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o SUMMARY OF WATER RESOURCESASSESSMENT

0.1 Approach to assessment

The assessmentof available water resources,as seen from the perspectiveof future
demands,hasbeenbased on rapid assessmentsof both groundwaterand surfacewater
resources.The surfacewater resourceshavebeen describedon the basisof datafrom 54
selected catchments.The data have been extrapolated to cover the entire territory.
Groundwaterresourceshavebeenassesseddistrict by district. Thedomesticand livestock
demandshavelikewisebeenestimatedbothon adistrictandon a catchmentbasis.Irrigation
demandhasbeenestimatedon a catchmentbasis.

A detailedassessmentof the requirementsof surfacewater resourceswould necessitate
knowledgeof theexactlocationof demands/requirementsand an estimateof thecatchment
yield at that particularlocation.Thedemands/requirementsof groundwaterwould likewise
necessitateaknowledgeof groundwaterresourcesandpopulation/livestockdensitieswithin
an areaof a few squarekilometers. Such detail has not beenconsidererelevant in the
contextof this assessment.

0.2 Surface water resourcesand demands/requirements

0.2. 1 The UpperNile system

The Upper Nile system,comprisedof theEquatorialLakes and the Nile from theoutlet
at LakeVictonato theSudaneseborder,representsa hugewater resourceand is thebasis
for a broad rangeof developmentactivities.

Lake Victoria
This lakeis thebasisof thewater supply for Entebbe,Jinjaand Kampala.Although these
towns havea significantwaterdemandnow and an anticipatedfuture demandtotalling56
mill.m3/year(1.8 m3/sec),this usageis only 0.2% of theaverageoutflow from thelake.
Therequirementfor the laketo actasarecipientfor wastewaterfrom Kampalais, however,
morecritical. At Kampala,wastewateris dischargedinto Naluvuboswampand from there
into Murchison Bay. At Jinja a some wastewateris dischargedinto the lake, while the
majority of the wastewateris dischargedinto the Victona Nile (ref. Subsection3.3.6).

Ugandanwastedischargealonewould not becritical for the lake.However,in combination
with other pollution loads from the upper riparian countries, the Ugandandischarge
contributesto majorqualitychangesin the lake.Thesequality changesseriouslyaffect the
fishery in the lakeaswell asits usefor watersupply(ref. Subsection3.4.1).Althoughvery
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large in volumeand area,the lake cannotmeet the presentdemandsfor sustaineduseas
recipientfor untreatedurbanand industrial wastewater.

Presently, irrigation use of water from Lake Victoria is not widespread.One major
agriculturaluserhowever, is the the Kakira SugarPlantationeastof Jinja. Thus, there
remainsthepotential for future waterdemandsfor irrigation purposes.

Futurehydropowerdemandfor constanthigh outflows from LakeVictoria may require
variationsin lakelevels,as it may bedesirableto usethelakeasa storagereservoir.Lake
level variationswill beconstrainedby theimpactsof increasedlevelson thelakeshoreinfra-
structure,villages and lakeand wetlandecology.

Theeconomicrequirementof Lake Victoria asa basisfor sustainedfishery is substantial.
Thepresentcatch is approx.300,000tonnes/year,out of which 120,000tonnesarelanded
in Uganda.However, theannualcatch is decreasingand with continuingeutrophication
theLake will not beableto sustainthis requirementat thecurrent levels.

Thedemandby tl~elaketransportfor maintenanceof l’wels within designintervalsfor the
portsandotherfaciliiies are metby theepresentla~cr~c”~ationschedule(“natural” outflow).
Recurrenceof~ye&swith ,high rainfall over the lake ~iiaycreatea situation of consistent
high levels~as ccured in ihe éárly 1960’s. Such water~level increasescould have a
;significantimpactbn theuseof theport facilities. Thewaterhyacinthhasanegativeimpact
on thelaketransport,’makingaccessto portsdifficult andblocking landingsitesfor fishing
boats.Theproliferationof thewaterhyacinthis enhancedby thedeterioratingwaterquality.

Demands/requirementsfrom recreation and tourism, health and environmentwill be
constrainedby thenegativedevelopmentin lake water quality.

LakeKyoga and Lake Albert
Thedemands/requirementson thetwo othervery largelakesin theupperNile system,Lake
KyogaandLakeAlbert, relateprimarily to fisheriesLake Kyoga hasthelargestcatchoff
the two lakes.These lakescan generallyrespondto presentrequirements.However, a
continueddeteriorationof the waterqualityof LakeVictoria will meaninflow water to the
two lakesof inferior quality, Lake Kyoga (and later Lake Albert) will undergoquality
changesdueto LakeVictoria’s impact.However,no quantitativeestimatesof thepossible
deteriorationareavailable.LakeKyoga may, in the future, beoutersourcefor irrigation
projects.Presently,the lakeis not considereda constraintfor development.
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Victoria Nile
The Nile from Lake Victoria towardstheborderof Sudanis a vast resourcein termsof
hydropowerpotential.The identifiedpotentialis 2700MW out of which only 180 MW is
installedat themoment.Extensionsareproposed,which would bring installedcapacityto
270 MW and300 MW. Demands/requirementsfor hydropowercan thus be satisfiedfor
quitesometime.However,therecreationandtourismrequirementswill haveto besatisfied
aspartof anyhydropowerdevelopment,preservingtheastheticquality of water falls such
asMurchisonFalls andBujagali Falls.

The Victoria Nile actsasa recipientfor mostof thesewagefrom Jinja which is comprised
ofbothdomesticandindustrialwastewater.Dueto thevery largeandalmostconstantflows
of the Victoria Nile, requirementsof the river asa wastewaterrecipientwill be met now
and in the forseablefuture.

0.2.2 The Ugandancatchments

The demands/requirementson thesurfacewaterresourcesof theUgaidancatchmentsare
predominantlyfor watersupply(domesticandlivestock),irrigation, sewerageandfisheries.

Watersupply
The structureof the water~supplysectoris suchthat the dominantsourceof largerurban
supplies’is surfacewater, with smallertownsbeingsupplicdby groundwater(and in some
casessupplementedby surfacewater).Rural suppliesarebasedon groundwaterincluding
springs.Livestock demandsareprimarily satisfiedthroughsurfacewatersources.

In general,thesurfacewaterresourceswill be ableto satisfy thepresentand future urban
andlivestockdemands.Thetotal future (2010)urbanand livestockdemandis approximately
325 mill. m3/yearor 10.3m3/secascomparedto thetotal resultingrunoffof theUgandan
catchmentsof220 m3/sec.However,thedi~tc~ibutionofthe surfacewaterresourcesmeans
that on a local scaletherewill be competitionf~rthe water in severalcases.This will
particularlybe thecasewherelargeannualvariationsTh flow occuror wheie streamsare
non-perennial.Figs 2.7 and 2.8 give an ideaaboutwhich areasthat are criticaL4n~these
respects.From Fig 2.7it appearsthatthelowestannualrunoffvolumes(lessthan 10 mm)
are found in partsof the Mbarara,Mubende,Rakaiand MasakaandLitwero Districts as
well as in Kotido andMoroto Districts. From Fig 2.8 it appearsthat thehighestincidence
of non-perennialstreamsarefound in partsof theMasaka,Rakai, Mbararaand Mubende
Disticts in theSouthwestand in partsof Kitgum, Kotido, Moroto, Lira, Soroti, Kumi and
Mbale Districts in the EastandNortheast.
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Irrigation
Theirrigation waterdemandsmay increaseto substantialamountswhich would bedrawn
from surfacewater. Dueto the relatively largevolumesrequiredduring the driest parts
of the year, irrigation schemeswill often be competingfor water with otheruses. For
instance,irrigation demandsof 10,000m3/hawould meanthat for eachhectareirrigated
(oneseason)theschemeisusingan amountof watercorrespondingto thedomesticdemands
of more than approximately350 urban dwellersover a year.

Irrigation schemesarefoundprimarily aroundLakeKyogaandin theareabetweenthelake
andTororo. Theseareasarealsotheareaswherethehighestminimum dependableyields
aref~und(ref. Fig 2.8). Theirrigation waterdemandson thesurfacewaterresourcesmay
increase,dependingon the agricultural developmenttrends in the country. Due to the
relatively largeamountsrequiredduring thedriestpartsof theyear, irrigation schemesmay
becompetingfor the water with other users.Presently,the total areaunder irrigation in
Ugandais some30,000ha. Estimatesof future irrigation potentialvary considerably.At
oneend of thescaleFAO estimatesa potentialirrigation areaof 410,000ha,which would
consumemorethan50% ofthetotal runofffrom Ugandancatchments.A study by Halçrows
estimatesthe’figu e at 186,000ha’while a study underHYDROMET (1977)established
thepotentialirrigatedareaas247,000ha. Theseestimatesare basedon considerationsof
whatis technicallypossibl~However,theeconomic,financialandsocialfeasibility oflarge
scaleirrigation ,i’n Ugandaascomparedto alternativeforms of agriculturaldevelopment
is disputable,and demandsfor irrigation waterare not likely to be significant in the near
future.

Sewerage
Presentlyonly 13 large, towns including Entebbe,Jinja and Kampala have waterborne
seweragesystems.Otherurbanizedareasate servedby combinationsof septictanksand
pit latrines.Therequirementfor dilution ofeffluent canhardlybe meton ayearroundbasis
in areasof low dependableyield whereevennon-perennialstreamsarefrequent.Downstre-
am water intakeswill be seriouslyaffectedand health hazardswill occur, dependingon
efficiency of treatment.

Fisheries
Landbasedfish pondsand aquacultureare gainingpopularity in partdue to support from
theAgricultural authorities.An estimated2000pondsarepresently~stockedwith fish. The
water requirernents~andthe organicpollution from such ponds pose‘i~e~jU’irementsfor
volum~’cIilutionand purifying from the stream,in use. With current knowledge and
informationit is notpossibleto estimatewhetherthepondswill presentmajorrequirements
to the water resources.
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Others
Hydropowerin the Ugandan catchmentswill only occur at the mini-hydro scaleand
requirementson theresourcearecloselylinked to thetopographyandproximity of apower
demand.Thus, a general statementon the adequacyof the resourcein relation to a
distributedpowerdemandin areasnot servedby thenationalgrid cannotbe made.Health,
recreationand tourism, and environmentaldemands/requirementscangenerallybe met,
but will ultimately bedependenton thepriorities of thedecisionmakers.

0.3 Groundwater resourcesand demands

The demandson groundwaterresourcesarepresentlyfrom rural water suppliesand, to a
certaindegree,from theplannedprovisionof water suppliesto thetownsunder theRural
TownsWaterandSanitationProgramme.Thetotal rural demand(2010)hasbeenestimated
at approximately219 mill. m3/yearor 6.9 m3/sec(ref.Appendix6.3)while therural towns
may needanother20 mill m3/yearor 0.6 m3/sec.On a nationaland sustainablebasisthis
would correspondto an annualrechargeof 1.2 mm over the total terntory. In Chapter4
rechargeis estimatedat approximately10% of the annualrainfall at v~.‘ties around 1000
mm. Averagedemandsare thus only a few percentof the rechargeand not considered
critical in light of a disperseddemand.

The groundwaterquality problems are connectedto the .corrosivenessof the deep
groundwaterin largepartsof Ugandaand thelocalisedoccurrencesof high fluoride.

0.4 • Summary of demands and resources

Thetable belowsummarizestheconsumptivedemandand displaysestimatesfor available
resourcefor comparison.(Waterfor irrigation is assumedto bedrawnmainly from Ugandan
streamsand only to a small degreefrom LakeVictoria and Lake Kyoga).
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Table0.1 - Projectedwaterdemandsfor consumptiveuseand resourceavailability

SECTOR/RESOURCE LAKE VICTORIA UGANDANCATCIIMENTS

WATERSUPPLY DEMANDS
Jinja & Kaspata
Mediun & small urban
RuraL domestic
Livestock

IRRIGATION DEMANDS
410,000 ha (FAO) or
247,000 ha (HYDROMET)
or,
186,800 ha (Ha(crow)

1.8 m
3/sec

.

-

-

•

1.4 rn3/sec

6.9 rn3/sec

7.1 rn3/sec

3
126 rn/sec

78 m /sec

3

57 rn /sec

RESOURCEAVAILABILITY 914 m3/sec 220 rn3/sec

It is emphasizedthat the demandfigures for irrigation representestimatesof what is
technically possible,not necessarilywhat is realistic in a socio-economicdevelopment
context.It appearsfrom thetableabovethat comparingtotal consumptiveuseandresource
availability on a national basis,demands(except for irrigation demands)are only small
fractionsof thetotal resource.However,thewater resourcesareunevenlydistributedand
high sourcedevelopmentcostsmay give a perceptionof water scarcity.

The distribution of ultimate total consumtivedemands(population (2010), livestock
(20l0),irrigation (potential), as estimatedby HYDROMET 1977) on the eight major
catchments,is given in Table 0.2 below.

Table O~2- Comparisonof dependableyield (I in 5 year
consuinptivedemand

monthly minimum) and

Basin Dependable
Yield
(m3/sec)

ULtimate
Demand
(m3/sec)

Lake Victoria
Lake Kyoga
R. Kyoga NiLe
Lakes Edward and George
Lake ALberg
R. Aswa
R. Albert NiLe
Kidepo Basin
Other

76.09
48.64
18.04
52.27
23.10

1.06
15.89

0.08
0.34

15.80
47,49
10.00

7.90
0.97
2.60
9.70
0.40
0.20

TOTAL 95.97
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1

1.1

1.1.1

INTRODUCTION

Background

Water Action Plan development

Page 1.1

Projectdocumentsentitled “Water Action Plan for Water ResourcesDevelopmentand
Management(WAP)”, datedJanuary1993 and October1993, were agreedbetweenthe

Governmentof Ugandaand the Governmentof Denmark(acting throughtheMinistry of
ForeignAffairs - Danida).

Theprojectdocumentsdescribetwo phasesof aplanningprocessaimingto-developa Water
Action Plan for Uganda.

CONTENTSOF WAP PHASE I

- a rapid assessment of the water resources situation in the physicaL
and management context

- a preLiminary proposal for the estabLishment of an enabling environ-
ment for flexible water resources management with linkages between
land and water resources, and including suggestions for management
roLes arid functions at various levels, and suitable institutionaL
structures

- a preliminary outLine of a national water resources policy

preparation of detai(ed project proposaLs for specific projects in

the water resources sector
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The implementingagencyin Ugandais the Directorateof Water Development(DWD)
within theMinistry of NaturalResources.A teamof Danishconsultantshasbeenengaged
by Danidato work within theDWD in theexecutionof the project. The consultantteam
hasbeencomposedofstaffmembersfrom theVKI WaterQuality Institute(leadingpartner),
COWlconsult,Nordic ConsultingGroup and the DanishHydraulic Institute.

1.2 Guiding principles for the Water Action Plan

The UgandaWater Action Plan is intendedto providea frameworkfor the protectionand
developmentofUganda’swaterresources.It will provideaflexibleanddynamicframework
for developmentand managementof the water resourcesof the country, rather thana
traditional prescriptivemasterplan.~

CONTENTSOF WAP PHASE II

a draft national water resources policy accoliVanied by target
descriptions and brief guidelines

an outline proposaL for appropriate local water resources management

LeveLs based on district studies

an outline proposal for management procedures providing the a~nin-

istrative machinery at national and district levels with guideLines
for sustainable water resources management

a design of a groundwater database and a plan/guideLines for inter-

action between the various existing and future coii~uterized systems
reLevant to water resources management

support to the preparation of regulations supporting the Water

Resource Statute regarding surface water and groundwater abstraction
as weLl as wastewater discharge

an outline of training and capacity buiLding activities supporting
the appropriate sectors in water resources management

a project cataLogue with proposed priorities for projects identified
dt~r,f’ng the Water Actioti Plan Phases I & II

q~,draft~Wa~er Action Plan synthesizing the c~t,vities carried Out ~fl
a ~o1~erent~resen~xion

ia~Lementation and monitoring guidelines for the subsequent Water
Action Plan iii~lementation

a National Seminar for discussion of the draft Water Action Plan by
concerned parties
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TheWater Action Plan dealswith aspectsof integratedwater resourcesdevelopmentand
management,recognizingtheguidingprinciplesemergingfrom discussionsatinternational
d)nferences,consultationsandworkshopsin Copenhagen(November1991),Dublin (January
1992)andRio (UN Conferenceon Environmentand Development,UNCED, June1992).

1.3 Documentation

Dunng thebackgroundstudiesand draftingof theWaterAction Plan a numberof working
documentshavebeenpreparedin draft, and commentsto thesehavebeen obtainedfrom
various relevantparties.In concertwith thedevelopmentsin theWaterAction Planprocess,
partsof thesedocumentshavebecomeobsoleteafterhavingservedtheirpurposeof raising
points for discussionand explainingstatusand contentsof the work.

Theexperienceand consensusobtainedfrom thosedraftshavethus beencarriedover into
a numberfinal documents.Theseare also drawing heavily on excerptsfrom the working
papersand thedraft reportsfrom WAP PhaseI and ConsolidationPhaseI. The resulting
list of final documentsis given in Appendix 1. 1. Thesetofdocumentsconstitutingthecore
of theWater Action Plan arenos. 005 to 014.

GUIDING PRINCIPLES FOR THE WATERACTION PLAN

- fresh water is a finite and vulnerable resource, essentiaL to sustain
life, deveLopnent and the environinent

- Land and water resources should be managed at the lowest appropriate
levels

- the goverrinent has an essential role as an enabLer in a participa-
tory, demand-driven approach to deveLopnent

- water should be considered as a social and economic good, with a
vaLue reflecting its most valuable potential use

- water and land use management should be integrated

- women play a central part in the provision, management and safeguard-
ing of water

- the private sector has an inçortant role in water management
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1.4 Rapid Water ResourcesAssessmentReport

The report is an assessmentof the availability in time and spaceof the surface and
groundwaterresourcesof Uganda.The waterdemandsand the future needsare assessed
and comparedto the wateravailability.

Chapter2 summarizesthe surfacewater quantityaspects’afld gives thedistribution of the
elementsofthewaterbalance.TheNile systemand its levels,flows andregulationis briefly
describedand thedynamicsof main hydrologicparameters~isstud~ed.In Chapter3, surface
waterquality is thetheme.Recentwaterquality impactsfrom ~â~turalfactorsand human
activitiesarebriefly describedand problemsassessed.

Theavailability of groundwaterand theannualrechargeare themain topicsof Chapter4,
where the main problemsof groundwaterdevelopmentare also outlined. Groundwater
quality and the relation betweenvariousquality parametersand usesof the groundwater
aresummarizedin Chapter5. Finally in Chapter6, the demandsof the most important
sectorsare describedand developmenttrends are forecasted in order to preparea
comparisonbetweendemandsand resources.
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2 SURFACE WATER QUANTITY

2.1 Introduction to Uganda’s hydrology

2.1.1 TheNile systemand the EquatorialLakes

TheUgandanterritory is situatedentirelywithin theNile Basin.TheNileandtheEquatorial
Lakesaredominantfeaturesofthe surfacewaterresourcesin theUpperNile Region.The
Ugandancatchments,which drain to theNile, arevery small contributorsto the total Nile
flow, but theiryields dominatethe water resourcespotentialwithin Uganda.

Fig 2.1 illustratesschematicallythemajorcomponentsandaverageflowsoftheNile system
within the Ugandanterritory.

/ ~GIo~u I

Figure2. 1 - The Nile systemcomponentswithin Uganda (flow ratesare1948-70averages
in m3/s, source:HYDROMET).

SUD.AJ~

Z$JRE
34

10

Rapid Water Resources~ssessment WAP.Doc.OO7IFinal



UgandaWaterAction Plan Page2.2’
Water Devtlopmentbepartment

While the Nile and its flow characteristicsare important from both an internationaland
nationalpoint of view, the Ugandancatchmentsare important from a national, regional
and local viewpoint.

The sourceof the Nile is consideredto be whereLake Victoria spillsover Rippon Falls,
now submergeddueto theconstructionof theOwen falls Dam. This is theonly outletof
the Lake Victoria. The most notablerivers flowing ‘into the LakeVictoria are the Nzoia
River from Kenya, the Mara River from Tanzaniaand theKageraRiver from Tanzania,
Ugandaand Rwanda-Burundi.The 130 km stretchof theNile from LakA’ictoria to Lake
Kyoga is termedthe Victoria Nile. This partof theNile falls approximately105 m total
overboth theOwenFallsDam(20m) anda seriesofrapids.LakeKyogais drainedthrough
theKyogaNile which, after a relatively flat reachdownstreamfrom lake,entersa series
of rapidsand falls, beforeit flows into Lake Albert at a level 410 metreslower thanLake
Kyoga.

In LakeAlbert, theNile is joined by theonly majortributary within theUgandanterritory
namely theSemliki River. This river drainsLakesGeorgeand Edward, both lakesfound
in theRift Valley andthehigh rainfall areaof theRwenzoriMountains.LakeGeorgeand
Lake Edwardareconnectedthroughthe KazingaChannel.

The Nile flows from LakeAlbert with a gentleslopeto the Sudaneseborder. This reach
of the river is called the Albert Nile. The branchof theNile originating at theoutlet of
Lake Victoria is calledthe White Nile while thebranchoriginating in Ethiopia is called
the BlueNile~upto the confluenceofihe two branchesat Khartoumin Sudanafterwhich

\it is called the Main Nile.

The main parametersof the EquatorialLakesare given in Table2. 1 below.

Table 2.1 Main characteristicsof the EquatorialLakes

LAKE ‘ LAND CATCHMENT
(1000 KM2)

LAKE SURFACE
(1000 KM2)

MAX DEPTH
CM)

REGULATION

Lake Victoria
Lake Kyoga

Lake Albert
Lake George
Lake Edward

193
75
17
8

12

69.0
6.3
5.3
2.2

‘ 0.3

79
50
-

-

Owen FaLLs Dam
None
None
None
None

Source: Shanin, 1985

LakeVictoria, havingasurfaceareaof69,000km2, is oneof thelargestlakesin theworld,
while LakeKyoga and Lake Albert areeachonly approximately10% of the sizeof Lake
Victoria in terms of surfacearea.Lake Kyoga is a relatively shallow lake. The only

/
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structurein theentiresystemwhich canregulatelakelevelsis theOwen FallsDamdesigned
for hydropowerproduction.

Theregulationis donein sucha way that theflows resemblethenatural flows which once
were measuredat Rippon Falls asa function of the water level in Lake VictorIa. Thus,
given a certainwater level in Lake Victoria, a correspondingamountof waler is released
through thedam.

The water balancesof the threemajor lakesare given in Tables2.2 to 2.4. The storage
componentappearsdue to a net storagehaving takenplaceduring the period considered
(1948-70).

Tabl~2.2 - Averageannualwaterbalance(1948-1970)for Lake Victoria.

