations, averaged throughout the recorded
years, are shown in Figure 1.1.9. and 10, Records indicate that Entébbc located on the
shore of the Lake maintain high peccentage of humidity, reaching a high of 90% in J une. In
most mionths humidity is reaching 80% at Mubends, however, in the afternoon during dry
scason lowered near 50% in Mubende. The difference of humidity during dry scason is -
reaching about 10% between Entebbe and Mubende. _ | |

{(d) Susshine Hours
" Figure 1.1.11. shows the sunshine hour record at Entebbe station, and record period for 20



@3

years. aveiaged annual sunshing is 6.2 hours/day, and the shortest sunshine oceiirs appear
in August at 5.4 hours.

(&) Wind Velocity |

Figure 1.1:12. shows the wind velocity recorded at Entcbbe station for 25 years; the
records are mcasured at 9:00 a.m. local time. As the monsoofi seasoh approaches, the wind
beging harder, but decreases during the dry season. Thie averaged annual wind velocity is
93 knvhour. .

(0 Pan Evaporation

Evaporation data at Entebbe and Namilonge stations measured by cvaporation pan are

~ shown in Figure b.1.13. Namulonge is located in 50 Km far froni the Lake and evaporation

is fower 0.5 to 1.0 min than Entebbe which is on shore of the Lake and precipitates on
average on 160 to 170 days each year. Variation in nican monthly evaporation from year to

year is much smaller than variation in mean monthly rainfal}.

Hydrology in the S{udy Area

‘The major rivers in the study area are the Kafu, Mayanja, Mpongo, Katonga ‘Kibimba and

Nabakazi: the Mayan;a and Mporigo ate the tributaries of the Kafu which i is in the Victoria
Nile catchment area and flow to north, and the Nabakazi is a tributary of the Katonga
which is in the catchment area of Lake Victoria and flows to south. These tribitaries are
ori gmate in the hnll region excepling the Kibimba originated in Lake Wamala.

" In the study area fiver gaugmg stations are located for the Katonga, and no station for the-

Ka{‘u The locations of the statton:. ar¢ shown Fagun, 1.1. 3 River discharge of the study
area is largely aﬂ‘ccted by the presence and scale of : swamps which function as storage.
Runoff coefficient of two stations at the Katonga which is calculated by UNDP is shosm
below:

Station No. ‘Catchment Area  Runoff Coefficient

81324 3,870 km? 11.24 %
81359 ' 13,930 km?’ : 064 %
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|F‘ig'ui-’e L 1 4. Mean Monthly Rainfall
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1.1.3.  Geology, Hydrogeology and Groundwater

)

Geology

(a) General Geology of Uganda
Geology of Uganda consists of Procambnan rocks dislnbutad in lhe \-.ho!e couintry, Karoo

~ shales of Palcozow inv cr} lmutod arca Vv o!camc socks of Tert:ary to latc-Crctaoeous in the

wester Rift Valley, and \olcamc rocks dlsmbuted in “cstem and eastem volcanic aclu. ity
arcds and sediménts of Quatemary in the whole countr} A mmphﬁed geological map is

shown in Figure 1.1.14. and geologlcal succession in Table 1.1.5.

Table 1.1.5. Siniplified Geological Succession

Picistocenc - Recent  {Plateau deposits, black soils, outwash faris, lake shore deposits

Pleistocene volcanics (late-Pleistocene)
Westem Rift Valley deposits

Eastern voleanic sediments
Mesozoic - Tertiary K:segn beds of Western Rift Valley
Karamo;a bcds grits, tuff, basalt

e e e e e i T T e A RS e e v m = ]

Mesozoic - [Karoo shales

Cover formation
" grits, sandsfone conglomemtes shatcs sdusts . quartzites,

Prgcémhrian phyllites

Gneissose formation o
granitized and ‘metamorphosed quaitzite, schists, sandstone,
phyllites, amphibolites and gneisses

- |Basotith body -

mobilized and intrusive granites

+ Precambrian rocks are largely divided into three formations: cover formation, gneissose

formation and mobilized and intrusive granites.

The gnexssosc fonmation calied Gneiss Comple\c o\ erhcs the country extensively. The -
- formation is maml) composed of gramtlzed and metamorphosed gneisses including

ctements of covered formatlon

* 'The cover formation is found mdesprcad in the southem region including the study area.

'The formation is divided into eight formiations and three of them are distributed in the study

I-16



arca: Mityana Series, Singo Series and Buganda-Toro Systém. The Serics and Systert in

the study aréa predomiriate in metamorphosed sedimentary rocks such as sandstone,
conglomierate, schist, phyllite and quartzite. Mityana and Singo Serics ar¢’ distributed in

- lintited dres, but Buganda-Toro System i§ the most extensivé in the area. Schist, shale and

phyllite predominate in the study area,. The System, in general, appears to lic upon Gneiss
Complex but in some places, it is difficult to dlslmgulsh from granitized Bugand1-Toro

© Systemi.

Intrusivé granites are extensively found in horth-ivest region inciﬁdihg the study area.
Thesé rocks are in general medium to coatse grained, and porphyritic granites Gocur in
Mubendé District.

The Mesozoic and Cenozole rocks of Uganda are composed chiefly of Rift Valley
Sediments, volcanic formations and niore recent altuvial overburdens and are affected by
stiuctural movement. Alluwal depos:ts are broadly distributed along valléys.

The major geological structures of Uganda was formied by orgamc fold and shear in the

* Precambrian, rift movement of late-Cretaceous to Tertiary. By the rift movements the

Western Rift Valley was formed and filled with sediraents; 1;800m in places. The latest
stage of the rift niovements gave rise to renewed volcanic activity in the center of the
country which produced the Lake Kyoga drowned valley systeni and Lake Victoria. -

b) Geelogy of the Study Area
The study area is underlain by the cover formation, Gneiss Complex and mlrusnc gramtes

of Precambrian, and sediments of Pleistocene to_ recent, Sutiumarizes geological map is

- shown in Figure'1.1.15. Three formations of cover formation are distributed in the area:

Mityana Scnes Singo Series and Buganda-Toro Sys{em

“The' Mityana Series is composed of shales, sandstone aiid congiomcratc and underlam by
*in the catchment area of Lake Wamala. The Scrics predominates in silicified sandstone, but

shale and o‘oﬁglomerate beds are altemating. Thé rocks are normally hard and massive, and
many springs ate found along faults. They are underlain by the Buganda-Toro System.

“Thé Singo Séries consists of arkose, sometnmes with coarse conglomerates at the base and

mudstonie. The roclcs are distributed in north-west and rorth-east of‘ Mubende District and
south-cast of Knboga District. -

The Buganda-Toro S)stem is broadly distributed in the study area, but very poor!y e‘cposed.
'lhe rocks ¢consist of SChlSlS ph)llltes shales, sandstones, conglomerates and quartzites.
Weathered fonnat;ons are norinally thick, in some places in Mubends District teaching
60m-or less: Fresh formations’ of argitlites are soft and have scarce fissures, Argiltites
predominate and sandstones and conglomerates are fi requentty thinly bedded. In throughout



much of the area, quarizite scparates Bugahda-'i‘dro_ System  from underlain Gneiss
Complex. The thickness of the System has been estimated of the ordet of 900m or less in
the south of Mpigi District (The Geology of Southern Mengo, Geological Survey of
Uganda, 1959), but it is presumed from the existing borehole records that the System is
moré thick in westem fegioil than in eastem region. o D

Gueiss Complex is mainly composed of fine to coarse grained “gneiss. of ~granitic
‘composition and granitic gneisé with bands of i}u:irtzlfeldspar: pcgmaiité The' ﬁightyv
‘weathered formauons are normally thin, 20m or less and fresh formations are hard and
have large fractures, espccnally along fauits.