PARAMETER VOLUME
(1000 MILL. H

3)
AVERAGE RATE

(M3/SEC)
%OF TOTAL INPUT

Rainfall on Lake 114 3625 86
Land catchment contribution 19 596 14
Total input 133 4221 100

Evaporation from Lake 100 3157 75

OutfLow,from lake 29 914 22
Storage 5 ~15O 3

ource:( HYDROMET, 1974

Table 2.3 - Averageannualwaterbalance(1948-1970)fo~LakeKyoga~

PARAMETER VOLUME AVERAGE RATE % OF TOTAL INPUT
(lOGO MILL. M3) (M3/SEC)

RainfalL on Lake 6 176 15
Inflow from Lake Victoria 29 914 77
Land catchment contribution 3 92 8
Total Input 37 1182 100
Evaporation from Lake 7 242 20
Outflow from Lake
Storage

29
0

930
10

79
1

Source: HYDROMET, 1974

Table2.4 - Averageannualwater balance(1948-1970)for Lake Albert

PARAMETER VOLUME AVERAGERATE X OF TOTAL INPUT
(1000 HILL. M3) (M3/SEC)

Rainfall on Lake 4 121 9
Inflow from SemIrki River 5 147 11
Inflow fro~Y(Lake Kyoga 30 954 73

Land catchinent contribution 3 86 7

TotaL input 41 1308 100
Evaporation from Lake 8 263 20
Outflow from Lake 34 1070 82
Storage -1 -25 -2

Source: HYDROMET, 1974
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2.1.2 The Ugandancatchments

Page2.4

For operationalpurposesDWD hasdivided thecountryinto eight subbasinsof which six
are draining into different reachesof the Nile or the Equatorial Lakes.

- Basin no. 1

- Basinno.2

- Basinno.3

- Basinno.4

- Basinno.5

- Basin no. 6

- Basin no. 7

- Basin no. 8

CatchmentsdischargingintoLakeVictoria (area59,858
km2, mci. Ugandanpartof Lake Victoria)
Catchmentsdownstreamof Lake Victoria discharging
into LakeKyoga (57,669km2)
Catchmentscontributingto the Kyoga Nile downstream
of Lake Kyoga (26,796km2)
Catchmentsdischarginginto Lake Edward and Lake
George(18,624km2) S
Catchmentsdownstreamof Lake Edwarddischarging
into Lake Albert (18,223km2) S
The Aswa Basin discharging to the Albert Nile down-
streamof the Sudaneseborder (26,868km2)
Catchmentscontributingto the Albert Nile within the
Ugandanterritory (20,004km2) S

The Kidepo Basin in the extremenorthwesternpartof
thecountry (3,129km2)

The basinsand thedrainagenetworkareshownin Fig 2.2.
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Figure 2.2 - Main basinsand featuresof the Ugandandrainagenetwork

2.2 Approach to assessment

Page 2.5

Theprominentfeatureof theUgandanhydrologyis that it includesboth theNile and the
Equatorial Lakes (national and international significance)and the Ugandancatchments
(national,regionalandlocal significance).Dataavailability varieswidely.FortheNile flows
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and lake levels, long dataseriesand detailedinformation exist. Datahasbeencollected
through such agenciesas the HYDROMET cooperation.The data for the Ugandan
catchmentsis scattered.Dischargerecordingshavebeeninterruptedduring the periodof
civil unrestand havenot beenstartedagain.

Thus theNile flows and lakelevelshavebeenassessedusingexistingdata.Theassessment
of the local water resourceshas beenbasedon a hydrologic/climaticclassificationof the
territory and extrapolationof resultsobtainedfrom an analysisof 54 catchments. I

As part of the presentassessment,datafrom the54 catchmentshavebeencomputerized
and screenedfor obviouserrorsin theseries.However,acompletequality checkingof the
series including comparisonto neighbouringstationsand meteorologicaldatahas been
beyond the scopeof this study.

Theclimatic/hydrologicclassificationis descnbedin Section2.3 andtheextrapolationsfrom
data from the54 catchmentshavebeendescribedin Subsection2.4.2.

2.3 Rainfall andevapotranspiration

2.3.1 Rainfall

Direct rainfall is the mostimportantwater resourceTh Ugandaand therainfall patternhas
alwaysdetermi~iedthe local landusepotentialand managementâTnd herebyalsoinfluenced
thepopulationdistribution. Even thoughdevelopmentof water resourcesfor usessuchas
irrigated agriculturemay gain importance,the rainfall availability will still be a crucial
parameterfor the developmentpotential.

Prior to theperiodof civil unrestUgandahad a well functioning systemfor collection of
meteorologicalinformation,includingadenseraingaugenetwork.Thissystemhasvirtually
collapsedleavingonly a few stationsin operation. As computerizedrainfall datahavenot
beenreadily available, theassessmentof the rainfall patternshasbeenbasedon already
processedinformation in the form of isohyetalmapsof long term rainfall averages.

A detailedmapof meanannualrainfall distribution basedon all information up to 1965
is shown in Fig 2.3 (Atlas of Uganda, 1965). Although more recent maps have been
produced,e.g. aspartof theSub-SaharanHydrologicalAssessment(Gibb, 1989)thedata
for theselack recentrainfall information. They are basedon datafrom a smallernumber
of stationsand the former map is consideredthe most detailedsourceof averageannuaL
rainfall information and has consequentlybeen usedin the assessment.
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As indicatedin Fig 2.4(Atlas of Uganda,1965) the rainfall patternhastwo peaks(bimodal)
for almost all stations.The patternis linked to the doublepassageof the Inter Tropical
ConvergenceZone (ITCZ).

The spatialrainfall distributionis alsoinfluencedby thepresenceof LakeVictoria aswell
asthelocal topography.Generally,therainfall decreaseswith distancefrom thelake, while
the local topographyresults in higher rainfall dependingon altitude, with th’~highest
precipitationvaluesfound in the mountainranges.

Figure 2.3 - Mean annualrainfall distribution (figures in mm/year)
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During theearlysixties(196i-64) theregionexperienceda sequenceof very wetyearswith
annualrainfalls 17-27%abovethelong term annualaverage.This resultedin remarkable
water level rises in the EquatorialLakes(e.g. Lake Victoria levels rosemore than two
metresduring the threeyear period 1961-63), with adverseeffects for the infrastructure
(ports,roads,villages) in the riparian countries.
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2.3.2 Evapotranspiration

Measurementsof panevaporationandparametersfor calculationofevapotranspiration(i.e.
sunshineduration, air humidity and wind speed)have beencarried out at a numberof
stationsin thecountryoperatedby HYDROMET andDepartmentof Meteorology(DOM).
A thoroughstudyof openwaterevaporationwascalculatedaccordingto Penman’sformula
(Rijks, 1970).Fig 2.5 showsthç long termaverageof annualPenmanevaporation,which
variesbetweenlessthan 1400 mmin theSouthwesternpartand morethan 2200mm in the
Northeasternpart of the country. The seasonalvariation of the potential evaporationis
generallysmall (lessthan 10 %) in any part of the country.

Thepotentialevapotranspiration(Ept) is estimatedfrom Penman’sopenwaterevaporation
(E0) using the following formula, which is basedon measurementsfrom a numberof
stationsin Rwanda,Burundi and Zaire (Shanin, 1985)

Ept = 0.91*E0 + 2.5

Rainfall andevapotranspirationdominatethegeneratedrunoffpatterns.Therainfall reflects,
to acertainextent,thecatchmenttopography.A climatic classificationbasedon thesetwo
parameterswould beexpectedto give a fairly good indication of the spatial variation in
runoff.

A climatic classificationof the countrypreparedby HYDROMET is includedas Fig 2.6.
It is basedon Thorntwaitesmoistureindex (Im) as calculatedfrom the formula:

Im = l00(S-0.6D)/Ept,where:

S = (P - Ept) in monthswith rainfall surplus(mm)
D = (Ept - P) in monthswith rainfall deficit (mm)
P = monthly rainfall in an averageyear (mm)
Ept = potentialevapotranspiration(mm)
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Figure2.5 - Mean annualpotentialopenwaterevaporation(PenmanMethod)
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KENYA

Figure2.6 - Climatic classificationof the EquatorialLakesand their basins

Climatic typescorrespondingto differentmoistureindex (Im) intervalsaresl~ownin Table
2.5.
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Table 2.5 - Climatic typesand moistureindex intervals

Page2.12

CLIMATIC TYPE MOISTURE INDEX (Im)

Perhunid > 100

HLsnld 20 to 100

0 to 20Moist sub-hunid

Dry sub-hu’nid -20 to 0

Semi-arid -40 to -20

Arid. ( -40

source: HYDROMET

2.4 Streamflow and water balanceassessments

2.4.1 Catchmentselection

Streamfiowdatain theDWD databasefrom 54 different catchments(ref. Appendix 2. 1)
hasbeenanalyzed.Catchmentshavebeenselectedthat:

- ha?ecomputerizeddata,.5readilyavailable
- representthe different c~limaticzonesof the country
- have~country-wideand well spaceddistnbution
- representdifferent catchmenttypes(e.g. smaller top catchments,largerbasinsand

catchmentswith/without swamps).

In order to presenta countrywideassessment,it was necessaryto extrapolatethe results
from the 54 catchmentsto locationsoutsidetheir boundaries.Theextrapolationis based
on broad hydrologicalinterpretationof the availabledataand the climatic classification
describedabove.It can be regardedas thebestpossibleestimateat this stage.However,,
cautionshouldbe appliedwhenusing theseestimatesfor usesother thanoverall planning,
purposes.

2.4.2 Water balances

For eachselectedcatchmentthe flows havebeenanalyzedon a monthly basis,and annual
meanareal rainfall hasbeenestimatedfrom the isohyetspresentedin Fig 2.3. Average
annualwaterbalancesare given in Appendix 2.2.
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It appearsthattherearevery largevariationsin bothspecificrunoffand runoffcoefficients
betweentheindividual catchments.Runoffcoefficientsvary betweenalmost zero and85%
(lowestin the flat dry areasand highestfor thesteepmountainrangeswith high rainfall.

Actualevaporationrangesfrom around45%of potentialevaporationfor dryareasandareas
with flashy mountainstreams,to 92% in thecatchmentsof the most persistentstreamsin
the Masindi area. The extrapolateddisthbution of annualrunoff is shown for the whdid
countryin Fig 2.7.

Figure2.7 - Spatialvariation of annualrunoff

-—-—.~.~ ~

., 4
/ )

C--

C

\

vs Crop’ £

LIGE~D

..so ...5a1 flow
Q Lu l/..c/k2
Q ~ 10

10 ) 0 1

Q ( 1

Rapid Water ResourcesAssessment WAP.Doc.007/Final



UgandaWaterAction Plan
WaterDevelopment Department

Page2.14:

2.4.3 Low flow analysis

A low flow analysisbasedon monthly totals is presentedin Appendix2.3. Threedifferent
key parametershave been calculated:

- average(over the period of record)flow in thedriestmonthof the year

- lowest monthly flow on record

- one in five yearminimum monthly flow as a measureof the dependableyield

The spatialvariation of the dependableyield is illustratedin Fig 2.8.
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Figure 2.8 - Spatialvariation in dependableyield (the one in five yearminimum monthly
flOw)
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Generally,the driestperiod is from Januaryto April whereFebruarymost frequentlyhas
thelowestflows.However,afew stationsexperiencethedriestmonthin theAugust-October
period. While someof the Northern areas were found to have a substantialdischarge
averagedover the-year, the shorter and more intensive wet seasonin thoseareasis
obviously affecting the low flows. Hence the dependable flows are very small in the
Northernpartof the country. The wet areasin theWesternRegions,at theshoresof Lake
Victoria and nearMount Elgon, appearto have higherminimum dependableyields.

2.4.4 Flood analysis

Although many rivers in thecountryare known to havevery largeflows during periods
of high rainfall, only sparseinformationhasbeenavailable-onfrequently floodedareas.
Thelargestoragecapacityin the swampsand thetraditionalacceptanceof annualflooding
of the swamp margins has undoubtedlyinfluenced the perceptionof what is actually
flooding.

An assessmentof the daily maximum flows has been made. For eachstation a series
consistingof themaximumannualflows hasbeenextractedand flows with return periods
of 2, 5 and 10 yearshavebeenestimatedby simple interpolationin therankedseries.The
estimatesare given in Appendix 2.4.

Two flood indiceshavebeencalculated:

- flow correspondingto a tenyearreturnperioddivided by theaverageflow in theriver
and

- flow correspondingto a ten year return period divided by the flow with a return
periodof two years

Theseindicesaremerelyindicatorsof variationsin flows. An in-depthanalysisof flooding
risks can not be carried out on the basis of streamfiowsalone, but has to include the
topographyof theareasadjacentto the river.

2.5 Water levelsand flows in the Nile system

2.5.1 Water levels

After a long period (1900-1960)of fluctuationsarounda fairly constantlevel, waterlevels
in Lake Victoria roserapidly by 2.5 m in threeyears (1961-64)asa consequenceof
extraordinaryhigh rainfall. This suddenrise had seriousimplicationsfor the infrastructure
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around the lakeandevenraised questionsaboutthe possibility of overtopping of theOwen
Falls Dam. The event highlighted the importanceof the hydrology of the lake anda series
of detailed studies have beenmadeduring thelast 30 years.

The increasedflows experiencedin theWhite Nile as a consequenceof the higher rainfall
and lake levels coincidedwith a period of decr~asedflows in the Blue Nile:. While the
averagecontributionoftheWhite Nile during theperiod 1912-61was33% of thecombined
flow of the two rivers, it was44% during 1965-86(Howell & Allan, 1990).

The Hydro-meteorological Survey of the CatchmentsofLakes Victoria, Kyoga and Albert
(HYDROMET, 1974) starteda largescaledatacollection programmein 1967 and has
carried out detailedhydro-meteorologicalanalysesof the three lakes and their inflows.

Notablecontributionsto the understanding of the hydtology of Lake Victoria weremade
by theInstituteofHydrology,Walhingford(IoH) (1985)throughstatisticalmodellingleading
to estimated probabilities of extreme water levels. It was found that the probability of the
water level falling below the lowestrecorded level (10.22m on the Jinja Gauge) is 1.1%
in anyone year.The corresponding probabilities of the water level rising abovethe highest
historical lev~l’of/13.28m was found to be as low as 0.04% for exceedancein any one
year.

Furthermodel studieshaveindicatedthatthelakelevel is independentof thestarting level
aftera perioddf 6-12years.Thus, theextremehigh water levelsbetwen 1961 and 1964
cannotbe thecauseof the continuinghigh levelsof the lake during the 1970’ies. These
were due to the generalincreasein rainfall over thebasin.

Influenceof OwenFalls Dam on lake leych
Prior to the constructionof theOwen Falls Dam at theoutletof thelakeit wasagreedby
the ripariancountries,that thedam shouldbe operatedin accordancewith the streamfiow
ratingcurve constructedforTheRipponFalls,whichpreviouslycontrolledtheoutflow from
the lake. Consequently,since 1954 thedam hasbeenoperatedas if naturalconditionsstill
governedthe outflow. Hence,the flow in the Victoria Nile remainspurelya function of
the levels in Lake Victoria.

A recentstudy (Acres, 1990)argues,that theagreedratingcurvefor the now submerged
RipponFalls, whichconstitutestheoperatingpolicy forOwen FallsDam,mayconsiderably
underestimatethevirgin flowsat site.Therefore,theoperationscheduleshould be thecause
of increasedwater levelsin the lake.The study furtherconcludes,that the averageflows
in the recentpartof the outflow seriesfrom LakeVictoria aremore representativefor a
long termaverageof outflow than the pre-1961 period.
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Theconclusionsin theAcresstudyarecontradictingthefindingsof otherstudies(e.g. IoH,
1985).Acresbasesconclusionson calculation of an ‘analytical’ rating curve for theoriginal
RipponFalls, an exercisewhich, is related to very large uncertainty and neglectsthe higher
rainfall during therecentperiodaswell asan identifiedrise in thedischargeof theKagera
River (the largest tributary to Lake Victoria). Furthermorethe findingsof Acresarenot
consistentwith thewaterlevelvariationsin thedownstreamlakes.Hencethemostconsistent
conclusionsarethoseof IoH andEvans,namely:

- theNile flows increasedduring thesixtiesand were maintainedat rateshigher
thannormalby increasedrainfall during the sixties and seventies,

- theoperation of the Owen Falls Dam has not had a significanteffect on thelake
levels,

- thereis no evidencethat theNile flows will stabilizearounda level higher than
the long term average.

Thelatestlargerhydrologicalmodellingstudy (Seue,1994)of LakeVictoria concludesthat
the 1961-64jump in water levels, and subsequentoutflow canbe explainedby a change
in rainfall patternover the lake and thai the continiled high l~velsça~b~returnedto a
sustainedincreasein lakerainfall. Furthermore,theStudy suggeststhat the lake response
this centuryhasbeengovernedby asmall numberofclimdtok~gicallyhomogerieous~riods
with abruptandunpredictableshiftsbetweeneachperiod.Dueto thesmall numberofevents
analysed,it is very difficult to predict the future trend in water levels.

The annualvariationsof the water levelsof the threemajor lakesare shownin Fig 2.9.
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Figure2.9 - Annualwaterlevel variationsin the Equatorial Lakes

Due to the near-shoretopographyand the outflow controls, the generalrisc of the Lake
Victoria waterlevelduring theearly60’iesleadto an evenhigher rise in the levelsin Lake
Albert. The level increaseof Lake Kyoga wasalmost the sameasin Lake Victoria.

The seasonallevel variations of the three lakes areshownin Fig 2.10. It appearsthat
seasonalvariation is largestin lake Albert.
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Figure2.10- Seasonalwaterlevel variationsin Lakes Victoria, Albert andKyoga

2.5.2 Nile flows

The recentdecreasingtrendin the movingaverageflows shownin Fig 2.11 suggests,that
thelakeoutflow isapproachinganaveragevaluelower thanthatofthe60-70’s,andindicate
that this valuemight very well be lower than the averageof the 1961-88flows.
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Baond on Water level Obeervations at the end of each month at Jinja and th. agreed curve

Figure2.11 - Annuai outflow from LakeVictoria

Fig 2.12 showstheseasonalflow variatipnoftheNile channelsand theSemliki River. It,
appears,-thateventhoughthe two downstreamlakesaremuchsmalleriii areasthan Lake,
Victoria, theyhavea significantinfluenceon thetime of arrival df thepeakflows of the
Nile waters.

Thevery high levelof’ naturalregulation’is noted.Forinstance,therangeof meanmonthly
flows in the Albert Nile is less than 15% of the averageflow.

Theseveredifficulties in predictingthelakelevelsandcorrespondingoutflows from Lake
Victoria haveseriousimplicationsfor planning, designand operationof water resources
developmentprojects. The largestwater resourcesdevelopmentproject is probably the
hydropowerplantat OwenFalls Dam including theplannedextensions.In orderto assess
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the performanceand suitability of such water resourcesdevelopment projects it is
recommendedto calculateperformanceparametersfor different scenarios(for instanceflow
seriesbefore1960, after 1960,and the full series).The resultcan then be comparedand
benefits,costsand risks evaluated.

11

0
-J

Figure 2.12 - Seasonalflow in Nile channels(average1948-70)
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Kyoga Nile

Victona Nile
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Presentandplanned regulation of the Nile within Uganda

Presentregulation

The Nile is only regulatedin one placewithin the Ugandanterritory, namelyat theOwen
Falls Dam, constructedfor hydropower generation. Owen Falls Dam is situateda short
distancedownstreamfrom “the sourceof theNile”. The sourceis consideredto be the sub-
merged RipponFalls, which actedas the control of the inflow from LakeVictoria, before
the constructionof the dam. As describedin Subsection2.5.1, theoperationschedulefor
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theOwenFalls Dam is designedto yield flows which would occurif thedamhadnot been
constructed(“natural” flows). This wasagreedupon betweenUgandaand Egypt in 1949.
Adherenceto theoperation policy is controlledby representativesofthemajordownstream
user,Egypt.

2.~.2 Regulationplans

Historical plans
The first plansto regulateand control the EquatorialLakes of theNile Basin,andthereby
increasethe reliability and usefulnessof river flows for the benefits to the riparian
population,were preparedin theearly twentiethcentury.Sincethat time otherregulation
planshavebeendesignedwith similar or slightly variedobjectives,butnoneof thesehave
been implemented.

In 1928 and againin 1938 a plan for the EquatorialNile Projectwas submittedby the
Governmentof Egypt to the Governmentof Sudan.The plan would providemorewater
for irrigation during that portion of the year (Januaryto June)whenflows from the Blue
Nile werelow. Theincreasedflow wasto beohtairedfrom theWhite Nile by storingwater
in LakesVictoria, Kyoga and Albert (termed “C~ntu-~’Storage” becauseof the design
periodof thereservoirs)and by diverting theflow of -~ White Nile aroundtheextensive
swampareathe Suddin southernSudan,through two canals.

Following an 8-yearstudy period the equatorialNile project wasabandoned.Egyptand
Sudansignedthe Nile WatersAgreementin 1959 allocatingavailablewatersbetweenthe
two countries.Egyptfollowedanalternativepathofdevelopmentby constructingtheAswan
High Dam with its largereservoircapableof over-yearstorage.

Anotherregulationplanwasdesignedin 1972 by theEgyptianOrganizationfor Nile Waters

and plannedto operatewith a dischargefrom LakeVictoria, dependingon the~1akelevel,
while Lake Kyoga levelswere held constant exceptfor years of very high/low flow. Lake
Albert shouldthenbeoperatedwith an outflow dependenton thecombinedstoragein Lake
Victoria andLake Kyoga.

This operationschedulewould be initiatedwhenhigh levelswerereached,soasto provide
somesafetyfactoragainsta seriesof low supplyyears.Undertheseconditionsacomputer
simulationrun showedthat the planoperatedwell over theperiod 1912 to 1974although
theminimumlevel reachedin LakeVictoria was 1 133.24m,just lower than theminimum
allowablelevel of 1133.26m. Themaximumlevel reachedon LakeAlbert wassimulated
to 637.46m, 13 m higher than themaximumrecordedlevel of 623.97 m.
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New regulation plans
The most recent plans for regulation are basedon the objectives used for historical
regulationplansandon thestudiesof waterresourcesin thelakecatchments,and may be
summarizedas follows:

- maximizethepoweroutputat theOwen Falls damat Jinja;

- maximizepowerpotentialin theKyoga Nile

- meetthe foreseeablewaterresourcesrequirementsof the riparian countriesof
theUpperNile Basin.

- providemaximumguaranteedannualyield downstreamof Lake Albert and

- provideflood control

Thelatest-plan(Plan K8) hasbeendevelopedby HYDROM~T.Thisplansatisfiesall the
aboveobjectivesand the constraint that the levels of the lakes and the flows in the
connectingchannelsshould generallybe kept within therangesOf the historical records
listed in Table 2.6. The plan suggestsregulatorystructuresat theoutlet of all the lakes
Victoria, Kyogaand Albert, to control themeanmonthly flows andwaterlevelswithin the
rangesspecifiedin Table 2.7.

Table 2.6 - Historical maximumand minimum lake levelsand outflows

LAKE HIM. LEVEL CM) MAX. LEVEL (H) MIN. OUTFiOW
(M3/SEC)

MAX. OUTFLOW
(M3/SEC)

Victoria
Kyoga

Albert

1133.08
1130.31
618.75

1136.28
1134.11
623.97

347
280
343

1721
1991
2050

source: HYDROMET

Computersimulations over the historical record as well as over a synthetic seriesof
hydrologicevents,show that K8 would yield rangesof levelsand outflows comparableto
those recorded.However, in the caseof Lake Albert, where the range of outflows is
restrictedto thosespecifiedK8 did not produce suchcomparable results. K8 showeda good
performancewhenevaluatedagainstparameterslike time of exceedanceof therequired
outflow, time of exceedance’ofthe requireddraft volume, hydroelectricefficiency (mm.
water lossover the spillway) and non-exceedanceof damagingflood flow.

Rapid WaterResourcesAssessment WAP.Doc.OO7IFinal



Uganda WaterAction Plan
Water DevelopmentDepartment

Page2.24

Comparingtheregulatedwaterlevelswith therecordedwaterlevels it becomesapparent
that level increasesof approximately 1 m will be experiencedin Lake Victoria andLake
Kyoga while Lake Albert will experiencelevel increasesof up to 5 m.

Table 2.7 - Regulations suggestedin Plan K8

LAKE

~

REGULATION PARAMETIER MONTHS REGULATED FLOW
(M3/SEC)

WATER LEVEL (H) COMBINED ACTIVE STORAGE
LAKES VICTORIA AND

KYOGA
(lO~Il~)

Victoria <1133.5
1133.5-1136.0

>1136
-

Jan-Dec
Jan-Dec
Jan-Dec

NaturaL
700

NaturaL

Kyoga 1030.75
1030.75-1034.0

>1034.0
-

Jan-D’ec
Jan-Dec
Jan-Dec

Hal urat
650

NaturaL

ALbert <85 Jan-Jun
JuL-Dec

85-~iO Jan-Jun
Jut-Dec

~85 Jan-Jun
JuL-Dec

650
850
450
650

1500
650

Sourie:

Requirementsfor assessments
The different regulation schemeshave beenevaluatedon the basis of their hydraulic
efficienciesduring theirpreparationand analysis.Obviously no attempthasbeenmadeas
yet to assessthefull economicandenvironmentalconsequencesfor thesystemasawhole
and for the ripariancountriesseenas singleentities.In this contextUgandahasa unique
positionasthecountryin which themajor partof theenvironmentalconsequenceswill be
felt.

2.7

2.7.1

Water resourcesdynamics

Trends and variations in hydromet~örologicalparameters

During the last few yearsgraveconcernhasbeenexpressedby many authoritiesandprivate
personsover declining water levelsof surface water bodies and reduced water resources
availability in Uganda. springs, wells and boreholesarereportedto haveshownsignsof
decliningyields andlevels.
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LakeWamala, River Kafu andSezibwaRiver havebeenreportedto havereducedresource
availability. Also LakeVictoria levelshavebeen lower than averageand with a decreasing
trend.Therehasbeenconcernthat thesechangesin waterresourcesavailabilityare results
of permanentchangesin climate. The reasonsfor suchclimatic changeare believedto
includechangesin land-useandgeneralenvironmentaldegradation- especiallydeforestation,
cultivation of swampsandovergrazing.

On this backgrounditwas deemedrelevant to preprare an assessmentof water resources
throughacasestudyof thetime seriesof importanthydrometeorologicparametersin order
to detectpossibleclimatic trendsandsomeof theireffects.The catchment chosen for the
study was the Kafu river basin(National Sub-basinno. 8) which h~sa central locationin
Uganda.

The objective of the study has thusbeento quantify and assessany long term trendsin
surfacewater resourcesoccurrencebasedon an analysisof trendsin rainfall and the cor-
relation betweenrainfall andrunoff for a selectedbasIn.

The main findings of the study of rainfall and runoff in the Kafu ri\ ‘r basin can be
sumniarizedas follows:

- long termvariation in rainfall over Kant-basinshoWs a cyclic behaviour—with
a tendencyof yearsof be~awaverageor aboveaverageto persist for periods
of uVt(~six years

- in termsof rainfall thereis no evidenceof significantclimatic change

- during periodsof aboveaveragerainfall the increaseappearsduringSeptember
to Novemberwith thehighestincreasesin November.Similarly, increasesoccur
during Mazvh to May with highestincreasesin March

- duringdry periodsthe first rainy seasonhasa delayedonsetand is reduc~edto
the monthsof April andMay only. Thesecondrainy seasonhasan earlyonset
and is beginningduring themonthof July and ending in October

- the long term trends in rainfall andrunoffarecorrelatedandthedeclinein water
resourcesavailability is explainedby the declinein rainfall

- there is no significant change in land-use or environmental degradation and
increasein consumptivewaterdemandthat canexplain the declinein water
resourcesavailability. The mostseriouswater deficitofihe 1940/50’soccurred,
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when the water demand was insignificant and when the landcoverwas not
degraded

Fig 2.13 below illustrates the long-term variations in rainfall over ,~heKafu river basin.
The long termvariationsshow a cyclicaL behaviour,andpresentdeparturesfrom thenorm
aremuch less serious than thoseexperienced in the forties, fifties and early eighties. The
observationsarein harmonywith thegeneralpatternof LakeVictoria level variations,and
it can beassumedthat the graphis representativeof much largerareasof Uganda.More
details from the study are found in Appendix 2.5.

~-O5

N

C

(I,

-0~5

Rainfall over Kafu River Catchmont

Figure2.13 - Rainfall variations over the Kafu river basin

2.8

2.8.1

Significant influencing factors

Wetlands

Large parts of the Ugandan territory are wetlands; areas, which are seasonallyor
permanentlyflooded.Old inventories(from the1960’s)estimatethetotalextentof wetlands
at about10% of thecountry’slandarea.About one third of thewetlandsarepermanently
flooded.

-1 5

(C 14’ ~ -
c’J C., C.~) ~ It) It) a~ ~
~ a, ~ a, C•) ~J1 c o~ a,
— — .— — — Year ~- — .— — —
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Thewetlandsarepredominantlylocatedalong the shoresof the EquatorialLakesand at
the lower reachesof thenationalriver basins.Hencemany rivers flow throughextensive
swampsbeforedischarginginto the lakesor the Nile River.

Thepresenceof theseextensivewetlandshassignificant influenceon the dischargefrom
theUgandanriver basins.Themainhydrologicaleffectsrelateto theirlargewaterretaining
capacitywhich:

- reducespeakflows

- causessuspendedsedimentto settle

- increasesevapotranspiration.

The shallow depth of the swampsand the densevegetationlead to lossesof very large
quantitiesof waterthroughevapotranspirationandtheriver flows aregenerallysignificantly
reducedthroughthe swampyareas.

The characteristicinfluencefrom wetlandsis exemplified by a comprisonof the flow
statisticsfor thecatchmentsRuizi (Stationno. 81324)and Kibale (Station 81333)given in
Appendices2.2 to 2.4.

The Ruizi catchmentis only marginally influencedby wetlandsand constitutes,as a
subcatchment,abouthalf of the Kibalecatchment,of which theremainingpart is mainly
wetlands.

Appendix 2.2 showsthat the averageannualwetland inflow of 7.8 m3/s is reducedby
passageof the wetlandareato only 2.9 m3/s at Kibale.

Thecharacteristicwaterconsumptionof wetlandsis alsoillustratedby thevery low average
runoff coefficient (3%) of the largeand swampyKafu Basin (Station no. 83313).

Thewetlandshavebeenthoughtto increasethelow flows of thedownstreamriver reaches
(UNEP, 1988). However,the low flow characteristicsof theRuizi andKibale catchments
(Appendix 2.3) do not supportthis theory.

Thepeakflow reducingeffectsof thewetlandsareapparentwhencomparingthemaximum
flows of the two abovecatchments(Appendix 2.4). The analysissuggestsreductionsby
passageof thewetlandsof 85% and47% for theonein two yearsandonein ten yearshigh
flows, respectively.
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2.8.2 Erosionand sedimentation

Interactionsbetweenland usepracticeandwater resources
Thewateravailablein variouswaterbodies(streams/rivers,groundwaterreservoirs,lakes!-
reservoirs,wetlandsetc.)originatesfrom rainfall running off or infiltrating throughthe
soil surface,on whichaparticularlanduseis practised.This landusepracticewill control:

- to which of the waterbodiesthe rainfall will be directed

- whenand at whatvelocity the rainfall is directedto the water body

- the condition (quality) of the waterenteringthe waterbody

Hence,it is obvious that water managementnecessarilyhasa stronglink to land manage-
ment to the extent that land managementmeasuresaffect the quantityand quality of the
water resources.

Pooragriculturalpractice,such as cultivation on steepslopeswhich are not suitable for
cropproductionandovergrazingmayleadto increasedsurfacerunoffand soil erosionand
thus havea negativeeffect on thewater resourcesin termsof quantityand quality, e.g.:

- transportof soil/sedimentto water reservoirs,intakesand pipelines,causing
siltation’, increasedturbidity and technicaldifficulties

- poorsoil structureanddecreasinginfiltration ratesresultingin reducedground-
water rechargeand reducedflow duringdry seasons

- increasedpeakflow during monthswith heavy rains

The main hydrological processesin non-erodedand erodedsoil systemsand their conse-
quencesfor a catchmentaresummarizedin Fig 2. 14.
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[n~o~di~ste~j ~roded System

[Removal of vegetation cover and

exposure of soilsurface

Inertia of rain drops increased
No retainment on surtece

Detachment of soil particles
Possible compaction and

sealing of soil surface

Reducedinfiltration capacity

Reduced groundwater recharge
Increased surface runoff

Reduced soil moisture

Increased peak flows

Reduced lowtlows
Lower evapotranspiratlon

lncre~d total discPiarg•

Figure2.14. - Hydrological processesin erodedand non-erodedsoil systems

Soil erosion and sedimentload information
Thepresentwaterresourcessituationin Ugandawith respectto sedimentloadsandsiltation
as well as the relation to actual land-usepractices,is virtually unknown due to lack of
quantitativedata.Sedimentmeasurementsin nversarenot carriedout presently,but some
few measurementsweretakenduring thepenod1971-72underHYDROMET. At two sites,
i’~amatalaand Waki, sedimentload wasrelated to dischargeand estimatedfrom monthly~
~~andischargesfor oneyearas13,000and5,000tons/year,respectively.Thiscorresponds
to 98 and 10 tons/km2, which are consideredas moderateand low values, respectively.
However,onlyatotal numberof 22 sedimentconcentrationanalyseswerecarriedout, which
is far too few to usefor assessments.In aUNEPstudymadein 1987,aSoil ErosionHazard
map was compiled using GIS technology. The map was based on rainfall erosivity
(Fournier’sindex), soil erodibility (basedon soil textureandothersoil propertiesavailable),

Dense bottom vegetation
Soil permeable and erm~ired by plant roots

{7nerlia of rain drops reduced

Rain water retained on soil surface

[Large infiltration capacity

Large ground water rechar~J

oderate peak flows

Significant low flows
Total runoff reduced by
high evapotranspiration

Removal of fertile soil
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slope,land usepressure and populationdensity.This typeof mappingwherefactorsare
multiplied asin theUniversalSoil LossEquation(USLE),canonly give somevery rough
estimates,it should be supportedby field observationsand/or measurerients.The study
did not include any evaluationof the impact of soil erosion on the water resourcesof
Uganda.

RegionalSoil erosi9n impacton water resources
Ugandahasbeendivided into 7 zonesaccordingto the negativeimpactof landprocesses,
primarily soil erosion,on thewater resources(seeFig 2.15 andTable 2.8). Thedivision
is basedon:

- topography

- land use, which is subdividedinto

- percentageof areacultivated
- livestock density
- vegetationcover

- soil erodibility

- populationdensity

- rainfall erosivity (only partially included as no properdataexisted)

The most severeerosionis experiencedin the 3 mountainousareas,Mt. Elgon and sur-
roundingfoothills, theRuwenzoris,and thesouth-westernmountainousregion(Kabaleand
Kisoro districts). Intensivecultivation on steepslopeswith no or only few and inadequate
soil and waterconservationmeasureshas resultedin extensiveerosion in partsof these
areas.Acceleratederosion(wherethesoil removedby erosionexceedsthesoil formedby
weatheringof thebedrock)is taking placein majorpartsof all threemountainousareas,-
thus the situationwill worsen if no measuresare undertaken.

Next to thesemountainousareastherearethe two major semi-andregions, namely the
north-easternpastoralareain Karamoja(Area2A) andthesouth-westernpastoralarea(Area
2B). Thelow amountofrainfall andovergrazingcausedby thelargenumberof cattleresult
in poorvegetationcover, especiallytowardstheendof thedry season- leaving theground
exposedto erosion by rainfall and surfacerunoff.
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In theremainingpartof Ugandatheimpactof soil erosionon waterresourcesis not severe,
althoughin certain specificareastheremight be a significantimpacte.g. in hilly areasin
Arua with high populationdensity.

A moredetaileddescribtionof thelandandwatermanagementissuesandrelationsarefound
in the Land and Water ManagementStudy in Appendix Report Volume 3, Annex 1.

Figure 2.15 - Main erosion zonesin Ugandaaccordingto severityand impact on water
resources
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2.9 Major local surface water quantity problems

Dry areas
The dry areasinclude partsof the Southwesternand Central distncts(Mbarara, Rakai,~
Masaka,Mpigi, MubendeandLuwero), Albert Nile Valley, Lakes Georgeand Edward
plainsand the Northeast.Theseareasare predominantlyrangelands.

The main problem is that the rivers in theseareasare generallyseasonal,ground water
potentialis limited andlow yieldsandsmallrechargeratesarefound.Surfacestoragereser-
voirs (dams and valley tanks) often receiveinsufficient inflow or have too little storage
capacity(oftendueto siltation) to maintainawaterlevel. Theseproblemsincreasethestrain
on the few perennialreservoirswherebig herdsgather.Overgrazingand degradationof
thesurroundingareasareamongtheconsequences.Shallow well spnngpotential is low
in theseareas.

Hilly areas
Problemsof flooding from flashymountainstreamson MountainsElgonand Rwenzoriare
reported,e.g river,Nyamwambaflooding lower valleys in Kilembe and theairfield. Other
problemsincludesupplyof waterto settlementsuphill, and sedimentationof waterintakes:
At the nationallevel theseproblemsare not consideredto be majorand canbe addressed
at the local level.

Swampybasins
Retainmentand evaporationof large parts of the runoff from upstreamcatchmentsii~i

swampsreducethe dependableyield downstreamand thus also the potentialbr irrigated
agriculturein theseareas.

Drainageof swampsfor agriculturalbenefitshasin a few casescausedproblemsfor town
water supplywhich relied on the swampaswater reservoir.

The water balanceof the swampsis sensitiveto climatic variations. Some previously
permanentswamps(e.g. LakeMawala in the South-centralRegion) hasdried out during
the most recentperiod.

Lack of hydrometeorologicaldata
Information on runoff, rainfall and evaporationespeciallyin minor catchmentsin thedry
areas is lacking. Up-to-date and processedhydrometeorologicaldata on rainfall and
evaporationis alsolacking and thenationalhydrometricdatacollectionsystemhasvirtually
collapsed,leaving only a few operationalstationsand big gapsin thehistorical series.
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2.10 Tentative conclusionsand action areas,

Therapidassessmentof thesurfacewaterresourcesin termsof quantitiestentativelyreveals
that:

- direct rainfall is the mostimportantwater resourcein Ugandaand determines
the local land usepotential and the populationdistribution,

- spatial variationof meanannualrainfall is very largeover thecountry (625 -

2000mm)and dependson the distancefrom Lake Victoria aswell asthe local
topography.Two wet seasonsareexperiencedall over thecountry exceptin
the Northern Regions,

- theannualpotentialevaporationis generallyhigherthantheannualrainfall, but
its seasonalvariation is smaller,

- althoughUgandaseemsto haveabundantwater resourcesat thenationallevel,
very largedifferencesare foundin thedischargecharacteristicsof the various

catchments,

- dependableyieldsarevery low in the North Westernareas,whereasthey are
higher in the WesternRegions,aroundLakeVictoria and in the mountains.

- the extensivewetlandsaffect theriver flows by their retainmentof waterand
largepartsof therunoff from upstreamcatchmentsevaporatethere,

- althoughhigh peakflows occurin thecountry’srivers, only sparseinformation
is.availableon flood damage.Reportedfloodingproblemsarelocalizedandmust
be dealtwith at the local level,

- thenationalhydrometricnetworkhasvirtually collapsedsince 1979 leaving a
gapin the knowledgeof thecurrentstatusof thewaterresourcesof thecountry.
The existing network in thedry areasand aroundLakeKyoga is not adequate
for assessmentof the local waterresourcesin those,

- reliable water resourcesmanagementdecisionsare not possibledue to the
inadequatedatabackground,

- in the dry areasrivers areseasonal,and surfacestorageresevoirsdry out in
many caseswhich increasesthe strain on the very few remainingsourcesof
water.
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- no quantitative information on the extent and effects of rosion and
sedimentationexists.

Basedon the abovetentativeconclusionsthefollowing action areashavebeenidentified:

- reviewandrehabilitatethehydrometricnetworkandresumecomprehensiveflow
measurementsprogrammesto recalibraterating curves,

- strengthenthedataprocessingcapabilitiesof DWD throughsupplyof technical
assistanceand necessarysoft- and hardware,ensuringimmediate and well
qualified processing,quality checking and computer storageof currently
collectedaswell as historical data,

- transferof hydrometeorologicaldatafrom TECCONILEto Ministry ofNational
Resources(DWD),

- preparehydrol~gicalyearbook,

- improve.thedesignbasisfor small scaledamsapd valley tanks, waterconser-
vation measures,etc.

- undertakedetailedwaterbalancestudiesincludingevaporationandgroundwater
rechargeprocesses,including evaluationof the effectson the water resources
of land use.

- strengtheningDWD’s capabilitiesfor undertakingsuchwaterbalancestudies
throughsupplyof~technicalassistance,training and the necessaryhydrological
tools,

- monitoring and mappingof the extent, causesand effect of soil erosion and
sedimentation,

- investigationof thedetailedhydrologicaleffectsof wetlandsandtheirpossible
exploitationfor irrigatedagriculture.

Thefirst two pointsare~includedin theprojectsidentifiedaspartof theWater Action Plan
work (seeWAP.Doc.002,“Rehabilitationof water resourcesmonitoring and assessment
servicesin Uganda”).
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3 SURFACE WATER QUALITY

3.1 Approach to assessment

The objectivefor therapidassessmentof surfacewaterquality is to providean evaluation
of thepresentqualityof Uganda’ssurfacewaterson a broadnationalscale.Furthermore,
an evaluationof themaineffectsof naturalfactorsandmanmadedevelopmentson thewater
quality shall serveto identify main issuesto addresswithin the useand protectionof the
Ugandanwater resources.

A substantialamountof datais neededfor a direct assessmentof surfacewater quality.
An evaluationof most water c~ialityparametersrequiresdata series covering seasonal
variationsmeasuredatcertainfrequencies,andspatialdifferencesmeasuredin astrategically
plannednetworkof sampling stations.Suchadataframeworkdoesnot exist regardingthe
qualityof Ugandansurfacewaters.Theavailabledataareextremelyscatteredboth in time
and space,implying that:

- many waterbodiesare not coveredby any waterquality measurements

- a numberof essentialwater quality parametershaveneverbeen measured

- when dataexist, they typically derive from single surveyscoveringa short
period and/or restrictedareas,generally made for special purposes(basic
research,sewerageplanning, water supply planningetc.)

Furthermore,theperiod of civil unrestin thecountry has resultedin an almost total lack
of recentwaterquality data.This implies that changesor developmentsduring the last 15
yearshavenot beendetected.Moreover,old datafor certainparametersmaybe ofdoubtful
valuedue to inadequateanalyticalmethodsusedat that time.

In thefollowing rapidassessmentof Ugandansurfacewaterquality, theexisting datahave
beenincluded to theextent it can be usedfor generalization,but it hasbeen necessaryto
basemostconclusionson collectedinformationaboutcurrentandforeseensectoractivities
combinedwith specific and generalinformationabouttheir impactson thewater quality.
For this reasonthechapterincludesa reviewof currentactivities within thevarioussectors
which havepotential impactson theaquaticenvironment.
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3.2 Impact from natural factors
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Thequantitativechemicalrelationshipbetweenlandandwaterin tropical Africa is complex
and not fully understood.The following section, therefore, concentrateson a brief
descriptionof the major water quality characteristicsascausedby naturalprocesses.

Thegeneralvariability of waterquality in inland freshwatersystemsis basicallygoverned~
by thefollowing naturalfactors (i.e. without humanimpacts):

- occurrenceof solubleor easilyweatheredminerals in the soils, thicknessof
weatheredsoils, organic soil coveretc.

- precipitation/riverrun-offratio

- occurrenceof peatbogs/wetlandsretaining inorganic nutrients and releasing,
organic/humicsubstances

— ambienttemperature

- internal chçmicaland biological processes

The natural chemical compositionof the Ugandansurfacewatersgenerallyreflects the
characteristicsseenfor many African lakes and rivers (Viner, 1971) i.e. high ratios of:

(HC03 + C03)/(C1 + SO4~)

Cl1S04

Mg~~/Ca~+

Theinorganicconstituentsarederivedfrom a very old erodedpeneplaincomposedlargely
of metamorphosedprecambrianrock.
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3.2.1. Soil

A high insolationcombinedwith high precipitationhaveproducedmaturesoils (ferrulites)
which arecharacteristicfor almost the whole area.They areextremelyweatheredand
leached,markedlylackingsolubleions, and areoften foundaslateritescomposedof iron
and aluminium hydroxides,or of kaolinite impregnatedwith thesehydroxides. Outcrops
of laterdeposits,notably volcanic, areassociatedwith the areasof tectonicdisturbances
of the western limb of East African Rift giving rise to somewhathigher natural
concentrationsof mineralsin rivers and lakesin this area.

Due to the rainfall variationsover the year, a markedseasonalityexists in the mineral
contentsof the waters,reflectingthe variationsof precipitationinducedrunoff.

Another waterquality aspectof the rivers is the load of suspendedsolids deriving from
erosionalprocessesin the catchmentareas.The amountof dataavailableon (natural)
sedimenttransportsin theUgandanrivers arefew, but themonitoringprogrammeexecuted
under the HYDROMET project in the late seventies,indicatedgenerally low sediment
loadingsfor therivers in theprojectarea.Annex 12 “Land andWaterManagementStudy”
in WAP.Doc.012givesan assessmentof theerosion/sedimentationsiti ~tionandtheimpact
on water resources.

3.2.2. Nutrientsfrom plantsand soils

A majorfactorgoverningthewaterqualityof theUgandanrivers andlakesis thewashout
ofplant nutrients. As thegrowth of phytoplankton,macroalgaeor higherplantsis the key
processdeterminingtheecosystembalance(trophic level) and therebythebalanceof many
water characteristics,the importanceof the abundanceof the nutrientsis obvious.