Intrusive granites are distributed in the west and nonh of Mubénde District. Thc granites
are usually coarse and porphyritic, but fine and medinm grained varieties occur. The rock
is hard and has ushally scarce feactiifes.

Most of the valrc}s throughoul the area are filled with a vaciable thickness of silt, clay and
sand.

() Geology of Kiboga District

The area is underlain by allovium, Buganda-Toro System and Gneiss Complex; but last
~two arc exposed at the very limited surface..

Alluvium is composed of unconsolidated fayers, and distributed in the river floors and the
broad flood plasic in the north with 5 to 30 m thick. The layers are composed of silt, clay
. and sand, but sand beds are normally not expected as aquifers because of poor thickness
and their dlscontmmty L ‘ ‘

Buganda Toro S)stem lies to thc south of the district and forms hilly Jand ranging fmm

1,000 to 1 LS00 mas! It is composed of altemations of sandstones, schxsls shalcs and .

conglomerates ’[he area where the systcm is distributing is separated into two part
~ topographically and geologscally. the highly populated arca along the Kampala-Kiboga

road and low pop'uléli('m density area in the hilly lands. The highly populated area is located

in the valley formed by a fault extending for about 50 km in N.N. W. The area has many
“boreholos which are drilled along the faults and extracting targe ychds In the hilly Jand,
* many faults ate found by the interpretation of acrophotographs and those form steep stopes
which make hard accessibility to viltages. Along the faults aqu:fers with high yields are
expected. The test boreholes are drillod near the faults and have gotten good results,
Gngiss Complex consists mainly of gneiss and granitic gnelés and is distributed in extensive
area of north of the district. The area is overkain by thick altuvium and higﬂly weathered
formation of the rocks reaching 30 to 50m in depth. The complex in the area has poor
fractures.

1-18

g



&

{(d) Geology of Mubende District _

The arca-is underlain- by allavium, Mityana Serics, Buganda-Toro System, Gneiss
Complex and intrusive granites. These rocks are exposed in very limited surface.

Alluvium s broadly distributed on mer floors, cspecmll; around Lake Wamala.
Characteristics of the fornation is same with Kiboga District, dnd riot expected as aquifers,
Mityana Scries is composed of sandstones, conglomerates and shales, and distributed

: aroimd Lake Wamata. The formations dip gently o all sides towards the center of the Lake.
“Thé lithology is siticificd hard and massive, but good aquifer when borehole is drilled along

faults. Large aniouint of yield from borcholes drilled in Mityana town and in sorne villages.
Many’ spnngs are found along faults.

Buganda-Toro Systerh is d|smbutcd extensively. Schists and Ph)lhtes predominate and
silicificd sandstones are partially distributed. The depth of the formations is riot reported,
but the test borehole drilled in Kiganda Sub-County is more than 100 m and in Butayunja

- Sub-County 35 m. The System is underlain by Gneiss Complox, and the existing borchofe

récords show that many boreholes are drilled successfully when they penetrate the System
and encounter the fractures in Gneiss Complex.

- Gneiss Comiplex is disteibuted in western region: Kasambya and Kitenga Districts. It is

poorly foliated and massive. The borchole records reveal that the total depth of boreholcs -
are deep and yield i is low. '
Intrusive granites are dlstnbuted in the north-west of Lake Wamala and in the most westem

area. The rocks are normally massive, hard and poorly fractured. There arc few suceessful

‘borehole records in the area.

(&) ' Geology of Mpigi District
The District is underlain by alluvium, Buganda-Toro System, and Gneiss Complex, but

last two are exposed in very limited surface.

Alluvium is distributed in siver floors and forms large water pools which have sealed
bottoms by impermeéble sediments. The mouths of tributaries are dammied by their mother
rivers and form water pools. The formation is usually not expected as aquifers because of
disodntinuous and thin coarse grained beds. Dug ‘wells are normally constructed in the

" formations.

Buganda-Toro System lies widely in the district excepting the north-east region distributing
Gneiss Complex. The existing borehole records reveal that the thickness is dccp in the west
and thinner towards east: mote than 150m in Maddu Sub- -County and less ‘than 60m in
Kiziba Sub- County

Gneiss Complex is’ distributed in the north-cast region: Kizibi, Nangabo and Wakiso
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Districts, and undetlain by Buganda-Toro System. It is composed of coarse to fine grained
well banded gneiss with granitic composition and granitic gneiss. The rocks are nonmatly
hard and massive, but in places where faulis and contact zone between formations many

borcholes are successfuily drilled.



| ; Figure 1.1.14. Geology of Ugaddé
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Hydrogeology and Groundwater

(3} Hydrogeology of the Study Avea

Aquifer system in the study arca lic only of fractures in rocks of which size and extent vary
in location du¢ to weathered conditions and grain size of rocks, geological structuies cte.
Information on aquifer charactéristics in cach hydrogeological unit are not avaitable with
the exception of personal expericnee. The discontinuous fractures and incomplete drilling
records give difficulty i sitin:g' and construction of successful boreholes. Table 1.1.6.

~ shows the sumniary of éxisting borehote records.

Although the rivers are mostly overlain by alluvial formations, sand and gravel beds have
not enobgh extent for aquifers.

The major aquifers distributing in the arca are Mityana Series, Buganda-Toro System,
Gneiss Complex and Intrusive Granites as shown in Figure 1.1.15..

Mityana Series is distributed around Lake Wamala and predominates siliccous sandstone
and conglomerate. Many borcholes are drilled in Mityana town and its surrounding ﬁillage_s.
A large scale fault runs from north to south lhn:mgh= Mityaria town area for about 20 km,

and small faults crossmg the major fault arc detected by aerophotographs Gmund“atcr is
expected along the faults and succcssﬁﬂ existing boreholes ate extraciing water from the
fractures resulting from the faults. The average yield is greatest within the four formations
listed in Table 1.3.6.; b_ut Tractures with w_.xater_ are discontinuous and potential in some
arcas is relatively low. The e\tisiing bofe}{olés in the Mityana town are affected by

: 'dm“doxm of groundwater table because of re}atnely low potential and overpumping.

Resistivity of the rocks ranges from 250 to 3,500 ohm-m and aquifers from 250 to 1,800
ohm-m.

‘Buganda-Toro System predominates in schists and phyllites, and the average yield is fower

than other formations as shown in Table 1.1.6. Some boreholes drilled in the arca, however,
have high yicld, and it is considered from the evaluation of the existing borehole records
that those pen_é:tr_ated the S)_'stem'and are drilled into underlain Gneiss Complex. Those
borcﬁoles are mostly fdund in ecast and north arcas where the System is not deep. The
Tesistivity of the System ranges from 400 to 2,000 ohm-m and aqulfers from 40 to 500

ohm-m

Gneiss Comptex is most teliable aquifer in the arca, and'fractures érc able to detect casily
as high conductivity by geb-maignetic sunvey. The average yie!d of the whale area is
2.0m'hr, however, in Kiboga District only 1.0m*hr. In the nonh-easl region of Mpigi
District it is more than 3.0mhi in average. Resistivily of the rocks ranges from 50 to
4,000 ochm-m and aquifers from 50 to 1,000 ohm-m,



Intrusive granites is distributed in the imited area and the average }*icfd is 1.3 m¥hr. The
grasiites are normally hard and maSSive, and resistiﬁty mrige:s' fi rom'S()_ lo 4,000 ohm-m and
aquifer from 50 to 1,0000hni-m. High yield is not éxpected from the rocks because of fow
fractutes and topographicat featutes forming hilly tand.

.(b) Klboga Distrlct .