The formation and leachingof nitrogencompoundsfrom the soils dependson a number

of factorsof which therainfall is the mostimportant,but alsothe particularsoil typeand
thevegetationcoverplay significantroles. A deeperdiscussionof themechanismsis beyond
thescopeofthisreport.However,thegeneralweatherednatureof theUgandansoils implies
relatively low concentrationsof nutrientsin thereceiving surfacewaters.

As both organiccontent,soil fertility and annualmeanrainfall increasefrom thenortheast
to the southwestof Uganda,relatively higheramountsof nutrientsshould beexpe~tedto
bewashedout in thesouth Ugandansoils comparedto theNorthwestRegion.This pattçrn

is indicatedin Table 3. 1 showing the chemical compositionof selectedUgandanrivers
(Viner, 1971). Though the table reflects a single survey, it illustrates the rangesand
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variability of the majorchemicalconstituentsin therivers. The figures shown reflect the
early rainy seasonwhenthenutrient levelswould be expectedto be highest.

Table 3.1 - River water composition in Uganda

RAT: Ratio to conductivity. Source: Viner, 1971.

Cond. HCO3 S04 CL Ca Mg Ma K SiO Fe Mn P04 NH3N N03
tji~,o mg/L mg/I mg/I mg/I mg/L mg/I mg/I mg/I ugh ugh ugh ugh ugh

Mount ELgon HIM 88 48 3.9 0.4 7.7 2.8 4.8 3.2 15 7 6 100 <5 0
9 rivers MAX 365 220 18.2 4.2 44.5 10.9 18.4 7.4 36.2 350 26 ~14 <5 860
Wooded savan- AVG 156 87 8.1 2.2 15.9 4.5 9.6 4.2 21.8 100 20 160 ‘5 288
na/forest RAT 5.6 0.5 0.1 2.0 0.3 0.6 0.3 1.4 6.4 1.3 10 14

Karamoja HiM 42 19 4.1 0.7 3.4 1.4 1.8 4.2 6.9 9 0.2 35 <5 50
4 rivers MAX 130 76 6.2 2.1 14.3 3.2 7.4 6.5 12.9 19 2.5 940 <5 500

AVG 82 48 4.7 1.3 8.4 2.4 4.1 5 18.6 17 1.1 248 <5 204
RAT 5.9 0.6 0.2 1.0 0.3 0.5 0.6 1.0 2.1 0.1 30 25

Papyrus swarvçs MiN 45 0 10.7 1.6 1.5 1.5 4.1 1.6 2 20 10 5.8 <5 0
11 rivers MAX 210 40 71.5 7.5 9.7 7.3 14.5 10.9 33.5 7200 800 40.6 <5 425

AVG 114 10 32.5 4 4.7 3.5 9.6 3.8 18.1 1970 370 13.2 <5 15.4
RAT 0.9 2.8 0.4 0.4 0.3 0.8 0.3 1.5 173 33 2.2 1.4

Sentiki river HIM 480 300 74 40.1 11 35 70.1 50.2 9.1 S4 53 105 22
4 stations MAX 640 353 120 47.’1 12.1 44.6 92 72 16.2 104 85 148 126
Lake supply AVG 565 323 95.7 44.2 11.3 38.5 79.6 6&.2 12.9 85 67 127 57.7

RAT 5.5 1.7 0.8 0.2 0.7 1.4 1.1 0.2 1.5 1.2 2.3 1.0

Secn(iki tr.ib. HIM S6 24 6.6 0.9 3.8 2.3 3.9 1.7 13.2 94 74 68 <5 50
6 ri~iers MAX 142 43 30.6 4.7 7.7 3.8 15 4.2 30 220 120 202 55 470
Moist savanna AVG 85 34 15.6 2.3 5.2 2.9 8.3 3.12 20.3 172 91.~” 137 11.8 290

RAT 4.0 1.8 0.3 0.6 0.3 1.0 0.4 2.4 20 12 16 34”~

ituri Forest MIN’ 136 75 20.3 4.1 11.7 4.8 11 2.3 45.2 59 24 202 68 432
3’rivers MAX 215 124 34.5 6.4 21.4 10 18.6 3.3 49.5 71 63 253 136 550

AVG 180 97 28 5.5 15.4 7.2 15.2 1.8 47.5 68.3 48.7 230 97.7 477
RAT 5.4 1.6 0.3 0.9 0.4 0.8 0.2 2.6 3.8 2.7 13 5.4 26

Kigezi highL. HIM 52 6.1 6.7 1.6 1.8 1.8 3.1 1.8 5.2 25.5 0 21.4 0
18 rivers MAX 472 330 84 35.5 55.8 24.4 75.5 4.9 29.5 3170 642 740 1050
For./sav. mos. AVG 107 47.3 19.6 8.3 8.6 5.25 11 3.14 16.2 960 113 184 416

RAT 4.4 1.8 0.8 0.9 0.5 1.0 0.3 1.5 90 11 17 39

Ruwenzori HIM 34 13.2 5.5 0.3 1.1 0.9 2.8 7.1 14 2.5 0
7 rivers MAX 420 270 46 13.1 57 12.9 29 30.8 385 215 2390
Bogs/forest AVG 270 78.5 20 4.7 15.6 5 12.3 16.4 123 78.8 533

RAT 2.9 7.4 0.2 0.6 0.2 0.5 0.6 4.6 2.9 20
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Regardingnitrogendistributionit is concludedthatthesoils from theSavannaRegionmost
readily leachesnitrogen, but that the higher rainfall over the mountainscompensatesfor
a lower nitrogenproportionin the total nitrogenrunoff from the forests(Viner, 1971).

Thefiguresalso showgenerallylow ratiosof inorganicnitrogen/inorganicphosphorus(in
theorder of 2-4) indicatingnitrogenasthepotentiallimiting factorfor aquaticproduction.
This is in concordancewith the general opinion among many limnologists, that the
availabilityofnitrogenis thelimiting factorfor theaquaticplantproductionin theUgandan
water systems.

3.2.3. Swampsand wetlands

Thesurveyillustratesclearly thespecialwaterqualityconditionscharacterizingrivers that
passthroughtheswamps.Themarkeddifferencesbetweentheseriversandthosethatbypass
wetlandsare the low concentrationsof inorganic nitrogen and phosphorusfound in the
swamps.

Theability of swampsto retain nutrientsby sedimentation,plantuptak and denitrification
is well known. Theextensivedistributionof swampsin Ugandamakestheman~important
factor governingthe suppliesof nutrientsin thewaterbodiesdownstreamthe swamps.

Anotherprominentfeatureof theswampsis thereleaseoforganic/humicsubstancesaswell
as iron and manganese.Similar conditionsare also found for water runningthrough peat
bogs suchasthosefound in the Rwenzonmountains.

3.2.4. Lake water

A distinctioncan be madebetweenthe streamsand rivers which are fed by thecatchment
runoffandtheEquatorialLakesystemand its connectingrivers which receivemain water

quantitiesfrom the dominantlyrainfedVictoria Lake. Being relatively stagnantthe lakes
actastrapsfor organicmaterialthatis both externallyandinternallyproduced.This results
in a build up of sedimentswhich, for LakeVictoria, approximates3 mm/y (Hecky, 1993).

Theoutletsof the lakesundernaturalconditionswould beexpectedto containless nutrients
andorganicmaterialthan riversdirectly fed by catchmentrunoff. Themain river stretches
connectingthelakeswill thereforereflect the lakewatercharacteristicsand actasdiluters
regardingdissolvedand suspendedmaterial entering from their possibletributaries. An
exampleof this is seenin the Table 3. 1 wherethe Semliki river (draining LakeGeorge)
shows much less inorganicnitrogenand phosphorusthan its tributary streams.
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Thewaterquality of the lakesthemselvesdependspartly on theexternalinput Of minerals
and nutrientsfrom tributariesand rain water. A major factor influencing quality is the
internal recycling of thesechemical compounds from demineralizedorganic matter
precipitatedto thedepthsof thelakes.This recycling is dueto therelativeshallow nature
of Ugandanlakes,which allows for at leastseasonalvertical mixing of thewatercolumn.
However,asthetotal naturalinputof nutrientsand organicsto thelakesis relatively low,
theproductivityof theselakesmustbeconsideredlow. Surveyscoveringthe.annualcycle
of phytoplanktonproductivity in Lake Victoria in the sixtiessupportthis statement.

As mentionedabove,therearegeologicalaspectsthat affectsthe conditionsin the Lake
Georgeareawhich, dueto theyoungervolcanicdepositsaswell astheforestedvegetation
here,provide this lakewith significantly higher loadsof mineralsthando theothers.This
load results in a relatively high level of primary production.The Lake Georgesystem,
however,~exerts-little,influenceonthe main drainagesystemof Uganda.

3.2.5. Generalassessment

Summarizing,thegeneralsurfacewaterquality asgovernedby natural factorsdependson
theinputof mineralsand suspendedmattermainly from rain inducedsoil leachingand the
atmosphericcontributionof especiallynitrogento therainfedVictoria Lake.Thegenerally
weatherednatureof the Ugandansoils and theretaining effectof extensiveswampareas
implies thereforea basicstateof low productivity. Combinedwith an apparentlylow load
of suspendedsolidsaswell asabalancedcomposi”tionof major ions, this leathto generally
excellentwaterquality in the naturalstate.

3.3 Impactsfrom human activities

This sectionbriefly describesthesectoractivitieswhich areconsideredmostinportantwith
respectto theirpossibleimpact on the waterquality of the surfacewater’resources.For
eachrelevantsectorcurrentactivitiesareevaluatedandthesignificanceof poss~b1eimpacts
tentativelydiscussed.Additionally, possibledevelopmentsand their fOreseenimplications
for the future surfacewaterquality are discussed.

3.3.1 Mining

Formerly, the mining activitiesin Ugandacontributedsignificantly to theeconomyof the
country. Thus, commercialscalemining in Ugandastartedin 1907, ~andexploitation has
been made (at different scales)of a rangeof minerals such as: tin, wolfram, copper,
limestone, gold, gypsum,asbestos,mica, columbite, tantalite,quarts,kaolineand lead.
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The most notablemining activities were theKilembe CopperMines, establishedin 1956
in thefoot hills of Mount Rwenzori,and theTororoand Hima cemen,tfactoriesexploiting
limestoneas a raw material.

The Kilembe minesproduced15,4 mill. tons of copperore (1.9% copper)from its start
to its closurein 1977. The raw material was processedon site into concentrates(27%
copper)which weretransportedto therefining industryin Jinja. A byproductfrom theac-
tivity containingcobalt-ferrouspyrite (1,4% cobalt) was stockpiledat Kasese.Today no
activity occursat the mines.

Small scalegold mining is currently going on (licensedas well as unauthorized)in the
Moyo, Mubende,Karamojaand Kikagati Districts. Good estimatesof thenumberof gold
miners cannotbe obtained due to the unknown numberof unauthorizedminers,but an
estimatedtotal of approximately 200 was given by Geological Survey and Mining
Department (GSMD). The mining methods used are usually simple (pan washing
techniques),but contradictoryinformation has been received regardingpossibleuseof
mercuryfor gold recovery(GSMD, NEAP, 1993).

Tin and wolfram is exploitedat small scalefrom old mines in theMbararaDistrict (Kikagati
near theborder to Tanzania)and at Mt. Kafunzo nearKabalein KabaleDistrict.

The most importantimpact on the water resourcesfrom mining activities is thecontami-
nation by minerals(including toxic heavy metals) of surfaceand/orgroundwatersdue to:

- processand drain water from the mines,

— weathering of dumpedor stockedbyproductsand wastes.

Furthermore,dischargedprocesswatermaybechemicallyaltereddueto highconcentrations
of strong acidssuchassulphuric acid, resulting in a loweredpH of the receivingwater
body.

In the presentsituation,the aboveinformation indicatesthat generalmining activities in
thecountryare low andassuchdo not threatenthegeneralquality of theUgandansurface
orgroundwaters.However,thepossibilityfor localproblemsstill exists.Theenvironmental
impactfrom theformeractivitiesin Kilembe/Kaseseminesis discussedin Subsection3.4.2.

ThedevelopmentperspectiveforUgandanmining industryincludesthepossiblecommercial
exploitationofa rangeof mineralsof which themostpromising,accordingto GSMD, are:
therehabilitationof theKilembe mines,the recoveryof cobalt from the siockpiledpyrite
in Kasese,tin andwolfram in MbararalKabaleDistricts, copper,chrome,gold and marble
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in the Karamoja District, iron/phosphate in Tororo rock and iron aroundMiko in Kisoro
District (seeFig 3.1).

Figure 3.1 - Locationof mining areas
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TheGovernmentof Ugandais currently encouraginginvestorsfor therehabilitationof the
mining industries,andaMineral InvestmentPromotionProject(UNDP) hasbeenlaunched
under the GeologicalSurveyand Mines Department.

3.3.2 Petroleumexploitation

Theexistenceof mineral oil in Ugandahasbeen known sincethebeginningof thecentury
dueto oil seepagephenomenaobservedin theWesternRift Valley atLakeAlbert. Attempts
to exploretheoil wereinitiated in 1917by testdrilling in Kibiro 1925.In 1925 thegeology
of the areawas surveyedwith the aim to exploit theoil. With the existing technologyat
that time, the exploitationof theoil was not possible. It was not until the 1980’s that a
determinedeffortwasmadeby theGovernmentof Ugandaand theWorld Bank. This effort
led to thePetroleumExplorationandProductionAct (1985)aswell asanumberof geophy-
sical surveys.In 1991aProductionSharingAgreementwasmadebetweentheGovernment
of Ugandaand Petrofinaof Belgium giving the companyexploration rights in Laropi-
Pakwach,Lake Albert and Lake Edwardbasins.

This explorationis actively going on, and accordingto the PetroleumExplorationand
ProductionDepartment(PEPD>additionalsurveyingis ongoingin theKyogaandKaramoja
areas.

Thewaterquality impactsfrom oil productionconcentrateon oil pollution of surface/ground
watersdue to:

- leachingfrom the productionsites

- dischargingof processwater containingoil

- depositionof drilling mud (especiallyif oil basedmud is used)

- accidentaloil spills

Anotherpossible water quality problemconnectedto the productionof oil canarisefrom
thedisposalof salinebrinesproducedwith theoil from theproductionwells. The i’nduced
increaseof salinity of receivingwaterscan make theseunsuitablefor otheruse.

Until now, the activitiesareat the stageof explorationand eventhough testdrilling may
inducesomelocal pollution problems,currentlypollution by hydrocarbonsis definitely not
a nationalscale issue. However, with the prospectof initiating oil productionwithin a
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timescaleof 5-10 years from now (PEPD), substantialwater quality impacl:s must be
foreseenin certainareasif no proper managementis implemented.

3.3.3 Manufacturingindustries

The level- of industrial activity in Ugandahas beenseverelydiminishedsincethe sixties
due to the period of civil unrest in the country. Today thereare only 5000 factories
registeredin thecountry, amongwhich manyproducebelow capacity.

The current activities concentrateon manufacturinggoods using raw materials from
agriculture,livestock and forestry with the aim to satisfy domesticrequirementssuch as
textiles,soap,andbeverages.Furthermore,primaryprocessing(pre-cleaning,gradingand
packaging)of agriculturalproductsfor export, suchascoffee,cotton, tea,andbeanstakes
place.

Themajoractivitiesconsistof manufacturingoftextilesandgarments,leather,sugar,foods,
soft drinks and flour milling. These activities are concentratedin southern Uganda,
particularlyKampalaandJinja,at theshoresofLakeVictoria andVictoria Nile. Themajor
industriesrelevant,inthis contextand their1oca~ionare shown in Table 3.2.

Breweriesand ~oftdtink indUstries
Thereare twObreweneslocatedat the shoresof Lake Victo~ia:UgandaBreweriesLtd
located at Luzira ändthe Nile Breweries Ltd located at Njeru. Therearealsoten soft drink
factoriesproducingsoft drinks andfruit juice, theseareconcentratedin Kampala,Jinjaand
Masaka.

Thewaterquality impactsfrom thebreweriesare mainly relatedto thedischargeof waste
watercontainingorganicsolidsandsolublessuchasyeast,alcoholandbarleywhich reduce
oxygencontentand increaseavailablenutrientswhich contributesto eutrophicationin the
receivingwater. For the soft drink industries,the wastesmainly containsugarand fruit
residues. \Furthermore, the use of caustic soda for cleaning bottles raise the pH in the
effluentsaffecting the water quality locally around thedischargepoint.

Togetherthe two breweriesproduce5000 m3 of wasteper day which is dischargedinto
LakeVictorialVictoria Nile untreated.With measuredBOD5 valuesof 3500mg/l (NEAP,
1993) this is resulting in a total dischargeof 17.5 tonnesBOD5 per day.
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Table 3.2 - Major Ugandanindustries

TYPE OF INDUSTRY NAME LOCATION

Breweries Uganda Breweries Ltd
Nile Breweries Ltd.

Luzira
Njeru

Soft drinks Masaka Bottling Co.
Masaka Food Processors
Pop Soda Bottling Co.
Lake Victoria Bottling
Kampala Bottlers
Uganda Mineral Water Co.
Century Bottling Co.
Allison Company
Crystal Springs
Jubilee ice and Soda Plant

Masaka
Masaka
Masaka
Kampala
Kampala
Kampala
Kampala
Jinja
Jinja
Jinja

Sugar Kakira Sugar Works
Sugar Corporation of Uganda Ltd.

Kakira
Lugazi

Plant oil and soap 22 registered companies Spread over the
country

Meat and fish industry Municipal abattoirs
Uganda Meat Packers
Uganda Meat Packers
Uganda Fisheries Enterprise
Gonta Factory
Victoria Fresh Foods

Most urban centres
Kampala
Soroti
Jinja
Jinja
Kampala

Dairy industry Milk collecting
centres

Milk packaging plant

Spread
over the
country
Kampala

Textile industries United Garments Industries Ltd.
National Enterprise Corporation

(NEC)
Uganda Blanket Manutactures
Nyanza Textile Industries
Mulco Textiles Ltd.
Uganda Bags and Hessian Mills
African Textile Mills
Uganda Spinning Mills

Karrçala
Kawempe/Kançala
Kampala
Njeru/Jinia
Jinja (closed

1990)
Tororo
Mbale
Lira (closed) —

Leather Tanning - Jinja

Paper - Jinja

Rolling mill Jinja

Source: NEA°, 199~

This is a considerableload of organicswhich, dependingon the waterexchange,is likely
to affectthewaterqualitymarkedlydue to oxygendepletionnearthedischargepoint. Thus,
fish kills havealsobeenreportedin thevicinity of thebreweries.Thewastesfrom thesoft
drink industries have somewhatlower concentrationsof biodegradableorganicNmatter
resulting in BUD5 valuesaround 450 mg/l, but no estimatesof total loads have been
obtained.
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Sugarindustries
Currently, two sugar refining factoriesare operationalin Ugandanamely Kakira Sugar
Works and theSugarCorporation of UgandaLtd (SCOUL Lugazi). A third (the Kinyara
Factory)has been closedsince 1985 but may be rehabilitated.

As for thebreweries, the main impact from the sugar industry derivesfrom the loading
of the receiving water by organic wastes resulting in excessiveoxygen demandand
contributionto eutrophicationprocesses.The organicwastescontaincanewash,cellulose
matter, canejuice and molasseswaste. Indications of very high BOD5 valuesare cited

(NEAP, 1993): 130,000mg/l and 224,000mg/i for Lugazi andKakira, respectively.With

a reported daily amountof wastesaround 500 m3, thesefigures give rise to estimated
amountsof 65 tonnesBUD5 releasedper day to the river Musambya(Lugazi) and 112
tonnesto the river Kiko (Kakira).

Plantoil and soapindustries
A total of 22 factoriesarecurrently registeredwithin the field of processingoil containing
seeds.(cotton seeds,sunflowerseeds,ground nuts, sesameetc.) into edible or industrial
oil products. A part of theseproductsare further processedinto soap.The oil and soap
industriesarespreadthroughoutthe country, typically locatedin theareasof raw material
production.As for other industries,plant oil and soapprOductionhavebeenoperatingat
a very low le.vel in theperiod froiji..the 1970’sto 1987, blit productionis increasingagain.

The processesincludemechanicalcrushingof seedsto pressout oil, neutralizingtheacids
in extractedoil usingsodiumhydroxide,scrubbingtheoil usingwaterto removeimpurities,
bleaching/decolonsingtheoil usingactivatedcarbon.The manufacturingof soapinvolves

further addingof sodiumhydroxide.

The wastesfrom this typeof productioncontainhigh amountsof dissolvedandsuspended
organicmatenal, and consequentlyaffect the receiving water body by incieasedoxygen
demandandeutrophication.Furthermore,thewastesoftencontainssodiumhydroxidewhich
increasesthe pH. Levels of suspendedsolids of 1000 mg/l and BOD5 of 25,000 - 30,000
mg/i have been measuredfrom these industries’ effluent. A survey of the major oil
processingindustriesrevealedthat no wastewater treatmentoccurredandoften the wastes
were dischargedto the public oxidation ponds (NEAP, 1993). Though no quantification

of the actualamountsof thesewasteshavebeenobtained,this typeof wastewateris likely
to affect the recipient markedlywithin certain distancesfrom the outlet.
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Meat and fish industries
Except for the abattoirswhich are locatedin most urbancentresthroughoutthe country,
themajor meatand fish processingindustriesareconcentratedin KampalaandJinja. These
industriesare slaughterhouses,and factoriesinvolved in cleaning, smokingand packing
fish. Thewastesconsequentlycontainhigh amountsof organicmaterialderivingfrom blood,
meat, fat, greaseandintestines.Thus, measuredvaluesof BUD5 rangingfrom 2000 to 3000
mg/i havebeenfoundfor theeffluentsfrom abattoirs.Someof thefactoriesalsodischarge
salt and chlorine.

The wastesaregenerallydischargedthrough the public sewerswithout any treatment,but
no quantity estimatesof effluentshave been obtained. It is, however, well known that

untreatedwaste water from this type of industry may createseverelocal effects on the
receiving water bodies.

Dairy industries
One majormilk packagingfactory is locatedin the Kampalaindustrial area.This factory
usesaround250 m3 of waterperday for cleaningand washing.Thewastescontainmostly
milk from spillage and washouts,and BUD5 of 2,500 mg/I has been estimatedfor the
effluentwhich is lead to theBugolobi treatmentplantthrough thepublic sewer.Additional-
ly, anumberof milk collecting centresarelocatedaroundthecountry,but no quantification
of effluentshas beenobtained.

Leathertanning
Thereis onesignificantfactory locatedat theshoresof Lake Victoria in Jinja. The leather
tanningprocessinvolvesavarietyof chemicalswhich characterizethewasteeffluentssuch
as:arsenic,DDT, zincchlorideandvariousdichlorobenzenes,chlorineandsodiumfluoride,
caustic soda,sodium sulphide, sulphuricacid, hydrochloricacid and chromium. Such a
mixtureof toxic chemicalswill, if dischargedin significantamounts,causevarious lethal
or chroniceffectson the flora and faunain thereceivingwater.Thesechemicalscan also
renderthewaterunsuitablefor watersupplyor otherutilization. Thewastefrom this factory
constitutes430 m3/day(with a BOD5 of 700 mg/I) which is dischargedto Lake Victoria.
However, theconcentrationsof thevariouschemicalconstituentsare not known,and thus
the significanceof this pollution sourcecannotbe assessed.

Textile industnes
The numberof textile manufacturingindustriesin Ugandatotalseight, of which threeare
locatedin Kampala,two in Jinjaand onein Tororo, Mbaleand Lira. Thelatter, however,
is now closed. In generalactivities in the textile industry havebeenlow.

The wastescontain various chemicalsusedmainly for the dying and printing processes:
caustic soda,hydrogenperoxide, sodium silicate,dyes (mostly azo, diazo- and phenolic
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compounds).Otherchemicalsin this processincludesolventsfor thedyessuchasaromatic
hydrocarbons(benzol, toluol, xylol, naphthasandaromaticamines)and solventsusedfor
cleaningmachinery.Theeffluentsalsocontainmetallic ions and theorganiccontentresults
in aBOD5 of 1200mg/I. Manyof thesechemicalsaretoxic or carcinogenicand will, when
dischargedin significantquantities,severelyaffect thewaterquality of thereceivingwater
body. A total effluent quantity from the textile industriesis estimatedat 20,000m3/day
(NEAP, 1993), However, no concreteinformation on the concentrationsof the various
chemicalconstituentshasbeenfound for thetanning industry.

Other major industries
Paperindustry is also presentin Uganda.The numberof employeesin this industry was
640in 1991 and an installedcapacityof 2,690tonnesis present.However,theproduction
was only 346 tonnesin 1991 (Backgroundto the budget, 1992)but on an upwardtrend.
Wastewaterfrom suchindustriesare normally rich in fibres and variouschemicalsused
for purposessuchas bleaching.

Steel industry (steelingots and corrugatediron sheets)hasan installedcapacityof 42,000
tonnes/yearand a present(1991) productionof 2,296 tonneson an increasingtrend.Th~
environmentalproblemsrelatedto this typeof industryaremainly dueto theslag produced
during theiron refiningprocesses.Thus, slagdepositscontainavarietyof metals,including
cadmiumand chromium, which arewashedout by rainwater.

No informationon compositionandquant1tiesof wastesfrom thepaperandsteelindustri~s
has beenobtained.

Semi-industrialactivities
In ~1ditionto themajorcurrentindustrial activitiesasmentionedabove,therearea nurnb~r
of semi-industrialactivities which may affect the water quality in the vicinity of their
location or in the recipientsfor the urban seweragesystems.Among theseare:

- Battery manufacturingand repair (producingacidic wastescontaininglead)

- Garages(dischargingoil products)

- Gas stations(leachingoil products)

- Petroleumstoragefacilities (spillageand leakageof oil products)
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Presently,the significanceof thesepollution sourcesmay be consideredlow due to the
generallylow economicactivity in thecountry.However,with continuedeconomicgrowth,
waterquality impactsfrom theseactivities will be an issuefor action.

3.3.4 Summary- mining and industrial sectors

The mining activities in Ugandamustbe consideredlow and thereforetheimpacton water
quality from this sectoris presentlynot an issueat a nationalscale.However,at leastone
exampleof local pollution from (former)mining activitiesexistsdueto aciddrainagefrom
Kilembe minesand leakagefrom the cobalt stockpile in Kasese(seeSubsection3.3.1).

Ugandapossessconsiderableexploitablemineral resourcesand investmentsin this sector
areencouraged.Without proper managementsucha developmentwill effect the quality
of thewater resources(at leastlocally) by chemicalpollutants suchastoxic heavy metals,
influencingpossiblewaterusefor other sectorsin the impactedareas.

Exploration of petroleumreservesis on going in WesternUganda. Dependingon the
outcomefrom this exploration,Ugandamay initiate landbasedpetroleumproductionwithin
a timescaleof 5-10 years. A managementstrategyfor the environmentalaspectsof such
productionis neededaswell, to avoidpossiblesevereimpactsfrom hydrocarbonpollution
rn the water resourcesin theseareas.

Regardingtheindustriesof Uganda,thelevel ofactivities is consideredlow. Consequently,
themain water pollution problemsareconfinedto local areas.At presenttheseare theJinja
andKampalaareas,but singleindustrieslocatedin thecountrysideare likely to significantly
affect streamsor rivers receivingthe wastes.

The main pollution problemsconnectedto Ugandanindustriesare organicwastesfrom
sourcessuchas breweries,abattoirs,othermeatand fish industryand sugarindustryetc.
(the latterdischargingextremelyhigh loads).However,a few industriesproducechemical
hazardouswasteswhich are likely to seriouslyaffect waterquality seriouslyat the local
level. Examplesof sourcesof hazardouswastebeingtextile, paperand tanningindustnes.

Theeffectsof an organicwasteoutfall on the river waterquality areexemp~ifiedin F~g
3.2. At a distancefrom theoutlet thecritical point, or minimum oxygencontent, occurs.
This is thepointwheresupplyof oxygendueto reaerationjust balancestheuseof oxygen
dueto thedegradationprocesses.Dependingon thevolume and BUD concentrationof the
load thedegradationof organicmaterialmayresultin total oxygendepletionircurringkills
of fish andotherorganismsin theriver. Thedegradationfurtherreleasesnutrientsandother
mineralsformerlybound in theorganicmaterialwhich increasestheconcentrationsofthese
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compoundsdownstream.Fig 3.2 includes a depiction of this phenomenafor nitrogen
compoundsfound downstream~of a wastewateroutfall.

Figure 3.2 - Effectsof an organicwasteoutfall on theriver waterquality
(DO = dissolvedoxygen)
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Agriculture is themost importanteconomicsectorin Uganda.Thesectoraccountsfor 59
percentof the GDP (1991)and over 90 percentof the exports.Foodcropsdominatethe
industry totalling 74 percentof agricultural GDP, leaving 16 percentfor livestock, 2.5
percentfor forestry, 3.9 percentfor fishery and 3.9 percentfor cashcrops.

Agricultural output comesalmost exclusively from about 2.5 million small holders, 80
percentof whom havelessthan2 hectaresof land. Only teaand sugararegrownon large
estateswhich total only 40,000hectares.The total cultivatedareais estimatedat 50,000
squarekm, which is about30 percentof the estimatedcultivable area.Figs 3.3 and 3.4
s1u,w the land-usedistribution and the distribution of thecultivated land, respectively.

MOUNTAIN 1,2%
GAME RES. 6,2%

CULTIVATED 20,5% WA~rER 15,0%

PASTORAL/ARABLE 47,7%

Figure 3.3 - Land-useestimates(Source:Surveyand Mapping Department)

91.5 percentof thetotal areaundercultivation in 1990was usedfor foodcrops.(Fig3.4).
Excluding the estatecrops, teaand sugar, thecash cropsarecoffee(250,000ha), cocoa
(10,000ha), cotton (70,000ha) and tobacco(4,000ha).

The potential impactsfrom agricultural activities on water quality involve issuessuchas
increasedsedimentloadsto therivers dueto soil degradation,increasednutrientrunoffdue

FOREST 6,3%
SWAMP 3,1%
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to applicationoffertilizers,and contaminationby toxic chemicalsusedfor controlof weeds
and insects.

ROOTS 17,

CEREALS 22,7%

PULSES 14,4%

OILSEED 7,69~

COFFEE 5,2%

COTTON 1,5%
OTHER CASH CROPS 1,3~

BANANAS 29,7%

Figure 3.4 - Distribution of cultivatedarea,1990

Soil erosionand sedimenttransport
As mentionedin Subsection2.8.2, theextentof soil erosionaswell asits relation to land-
usepracticesin Ugandacannot be assessedin detail due to lack of quantitalivedata.
However, Annex 12 “Land and Water ManagementStudy” in WAP.Doc.012 gives an
assessmentbasedon field studies,literatureand interviews.

Among relevantpossible impacts related to water quality and ecology from sediment

transportare:

excessiveturbidity of drinking water supplies

destructionof the substratefor bottom-living fish

destructionor alterationof thebenthosthat forms the sourceof food for many
fish species
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- exposingof anoxicsedimentlayers

- increaseof turbidity resulting in irritation or clogging of fish gills, interfering
with visual feeding,

- inhibition of plant photosynthesis.

Fertilizers
Nutrients such as nitrogen and phosphorusare essentialfor the growth of all plants.
Dischargeof nutrientsinto therivers might be beneficial to the growthof algaeandweeds
and thus to otheraquaticbiota aswell asfor irrigation purposes.High concentrationsof
nutrientsfrom excessfertilizer run-offfrom croppedareasinto lakesandrivers might result
in densegrowth of algaeandweeds,which ateconsidereda componentof eutrophication.

In Ugandathe useof artificial fertilizers hasbeenvery low up to now. Thus, the total
importsof agrochemicalsfor 1990and 1991 wereas low as4,120and 1,166 metric tons,
respectively(Bankof Uganda,1992).Thereasonis that fertilizer useis mainly confined
to the estatecropssuch astea,sugarand tobaccowhich presentlycoun~..for a very small
proportionof the cultivatedarea.Theapplication of fertilizers for food cropsis virtually
non-existant. Consequently,leaching of f~rtilizernutrieilts to the Ugandan freshwater
systemscannotbeconsidereda significantthreat to the generaL~waterqualityat present.

Theprospectsfor useof fertilizersin the short termcontinues‘to lie with theestatecrops,
sincethe food productionis not expectedto increasein productivity dueto a combination
of high pricesfor fertilizersand thecurrentreasonablefood balancein the country (Bank
of Uganda,1992). However,fertilizer useis predictedto continuefor high-valueexport-
or import-substitute-crops,suchassugar, teaand tobacco.Growth in theseexportswill
stimulatedemandfor agrochemicals(World Bank, 1993).

Crop protection
In Ugandaagro-pesticidesareusedin orderto increaseagriculturalproduction- especially
for cash cropssuchassugar,tea, coffee,cotton and tobacco.

Organochlorineswere formerly usedfor insectcontrol. They are insoluble in water but
highly solublein fat. Due to their persistence,organochlorinesmay beeffectiveeven 10
yearsafterapplicationand they tendto havea bioconcentrationtrend in thefood chain.

DDT is the most well known of all organochiorinebiocides.Sinceit wassynthesizedin
1874, DDT hasbeenwidely usedasan insecticide. It wasprimarily usedin residential
areas.Due to its effectivenessand low price, DDT was also applied in agriculture
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particularly in Ugandaagainstseedlingand foliagepestsin cotton and boll worm. T’his
chemical’secologicaleffect, however, has resulted a ban of its use in many countries.
Todaythe useof DDT in Uganda’~hasvirtually beenreplacedby thiodan,permethrinand
cypermethrin(since 1982).

Against the bananaweevil and the banananematodeRadopholussimilis, Dieldrin and
Furadanhavebeenused,andin thecoffeeplantationsFenitrothionis usedagainstfoliage
pestswhile “Round Up” (a glyphosate)is usedagainstweeds.

Table 3.3 - Import of agrochemicals1990-1991

1990 1991

Quantity (1) VaLue (US S) Quantity CL) VaLue (US 5)

Pesticides 363,220 2,603,110 508,970 5,117,178

Herbicides 41,460 450,223 169,110 2,390,652

TotaL 404,680
-

3,053,333 44,010 7,507,830
,~‘ r,_J.

Source: Bank of Uganda, 199~

Neitherdetailed’estimatesof theathountof biocidesusedin agriculturein Uganda,nordata
on theiraccumulationin the environmentexists. The lack of control and monitoring of
biocides-makessuchestimates-difficult.However,statisticson import exist (Table 3.3),
andinformationon the distribution of land-usepracticesillustrateswherethepotentialof
contaminationby thesechemicalsis located(seeFig 3.5). The valueof chemicalimports
for crop protectionincreasedfrom US$ 3.1 million in 1990 to US$ 7.5 million in 1991
(Table3.3). Most of the increasewasdueto increasedherbicideapplicationin theteaand
sugarestates,arisingmainly from expansionin areaand a manuallabourshortagein this
sub-sector(Bank of Uganda, 1992).
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RAT: Ratio to conductivity. Source: Viner, 1971.

Figure 3.5 - Areaswith high productionof pesticidedependentcrops
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Cond. HCO3 S04 CL Ca~ Mg Na K 510 Fe Mn P04 NH3N N03
izi*io mg/L mg/I mg/L mg/L mg/L rng/L mg/L mg/I ug/L ug/L ug/L ug/L ug/L

Mount Elgon MIN 88 48 3.9 0.4 7.7 2.8 4.8 3.2 15 7 6 100 <5 0
9 rivers MAX 365 220 18.2 4.2 44.5 10.9 18.4 7.4 36.2 350 26 314 <5 860
Wooded savan- AVG 156 87 8.1 2.2 15.9 4 5 9.6 4.2 21.8 100 20 160 <5 288
na/forest RAT 5.6 0.5 0.1 2.b 0.3 0.6 0.3 1.4 6.4 1.3 10 14

Karamoja MIN 42 19 4.1 0.7 3.4 1.4 1.8 4.2 6.9 9 0.2 35 <5 50
4 rivers MAX 130 76 6.2 2.1 14.3 3.2 7.4 6.5 12.9 19 2.5 940 <5 500

AVG 82 48 4 7 1.3 8 4 2.4 4 1 5 18 6 17 1.1 248 <5 204
RAT 5.9 0.6 0.2 1.0 0.3 0.5 0.6 1.0 2.1 0.1 30 25

Papyrus swan~s MIN 45 0 10.7 1.6 1.5 1.5 4.1 1.6 2 20 10 5.8 <5 0
11 rivers MAX 210 40 71.5 7.5 9.7 7.3 14.5 10.9 33.5 7200 800 40.6 <5 425

AVG 114 10 32.5 4 4 7 3 5 9.6 3.8 18.1 1970 370 13.2 <5 15.4
RAT 0.9 2.8 0.4 0.4 0.3 0.8 0.3 1.5 173 33 2.2 1.4

SemLiki river MIN 480 300 74 40.1 11 35 70.1 50.2 9.1 54 53 ‘105 22
4 stations MAX 640 353 120 47.1 12.1 44.6 92 72 16.2 104 85 148 126
Lake suppLy AVG 565 323 95.7 44 2 11 3 38.5 79 6 60.2 12.9 85 67 127 57.7

RAT 5.5 1.7 0.8 0.2 0.7 1.4 1.1 0.2 1.5 1 2 2.3 1.0

SeniLiki trib. MIN 56 24 6.6 0.9 3.8 2.3 3.9 1.7 13.2 94 74 68 <5 50
6 rivers MAX 142 43 30.6 4.7 7.7 3.8 15 4.2 30 220 120 202 55 470.
Moist savanna AVG 85 34 15 6 2 3 5.2 2 9 8.3 3 12 20 3 172 91 7 137 11 8 290

RAT 4.0 1.8 0.3 0.6 0.3 1.0 0.4 2.4 20 12 16 34

!tur, Forest MIN 136 75 20.3 4.1 11.7 4.8 11 2.3 45.2 59 24 202 68 432
3 rivers MAX 215 124 34.5 6.4 21.4 10 18.6 3.3 49.5 71 63 ‘253 136 550

AVG 180 97 28 5 5 15 4 7 2 152 1 8 47 5 68.3 48.7 230 97 7 477
RAT ~.4 1.6 0.3 0.9 0.4 0.8 0.2 2.6 3.8 2.7 13 5.4 26

Kigezi hight. MIN 52 6.1 6.7 1.6 1.8 1.8 3.1 1.8 5.2 25.5 0 21.4 0
18 rivers MAX 472 330 84 ~5.5 55.8 24.4 75.5 4.9 29.5 3170 642 740 1050
For./sav. mos. AVG 107 47 3 19.6 8.3 8.6 5.25 11 3.14 16.2 960 113 184 416

RAT 4.4 1.8 0.8 0.9 0.5 1.0 0.3 1.5 90 11 17 39

Ruwenzori MIN 34 13.2 5.5 0.3 1.1 0.9 2.8 7.1 14 2.5 0
7 rivers MAX 420 270 66 13.1 57 12.9 29 30.8 385 215 2390
Bogs/forest AVG 270 78.5 20 4.7 15.6 5 12.3 16.4 123 78.8 533

RAT 2.9 7.4 0.2 0.6 0.2 0.5 0.6 4.6 2.9 20
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Livestock protection
Another field of applicationof insecticidesis theprotectionagainstticsin livestock. In the
past, this protection wasdominatedby organochlorines(toxapheneand lindane)but as in
othercase~sthesehave given way to organophosphateand syntheticpyrethroidssuch as
deltamethrin(Decatix) and cypermethrin(Fendona).Thesechemicalsaremainly usedin
cattledips, andaregenerallydisposedof directly into theriver/streamsystemsor through
seeppits.

Vector control
Asidefrom strict agriculturalapplication,biocidesareusedin thecontrolof vectors,such
‘as mosquitoes,ts~-tseflies, black flies and snails. Thesevectorscanbe the carriersof
diseasessuchas malaria,sleepingsickness,river blindnessand. Thoseof major concern
arethe ts~-tsefliesand mosquitoes.Before 1960DDT wasthe mainpesticideusedagainst
theseve~tors. However, owing to the insectssubsequentresistance,DDT hasbeenlargely
replacedby Dieldrin, which is still usedbut on restrictedbasis. It is used for ground
sprayingandselectivetreatmentof treetrunks(landingsites for flies) and fly traps.Its use
washighestfrom 1962 to 1988, but hasnow decreasedowing to a ban on its manufacture
and usein-EuropeandtheUSA. However,stocksof this pesticidedo exist in thecountry,
havingbeei~importedwith the intent to be usedon thetse-tsefly throughaerial spraying

(a ‘practice that hasbeendiscontinued).

Dieldrin has largely beenreplacedfor aerial sprayingby thioclan (endosulfan).In 1990,
130,000litres r~fthiodanwere sprayedover 1 ;100 km2 of land in IgangaDistri~.Thiswas
thethird areain BusogaRegionto be sprayedwith this chemical.Thefirst campaign(1988)
covered600 km2 and thesecondcovered925 km2. Furtheraerial sprayingcampaignsare
plannedfor the West Nile Region of northernUgandaaimed at controlling the sleeping
sicknessepidemicthat broke out in theseareasbetween1985 and 1990.

Assessment- threatsfrom pesticides
Consideringthecurrentagriculturalstructurein thecountry,with themajority of landbeing
used for traditional food crop farming as well as a general sliift towards useof more
biodegradableand lessharmfulchemicals,thepresentuseof pesticidesfor crop prQtection
and vector control is not likely to bea majorquality issue for Ugandansurfacewatersas
a whole.Thereare,however,severalreasonswhy local contaminationsby thesechemicals
may occur:

accumulationof persistentorganochlonnes/residuesdue to former use of
hazardouschemicals,namelyDDT

/

continueduseof organochiorinesdue to old stocks
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- improperapplicationpracticesdue to low educationlevel of farmers

Page3.23

3.3.6

- geographicalconcentrationof
pesticides

- the locally intensivespraying
control

Sewageand solid Wastes

high yielding cashcropsdependingon useof

of pesticides necessaryfor an effectivevector

Sewage
The situationin Ugandais characterizedby extensiveuseof simple sanitationtechniques.
The vast majority of thepopulation in towns rely on traditionalpit latrines!A few towns
havebucketsystemsand in the coreareasof many townsseptictanksareused.In total,
only thirteen townsor cities haveinstalledwaterbornesanitationsystems,and theseare
only coveringthecoreareasof thetowns,thusservinga minorpartoftheurbanpopulation.
The waterborneseweragesystemsposepotential threatsto the surfacewaters,sincethe
sewage(with or without treatment)is ultimatelydischargedinto streams,rivers or lakes.

The impactsfrom dischargeddomesticwasteson the quality of thereceivingwatersare:

- contaminatipnwith pathogenicbacteria,virusesand parasites

- organicloading resulting in oxygendepletion

- nutrient loading contributingto eutrophication

- contaminationwith chemicalsusedin thehouseholds

Among thetownsandcities which havewaterborneseweragesystemsthefollowing types
of sewagetreatmentareprovided:

- largeseptic tanks

sedimentation(mechanicaltreatment)

traditionaltrickling filter plantsproviding mechanicalandbiological treatment

stabilizationpon~s
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Surveysof thesanitationsituation(Cowiconsult/NCG/Habitat,1993and Gauff/Parkman,
1989)revealedthatthegeneralstateof thesewagetreatmentfacilities wasverypoor.Table
3.4 summarizesthis status.

As seenfrom the table, thegeneralstateof sewagetreatmentin Ugandantownshasbeen
consideredpooror non-existing.This implies that for a numberof towns theraw sewage
is dischargedinto small riversor streamsuntreated.

Having far the largestpopulation, the dischargeof sewagefrom Kampalaneedsspecial
attention.Here, thecentralpartof thecity is servedby sewers.Thus,thesewagetreatment
plantat Bugolobi is fed by four main sewers.Over 150 km of lateralsewersdischargeinto
thesemain sewers.In addition, the seweragesystemhas threesewagepunijing~stations
which lift sewagefrom thelow lying areasto theplant. Thegeneralconditionsof thesewers
are,however,poor and it hasbeenestimatedthat only 50 % of the sewageeverreachthe
treatmentplant (NEAP, 1993).The remainderis expectedto find its way to the’ Nakivubu
channel,which was originally constructedas a storm water channel,and is thus lead’
untreatedto the Nakivubu swampwhich drains into MurchisonBay of Lake Victoria.

RapidVf~terResourcesAssessment WAP.Doc.OO7fFwaI



3.4 Towns with waterborne sewerage systems

Town PopuLation

Total Served

Treatment

Type State

Amount
,n3/day

Receiving
water

775,000 15% S,F,D Poor 20,000 Swan~-, Lake Victoria

61,000 P Poor 7,650 River NiLe

42,000 - P Rehab. 835 Lake Victoria

54,000 P
P

- 2,910 River NamataLa
River Doko

27,000 - P Poor 800 River LuruLuro

49,000 - S,A Inadeq. 460 Swan~.> River Kemaiita

40,000 Rehab. - River Ruizi

PortaL 32,000 - SE,F Poor - River Mpanga

27,000 - P
P 900

River OkoLe

43,000 10-15% P Not
f unc.

200 River Pece

20,000 10% 5,F Not
func.

- River Watugogo

28,000 4% F,SE Not
f uric.

41,000 20% P,F Poor

Thesewagetreatmentplant for Kampalais locatedat Bugolobi in the industrialarea.This
plant wastonstructedin the 1940’s, expandedin the late 1950’s andagain in 1969/70.
Rehabilitationwork on the plant wascarried out in 1986/87underWorld Bank funding.
It is a conventionalmechanicalplant, dependingon electricity supply. The plant process
consistsofscreeningremoval,grit removal,primarysedimentation,-biofiltration,secondary
sedimentationand aerobicsludgedigestion.Theplant treatsboth domesticand industrial
sewage,and theeffluentsareled to the Nakivubu Channel.