:Thc summary of the cmsimg borehole records in each sub-county and hy drogcoIogncal map
are showiin Table 1.1.7. and Flgurc 1.1.16. The av erage y:eld is !ov.est in Nt\\et\\e where
topographic featurcs cansnsl of hilly land and broad swanips, and highcst in Klboga and
Butemba where granitic gneiss and sandy rocks are distributed. Buganda-Toro System
ranges from 0.9 to 2.1 m’/hr in the average yield and Greiss Complex fro':ﬁ 05to 1.5
m’hr. The average static water level is 31.1 m. The remarkable ‘hydrogeological
charactenslrcs arc low siatic water level and deep punip locatlon average static water fevel
is 31.1m and pump selting depth is 48.7 m,

Low water pott,nlial areas, which are rcconm\ended altcmame water resources are found:

Kiboga town and seine villages in mountain regaon.

Kiboga town is located on the half way of the hill which is highly populated, and underlain

by hard and massive granitic gneiss which have few fractures. Three boreholes are located

in the proposed area and water level affection is expected. High groundwater potential,

- however, is e»cpe»cted aleng River Naka)cnga about 1.5 km far from the town.

: M\\en Bukasa and Muwariga villages in mountam region are located on hill top or half '

wa) with steep s!opcs. The topograph_lcal features show very déep ground\'gater.

(c) Muhende Dlstnct

The average yuefd is hlghest in Myanzi \-.}uch faoes Lake Wamala and is underlam by -

Mityana Series consisting of sandy rocks, and lowest in Butayunaja uriderlain by schists,

Argillites of Buganda-Toro System are broadly distnbuted in the district and the potential
of the formation is 'low_'. ‘Thé average yield is lowér in'west than central and cast region. The

average total d'ep@h is 90m and static water level is 25m. The district is also characterized

by low groundwater level and deep borehole depth: average toial depth'is 96 m ad static
~water level is 25 in. ‘ ' '

“The summar} “of ¢éxisting borehole rccords and h)drogcologlcal map ar¢ ‘shown in

‘Tablel.1.8. and Figure 1.1.17.
* Three arcas ar¢ identified as low groundwater potcntial aréa: Kabbo Parish in Kasambya
Sub- Count:,, Kiganda Sub-County and Mityana town.
Kabbo Parish is located on the top of hilis with steep slopc and targe refative rchcf The
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existing borcholé records shoiv deep water level and few fractures in granitic rocks.
Kiganda Sub-County area is underlain by decp and fine grained sedimentary rocks and
small recharge aréa. Many drilling including a test borchole in Manyogaseka are tried,
however many of theii are failed. ‘

Mityana tmm has 16 borcholes in the tovm and their water leévels are affected by
overpumping. ‘Mityana Serics daslnbuled in the area has good aquifers, but increase of

borcholes will lead deferioration of aquifers.

(d) Mpigi District :

The area is clearly divided into two h)drogwloglcal areas: west ared consnsted mainly of
argiilites of Buganda-Torc System has low polential rangitig from . 6 to 1.0 m*/hr in
average yield, and cast area distributed by Gneiss Complex has comparatively high yield
ranging from 1.1 to 2.9m*hr. Total borchole depth and groundwater level are shallower in
_east area than west area. _ | ' .

The summary of cxis'ﬁn‘g borehole recoids and .hydrogeo!ogi'cal mdp are shown in

Tablel.1.9. and Figure 1.1.18. ' 3

Kyaayl Parish and Wakiso Trading Center are found as low ground\\ater potential area.
Kyaayi Parish is dry area “with low precipitation and smatl watershed. Wakiso Trading
‘Center is located on the edge of \\atcrshed and has low groundwater level.
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Waler Quality
The water quality of existing boreholcs springs and rivers is analyzed by two type of
methods: in-situ and !aborator__y test. 102 <y, ater sources are visited and surv egcd_f‘r_qm the

 view points of groundwater conditions, opcration and miaintenance and SOCIal environnient

before the sampling for !aborator) test. Samples are taken froni 58 walter points and those

f ate sent to the DWD Entebbe labcrator; The location of the in-situ test and samplmg
_ points is showi in Figuré 1.1.19. and the simimary is shown in Table £.1.10 and 12.

(8 ' Type of Quality

- The results of the laboratory test aie plotted on Trilinear Diagram (sc¢ Appendix A.3.4.).
_ The diagtam shows that the water samples taken from the boreholes are plotted on two

zongs: a carbonate hardness zone which is generally reprcscnted by the quality of decp
groundwater and carbonateé hardness zone to inténnediate zonc which is gencrally
representéd by the quahty of shallow groundwater. Further uinderstandings on the quality
type are difficult due to the lack of the information of the boreholes,

(b) Results of Field Test

pH values of the boreholes range from 5.65 to 7.65 and springs from 4.98 to 6.16. The
valuc of one spring is lower than 5.0, and 57.5% of water points lower than 6.5 which is
the - lowest limitaﬁbn'of WHO'’s recommended standard for drinking water (see Table
AR | |
Eleclrlc conductivi ity (B C. ) ranges from 91 to 2 420 e Slcm and high m K:boga of \\hxch
taste is shgh{i} salty. These boreholes are drilled in Ggiss (,omp!evc 7

Simple paper tests were perfonncd for the investigation of blologxcal Eoﬁtaminatior’n and
the results show that 45% of the borcholes and 67% of the springs are contaminated -

b:o!ogwal!; The contamination is more severe in Muberde,

Color of water is rusty of milky in 52% of boreholes and_ 32% of springs. The color of

‘many borcholes reduces after shord or long time pumping.



~ Table 1.1.10. Summary of Ficld Water Quality Test

: TestedN pH E.C.(; S/cm) | Biological: Color .
Kiboga | B/H 17 | 6.14-7.65 176-2,420 273% | 41.2%
s 4| 5754613 (8-'537 - 0.0%] - 50.0%
Mubende | B/H 25 | 5.69-7.32 115-1,046 681%| 65.4%
u S/P 2| 4.98-5.45 75- 100.0%|  33.3%
Mpigi | B/H 22 | 5.65-7.10 OF- 841 39.1% |  47.8%
S/P 6| 5.41-6.16 52- 145 100.0%] - 11.1%

Total B/ 67| 565765  91-2,420 44.8%| = 51.5%
s/pi2 | 4.93-6.16 18- 537 66.7%| © 31.5%

Table 1.1.11. National Guidelirie for Prinking Water Quality

"(¢) ~ Results of Laboratory Test o
The samples taken from 58 water points aré sent and énaly'ze& by DWD Entebbe
labora'to'ry. The sesults are shown in Table 1.1.12. and Appendix A3l The tables show
‘that the many samples taken from the borcholes exceed the National Guideline for Water
Quality Guideline (se¢ Table 1.1.11.). The characteristics are as follows:

- Color; 34 out of 48 samples are colored in ycllom'sh to brownish and niany of them

1-34

Item National Guideline | National Guideline WHO
pH 5.0-8.0 5.0-8.0 6.5-8.5
Turbidity  (TUR) 20.0 20.0 5.0
Total Hardness 800 600 500
Na+ {mg/l) - - 200
Total Fe  (mg/l) 2.0 2.0 0.3
Mo+ (mg/) | ‘1.0 1.0 0.1
F- (mg/l) 2.0 2.0 1.5
Cl- (mg/) 600 600 250
NO3-  (mg/l) 20 20 50
S04-- (mg/1) 600 600 250
TDS {(me/1) 1,500 1,500 11,000




inctide nist and silt, -
- Turbidity: 25 out of 48 sajﬁ_p!es exceed the pehniss'ible Jirnit of the guideline,
- Total iron; 31 out of 48 samplcs exceed greatly the permissible limit,
* « Electric conductivity {B.C.); there is no standatd for 12.C., but the vahes areexcessively
high as comparcd with the normal valies in Japan, that is, lower than 100-350 2 S/cm
-of groundwater, 250 y Sfcm of water supply of Tokyo and lower than 100 i S/cm of

river water

- . Chlorides: the values arc in the penmss:ble hmlt but in Kiboga hxgh

- There is a relationiship beiween color, turbidity and total iron, that is, water colored &
{urbidity large € total iron large,

- There is o relationship between color and pH value,

- Some of springs are colored, but they are muddy and not rusty, and turbidity is in thc-
permissible limit,

- Two sariptes of spring exceed the permissible liniit of total iron, but slightly.