The fact that the sewagefrom Kampalacity flows throughthe Nakivubu swamp,results
in a reductionof polluting elementsbeforeit finally entersthe openwaterof Murchison
Bay. This is dueto sedimentationof organics,uptakeofnutrientsby theswampvegetation
anddenithficationwithin theswamp.Thus,theeffluentsfrom theswampcontain relatively
low concentrationsofBOD5, nitrates andphosphorus(Taylor, 1991).Therefore,thewater
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A: Activated storage
0: SLudge digestors
F: Trickling filters

P: Oxidation ponds
5: Sedimentation
SE: Septic tanks
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quality in the MurchisonBay is still acceptablefor the drinking water intake which is
locatedhere.However,the steadysupply of nutrientsto the bay resultsin algaeblooms.

Thesewagefrom Masakatown also passesa wetland,reducingthe pollutantsof thefinal
effluent, beforeit reachesthe Karnambariver. However, in this casethe wetlandis also
usedfor horticulture farming and the raw sewagecreateshealth risks to the local farmers,
The role of wetlandsaspurifiers is discussedfurther in Subsection3.4.1.

Due to the low coverageof sewersin Ugandan towns, non-connectedwastes, such as
householdwater containingorganic matter, are left on the groundor in surfacerunoff
channels.During rainfall thesewastesareflushedwith therunoff to thereceivingwaters.
In somelow lying areashigh waterlevelsmaybe flooding inhabitedareasbringingwastes
in suspension andcreatinghealthhazardsdue to bacterial contamination.

Solid waste
Thedomesticsolid wastecontainsall typesof wastefrom thehouseholds,includingorganic
debris from food preparationas well as plastic, glass,metai,batteriesand medicine.

The impactsofthe solid wasteon the surface wa~cr~‘u2’ityderivemainly from rain induced
washoutofbacteria,organicmatter,an~1hazardousclicinicalsffom urbandumpsiteslocated
nearthe water bodies. The leakage.from such sites may, if diained to streamsor lakes,
createlocal -water~quaIitycoiistraint:s to otherwater use,-‘thainly due to healthhazards.

In Ugandasuch local waterquality problemsare likely to exist aroundthe bigger towns
and cities, wherethe wasteis concentratedin dump sites. EspeciallyKampala, in which
the population produces 2,800 m3 of wastesper day (equal to 0,004 m3/day percapita),
needsattention.Here, a wastecollection systemexistsand about50% of the household
wastes are (or have been)disposed on thethreeavailabledump sites - Wakaliga,Lugogo
and Port Bell. Moreover, the dump sites in Kampala receive solid wastes from the
industries.

Assessmentof threatsto water quality
The generallow serviceregardingsanitation,i.e. limited coverageof waterbornesewerage
systemsin theUgandanurbancentres,implies that the surface waters of Ugandacannot

be consideredseverelyimpactedby sewagecurrently. Assumingthata maximumof 15 %
of thepopulationis servedby public sewersin thetownswheresuchareinstalled,a total
of lessthan200,000peoplecontributeto direct faecalpollution of surfacewaters.Half
theseareconcentratedin Kampalawhich, due to the Nakivubu swamp,possessa quite
efficient naturalsedimentationareawhich also actastertiary filter for the wastes.
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However,local contaminationproblemsexist in streamsandrivers receivingmoreor less
untreatedwaste waters from a numberof towns where sewagecollection systemsare
installed. Furthermore,it shall be noted that waterbornesanitationis likely to develop
rapidly in majorurban centres(dueto public health aspects)if generaleconomicgrowth
takes place in the coming years. For Kampalaand other cities a significantly better
sanitationservicewill imply increasingwaterquality problemsin thereceivingwaters if
no effective treatmentsystemsfollow the servicedevelopment.The useof swampsas
purifiers for sewagefrom citiessuchasKampalawill becomeinadequateasthe sanitation
servicelevel and coverageincreasessignificantly (seeSubsection3.4.1).

Surfacewater quality problemsdue to pollution from wastedump sitesare similarly not
considereda generalproblemin Uganda.As for thesewage,centralizedcollectionsystems
arenot commonin Ugandantowns.Therefore,pollution of surfacewatersfrom this source
is likely to be restrictedto local areas(e.g. Kampala).An economicdevelopmentof the
country will, however,similarly increasethe amountsof dumpedwastes,and attention
shouldbepaid to thedesignandlocationof future landfills to avoidseriouswater pollution
problems.Another considerationis thecontentof hazardouscompoundsin solid wastes,
which tendsto increasewith increasingliving standardamongthepopulationdueto higher
consumptionof sophisticatedproducts,This would ultimately result i~an increasein the
hazardouseffectsof this pollutionif appropriatetreatment.~meastireswçre~’notimplemented,.

3.4 Assessmentof presentwaterquality problems

3.4.1 Key elementsof the Ugandansurfacewater system

Lake Victona
The size añ’d hydrology of Lake Victoria makesthis lake the mostimportantwater body
governingthe waterquality of theWhite Nile system.With its dominatingoutflow to the
UpperNile systemcomparedto other contributions, the quality of the Victoria Nile, Lake
Kyoga,Kyoga Nile and Albert Nile is to a greatextentsimilar to that of Lake Victoria.
The lakeitself alsoplaysa largerole in theeconomicdevelopmentof the riparian states

due to its many possibilities for exploitationsuchas fishery, water supply and transport.

In recentyears,Lake Victoria hasgiven causefor concern due to severa’ indications~ of
radical changesin thelakeecology.The mostapparentchangehasbeenthe introductiin
of non-indigenousfish species,specifically thepredatoryNile Perch (LatesNiloticus and
theherbivorousOreochromisNiloticus). Thesespecies,which wereintroducedin the late
fifties and earlysixties,haveincreasedthecatch from thelake, but at thesametime their

RapidWaterResourcesAssessment WAP.Doc.OO7IFinal



Uganda WaterAction Plan Page3.28
Water DevelopmentDepartment

dominancehaveresultedin an exclusionof’ a largenumberof indigneousspecieson which
they feed.

Thereis furthermorestrongindicationsthat the nutrientchemistryand thephytoplankton
biomassandcompositionhavechangedduring thesameperiodin which thechangesin fish
stock tookplace(Hecky& Bugenyi, 1992).In particular,the silicateconcentrationshave
fallen by an orderof magnitudeandtheaccumulationof total nitrogenin thesedimentshas
increased.The phytoplanktonbiomasshas increased. Also chlorophyll-a levels have
increasedfrom 1-5 ug/l in thesixtiesto 13-71ug/l in the late eighties.Analysesof species
compositionin sedimentedphytoplanktonhave shown that the former abundantdiatom
Melosirahasbecomeextinctfrom therecentsedimentlayers(i.e. the last20-30years)and
bloomsof blue-greenalgaehavenow increasedin frequency.

Moreover,therearestrongin~cationsthateventsofoxygendepletionaremorepronounced,
resulting in anaerobiccondiIionsin thedeeperpartsof the lake. This phenomenahasnot
beenobservedformerly.

Thesechangesaresimilar to thosenormally seenfor lakes that are subjectto increased
eutrophication.LakeVictoria receivesnutrientsfrom rainfall and from rivers discharging
into it (mainly Nzoia, KageraandMara) and it hasbeensuggestedthat increasednutrient
1oading~- primarily nitrogen- from thesesourcesareresponsiblefor theecologicalchanges
in the lake.

Organicpollution of therivers and rainwateruptakeof nitrogenfrom bushfire smokehave
beenmentionedas possiblemajor sourcesof origin. However, the lack of regularmoni-
toring of chemical compositionof the sourcespreventsverification of thesehypotheses.
Anotherpossiblefactorcausingtheobservedchangesis the introductionof theNile Perch.
Therapidstockincreaseof this specieshavereducedthestocksof especiallyphytoplankton
feedingfish (e.gCichlides)therebyreducingtheirformergrazingeffecton phytoplankton.

Theoretically,both increasednutrient loadingsand the introductionand dominanceof the
Nile Perchcouldexplain theobservedchangesin thelakeecosystem.Thepossibilityexists,
that both factors haveinteractedand given theobservedchanges.

Theabovementionedtrendstowardseutrophiedconditionsmayseriouslyaffect thepresent
importantexploitationofthe lakefishery potential. A resultingincreasein oxygendemand
in thedeeperpartswill decreasethevolumehabitablefor fish andanaerobicconditionswill
kill the bottom faunawhich is thefood sourcefor a numberof fish species.
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The role of wetlands
Thewetlandsin Ugandacoverslargeareas(approx.3.2 % of thetotal area)andtherefore
they play a major role in determiningthe quality of many rivers by retainingparticulate
material, nutrientsand severaltoxic polluting compounds.This purificationpotentialhas
beenusedall over theworld in small scaletreatmentof organicwastes,mainly of human
origin. In Ugandait hasbeenbelieved that the Nakivubu swampup to now has had a
purificationeffect on a majorpartof the dischargesfrom Kampala.However, thepurifi-
cationcapacityof similar swampshavebeenfound to havealimited capacityif overloaded.

Thenutrientsandotherpollutantsretainedarestoredin thesedimentandpeatdepositsbuild
up in theswamps.An effectiveremovalof phosphorusis normallydependingon chemical
binding in calcium and iron complexesand the capacitythereforedependson thecontent
of theseelements.Thenitrogenis the only elementthat can be ultimatelyremovedby the
swampitself. This is dueto thebacterialdenitrificationprocesswhich releasethenitrogen
to theatmosphereasgaseousnitrogen.Only a partof thenutrientstakenup by thepapyrus
is retainedin thedeadorganicmatenalformingpeatdeposits.The rest is releasedby bac-
terial degradationof thedeadpapyrus.

The continuousdepositionof peatand sediments,as well as the availability of chemical
bindingofcompounds,obviouslysetsa limits for theretentioncapacityof theswamp.High
loadingsof wastewaterwill in theend surpasstheretentioncapacityand evenaffect the
swampitself to a degrecwhere the purification effect decreasesor stops. The result is
increaseddischargeof pollutants to the receivingwater.

Many of the retainingprocessesare reversible. When not overloadedand loads are not
decreasing,the retaining effect will continuemaintaining a high productionof organic
materialand sedimentationratewith achemicalequilibrium retainingthepollutantsin the
swamp.If the pollution dischargeis reducedthe productionof organicmaterial in the
swampmaydecrease.The ongoingbacterialdegradationof theorganicmaterialstoredin
the swampmay then surpassthe productiott.As a consequence,thecompoundsstoredin
theswamparereleasedaffectingthereceivingwaterfor ~earsafterthepollution discharge
to theswampwasreduced.Suchphenomenahasbeenobservede.g. iP Europeanswamps.

It canbeconcludedthat“swamptreatment”of sewagecannotberecommendedfor treatment
of unlimited loadingsof sewage.In thecaseof thedischargesfrom Kampalathecapacity
On the other hand, many small towns can, to a largeextent, benefit from this type of
inexpensiveandsustainablesewagetreatmentprovidedthat theloadingsare smallcompared

to theswampcapacityand that no otherimportant usesof the swampsare affected.
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3.4.2 Localized major quality problems
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This sectioncoverssignificant local, existing Or potential, waterquality problems.The
majorinterestin this respectarethetwo populationcentresKampalaand Jinjawheremost
industry is located.Furthermore,thepollution from theKilembe minesis believedto pose
a local threat to healthand to the aquaticecology.

MurchisonBay
The Murchison Bay receiveseffluent from
namelythe “Industrial Areas” of Kampala:

- the central industrial area

- Nalcawa/Ntindaindustrial area

- Port Bell industrial area

- Kawempeindustrial area

- MasakaRoad industrialarea.

the highestdensity of industries tn Uganda

Theseareascontainover 500 factonesfrom which effluentsaredischargedinto thepublic
sewer or the storm water channel (the Nakivubu channel) and thereby lead to Inner

MurchisonBay. The major factonesdischarginginto this bay include:

4 soft drinks factones

2 textile industries

2 abattoirsand meatprocessingindustries

3 oil and soapindustries

more than 24 engineeringworkshopsand garages

- 1 brewery

- 1 distillery
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of theseindustriescan be made.The fact that several industriesare dischargingtoxic
chemicals,which canbeconcentratedin the food chain, furtheremphasizesthe needof
suchdata.

Water h~’acinth
The water hyacinth wasdiscoveredfor the first time in ligandan watersin 1989 in Lake
Kyoga. It is a freefloating waterweedoriginating from South America,anddueto prolific
growth thewaterhyacinthcoversmany squarekilometersof lakesand rivers. Thespecies
has beenintroducedto waterwaysthroughoutthe world, particularly in the tropical and
subtropicalareas,whereit hascausedsevereproblemsandimmenseeconomicdifficulties
during the last century.Many African countrieshavebeeninfested,particularily during
the lastdecade.

The waterhyacinth is characterisedby the ability to grow and multiply increasinglyfast
with increasingnutrient availability.

Sincethetime of its discoveryin Uganda,theplant has spreadto theadjacentpartsof the
Nile system,and is now found in abundancein Lake Victoria and the Victoria Nile. The
proliferation of the weed hasbecomeserious and crcatesproblems such as hampered
navigationaffectingtransportandfisheries,blocking ~ieOwen Fallspowerplant intake.
Moreover,densematsof theweeddepletetheoxygenconteniof thewatersdueto shading
of theoxygenproducingphytoplankton,resultingin fish migrationsor evenkilling of fish
and bottom fauna.

In naturalwaterwaystheplantsexploitsteadysuppliesof nutrientsfrom sewagedischarges
and agricultural activities due to runoff of fertilizers and the leaching from soils.
Consequently the plants are often found spreading from areasnearsuchnutnentsources.

In spiteof many scientific and practicalefforts, man has not yet succeededin effective
control of this species.Theefforts havemainly concentratedon mechanical,chemicalor
biological means,but the economicor environmentalimplications~ofthesemethodshave
generallybeen~toocostly.Thereasonfor unsuccessfulattemptsto provideefficientcontrol
measuresagainst this increasing problem should be investigateddespite inadequate
understandingof thegrowthdynamicsand spreadingstrategiesof theopportunisticweeds
and theirrelationsto thesurroundingenvironmentalfactors- including impact from human
activities.

Given such knowledge,managementof the influencingfactorsor direct measuresagainst
the weed at the right time and place would improve the successof its contr~,l.It is,
however,well known that nutrientavailability predominantlydeterminesthe growth rate
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- 1 metal enamelfactory

- 1 leathertanning factory

Thecharacteristicsof the resulting effluentwere discussedin the sectionsabove.About
12,000m3/dayof wastewaterfrom theseindustrieshasbeenestimatedto leadto Nakivubo
swampor directly to thelake(NEAP, 1993).Eventhoughthesefiguresareuncertain,the
organicsubstancesand chemicalwastestogetherwith thehigh loadof sewageto thesame
areaareconsidereda severethreat to the water quality of the bay. Although the swamp
may retain a partof the organicsubstancesin thepresentsituation,thereis~rioevidence
of the fate of many industrial chemicals,and the retaining capacity of the swampis
unknown.Thefact that theInnerMurchison Bay is thesourceofwatersupply for Kampala,
makesit highly necessaryto introducemeasuresto moreaccuratelyassessthe impactof
thispollution sourceandtherebymakeit possibleto reduceit in aprioritizedmanner.These
measuresmustfurthermorebe considereda prerequisite for further economic and social
developmentof Kampala,sincehighly increasedwaterquality problemsin the bay canbe
foreseento follow suchdevelopments.

Victoria Nile - Jinj~
This area receives waste from a number of industries located at the banks of the Victoria

Nile, amongtheseare:

- Nile Breweries

- Nyanzatextile industry

- Papcopaper industry

- Mulco textile industry

- Mulbox paper industry.

Togetherthey dischargeover 13,000 m3fday of untreatedindustrial wasteinto the Nile
downstreamfrom~OwenFalls Dam (estimatedby NEAP, 1993).To this figure shouldbe
added7,000 m3/dayof domesticsewagewhich is also dischargedinto the Nile. At Jinja
theflow oftheNile is currentlyabout1,000m3/secresultingin a dilutionratioof theabove
mentionedeffluentsof approximately1:4,300. This high dilution diminish the effectsof
organicpollutionconsiderably.It should,however,bestressedthatneitherpreciseestimates
of the quantitiesof theeffluentsnoraccuratedeterminationsof the chemicalcomposition
exist. Suchdatamustbeprovidedbeforea properassessmentof thewaterquality impact
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due to general economic growth in the country if no adequatemanagementtools are
implemented.

Tentatively, the major surface water quality issuescan be summarizedasfollows:

- eutrophicationphenomenaof Lake Victoria

- organicandchemicalpollution of LakeVictoria from Kampalalocalizedin the

MurchisonBay

- organicand chemicalpollution of the Victoria Nile from JinjalNjeru

- proliferation of water hyacinthsin the Lake Victoria and the Victoria Nile
system

- Pollution by toxic metals and other hazardous chemicals from the Kilembe
mines.

In addition to thesesignificant issues, local water ..~alityproblemsare likely to occur
scatteredaroundthe:country due~to:

- organicpollution from sewageoutlets

- organicpollution from foodprocessingindustries(mainly abattoirs)

- chemicalpollution from textile and other industries

- pesticidecontaminationfrom crop protection,tic-control and vectorcontrol.

Such localwater degradation mayposeseriousproblemswhenpopulationdownstreamfrom
thedischargepoints useriver waterfor water supply. For instance, this is the casein Fort
Portal where the public seweragesystemdischarges upstream of the town.

Another aspectis the ratherdiffuse applicationof pesticidesfor various purposes.It is
unknownto what extent for examplethe lessdegradableorganochionnes(e.g. DDT) have
beenaccumulatingin thesurface water systems.
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of the waterhyacinth, and any surplusof nutrient scompoundscan thereforebe foreseen
to increasethebiomassof the weed in infectedwaterbodies.

Thepresenceofwaterhyacinthin Ugandanwatershasalreadyreacheda levelwheresevere
local impactson the exploitationof the water resourcesoccurs, implying that theeffects
of localizednutrientsourcesgetmuchmoreapparentandcostly thanmight beexperienced
without the weed. Consequently;‘regulation measuresin connectionwith thesesources
becomesmore important.

Kilembe mines
Although the Kilembe mines closedoperations16 yearsago, the mine is still openeven
though it is not producing.In order to keepthe mine ready for investors,it is drainedof
waterin all levels,givingaconstantflow of drainagewaterto theNyamwambariver which
dischargesinto LakeGeorge.Thedrainagewateris highlycontaminatedby coppersulphate
(blue colour), and the water flow ratesareconsiderable,i.e. 30 m3/h.

The old cobalt stockpile is leachingsulphuricacid (from pyrite), cobalt and other trace
elements.

The considerableand long term dischargeof coppersulphate(highly toxic to vegetation)
and heavy metals to the Nyamwamtariver has,.,beyenda doubt, seriDusly affected-the
water- and sedimentquality of theriver. This is coi~ifirmedby asamplingsurvë~ymadeb~y
theCentrefor Researchin Aquatic Biology wherehigh cøncentrations’ofheavymetal~and
lackof algaegrowth wereobservedin theriver. As to whatextentLakeEdwardhasbeen
affectedby this pollution is not clear due to lack of data.

3.5 Tentative conclusionsand action areas

Basedon assessmentof basicphysicalandchemicalproperties,theUgandansurfacewaters
mustbeconsideredashigh quality resourcesin theirnatural~state.Dueto lackof sufficient
monitoringdatafor thesurfacewaters,no directassessmentcanbemadeasto whatextent
varioushumanactivities havehad an impact-onthe waterquality during the-last decades.
The human activities which have impact potentials on the water quality are, however,

generally in an earlystageof developmentandshouldthereforenot be expectedto threaten
the surfacewaterquality at a broadnationalscale.

However,theactivitiesof thevariouseconomicsectorsin Ugandashowalmostno attempt
to protect the water resourceswhich they are utilising. The implication is that local
deteriorationof water quality occurs, affecting other usersof. the waters. A further
implicationof thispracticewill bearapidly increasingfrequencyof waterqualityproblems
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4 GROUNDWATER QUANTITIES

4.1 Approach to assessment

The assessment of groundwater resources available for sustainable abstraction focuses on

thefollowing two considerations:

- is it physicallypossibleto extracttherequiredamountof groundwaterfrom the
aquifers?

- can rechargetakeplaceto an extentwherefull replenishmentof theaquifers

occurunderthegiven specifichydrometeorlogicaland hydrogeologicalcondi-
tions?

Theassessmentneedsto be madefrom theperspectiveof thepotentialuseof groundwater.
Groundwater(from boreholes,dug wells arid springs) is presentlythe major sourceof
domesticwatersupplywith thegreatmajority of boreholes,wells and springsconstructed
for rural water supply. Theratesof extractionarecomparativelylow and most boreholes
are fitted with handpumpswith capacities between 600 1/hourand 1200 1/hourdepending
on pumpingheads.Thefutureuseof groundwaterwill mostlikely continueto behandpump
basedrural water supply, and springsand small-scalepipedwater supply for rural -towns
and growth centresrequiringabstractionratesin the interval of approximately
0.5-10m3/h.

With theseconsiderationsand framework the following assessmenthas been made.The
assessmentis basedon availableinformationat theDWD, acurrentgroundwaterresearch
projectin Mbararaand Apac districts(IDRC, 19S9& 1994),pastandongoingrural water
supplyprojectsandplanningprogrammes,aswell asdatafrom similargeologicandclimatic
settingsin kenya,Zimbabwe,Malawi and Sri Lanka.

4.2 Hydrogeologyand aquifers

4.2.1 Occurrenceof aquifers

Aquifersarewater bearingformationswith hydrauliccharacteristicswhich allow water to
be extractedin significant amounts. The occurrence of aquifers is closely related to the
geologicalcharacteristicsof a given area. The productiveaquifersin Ugandaare mainly
foundin in-sitU weatheredbedrockandregolith overlyingacrystallinebasementrocks,and
in faults and fracturesin thebasement.The characteristicsof this aquifer is describedin

subsection4.2.2. and a simplified geologicmap of Ugandais given in Fig 4.1 overleaf.
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Finally, theremaybean increasingloadof sedimentin rivers in certainareasdueto erosion
inducedby land usepractices.

It is obvious that even though the country possessesa relatively sound surfacewater
environment,therearemanyactivitiesin thevarioussectorswhich createconflictsbetween
waterusers(includingthenaturalenvironment)owing to waterquality impacts.To beable
to managesuchconflicts,an effectivecollection,processinganddistributionofinformation
aboutthe quality aspectsof the surfacewater resourcesis a prerequisite.Based on the
above,the following action areashavebeenidentified:

- waterquality modelling for LakeVictoria in order to identify the reasonsfor
therapid developmentin theeutrophicationand to devisetheproperinterven-
tions. The model should also becapableof simulating effects in local water
bodieslike Murchison Bay. A projectto this effect hasbeenidentified during
the Water Action Plan work. (ReferenceWAP.Doc.004,“Regional Water
Quality Management,in theUpperNile Basin”).