(d) Evaluation

“The resulis of the laboratory test reveal that more than 70% of the existing borcholes
_exceed the perm1551ble limit of drinking water quality guldclme of Uganda in the value of
" total iron, turbidity and color. It is considered that the reason of high iron concentration is

derived from the corrosion of i iron materials of boreholes using in the stud) area. .

~Corrosion can be prevented through the dep051t10n of a protective ooatmg of caTcium
carbonate. ‘Saturated Index (Langetier Index) is normally used in Japan to cvaluate a

protective coating by CaC03 Saturation Index is calculated from pH, calciumi and

“bicarbonale by using the follomng formula

I =.pH -pHs

where! _ _

~ pHs =pCa™ + pAtk + pK, - pKs
pCa®™ = log(1/Ca'")
pAlk = log(1/HCO;)

CpKe=1025
pKs =833 :
p = common logarithm of reciprocal

Calcium carbonate is produoed “hen 1>0 and does not produce when 1<0. The result of
the calculation for the samples is shown in Table 1.1. 13. The table shows that the index of



niost s:iriapicjs is lower than zero which means that the groindsvater in the area has tendency
to corrode steel. High value of electric conductivity and chloride accelérates corrosion.

The biologicat pollutios is big problem in the study arca. 45% of the existing borcholes and
67% of the springs are contaminated by bacteria and or coliform. It is considered that the
reasons ate poor constniction of borehole facititics and poor sanitary conditions. The
quality of cement groutinig and platform of many boreholes is poor, and waste water flows
and infiltrates into the !}'oreholesl through concrete cracks and’ from ground. The
contamination of the springs is derived from infiltration of waste water located on the slope
“abové the springs.
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Table 1.1.12. Results of Water Quality Test

0.53

£4.86

1-18

Ec ta Mz Na K Fe W03 s NO3 ot Ec LS
1717 MP/BH-1  §.46 1201 1400 1200 0.3 9630 200 200 0.50 001 7.0 LT  $6.0
135.3 MP/BH-2  5.46 © T.87 1200 200 6.68 70.70 400 600 0.00 0.02 69 1383
269.0 WP/Bi-3  10.23 12.01 28.00  4.00 17.36 9374 1L50 3500 0.00 0.02 7.2 268.0 1356
196.6 MP/BH-1  9.55 5.83 2200 -4.00  0.40 31,69 2400 1500 0.80 0.00 6.6 1966 98.8
480.0 WP/BH-5 © 17.73 28.16 42,00 4.00 2,37 99.96 23.00 64.00 L.20 001 7.3 4%0.0 240.0
333.0 WP/BH-5 - 12.96 20,29 3400 6.00 1192 160.%1 1300 18.00 0.00 002 1.2 380 169.7
- 294.0 &?fsﬁvr 16,00 10.35. 30.00 10.0¢ 100 156.03 400 500 0.0 0.02 6.5 2950 1485
7.9DP/BI8 205 297 1000 300 0.55 438 000 400 8.9 002 59 : 739  40.7
120:6 [WP/B-9 751 4.55 12,00 200 105 5486 0.00 400 0.0 095 6.4 [120.6 = 60.4
94.9 MP/BH-10 5,46 3.31 800 100 0.0 20.72 000 900 1492 001 54 049 475
(215.0 MP/BH-T1 16.37  9.53 13700  6.00 005 £5.33 0.00 7.00 12.32° 0.0l - 63 ‘21506 108.2
231.0 \P/BH-12 15.00 10.35 17.00 600 -0.07 9630 1180  7.00 616 0.02 65 23.0 16}
187.4 P/BH-13 §.46 .28 24.00  5.00 1120 6461 12.50 18.00 0.0l D0.02 6.8 18%.4  93.7
176.0 MP/BH-14 13.64 6.63 1500 3.00 ©0.70 - 97.52 0.00 500 000 0.0 65 176.0 862
373.0 MB/BH-1  29.33 13.25 © 40.00  3.00 1.3 158.40 400 16.00 1L0O3 Q.02 6.7 370 187.6
103.2 MB/BH-2  69.56 48.87 . 60.00  3.00  6.85 218.20 50.00 113.00 0.00 0.02 7.3 103.2 616.0
582.0 MB/EH-3  30.60 26.08 45,00 3.00 14.80 19260 0.00 55.00 0.00 0.02 7.0 $8.0 295.0
270.0 MB/BH-4 2132 1118 18.00  4.00 8.26 ¥92.92 © 0.00 9.00 0.00 002 7.5 270.0 135.0
120.6 [WB/BII-5  8.87 0.41 12,00 500 1642 5973 000 800 000 003 68 1206 60.4
d17.0 MB/BH-6  23.87 8.28 3500 2.00 207 157.25 20.00 5.00 0.30 0.02 65 317.0 158.0
131,0 [MB/BH-7  -3.14 3.31 1800 200 1444 2560 5.00 1500 2.50 0.02 53 13L0 662
262.0 MB/BH-8  9.55 11.60 30.00  6.00 42.10 {08.49 9.00 27.00 0.00 0.03 ' 6.7 2620 131.0
462.0 MB/BH-9  17.73 19.88 4560  3.00  9.88 117.02 19.00 61.00 3.00 0.02 6.8 4620 23i.0
659.0 MB/BH-10 41.60 15.74 70.00 10.00 €04 113.37 1800 116.00 .00 0.0l 6.8, 689.0 345.0
384.0 (M3/BH-11 30.00 “13.67 40.00  4.00  L18 {7676 3.00 18,00 3.00 002 7.4 3840 1920
50.6 MB/BH-12 293 1.66 400 100 - 1.80 -~ 731 300 500 3.00 006 61 506 253
64.4 UB/BH-13 2,05 290 9.00 200 816 2336 10.00 5.00 0.0 0.06 53 644 336
462.0 MB/BH-14 . 32,06 16.45 3500 .. 4.00 1.91 93.86 11.90 35.00 35.20 0.02 6.1 462.0 231.0
221.0 MB/BI-15  6.14 ©6.21 30.00 15.00 24.50 .60.95  £.00° 2800 0.00 0.03 5.6 220
2.9 WB/BH-16  1.37 L85 11,00 C2.00 3760 3657 0.00 .8.00. 0.08 0.05 ‘61 729 365
91.4 MB/BH-17 3.41 290 400  L00 46.00. - 6%.45 10.00 4.00 0.00 0.02. 6.6 9.4 458
235.0 MB/BH-18 - 6.82 15.74 19.00 200 1.79 118.24 9.00 10.00 30.80 0.02- 6.6 2350 ' 115.0
169.8 [KB/BH-1 ~ 7.50 12,01 '16.00 25.00 14.15 85.33 16.00 .5.00 0.06° 0.02° 6.3 159.8 95.3
4430 [KB/RH-2  17.73 12.01  55.00 ° 100.00  10.40° 98.74 12.00  78.00 0.00 0.02 6.3 < 443.0 2210
158.7 KB/BH-3 614 1030 21.00 25.00 8.40 7192 3.00 900 0.00 10.03 62 1587 189
513.0 XB/BH-4  38.88 17.81 40.60 50.00 35.40 (158.74 - 2.00 : 72.00 0.00 0.02 66 5I3.0 2560
368.0 MB/BH-5  33.30 0.€0  35.00 50,00  0.17 14384  13.00 300 "13.20 002 7.6 368.0 196.6 @
570.0 {KB/BH-6  33.30 12.84 55.00 100.00  5.55 42.67 38.00  91.00 - 2.61 0.05 6.2 $i0.0 284.0
541.0 KB/BH-7 6479 14.70 35.00 50.00  0.22 287.68 17.50 8.00 ' 2.64 0.01 < 7.4 4.0 200.0
1262.0 [KB/BH-8  88.66 40.59 80.00 100.00  4.60 146.28 58.00 207.00 3.96 0.10 ~ 6.5 1262.0 632.0
659.0 [XB/BH- - 42.28 13.67 §0.00 12.50  3.35 135.31 38.00 . 77.00 3.95 0.02 6.4 689.0 3420
1209.0 [KB/BH-10 7016 '42.24  90.00 150:00 10,30  308.41 ' 21.00 212.00 0.00 0.02 6.7 1209.0 6140
§52.0 [XB/BH-11 63.76 8.91. 40.00  3.00 .35 234.05 18.00 - 2.00 1760 0.01 7.4 -§52.0 276.0
872.0 [kB/BH-12 48.76 22.36 70.00  6.00  4.85 78.02 32,00 145.00 26.40 0.02 6.3 8§I2.0 436.0
220.0 [KB/BH-13 .1.70° 2.28 40.00  3.00 10.35 64.61 12.00 26.00 0.00. 0.02 6.4  229.0 115.2
1407.0 KB/BH-14  47.74. 63.75 115.00  4.00° 1080 262.09 "51.00 - 30900 0.00 0.0 7.3 1407.0 704.0
2440.0 KB/BH-15  174.9 59.45 200.00  5.00 - 10.05 317.72 10.00 607.00 < 0.00 -0.01' 6.9 2440.0 1221.0
3250 {KB/PH-16 25.55° 8.28 | 17.00  2.00 20.35 140.19 " 10.00 19.06 0.00 .02 7.0 325.0° 163.2
US.5NP/SP-1 . 15.00 456 .00 100 0.20 T34 005 .00 [L0D 0.02 %1 145.5  12.8
SL8MP/SP-2 478 283 © 3.00 100  0.02 2488 005 100 5.72 002 58 5.8 532
i27.5 |MP/SP-3 ~ 6.14 2.87 14.00 600 .10 19.50 0,05 11.00 i6.72 003 56 121.5  €3.9
63.2 MB/SP-1 2,73 1.24 1000 500 036 17.07 12,00 4.00 "6.00 0.02 58 622 36
25.9MB/SP-2 2,06 124  3.00 LO0 331 “0.75 . 005 4.00 13.20 002 49 299  14.9
527.0 KB/SP-1  38.88 30.65 12.00 30.00 012 108.49 52.00 2700 8.80 0.05 62 5210 2650
96.2 KB/SP-2  4.43  L.45  7.00 200 127 24.38 500 3.00 005 001 59 9.2 355 @
190.3 [K8/SP-3  5.46 245  2.00 100 211 2926 10.00 500 0.0 010 60 1803 451 =
506.0 [K8/sP-4  28.64 6.59 30.00  5.00 54 15.00 1200 9.68 0.02 6.4 506.0 95.4