- identification,characterizationand quantificationof majorpollution sourcesat
-sensitive’waterbodiçs~’

- environmentalimpactassessmentsof sectoractivities

- monitoring,control and regulationof significantpolluting discharges

- establishmentof surfacewater quality monitoring programmesto detectlong
term trendsor shifts in essentialparameters(early warning)

- establishmentof databases,processing,reportinganddisseminationroutinesfor
waterquality information

Thewaterqualityaction areasrelatingto theinstitutionaland managementaspects(follow-
up on the water resourcestatutethrough preparationof regulations,dischargepermits,
capacity building, creation of cross-sectoralcooperativebodies at appropriatelevels,
sensitizingetc.)aredescribedin WAP.Doc.008“Institutional and ManagementAspects”.
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Aquifers in volcanic formationsare found at Mount Elgon on the easternborder and at
Mfumbira in the South-West.The arealextentof volcanic rocks is limited and they are
characteristicallyforminghighrelieftopographywheregroundwaterdevelopmentprimarily
is in the form of springs.

Theaquifersof Ugandaare highly variablein termsof hydraulic characteristicsbut they
canall beregardedashavingonly limited area!extent.Although theRift Valley sedimentary
aquifersarefound in bothUgandaandSudan,thepossibility of any hydraulic connection
acrosstheborderdueto the localizednatureof theaquifersis low. Theyields, which may
becomparativelyhigh in the local context are insignificant in a regionalcontextand it is
thereforenot conceivablethatan internationalissueshould evolveover theexploitationof
theseaquifers.

4.2.2 Crystallinerock aquifers

Theaquifersin thecrystallinerock and the overlying regolith areinterconnected.Aquifer
characteristicsare controlled by fracturesand the effective porosity in each material
respectively.Fig 4.2 shows a typical profile of a subsurfacesection including the two
interconnectedaquifers.
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Figure4.2 - Typical in-situ weatheredregolith profile and underlyingcrystallinebedrock
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The basementrocks, which coversmore than90% ofUganda,is dominated by IPrecambrian
gneiss,the Precambriancoverzone, arid major intrusivebodies.

Other aquifersarepresentin the WesternRift Valley sedimentsin a zonearoundLake
Edwardandnorthwardsfrom LakeAlbert. Theyaresedimentaryalluvial infihls of gravel,
sandand clay. In the Northernpartof thezone,theseinfills arepredominantlysandyand
providecomparativelygood aquifers. Fiowever, theseaquifersare often constrainedby
limited storageand erratic recharge.
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Figure 4.1 - Simplified geologicmap
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The yield is basedon pumpingtests,mostoftendoneby air-lift or sand-bucket.Theresults
of suchtestsarenot very preciseandtheygive only roughindicationsof thelong-termyield
and of possibleyield in caseswhere large draw-downs can be established.

It appearsthat the averageyield is in the rangeof 1-4 m3/hourwith a tendancyfor the
highervaluesto be found in the Northernand Easternpartsof Uganda,while seemingly
lowerpotentialsarefoundin theCentraland Westerndistricts. It shouldhoweverbe noted
that largevariationsoccurlocally andthat suchvariationsnotwill be reflectedby averages.
Furtherstatisticalparametershaveto be takenintoaccountin order to describethesituation
in moredetail.

Table 4.1 - Averagehydrogeologicalparametersassesseddistrict wise.

REGION DISTRICT ~IELD
Cm /hour)

DRILLING DEPTH
Cm)

REGOLITH
THICKNESS Cm)

WATERLEVEL
(ntgL)

CentraL KaLangata
Kiboga
Luwero
Masaka
Mpigi
Mubende
Mukpno
Rakai

1.0
1.1
1.7
1.1
1.8
1.0
1.4
3.5

44.8
74.0
59.1

101.0
70.2
76.3
65.3

113

46.5
26.5
33.9
44.0
38.7
37.7
38.3
66.5

17.8
36.0
20.1
34.8
23.6
25.8
24.2
28.8

Western Bur~ibugyo
Busher~yT
Hoiiuia
Kaba(’c
Kába,roLe
Kasese
KWate
Kisoro
Masindi
Mbarara
Ntungamo
Rukungiri

.

1.3
2.9

1.8/2.2 (1)
1.8/2.2 (1)

2.2
- -.

.-.

3.1
2.9
- -.

1.2

- -.

80.0
63.0
63.7
8.4.0
41.0
---

“-

73.0
92.8
-

64.0

- -.

---

34.5
46.5

-•-

46.5
- --

---‘

42.0
64.4

- - -

34.3

- - -

15.0
17.0

28/10 (1)
---

14.8

26.0
26.7
- - -

15.0

Northern Apac
Arua
GuLu
Kit

9un
Kotido
Lira
Moroto
Moyo
Nebbi

3.7
3.1
3.7
1.3
0.8
3.4
1.4
3.1
1.8

78.2
68.4
83.0
59.7
66.3
97.4
79.4
75.4
69.7

---

17.8
19.0
26.7
24.0
“-

38.7
16.9
34.4

22.2
12.4
15.0
18.7
27.0
15.0
24.1

13/10 (1)
17.6

Eastern Igenga
Jinja
KatnuLi
Kapchorwa
Ku~ii
Mbate
Patissa
Soroti
Tororo

5.1
2.2
1.5
2.5
1.2
2.2
2.0
2.6
3.6

52.0
88.0

103.0
~90

79.1
82.4
72.5
82.0
56.5

28.2
38.0
48.5
38.7
15.0
19.7
22.3
25.9
21.8

19.8
26.0
28.6
>20

12.3
16.7
25.0
13.0
14.3

(1) Second figure vaLid for Rift VaLLey sediments Source: WDD, 1993
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The regolith overburdenis clayey, especiallyin the upper levels whererelatively low
permeability is dominating. Higher permeabilityis likely to be found in the lower levels
and in fracturesof any residualhard bands,suchas quartz veins. The overburdenhasa
thjcknessof up to approximately70m and is found consistantlyover the bedrock,except
in afewplaceswherebedrockoutcropsoccur.Averageoverburdenthicknessis in theorder
of 30m.

The weatheredbedrockhasa moreopenstructurethan the freshbedrockandcanhavea
comparativelyhigh permeabilityif thefractureshavenot beenfilled by clay. Fracturesin
this partof theprofile areoftenhorizontalexfoliation(pressurerelease)crackswith ahigh~
density of occurrence,whereasthe deeperfracturesand faults are related to tectonic
movements.Such faultsand fracturesare usually steeplydippingand areoftendiscernible
from aerial photosand satelliteimageries.

The hydraulic propertiesof the combined regolith-bedrockaquifer are bestdefinedby
transmissivityas determinedfrom pump tests. Data from 53 pump tests carried out by
RUWASA in subsurfaceareasof EasternUgandashow averagetransmissivityvaluesof
14 m2/day. Such transmissivityvaluestypically correspondsto draw-downsin theorder
of a few metres at pumping yields of 1 m3fhour.

4.3 Groundwater development

Theaquifersaredevelopedby boreholesanddug wells. Theboreholeshavepredominantly
been constructedwith a blank casing to thetop of bedrockandan openhole completion.

Depthshavetypically rangedbetween60-90m. In unconsolidatedformations,screensand

gravel packingareused.

Boreholeswith yields above200-400 I/hour are consideredsuccessfuland fitted with
handpumps,although no cleardefinition of the term successfulis given.

4.3.1 Deepwell potential

Theassessmentof majorgroundwaterdeve]opmentparametersgivenin Table4.1 hasbeen
compiledby DWD staffand externalconsultants(WDD, 1993)basedon boreholerecords
and resultsfrom ongoingwatersupply developmentprogrammes.Thedataare from deep
wells and concernsthe primary aquifer.
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4.3.2 Shallow well potential

Theconstructionof protectedshallowdug wells is a fairly recentdevelopmentin Uganda.
NGOs,and to someextentDWD, appliesa dug well technique~here cylindrical concrete
rings (onemeterdiameter,0.75 m length)areplacedandmovedinto placeby undercutting.
The lower two rings are perforatedand acts as a screen through which the shallow
groundwaterseepsinto the well. The constructiontechniquecangenerallybe applied to
depthsof say 5-8 metresbelow groundlevel. Collection of constructionand performance
datahas not beendoneto an extentallowing an assessmentof thedistrict potentialbased
on actualshallowdug well yields.TheRUWASA andWATERAID projectsutilizeaugering
by drilling rig as well asby handaugeringtools for constructionof shallowboreholes.

The development of shallow dug wells requiresfavourableconditionsof high water levels
and regolith permeabilityat shallow levels. As a working hypothesis,theregolith should
be saturatedat a level less than 5 mbgl. High water levels (saturatedzones)may occur
frequentlyat themarginsof~d~pressionsand in valleys,wherespringsarealsofound. The
permeabilityis generallyhighestwherethebedrockis fairly coarsegrained.Theoccurrence
of hard laterite bands(hardpan)in the uppermostpartof the regolith can be a constraint
to thedug well developmentasthesearenot penetrableby handtools. Further,waterlevel
variationsover theyearmustbesmall. This is mostlikely to occurin areaswith fairly even
rainfall distribution over the year.

A relativeassessmentofThedistrict potentialfor shallowdugwells hasbeenattemptedbased
on the factorsmentionedaboveandpresentDWD experienceon shallowwell development.
The resultof theassessmentis depictedin Fig 4.3 below.

4.3.3 SprI~gpotential

There are an estimated20,000 protectedand unprotectedsprings in Ugandaand they
constitutean importantwater sourcefor a l~argepartof thepopulation.Springsare mainly
found in theSouth-Easternpart of thecountrycloseto LakeVictoria, in the mountainous
parts of the EasternRift Valley, and in the Westand South-West in the Rwenzori and
Mfumbira mountainranges.

Springs are most commonly developed in valley margins where comparatively less
permeablestrataintersectthe lower partsof hill slopes. In order to havea perennialflow
thespringsmusthavea fairly largecatchmentandbelocatedin areaswith an annualrainfall
adequateto maintain a minimum groundwaterbaseflow,(i.e. annualrainfall >700mm).
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Springs are developed and protected by clearing of the springs “eye” (or source) and
constructionof a chamber at the springs naturaloutlet. Thechamberconsistsof highly
permeablesand/gravel mediaretained behind a concreteor masonrywall which is pierced
by the outlet pipe. The spring chamber is coveredby an impermeablelayer of clay, and
the area is fenced off in order to avoid direct infiltration (and pollution) to the chamber.

Spring yields vary considerably but are most frequently found to be in the range of 0.3-
2m3/hour. There may be considerableyield variations over the yearasshown by the fact /

that many springs arenon-perennial.

4.4 Groundwater recharge

Groundwater recharge assessmentsare rather difficult to make and will always involve a
large elementof interpretation. Estimatescan be made by a variety of techniques which
all haveconstraintson accuracyand it is therefore important that different methodsare used
in establishing the magnitude of groundwater recharge.

Data from Uganda is presently very scarcebut a number of rather letailedobservations
and calculations have been made in countries representing various tropical settings, and
it is thus possibleto arrive at an averageorder of magnitudefor groundwater recharge.The
aquifer under consideration is the combined saprolite-bedrock aquifer (without attempting
to distinguish betweent~etwo formations as theyart intimately connectedwith thesaprolite
constituting the storage capacity).

Calculations basedon data from Meru District in Kenya (Ministry ofWater Development,
1991)gives the following:

a) Measurements of minimum groundwater baseflowcontributions to streams during
three-month dry periods in low rainfall years have shownyields of45mmcorrespon-
ding to an annual baseflow (or recharge) of 180mm which again is estimatedto
increaseby 25% during “normal” rainfall years giving an annualrechargeof 225mm
or more than 20% of the total annual rainfall of 1000mm. The measurementswere
made in a partof Meru District characterizedby granitic basementrocks and thus
similar to many parts of Uganda.

b) Static water level measurementsfor boreholesin the samepartofMerudistrict show
typical seasonalvariations of 1-4 m over the rainy seasonsfrom March to May and
October to Decemberrespectively. If an effective porosity of 3% is assumedfor the
overburden, this corresponds to a recharge of 30-120mmperseasonor 60-240mm
(6-24%) annually.

RapidWater ResourcesAssessment WAP.Doc.007/Fiaal



Uganda WaterAction Plan Page4.9
WaterDevelopmentDepartment __________________________________________

Detailed groundwater recharge assessmentshas furthermore beenprepared for a district
in the northern (inland) parts of Sri Lanka (NWS&DB 1993). Geologically the areais
dominatedby graniticbasementwith a typica] ferralitic weatheringprofileof approximately
15m thick. Theareais comparativelydry andcharacterizedby low relief topographyand
a tropical climate with averageannual rainfall of 1200mm. The arearesemblescentral
Ugandain manywayswith theexceptionthatthereis only oneinfiltration periodperyear,
i.e. October-Decemberwheremany partsofUgandahavetwo (April-JuneandSeptember-
November).A computerizedrainfall-runoff model was applied for a selectedcatchment
in theareaand the resultingcalculatedgroundwaterrechargewas 120mmcorresponding
to 10%of theannualrainfall. Theseresultswerefurthersupportedby rechargeassessments
basedon groundwaterlevel monitoring which also indicatedaverageannualrechargein

theorder of 10%.

An ongoinggroundwaterresearchprogramme(IDRC, 1994)hasestablishedrechargeon
the basis of soil moisture balancecalculationsin Aruca catchmentin Apach district.
Rechargecalculationswere madefor two different periods (1954-1961and1988-1992)with
significantly differentvegetativecoverresultingfrom 25% deforestation(in termsof area)
from the first to the latter period of measurements.The most recent resultsindicateda
rechargeof 220mmper yearor 16% of thetotal annualrainfall. This figure had doubled
overthe last30 yearsfrom 110mmperyear. Underthesameresearchprogramme,Howard
and Karundu (1992)‘have mad~a catchmentwater balancecalculation for Nyabisheki
catchmentin South-WestUganda.Thetotal annualrainfall in thisareais as low as750mm
and thecalculatedminimum groundwaterrechargeis 17mm,or 2%.

Table4.2 givesa summaryof groundwaterrechargeratesandit is readily concludedfrom
theresultsthatthevariation is considerable.This is believedto equallyreflect themargins
of error involved in this typeof calculationasactualdifferencesfrom oneareato another.
It is, however,possibleto establishthat theorder of magnitudeof variation is about10%
or 100mm(strongly dependanton the total annualrainfall), which in turn correspondsto
an averagegroundwaterrechargeover theentirecountryof 20*109m3 peryear. If the total
number of groundwater usersis 16 million, and the individual consumption is set at 25
l/day, thepresentannualgroundwaterdemand(for domesticpurposes)is 150*106 m3 or

0.75%oftheavailableresource.Thefigures showthatevenareasoflow rainfall, andhence
reducedrecharge(say1 % or 10mm),cansustaingroundwaterabstractionfordomesticwater
supply (7.5%of availableresource)at an averagepopulationdensity.

The relationship between rainfall and groundwater baseflow (and thus recharge) is more

or lesslinearandstrongly dependanton the total rainfall aswell ason therainfall intensity.
The dependenceon intensity is clearly illustrated by the fact that rechargeonly occurs
during therainy/wet seasons(3-6monthsperyear)whenthe soils’ field capacityhasbeen
reachedand when theactualevapotranspirationis exceededby precipitation.

RapidWaterResourcesAssessment WAP.Doc.007/Final



Uganda Water Action Plan
WaterDevelopmentDepartment

Page4.10

However, evenwhen considering such variations in rainfall intensity at different locations,
it is possible to establish a rough correlation betweentotal annual precipitation and
groundwaterrecharge.This is illustratedin Fig 4.4below wherebaseflowdatafrom Malawi
and Zimbabwe(Farquharson,F.A.K. & Bullock, A., 1992)havebeencombinedwith the
results from Uganda,Kenyaand Sri Lanka presentedabove. The linearity is clearly seen
in the fact that minimum rechargeapproacheszero at annualrainfall of around700mm.
The minimumrechargeat a meanrainfall of 1000mmis 100mmand thus 10% whereas
this rechargeincreasesto 300mmor 24% at 1250mmrainfall.

Table 4.2 - Summaryof groundwaterinfiltration rates
rainfall in the rangeof 700-1500mm

for selectedcatchmentsat annual

Area

Method of caLcuLation

Meru
District,
Kenya

Selected
catchments,
Malawi

SeLected
catchments,
Zithabwe

A’pura
District,
Sri Lanka

SeLected
catchments,
Uganda

Groundwater LeveL measurements Z 6-24 - . - - . - 10 - -

Basef Low / Water baLance ~ ‘20 14-30 2-7 10 2

SoiL Moisture BaLance % -.. ..- ... --- 16
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Figure 4.5 - Baseflow/rechargeand annualrainfall for selectedcatchmentsin Malawi,
Zimbabwe,Uganda,Kenyaand Sri Lanka
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4.5 Constraintsin groundwaterdevelopment

From theaboverechargeestimatesit appearsthat the available groundwater resource, in
general,is morethanadequateto meetthedemandsfor domesticconsumption.The major
constraintto groundwaterdevelopmentis thuslocal geologicconditionswhich mayprevent
abstractionby meansof wells and boreholes.One suchareais North Kamuli alongthe
SouthernshoresofLakeKyogawherewidespreadlayersofancientlakesedimenthasproven
to bevirtually imperviousresultingin little or no infiltration in localizedareas.Geophysical
surveysanddrilling campaignswill inevitably experienceseveredifficulties in under such
conditions, and the result will be failure rates as high as 50%, such as it has been
experiencedby RUWASA in the aforementionedarea.

In LuweroandMoroto districtsrapidyield declinehasbeenexperiencedfor alargenumber
of deepboreholes.A study, revealedthat the declinein yields was due to silting partly
becauseof collapseof uncasédoverburdensectionsand partlybecauseofimpropersealing
theborehole.It was concludedthat poorconstruct~onmethodswere the main reasonsfor
theseproblems,

Isolatedcasesofboreholeanddeepwell failurearereportedfrom all over Uganda.Drillers
reportthat su,chfailuresare mainly dueto corrosionof old steelcasingpipes.In thecase
where newborëholesfail dueto other than hydrogeologicalreasons,theyareusuallycaused
by casing col1aps~in titick ~ectionsof ~watersaturated-overburdenor. difficulties in
establishinga~properseal at the interfacebetweenoverburdenand bedrock.

4.6 Conclusionsandaction areas

Thegeneralassessmentof Uganda’sgroundwaterresourcesin termsof quantitiesshowthat:

- aquifersarecomparativelylow yielding with a limited arealextent and poor
hydraulic characteristics

- rechargeestimatesexist for only a few locationsin Ugandabut comparisonto
estimates from other countries with similar hydrogeological and
hydrometeorlogicalsettingsindicate averagerechargein theorder of 10% of
theannual rainfall

- groundwaterabstractionfor domesticwater supply in rural areasand in small

townsand rural growthcentreswill on averageaccountfor lessthan 1 % of the
potentiallyavailableresource
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- Pumpedirrigation would only be feasiblein very limited areasdue to thepoor
hydraulicaquifercharacteristics.Presentlivestockwaterdemand(Appendix6.4)
is less than thedomesticdemandand canthereforebe met by thegroundwater
resourcein most areas

- boreholeconstructionand completion methods are often deficient leading to
frequentcasesof well failure

- hydrogeologicandwell dataaregenerallynot stored in a manner which makes
such data readily available to potential users. This makes planning and
disseminationof experienceinadequate.RUWASA is the only project to
maintaincomprehensivecomputerizeddatabases

- theshallowwell potentialis generallyunknowndueto poorreporting,butcould

be significant

- systematic monitoring of groundwater levels is not being carried out.

Basedon the aboveconclusionsthe following action areashave beenidentified:

- furtherrechargeinvestigationsshould be madein.~or.derto establishthe more
detailedgroundwatetresourceavailablefor availability use

- ongoingworkon developmentof a groundwaterdatabankshotildbecontinued
and the uniform reporting system which has,beenintroducedmust be made
compulsoryfor all developers

- comprehensivegroundwaterlevel monitoring shouldbe introducedin orderto
prepareaccuraterechargeassessmentsand to establishin detail the potential
for shallow wells andboreholes.
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5 GROUNDWATER QUALITY

5.1 Approach to assessment

The assessmentof groundwaterquality emphasizedthe following considerations:

- is the groundwater quality adequatefor potentialuse?

- is humanimpact placing constraintson the useand to what degreearethe
groundwaterresourcesproteci~edagainstsuchimpact?

Thegroundwaterquality assessmentneedsto focuson thepresentand potentialusewhich
is expectedto be rural and small urban waler supply requiring drinking water quality
sources.

At present,most analyticalwork on groundwaterquality in Ugandais doneunder-specific
water supply implementationprogrammes.Theseprogrammesarepredominantlyfor rural
water supplywith emphasison alargenurnbeiof point sources,and theythereforeprovide
a comparativelywidegeographicalcoverage,‘but only 1 mited time seriesdatawhich could
give informationon possibledevelopmenttrendsin thegroundwaterquality. Waterquality
is generallytestedafterdrilling hasbeencompletedand beforethesourceis commissioned.

TheDWD Laboratoryhasestablishedstandardsandproceduresfor quality testingbut these
are only rarely followed in a systematicmarInerdue to the many implementors/projects
involved. Differentmethodsofanalysis,samplingandstorageproceduresarebeing followed
and varying numberof parametersare included in eachtest. This makescomparisonof
resultsdifficult and thereporteddatafor sensitiveparameters(e.g. pH, CO2 and Fe)are

oftenunreliable.Togetherwith deficienciesin areacoverage,this unreliability meansthat
acomprehensivepictureof groundwaterquality and possiblevariationsbetweendifferent
hydrogeologicalzonesis very difficult to establish.

Ho~ever,somegeneralcharacteristicsemerge,and thefollowing descnptionis basedon
available information from the DWD Laboratory and different donor assistedprojects
(RUWASA, RTWSPand UNICEF/SWIP).

5.2 Impact from natural factors

The “natural” quality of groundwateris a resultof thesurroundingenvironmentand is as
such influencedby both atmospheric,surfaceand subsurfaceconditions. Formation of
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raindropsoftentakesplacearoundcondensationnucleiof HNO2/HNO3 in theatmosphere,
wherecarbondioxide is also takenup. At thegroundsurfaceandduring infiltration through
the soil, chemicalprocessesinvolving decayof organicmatterand releaseof CO2 from
microbialaction takesplace.Mineral decompositionwill occurat deeperlevelsand in the
aquifers,asa resultof the long contacttime betweenwaterand thesurroundingrock, the
groundwaterwill be enrichedin elementscharacteristicofthegeologicalenvironment.The
combinationof such processesand thechemicalenvironmentthat thewateris exposedto
during the hydrological cycle determinesthe “natural” chemical composition of the
groundwater.

5.2. 1 Aggressivenessof groundwater

Aggressivenessisprobablythemostwidespreadgroundwaterqualityproblem.Groundwater
from graniticandgneissicbasementareascoveringmorethan90% of Uganda(seeChapter
4, Fig 4.1) is characterizedby very low hardnessvaluesandconsequentlyareducedbuffer
capacitytowardsacids.Whencarbondioxide from theatmosphereandtheuppermostpart
of the soil profile is introducedto suchwater it will form carbonicacid (H2CO3), which
in turn will lead to a significant lowering of pH and causethe water to becomecarbon
dioxide aggressive.