Table 1.1.13, Saturation Index - (Langeﬁéf Index)

NO,

HCO3 -

pH

Cat t{wol/1)

pCat+

pHCO3~

WP/Bit-1

..96.30

0, 00014

1003 (o1 /1)

0.00158].

3. 86574

MP/B-2

70.7¢

0.00014

B.oo11s]

w/e-s | 1023

. 98.74

0. 00026

0, 00162

3. 86574

'2,93603

359305

2.79008

3169

0. 00052

MP/BH-4.
WP/BH-5

99,96

0..00024
0.00044

0,.00164) .

.3.82292) ..

2, 78565

3.28405) _.2.28

WP/Bli-6

160,91

0, 00264

.9 R7889

MP/BH-7

156. 03

0, 00032
" 0. 060037

" MP/BHCS

- 43, 881

10002567

59226

- 0.00072]

14321

.0,00005

WP/Bi-2

54,86

. 0.00019

0,00090] -

.04622!

WP/BI-10

o070

- 0.00014

| 0:00034

16908]

vP/BH-11

85,331

0. 00041

.0:00140]

85437

0. 00037

0,00158]

MP/BH-12

96. 30
64,61

.0,00014

80183 ..

_0.00106] " 3,

97517(

97. 52

_0.00160]

79638

158 40

0.00073

-0, 00260

58572

218,20

..0.00174

0.00358

44662

192 60]

,00077

0, 00316¢

50082

0, 00053

0. 00328

18462

. 199,92
59,73

—0.00022|

0, 00098

151,28

T 0.00060]

0. 00258

25,60

0, 00008

0.00042

R R N N N ST T )

009283

0] ..3.37723]

108. 49

0, 00024

0. 00178

.2.75008

- Iiiﬁiiﬁﬂve |

uB/8a-10

B/ 9 | 173

117, 02

 0.00044]

0. 00192

Leaal

113. 37

T 0.00104]

G, 00186

2. 13097

MB/BH-11

176,76

VB/BH-12

7.31

YB/BH-13.

0, 00005

.. 0,00075}
0, 00007}

000290

© 2 £3809

000012

3.92155

0. 00038

3 42073]

.35

¥B/BH:-14

vB/BH-15

.0, 000181

0.00154] 3.

2.81299

- 0.00100

3,00050|

MB/BH-16

.0,000038

0, 00060

YB/BR-17.

0, 00009

0.00114

KB/B3- 1

" |kB/BH-2

"0,.00017]

0, 00194

znzn|. -,

0, 06019

0. 00140

2. 85437

g ooom| -

0.00162

0.00118

o, 60260]

979098

2.92862) ..

2 63479
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0. 00070]
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1.3.16535

-0, 00162]

- 0. 00471]

| 2, 32656]
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S0, 00221]

0, 00240

2. 62029
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0.00103]

0, 00222

0, 00178

~0,00505

9 65414

"2,29634

0, 00159
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.2.41618
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. 00004

.0.001221

0.00128] 2

2. 89327

- 1), 00106

9 67817

KB/BH-13.
K8/BH-14

-]
TG}

.0,00119

0. 00430

2. 36702

KB/BH-15
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0. 00429

.0.00521

2.28343

0. 00064

0, 00531

228343

KB/BH-16
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1.1.4. Geophysical Prospecting and Test Borehole

()

Geoph’ysica! Prospecting
(8) - Purpose and Mcthadology

Geophysical sounding was perfornicd in the potential arcas sclected by pretiminary

hydrogeological suivey. The purpose and method of soufjding aré as follows:
. io detoct the fractiire zone by the elettro maghetic (EM) sounding,
- o deteét depth to the fracture zone by the resistivity soundmg,
< to detect thickness and luho facies of o e:burden and hlghl} weathered lag,ers of bed
rocks by the resistivity sounding using chner method,
-0 study_gcophysical conditions in the stady area through above sounding.

(b)  Resulis of EM Prospecting

EM prospecting was carried out in the following geological areas:

Geology/District . Kiboga Mubende | Mpigi

Quaternary - . N T 1
Mityana Series ‘ - 3 .-
Buganda-’[‘oro S}stem 5 .' l_. i 2 |
Gneiss Ccmple\: _ ; B .- ' 7

Total . 3 R 10

-The reSUIts ot‘ the proSpcclmg show i in Appendix A 6.1.and lhesune)ed locahon in F:gure

1.1, 20 The conditions of each by drogeologlcal fonmtlon are as follows: -

Quatemary deposxts and Buganda-Toro System have not shown a t}pzcal peak which
means a fracture zone except the site conducted at Bukomero Senior Seoonda'ry School,
Kibéga District. The conditions will be caused by soft and fine grained formations,

High peaks of conduclmt) are detected in Milyana Series whichis composed of hard rocks

‘and prédominales in sandstone and conglomerate. -
‘In Gneiss Complex high' péaks are detected, and the values of peaks which areTraclu'rc S
‘zongs are generally more than 20 1 S/m, '

{c) Results of Resistivity l’rospetlmg
p -a curves and ohm-m resistivity are shown in Appendr\ A 1.6. and A.1.7. shows the

summary of_ ohm-m resistivity. Geo!ogxcal information taken from the exlstmg borehole




recards are written i sonie o -a curves. The prospecting was carried out iri the following

area:
. . Geolog/isirict - | Kiboga. - Mubende Mpigi
Quateimiary - R ¥ . 3 2
Singo Scrics : ‘ 2 o - -
Mityaiia Series - 6 .
Buganda-Toro System . 3 6 5
Gnciss Co:hpiex ' 15 4 7.
Granit¢ _ - 12 -

% Total 20 31 : 14

Singo Series oonéisting of coatse grqincd rocks is distributed in the limited area of Kiboga

and Mubende and has resistivity of loswer than 1,500 ohm-m. 'ﬂw rcsnshvuy of agquifers is

lom:r than 100 chri-m,

Mityaiia Sencs ranges froni 3Sto 3 8{}0 ohii-ni and aquifers from 200 to 1,806 ohm-m

reStstmt) ' _ .

~ Buginda-Toro System, ranges froni 6 to 5,000’ohm‘m resistivity, hox\'evér, the resiétivity
of upper layers up to 70 to 100 m in depth show low resistivity of less than S00 ohm-m in
';Mpigi and Mubende: The aquiferé ranges geherally from 40 to 1,000 ohm-m resistivity.
“Gneiss Complex ate ‘gener‘ally divided iiito three layers, that is, upper layer of 10 to 20 ni in
“depth and 100 to 1 ,000 ohm-m resistivity, middle layer of 10 to 50 mi in depth and 500 to

1,500 ohm-m res:stml} and louer la)er below than 30 m m dcpih and 1 500 ohm-m

rcsasmny The aquifers ranges from 40 to 2, 000 ohm-m Fracturés in the rocks are well

detected by geo-phys;cal prospecting. .

Granite is distributed in limited area of Mubende and consists of hard and massive rocks.
The resistivily shows the characteristics by the curves increasing the values with depth. The

borchole records reveal that the rocks have few Oppoﬂu'ﬁity to enéour_xter the aquifeis, but

fractures of rocks are detected in low resistivity of less than 560 chri-m.

{d) Results of Test Borchole Siting |
 Geo-physical 'pfospectihg for the test borcholes is conducted in 15 villages of the three

districts. The table shown below is the numbers of prospeclmg of the drilled sites. Location

map of éach drifled \1lfage and the resulis of the prospcclmg are shown in Appendix A 1.6,

141



“<Kiboga District>
Figure 1.1.21, shows EM aad p-a curve of drilled sites of JA-2 and 3, Ssinde and
Kawawa. Two fines of EM and on¢ point of resistivity prospecting ae be‘rfonncd in Ssinde.
The profile is composed of three to four layers, but they can be divided into upper nudd!e
~ and lower ret:islmly layers from the mterpretatton Adquifeis are estimated at 20 to 25 m
and 70 to 80 m, and e.\pected at 10 and 25 m. The profile and mterprctatlon of Kawawa's

site are divided into two layers.

" District - 'No. of EM Line No. of Resistivity Point
Kiboga _ : 4 _ 7
Mubende 20 i 34
Mpigi 5 6
Total | I 47
<Mubende District>

Five sites of four villages are dritled in the district, that is, Manyogaseka, Kitebere, Bekina
and Namyeso. Figure 1.1.22 shows the curve of the JA-5, Bekina. Layers are divided into
five from interpretation and aquifers are estimated in third layer located in 20 to 55 m.
<Mpigi District>

Six villages are sune)ed in thc district and Seeta and Magere are finally decided as the_

sites. Figure 1.1.24 shows EM and p -a curve of both sites. The mtcrpretatlon of Sceta is
dmded into four layers and aquifers are e,\pected in the depth below 20 m. Magere is
divided into four layers and aQuife}s estimated is in 20 to 30 m,

1-42
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Figure 1.1.21. Geophysical Prospecting at JA-2
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Figure 1.1.22. Geophysical Prospecting at JA-3
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Figure 1.1.23. Geophysical Prospecting at JA-5
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Figure 1:1:24. Geophysical Prospecting at JA-$
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Figure 1.1,25. Geophysical Prospecting at JA-9
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Test Borehole

{2) ' Outline of the Work

© Ten test borcholes have beert drilled and pumping facilities of the five borcholes out of ten,
“two in-‘each of Mpigi and’ Kiboga Districts and one in Mubende District, have been
- constructed. T‘he Jocations of test borcholes aré shown in Figure 1.1.26.

The objectives of work are to’ study the comninity partmpahon and to obtairi the
h)drogeologlcal cond:uons of the study arua including:
+'to compate the corimunity participation, hygiéne and O/M of the four villages, which
" receive a borehole without _ah}.- forther intervention, with two villages, which are
* exposed to community participation and others,
- to obtain aquifer charapterisifcs and potential,

- to obtain grdund\\fatet quality. -

After the interpretation of .tobdgr'apﬁié maps and aerophotographs, the drilting sites are
determined by geo-magrietic and geo-clectric prospecting.

‘The borchole construction is contrcted with a locat drilling contractor in Uganda. Truck
mounted rotary and air hammer drilling sigs ace used for the drilling, and water-based fluid

~with polyrﬁer is aﬁplied durisig the driiliﬁg’-pmccdu're ‘Mud “circulation miethod is not
“applied because of rio techmque and equipmeént in the country.

Three types of borehole Togging, spontancous potential, resxslmty and gamma Ioggmg, are

‘performed to identify aquifers and aquictudes after the drilling completed. An mtcrpntat:on

*of the geological logs ass;ists in determmmg the location of screen with above borchole
© " logging. ‘

Total ten boreholes have beéen drilled, five struck on aquifers, four in M'ubic'n;:le District
were dry and one in Kiboga District was cappc:d due to high i iron conoenlratlon of water.
The inventory of test boreholes is shown in Table 1.1.14. _ ' ‘

After completion of thé drilling of successful five boreholes, PVC casing of five inches

diameter and screen with 1-1 Smin slot opening, are installed in the boreholes The opcning
‘tatio of the screens is’ aboit 10% respectively, The borehole stmcture.s are shown in
" Appendix A.1.4.

(b) Results ofDnIlmg

<Kiboga District>

The boreholes in Kiboga District are dnllcd in Buganda-’[‘oro S)stem cons:stmg of
sandstOnc and located near the boundary bemecn lhc S}stem and Gneiss Complew The
area is located in the broad valley which is formed along a shear zone. In Ssmde three



boreholes drilled: fitst is failed by drop of a drilling bit, sccond namied Ssinde-1is capped
because of high iron concentration of water and third ‘named Ssinde-2 is successful.
Ssinde-1 has large yield of 5.4 m*hr, and it is presumied that the high ifon concenteation is
caused by lateritic soil which is located just above screens of the borehole. Ssinde-2 is
stopped drilling at the bouridary between the formations, but more large yield will be
" expected when drilled niore deeper into Gneiss Complex.

'<Mubcndc Distiict> . . ST

Five boreholes are drilled 4nd four are dry hole. The rocks of failed boreholkes are
composed of schist, phyllite, shale, sandstone, conglomerate, quartzite arid granite of
Buganda-Toro System and Mityaﬁa Series. Fractures in the rocks with appatent 'resistiﬁty
ranging from 100 to 1,000 ohm-m are detected by electoro-magnetic and resistivity
prospecting, but these bear few ‘or no water. The suceessful borehole of Bekina, JA-S,

consists of phyllite, geanite and quartzite of Buganda-Toro System. The quartzute is hrghI)
“ealhered and bears large quantity of water but finally yiclded only 0.6 m*hr yicids due to
\cry poor drilling technigue.

: <Mplgl District>

The geology of the boreholes dnlled in Mplgl District consists of alluvium, quartznle of

 Buganda-Toro System and geanitic gneiss of Gneiss Complex. The area is located near the '

boundary between the Syste and Complex, and lincaments extending for NN.E. are

interpreted by-aerqphotographs.‘ The litholdgy of the aquifers is composed of sand,
.' quartzite, sandstone and granitic g’néiss which are 'Bi.ghly wealheied and saturated. In Secta
two borcholes drilled and first is failed i)ec_ause of borehole wall collapse by poor drilling
technique. ' : : |

© Results of Pumping Test . _ .

'Aqulfers are tosted by three types of pumpirig tests: stcp-drav. down test, constant d:schargc
test and recovery test. Four steps of i mcreasmg discharge al regular three hour intervals are
applied for the slep-dra\\down test. Steps of some boreholes, which have low yield less
lhan 06 m’."hour are deoreased because of difficulty of dlschargc control by a valve.

The rate of constant discharge test is usu’dly the same as a discharge for the final stcp in
the step-drawdown test. Water i is ‘contimiously pumped for 24 hours, and when pumpmg
stop, recovery of the water level is measured until it attains 90% of i siamng wafet level of
constant discharge test.

A submergible pump with capamty of 1.4 Vseo with a 60 m TDH is used for the tost.

Dlschargc is measuzed by 20 and 200 liter dmms

Drawdown data afe plolted versus the time to obfain ltansmlssmty and stratmt), ‘and the




results are analyzod by Jacob and ru:on:ry model through the program of “GW” provided
by UN. Analysis chart attached in Appedix A.S. Results of the test are sunmarized in

“Table 1.1.14.

The aquifers of all the borcholes are Buganda-Toro System consisting of sandstone,
conglomierate and quartzite. Yield ranges from 0.6 to 7.2 mhi and transmissivity is low
ranging fron 0.5 to 68.9 m¥day. JA-2 and 8 indicatc comparatively high yield and these
are located in shear zonds. The fow .'yie!d is ot only derived from the characteristics of the
aquiféis, but also comes from 'pbor drilling technique which ean not use mud drilling
miethod. Deep weathered soft fonnatlons which have normally large yicld are cased by
blank casing because of collapse of drilling wall and the boreholes tost the opportumt)' to
get water from the soft formations. More caicful drilling works by using niud circulation

system are rd:luir'od in low potential formations such as the study area.

() Waler Quahty

The water quaht) of test borcholes is analyzed by in-sifu and a laboratory test. Water
samples from all successful boreholes are taken at the final stage of the constant dlscharge
test. The.itcmé-én‘_d the results of the analysis are shown in Table 1.1.15.

The sample _frc'.)m. JA-2, Ssinde-1, is slightly bitter in taste, yellowish-brown in color with
tucbidity of 160.0 NTU é.ﬂd_total iron of 30.5 mg/l. The valucs are above the recommenided

National Guideline valucs of 2.0 mg/ for iron and 20.0 NTU for turbidity respectively.

‘Although these poor features are not a health haiard rieveitheless they make the water less
appealing to users and the borehole is hkely to be abandoned by the conmmmtj, JA. 7

~ Ssinde-2; is newly dnlled near Ssinde-1 from the above reason.

The samples from JA3, Kawawa, and JA 9, Sceta are sllghtly acndlc with low b:carbonate

“alkalinity. These features may enhance corrosion of | pipes. Other samp!cs have also tow

bicarbonate aikaluuty, and these low values are a disadvantage for pipes. OLhermse the
samples are good for drinking water.
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i.1.5.  Synthetic Analysis of Hydrogeology

)

Aquifer System

(a) General

- Aquifer sy stem of the study area lie only of lhe fractures in rocks of \\l-uch siz¢ and extent

vary in location due to geologtéal structurcs weathéred conditions, - grain size ctc.
Information oft aquifer chatacteristics of hy drogeologlcal units are not available e.\ccplmg
with borchole records reportod. by drillers. The lack of hydrogéoiogicai ismfb'nnafioh
mcludmg gooph)smal prospcc!mg, gcologlcal log observed by geologists, logging test,
pumping test etc. give d:fﬁcu!t) to evaluatz aquifer systems, The charactensucs of cach
hydrogeological unit which are estimated from the existing records and test borcholes are
stated in next paragraph. M ajdr hydrogcological units in the area are composed of Mityana
Series, Bﬂgandzt-Toro Sj's(em, Gneiss Complex and Granites as shown and reported in

above Chapters

Unoonsohdat;d deosus are brmdly distributed in rivers, however, lhesc consist of limited

extent of sand and gra\ei and water guality is nonnalb less access1ble as drinking waler.

(b) Mityana S'en'es '

In the arca where the Series is distributed, many borcholes have been dnlled A Iarge fault

“runs ngrth to south near Mltyana tow.m for about 15 km and small faults cross the fault.
The socks are siliceous, har_d and massive, but in the area where fault is detected boreholes

' are. generally successfully drilled. Fractures, however, are discontinuous, that s, in

Namyeso where one cmstmg borehole is closely tocated and test boreholes JA-6 and 10
have been drilted and failed even fracturcs are ciearl) detected near faults and bear fcw or

no “ater “The 31cld of cuslmg borcholes is 2 m r‘hr in a»erage

(¢) Buganda-Toro System

© The system prédominates in’ schist and phyllite Which are aqu:cludgs and high yield is

normally expected. The average yield is 1.3 m¥hr. Many boreholes have been drilled in the
system, and some of them have large yield. It is considered from drilling records that those
high yicld coimes from fracturcs ‘in Gneiss Complex overlain by the' System. Those
borcholes are mostly found in east and north area where the System is not deep a‘nd't;asily
penetrate’it, From the geo-physical prospecting the depth of the System are gencrally more
than 100 m in the west and sohlh arca, however, development of Gneiss Complex overlain

by the System is also required in thosé areas,
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(d) Basement Complex |

The unit consisting of gneisscs is most reliable aquifer in the arca, and fractures aré able to
detect as high conductivity by geo-magnetic survey. The average yield of the study ared is
2.0 m'hi, howsver, in the north of Kiboga District it is 1.0 s*/hr. The north-east area of
Mpigi District, Kiziba, Kyambogo and Nangabo, hds more than 3.0 m*/hf in ax"ctééé yield.

(¢) Granites

The distribution of 1hc unit is quted in Mubcndc Dlstnct “The rock is gcnerally hard 4nd
massive, ‘and “eathered fayer less than 20 in. Th av cragc yield is 1.3 ra/hr and hlgh yield
is not expected in the distribution arca, cspecnal!y on slope and top of hill.

Groundwater Quallty

" Seventy (70)% of the samplés taken from the existinig boreholes excéed penmss:ble timit

recommended by Nationial Guidetine for Drinking Water Quality in the values of total i iron,

' turb;d:ty and color. Those h:gh values ai¢ derived from corrosion of galvamzed steel casing

using in the aréa. Saturation Index calculatod ‘shows characteristics of groundwater to

corrode steel. In the study area introduction of comosion resistant materials s

reconmlended

Fosty five (45)% of boreholes and 67% of sprmgs are contmnmatcd blologloally The
contamma_hon comes from poor facility construction and poor sanitatior. Strengthenmg of
supervise for contractor and education of hygicne and O/M for users are recommended.

'Low"Groimdwater Potential Area

Low groundwatcr potentlal areas “hete groundx\ ater devi dopment is not etpcctod are llsted
in Table 1.1.16. The areas are sclccted by the conditions of topography and h)drogeology
through the field survey and test boreholes. The detail of each area is stated in.1.1.3.(2)

* Hydrogeology and Groundwater. The areas are recommended altemative water sources.
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Table 1.1.16. Low Groundwater Pot'cntial Area

Sub-county

No. Yillage Parish Groundwatler
_ Conditions
Wpigi District
1116 Kyetume Kyaayi Maddu consisting of deep
1117 Kycngera schist,
1118 Kirimanyaga small watershed,
,,‘11;9  |Nakdseeta no spring
1120 [Nabugayo  { |l
1419 [¥akiso T/C _ [Kisimbiri  |Wakiso 1ocated on hilltop,
" Total 6 ‘ déep water tible,
SRR many $prings
Hubende Distriet o
2114 [Kabbo Kabbo Kasambya top of steep hill,
) 2115 : Nakawala deep water table,
2116 |twegura T no_spring
2219 Kalaga Kigalama Kiganda small rechage arca,
- 2220 Kamusenene Kamusanene composed of Schist
2221  |Manyogascka Manybgaécka : with deep soft zone,
- 2222 Kasawo Kinoni no spring
9923 . |Lwenyange Lutunku
2224 [Mbale  Wsozinga | . b
2308 [Mityana ' Mityana T/C jcompdéed of sandstone
L2309 Kityana and conglomerate,
2310 Mityana | . [concentration of Bl
| Total _ 12 _ water table down
|Kiboga District _ . L
3112 [Mwezi'A Wwezi Bukomero - {top of steep hills,
3113 [Mwezi B 2 T deep water table, and
3138 [Bukasa [Kibaale " Kibiga difficult access
3171 |Muwanga  [Musanga  Muwanga | - .
3139 Kiboga Kiboga T/C |top and halfway of
_3140 |Kiboga hill composed of
3141 Kiboga gneisses, deep ﬁa;cr
3142 “lKiboga table, _
3143 [Kiboga many springs
3144 |Kiboga .
| Total 10 - o
28
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1.2,

1.2.1.

(1)

Water Résources and Their Development
Water Balance

General _
Along with the development of groundwater resoucces, several types of watét balance
studies have been created to evaluate the groundwater potential anid to obfain 4 reasonable

limit of its utifisation.

: As the global \\..fate_r balance, it must exist between the quantity of water supplied to the

basin and the amount leaving the basin. Inadequate data basc, however, makes any
assessment of water balance for the stud) arca more or less questionable, cspecnally lack of
data for change of groundwater storage.

More simplified, but furidaniental water balance equation which applies the climatological

and hydrological water balance, can be eicprcssed as follows:

P=R+E+ §8 (l)

- Where: P = Preéipitaiioﬁ'
R =Runoff

'E =Ey apolransplrauon :
¢ 8§ = Change in storage of surface and ground“ater

A series of groundw: ater lev: cl observatton record is one of i 1mpona.nt paramcter to calculate -

' 'the change of groundwater storage howey er, gmund\-.atcr observation network i is not )ct'

)

set in the study area. So that it couldn’t be verified by the measured data of groundwater

“table.
*An initial calculation of the groundwater budgct is tried b) monihly basis in the drainage of
~ River Mawokota Kato in Mpigi District, River Katabaranga in Mubende District and River

Nakayenga in Kiboga District (se¢ Figure 1.2.1). The arcas arctopographically composed
of genlle scduncntary and crystallinie rock hitls, plain and broad extended river floors which
aré filled by soils. The d(alnage areas are 91.7 km’ in Rix er Mawokota Kato, 198.3 km?in
River Katabaranga and 59.5 km? in River Nakayenga.

Calculation of Parameters

(a) Meteorological Netwerk
Five melcorological stations are in the study acca; that is, Fntebbe, Naluggi, Kiboga,
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Lunnya and Mubende. Enfebbs station’ represents' the physiographic characteristics of
Mpigi District, and Kiboga statioh,_wi)ich' is same altitude with Naluggi and Mubende
stations, represents the Mubend:_a Di$trict and southern arca o_f Kiboga District. The
clintatic data of 1990 is ulilised for the calculation of Mpigi District and 1959 for Mubende
and Kiboga.

(b) Precipitation

Data of Entcbbe stahon on 1990 is gstimated 10 years recur:cncc mterva!s of annual
ramfail from 1985 to 1994, and data of Kiboga station on 1959 is estlmated 3$ years from
1943 to 1977. The data can be used for the calculation, Daily ramfali of the two stations
mentioned years are tabutated in Appcnd1x All

(c) Runoff ‘

Surface riinoff is composed of lhree compotients, that is, surfacc runoft, flood runoff and
basc flow. The surface runoff occurs immediate after the rainfall, but runoff coefficient
varies depends on soil condition of the ground surface. Ficld evidence of each watershed
shows that the areas ate composed of heavy soil covered by grass and plants. _
No gauging stations are Iocated in the study area. River Kakinga, which is a tnbutary of .
River Katonga, has similar topographical conditions with the three areas. The flow record
from 1970 to 1977 is applied to- estimate a runoff cocfficient. The rainfall record of
| Entebbe station is 'applied for the célcu!alioﬂ. Calcutated é\'craga aj-muaf runoff cocflicient
is 21. 4% '

DWD Entebbe has estiimated the base flow ofRiv cr Kakmga mth 3 13 mmf)ear and 38.1%
. of runoff by the record from 1969 to 1978 (seo Appcndlx A1)

{d Evapotranspir'alion

Daily potential cvapomtion in the country has becn cafculated by D. A. Rijks et al.
{Potential Evaporation in Uganda, \WDD, 1970) and the cvaporatlon in Entebbe and
Namulonge stations are shown in Table | 2. 2.

The a‘,eraged cvaporation is apphud for the cstimation of total amount of potcntlal
: Distribution of daily rainfall is an important parameter to estiniate polcnhai evaporation.
On a calculation procedure; daily potential evaporation can be subtracted from a daily
rainfall, but a debt shouldn’t carry ovér to succeeding days. It can not be countcd if no
ramfall is recorded. Transpiration factor for Evapotranspitation is assumed at 0.2. Table
1.2.3. shows the monlhl; cvapotransptrahon in the study area.



)

Tablé 1.2.1. Runoff Coefficient in River Kakinga

River

Kakinga (No.81316)

Catchinent Ared (km?)

| Annual Rainfall (mm)

Runoff Coefficient (%)

Calculation of Groundwater Biidget

The calculation of groundwater budget in the selected threc drainage arcas are tricd by

using above parameters. The result is sununarised in Table 1.2.4.

“The table shows that changé in storage of groundwater in the Maivokota Kato catchment
aréa is estimated at 478 ninVann. which is 31 % of total rainfall. In the Katabaianga and

'Nakéycnga arca, the change is cstimated at 433 mmv/ann, which is 28 % of total rainfall.

Grounidwater recharge to the areas can be estimated by the following equation:

" GR = § 8 x calchment area

- Mawokota Kato
Kétaba_rahg‘a
Nakayenga

compensate deficient.

=478 4mmx 917 km? 4387 MCM
= 4328 mm x 198.3 km’ = 85.82 MCM

S =4328 mmx  59.5 km? =25.75 MCM

* Major part of recharge induced dufing the month of March, April and May and it takes out
during dry season from December to February. Base flow discharge may probably
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