Aggressivegroundwaterleadsto rapidcorrosionof steelcasingand galvanizediron riser
pipesin boreholes.Thishasbeenreportedto be thecauseof manyboreholecollapseswhere,
caving hasoccureddue to corrosionand weakeningof the casing.Theeffectof corroded
riser pipesand pumpingrods is failure of pumps to deliver accordingto capacitydue to
leakages,and an eventualcompletebreakdown. Excessivecorrosionwill often result in
an unacceptablyhigh contentof iron in thewatermakingthetasteobjectionableto theusers
andcausingdiscolorationof clothesand utensilsetc. In a corrosiveenvironment,stainless
steel (or f~VCwheneverthe requirementsto strengthallows it) will haveto be used for
cntical componentswhich will increasecostsconsiderably.

A complicating factor for the detection of cor1~osivenessis that analysis of chemical
parametersin thecarbondioxide-bicarbonate-carbonatesystemmust becarriedout on site
immediatelyafter sampling. This is due to the rapid escapeof carbondioxide, which in
turn will causesignificantchangesin thesystem’sequilibrium.Thishasobviousimplications
for the samplingtechniquesto beapplied,aswater sampledfrom boreholeswithoutprior
pumpingor water sampledduring air-lift testingof boreholesis likely to yield valuesof
carbondioxide far lower than actuallyexist. It is worth mentioningthat thesameapplies
to testing for iron (if acid conservationof samplesis not practised)dueto the fact that the
half-life of ferro-ions in an oxidizing environmentis in theorder of minutes.
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5.2.2 Iron

The iron contentof thegroundwater in Ugandais frequently found to be abovetheWHO
guidelinevalueof 0.3 mg/i. Theoccurrenceof high iron contentsare relatedto aquifer
mineralcompositionand theability of groundwaterto dissolvesuchsubstancesassilicate
minerals containing iron. As Previously mentioned, iron content may be a result of
aggressivewatercorrodingcasingpipes,riser mainsand pump rods.

An elevatediron contentin itself doesnot haveserioushealth implications for the user,

but maymakethewaterobjectionabledueto bitternessin tasteanddiscolorationof clothes,
utensilsetc.Removalof excessiron is relatively easyat a water treatmentplant, but is
hardly feasible at village level although successfulexperiments and pilot iron-removal
technologytestshavebeenmadein rural partsof India and Sri Lanka and at the DWD
Laboratory in Entebbe.

An iron content up to 1 mg/l is generallyacceptableand usersin areasof water scarcity
are often found to- accept much higher levels (around 3 mg/I). In general,elevatediron
content in Ugandan water supply is a minor consideration when faced with more serious
and prevalentissuessuchaspathogencontamination.

5.2.3 Fluoride

Fluoride~concentrationsin drinking water’ abovearound2 mg/I causediscolorationand
mottlingofteeth(dentalfluorosis)and in severecases(concentrationshigherthan 6-8mg/i
and long exposure)skeletal fluorosis. Fluoride occurrencein Ugandais of a local character
with thehighestincidenceratesfoundin theWesternRift Valley andin thevolcanicareas
ofEasternUganda.High fluorideconcentrationsarecharacteristicofthesevolcanicsettings,
and theproblem is enhancedby the relatively high solubility of most fluoride minerals.
Localvariationscanbeconsiderableandexperienceshowssignificantvariationsin fluoride
contentof groundwaterfrom boreholeswithin shortdistances.

Various methodsof fluoride-removal techniquesapplicable to rural areas have been
developed.The most simple method is basedon contact between the fluoride rich water
anda filter mediumsuchasbonechar, which hasbeentestedon a pilot basis in countries
includingTanzaniaandSri Lanka.However,theculturalacceptabilityandoperationof the
methodsunder rural conditionsmaybecomelimiting factorsin its applicability.Otherfilter
mediasuchas~crushedbricks andserpentine-marblearecurrentlybeingtestedin Sri Lanka.
Testswith brick fragments(low temperatureburnt clay) haveshown a fluoride removal
capacityin theorderof 60% (from 4. 1 mg/l to 1.7 mg/i) with a retentionperiodof 3 hours.
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5.2.4 Water with high chloride content

High chloride valuesare reportedfrom a numberof boreholesin the Easterndistricts.
Chloridecontentsup to severalthousandmg/I are foundin somelocationsand concentra-
tions in excessof 500-700mg/l makethewaterunacceptablefor humanconsumption.The
exactcauseof thehigh chloridecontentis not knownbut it couldbe the resultof conditions
with low groundwaterinfiltration andhigh evapotranspirationwhich characteristicallyleads
to theformationof brines.Thevolcanicrocks in the areamaybeanotherinfluencingfactor.

5.2.5 Trace metals

A comprehensivestudyof tracemetalcontentsin groundwaterwascarriedout in Nyabisheki
and Arocacatchmentsin Mbararaand Apach districts respectively(IDRC, 1994).Thestudy
included 158 groundwatersamplesanalyzedfor 24 different metalsin additionto iron and
manganese.With the exceptionof iron, manganeseand aluminium, tracemetal contents
weregenerallyvery low andcompliedwith WHO Guidelinesfor Drinking Water Quality.
Manganesewasonly slightly abovetherecommendedlimit, whereasiron showedsignificant
elevatedlevelsand an averageof 4 mg/I. Aluminium levels in regoliL. groundwaterwere
foundto be significantly higher(averageup to 1.2 mg/i) thanfor the underlyingbedrock.
This may be indicativeof secondaryweatheringofTegOlith clay minerals.Aluminium- is
widely used in water treatmentanddoesnot represent—ahealth threat. It may, however,
whencombined with iron,~intensify discoloration of thewater. TheWH&Guideiine value
for Al is 0.2mg/l.

5.3 Impact from humap activities

The major impact on groundwaterquality from humanactivities in. Ugandarelatesto
insufficientsanitarypractices.Isolatedimpactfrom depositsof industrialordomesticwaste
could alsoaffect the groundwaterquality, but only at a localized level. Theimpact from
unsanitarypracticesis seenin groundwaterin tke form of high bacteriacountsand the
occurrenceof nitrate, the latter formedas a resultof nitrification of ammonium.

5.3.1 Occurrenceof bacteriaand pathogens

Bacterial testsareextremelysensitiveto conditionssuchastemperature.Bacteriaconstitute
more than30% of the wet volumeof faecesand countsof 10 billion ariaerobesand 0.1
billion aerobesperwet weightgramof faeceshavebeenreported.Thetotalcoliform group
includesfour classificationsof bacteriaout of which one is faecalcoliform (Escherichia
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Coli). Severalof the speciescan be found in unpollutedsoil and water, thushigh counts
of total coliformsarenot conclusiveevidenceof pollution. However,high total countsin
combinationwith other indicative factors, suchaspossiblepollution sources,will add to
theevidenceof contaminationand therebytherisk of pathogens.Faecaicoliformsareused
asindicatororganismsfor thepresenceof pathagensfrom facal pollution sources.E. Coli

is exclusivelyfaecaland constitutesover90% of thecoliform flora ofthehumanintestines.
The presenceof E. Coli at unacceptablelevels indicates a probable health risk due to
pathagencontant.

Significantcontentsof coliform bacteriahavebeenreportedin spring and boreholewater
(i.e. groundwater)from both theUNICEFsupportedSWIPprojectandtheDanidasupported
RUWASA project. It is believedthat someof thesehigh coliform recordingsaretheresult’
of contaminationduringsamplingaswell as inadequatesealingof boreholesand improper
protectionof springs.Humanactivities and livestockwateringnear the waterpoints are,
however, the most likely causesof contamination.

Another potential sourceof bacterialcontaminationof groundwateris the useof bacteria
infestedwater for drilling operationsand lack of sterilizationof boreholespnor to water

quality testing,handpumpinstallationandhandingoverofwaterpointsto thecommunities.

Groundwatersources,w~henproperly developed,are likely to free of coliforms and
pathogens.

It is obviouslyimportantto identify water sourceswhtchcan‘remain freefrom contamination
whenproperlymartaged.However,equalemphasisshouldbe placedon waterusepractices

after thecpllectionof thewaterat thesourceasthis is a far morecommoncauseof bacterial
contamination.

Thepossibleimpactof latrineson thegroundwaterquality is highly dependenton the level
of the pit bottom relativeto thegroundwatertable. Pit latrine depthsare typically within

the rangeof 5-13m with depthsup to 16m being reported.If the pit bottom at all seasons
of theyearisabovethewater saturatedsoil zone(groundwatertable), then bacteriological
contaminationis reducedto insignificant levels at a distanceof one meterfromthe pit.
Contaminationcould be presentat distancesof lO-15m or more from the pit if direct
seepageinto thesaturatedzonetakesplace. Thesefiguresareobviouslydependenton local
conditionssuchas soil permeabilityand groundwaterflow rates.

In theUgandancontext,groundwaterlevelsare fairly deepand soil permeabilityis quite
low. If latrinesareconstructedat a reasonabledistancesfrom thewater sourceand if the
pit bottoms are kept clear of the aquifer, the risk of contaminationwill be negligible.
UNICEFrecommendspit depthsofabout4 rn andtheUgandanPublicHealthrulesspecify
a minimum distancebetweenwater sourceand pit of 33m (lOOft).
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5.3.2 Occurrenceof nitrate

Nitrate is formedin natureby oxidationof nitrogen,which is found in ‘large quantitiesin
fertilizer, humanfaecesand manure.Concentrationsin groundwaterof 10-20mg/l NO3
indicatesa generalcontaminationfrom fertilizers or human/livestocksources.Theuseof
fertilizer is presentlyvery limited in Uganda(ref Section3.3) an~nitrateconcentrations
in excessof 10 mg/I almostinevitably indicateshumancontamination.High nitratevalues
mayhavehealthimplicationsespeciallyfor infants,whereit maycausemethenoglobinemia
due to intestinal reductionof nitrate to nitrite. Nitrite binds to hemoglobinand thereby
reducesthe oxygen transportcapacityof theblood.

5.4 Groundwater quality test results

Themostconsistentandcomprehensivedatabaseon groundwaterqualityis establishedunder
theDanidaassistedRUWASA project coveringeight districts in EasternUganda.Results
from water quality analysesof samplesfrom 702 boreholesunder this programmeare
summarizedin Table 5. 1, along with the WHO (1984) recommendedguidelines for
acceptancelimits for drinking water supply. In principle, the DWI adhereto theWHO
guidelinesfor waterquality. It is realizedthough,that strict enforcementof theseguidelines
is not alwaysapplicablein Uganda,wherethequality of’alternativeandoftenunprotected

sourcesmustbeconsidered.

Rapid Water ResourcesAssessment WAP.Doc.007/Final



Uganda WaterAction’ Plan
Water. Development Department

Page5.7

Table 5.1 - Water quality data from 702 RUWASA boreholesand WHO recommended
maximumlimits for drinking water

PAR.AI1ETER MIN. VALUE MAX. VALUE AVERAGE WHO 1984
‘ GUIDELINES

pH 4.5 9.9 6.7 6.5-8.5
Conductivity, US/cm
Total iron, m.~/t Fe

2~+Fe3’
Manganese, mg/I Mn2~
Alkalinity, mg/I CaCO

3
Hardness, mg/I CaCO3
CaLcii.mi, mg/I C8

2~
MagnesiuTi, mg/I Mg2”

‘II
0.01

0.006
8

2.5
0.4
9.8

18.6

13600
6.3
1.2

1042
3976
2126

451
1270

737
0.8

0.07
186.1
229.8

94.1
22.1

216.3

.

0.3
0.1
.

500
-

-

,

Bicarbonate, mg/I HC0
3

Carbon dioxide, mg/I co2
Sodiun, mg/I Na~
Potassium, mg/I K~

1.7
0.04

1
0.7

0.01

1298
1090

30
2153
2450

165.6
60.6

5.1
73J..
57.5

.

200
.

250
400

Chloride, mg/I C[
Sulphate, mg/I 504
Phosphate, mg/L Po4

2

0.02
0.0

1.8
101
5.5

0.8
3.7
0.8

.

10
1.5

Nitrate, mg/I N0
3

Fluoride, mg/L F

ource: RUWASA

Table5.2 - Averagevaluesfor waterquality parameters.RUWASA dug wells, protected
springsand boreholes

. =
AVERAGE, I AVERAGE, AVERAGE, WHO 1984

PARAMETER DUG WELLS ‘ PRTEC.SP- BOREHOLES GUIDELINES
(n= 234) RINGS (n = 702)

‘
(n = 280)

—r-

pH 6.8 5.8 6.7 6.5-8.5
Conductivity, jLS/cm2

+ 3+Total iron, mg/I Fe +Fe
Manganese, mg/I Mn

2~
Alkalinity, mg/i CaCO

3
Hardness, mg/i CaCO3
Caiciun, mg/I Ca

2~
Magnesium, mg/I Mg2~

390 113
0.5 0.3

0.10 0.05
38.8

119 5 I 48.4
124.6 20.7

41.0 5.2
9.1 51.1

737

0.8
0.07

186.1
229.8

94.1
22.1

216.3~

-

0.3
0.1

.

500
-

-

-

Bicarbonate, mg/I HC0
3

Carbon dioxide, mg/i CO2
Sodiun, mg/i Na’~
Potassium, mg/I K’~

140.5
97.5
25.3

126.5
6.4
1.6

165.6
60.6

5.1
200

5.6
22.1

9.3
12.8

73.4
57.5

250
400

Chloride, mg/i CL
SuLphate, mg/I S04

2
Phosphate, mg/I Po

4
2~

Nitrate, mg/I N0
3

27.8
1.3
2.2
0.7

0.4
2.6

0.14

0.8
3.7
0.8

-

10
1.5

Fluoride, ing/L F

34 13 5 0

% waterpoints with E.coti count
>0

Source: RUWASA
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Typically, WHO guidelinesareexceededin thecasesof FeandpH, noneof which involve
a serioushealth threatto the consumers.In termsof bacteriologicalquality, a total of 86
boreholesampleswere analyzedfor E.coli with 4 samplesshowing counts> 1mg/i.

Theresultsfrom approximately100deepboreholesdrilled by UNICEF/SWIPduring 1991,
shows the following water quality values:

- pH 6.8-8.1(average7.3)
- Total coliform 0.4 per 100 ml
- Total iron 0.0-0.2mg/i

Average parametervaluesfor different categoriesof waterpoints(dug wells, protected
springsand boreholes)havebeen compiledin Table 5.2. Significantdifferencesclearly

emergereflecting the variations in both constructionmodeand geologicalenvironment.
From thetableappearsthat boreholesshowthelowestfrequencyofbacteriological(E.coli)
contaminationand dug wells the highest. This is clearly causedby the difficulties in
constructionand maintenanceof proper sealing on large diameterdug wells, whereby
seepageof surfacewater into thewell mayoccur.Boreholes,on theother hand,aresealed
with cementor bentoniteand furthermorebackfilled.

In termsof inorganicchemistryit is interestingto note that the conductivity values(and
thusdegreeof mineralization)are significantly lower forspringsthanfor dug wells which
in turn areclearly lo~erthan boreholes.This is explainedby the fact that spring water
trajectorieshavet~enintensivelyleachedthrough many years of flow whereby thewater
in theseaquifersshowsrelatively minor enrichmentin inorganicsubstances.Springwater
clearly showsthe lowest pH values,which againdemonstratesthat the water, in spiteof
low pH, hascausedlimited decompositionof aquifer mine~’als.

Boreholes,on theotherhand,clearlyshowthehighestdegreeof mineralizationwith relative
enrichmentof nearlyall testedelements.This is dueto theability of agressivegroundwater
to decomposetherelatively freshmineralsin tht bedrockfractures.Water from dug wells
showsan intermediateenrichmentin inorganicconstituents,in accordancewith theaquifers’
geologicalsetting.

The generalpicture describedabovedoesnot apply to nitrate.This showsthat otherthan
geologicalfactors influencethe nitrateconcentradons.The nitratevaluesaredetermined
by’ the contentsof the infiltrating water, which reflects the nitrateconcentrationsin the
rainwaterand thenitrate load producedby humansand livestock.
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5.5 Tentativeconclusionsand action areas

From the aboveoutline of Ugandanwaterquality issues,it appears that a major quality
problem is related to the widespreadcorrosivenessof the groundwater. This problem has
to be counteractedby selectingresistantborehole construction materials.

Another problem is the occurrenceof~roundwaterwith comparatively high iron contents,

which presently cannot be reducedby methodsappropriate for rural areas. In thecaseof
a town water supply, however, the technologyfor removalor reduction1is readily applicable.

Problemsof a more localizednature arethe occurrenceof groundwater with high mineral
content (in theareasnearLakeKyoga)andgroundwaterwith high fluoridecontentin certain
locations in the Rift Valley and in volcanic areasin the East. The groundwater quality in
the Easternareaalso hasfrequently high chloride contents.

Underthegivenhydrogeologicconditions((ow groundwatertablesand low permeability),
the humanimpacton groundwaterquality relatedto sanitarypracticesis unlikely to be
significantif soundconstructionprinciplesforlafrinesarefollowedin additiontoappropriate
(human/livestock)behaviour nearwater points.

Basedoa theaboveobservationsthe following actionareashavebeenidentified:

- standardizationof groundwaterquality datagenerationand storageshall be
enforced through requirements to all implementingorganizations

- staff should be trained in appropriatestandardpractices for groundwater
sampling, storage and analysis with particular focus on testing for carbon
dioxide and fluoride

- water quality data should be included in a groundwater databank in a uniform
format for accumulation of experienceand planning

- research on fluoride and iron removal/reductiontechnologyshall be followed
closelywith the intention of introducing such technology when extendedpilot
testsunder rural conditionsshow positive results

The needfor generalinstitutional strengthening including the requirements to water quality

testing capacitiesandcapabilities is inciudecl in WAP Doc.008 “Institutional andManage-
ment Aspects” as well as in the identified project “Rehabilitation of Water Resources
Managementand AssessmentServicesin lJganda” (WAP Doc. 002)
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6 DEMANDS AND WATER RESOURCESDEVELOPMENT

6.1 National developmentframework

Developments on a national scale within the water resources related sectors are k’ey
considerations in assessmentof the presentand future requirementsto water resources.
Having assessedsuch requirements, it can then be consideredto what degreesuch
requirementscanbe met andthedegreeof water managementrequired. The needfor water
management increases with scarcity of the resource in comparison with demand. The
following descriptionof thedevelopmentcontextis basedmainly on “Backgroundto the
Budget 1992/93” (Ministry of Finance and EconomicPlanning, 1992)and “Agricultural
SectorStudy”, (World Bank, 1993)

6.1.1 Population

Thepopulationof Ugandawas about 16 million in 1992. Annual growthin theperiod from
the 1980censuswas2.5%, down from 2.8% in theperiod 1969-1980.Reasonsbehind this
declinecanbe found in theeconomicand social difficulties the coUntry hasbeensubject
to, increasedmortality connectedto civil unrestand emmigrati’on.

With theprospectsof a growingeconomyand improvedsocialconditionsthepopulation,
groWth rate could be expectedto increase.The apparently extensivepropagation of AIDS
in the country is, however, a factor with the potential for a serious, adverseimpact. With
a growth rate at theearlier level,2.8% perannum,thepopulationofUgandawould increase
to 28 million in the year2010.

Theurbanizationrateis presently11 %, oneof thelowestin Africa. However,theUgandan
capital,Kampala,increasedits populationat arateof 4.9%perannumin theperiod 1980-
1991, wellover the averageincrease for the country. The predominantly rural Western
Region neverthelesshad a growth rate at the same level as the Central Region which
includesKampala.

Thereis currentlyacertaininter-regionalmigration,from themostdenselypopulatedareas
to lessdevelopedregionswith good agriculturalpotential.

6.1.2 Productionand income

Duringa periodstartingin theearly 1970’s,Ugandawasexposedto theeffectsof armed
conflicts,with devastatingsocialandeconomiccosts.Developmenthasnow startedto catch
up, but the levelsachievedin the late 1970’sarenot yet restored in many sectors.Income

Rapid Water ResourcesAssessment WAP.Doc.OOlIFinal



Uganda WaterAction Plan Page6.2
Water Development Department ___________________________________________

percapita,ascalculatedby theWorld Bank, is US$ 220 peryear(in 1990),which is low
even in the Sub-SaharaAfrican context.

Thegrowthin thegrossdomesticproduct(GDP)ofthecountryimprovedsignificantlyfrom
1987 onwards, exceeding7% in thebestyears. In 1990/91 the growth slowedto 4.1%,
mainlydue to the prolongeddroughtin somepartsofthecountryin the secondhalfof the
year.Thegrowthof GDPis expectedto recover from 1992/93onwards, with annualrates
of about 5%,dependingmainly on~theperfbrmance’of the important food crop sectorand
on amplerainfalls. A governmenttarget is to maintain an annualGDP growth rateof at
least5%.

The agriculturalsectoraccounts (in 1991)for about60% ofthecountry’sGDPand for over
90% of the exports.Manufacturing,with 5% of GDP, is to a large degreerelated to
processingof agriculturalcommodities.The electricityand watersectorcontributes0.5%
to theGDP.

Growth in the agriculturalsector dependson the food crop sector which has developed
steadilyover the last years. Cashcrops havestagnatedin real terms dueto fall in both
coffeeprices and shipments,while livestock, fcrestry and fishing all have madegood
contributionsto”growth. Agricultural production increasedby 2.5%, industry by 1.4.1%
and servicesby 63% in 1990/91.

6.1.3 Foreign trade

The valueof Uganda’sann~alimportsand foreigndebt paymentsis much larger than the
valueof exports.Grantsand’içansfrom foreignsourcescoverthedeficit. Thetradebalance
improvedin 1991.Theeffect resultedprimarily from lower importswith adeclineof 25%,
while exportsgrew only by 0.7% in value terms.

In 1992, theBankof Ugandaintroducedweeldyforeignexchangeauctions.Thepolicy was
intendedto stimulateexportsand defer importsby avoidingan overvaluedexchangerate
oftheUgandanShilling. TheShilling hasbeencontinuouslydevaluatedoverthelatestyear
yearscomparedto the US dollar.

6.1.4 Public spending

The Government’sbudget is’currentiy running at large deficits. The situation became
particularly grave in 1991-92 with extensiveloans from theCentral Bank. The increased
moneysupply contributedseverelyto the inflation ratewhich reached66% by May 1992.
Subsequentactionsweretakento cutgovernmentspendingandraiserevenuesby an increase
in taxes.In recentyears,.the budgethas relied heavily on donorimport supportfunds to
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finance the large deficits. A Government target is to reducethe inflation rate to 10% by
1994/95.

6.1.5 Employment

Thepotentialworkforcein Ugandais estimatedat7 million with a majority of 80% engaged
in agriculturalactivities. It is assumedthat 115,000-120,000newpersonsenterthelabour
marketannually to look for work opportunities.

Employmentopportunitieshavebeenfalling overtimewith themarkeddeclinein theprivate
sector,while thepublic sector,to a largedegree,hasbecomean employerof last resort.
Unemploymentis rampant,especiallywhen taking into accountalso the less discernible
underemployment.

6.2 Sectoralrequirements,impactsand trends

Thedifferenteconomicsectorshavediverserequirementsfor waterresources.Theseneeds
canbeeitherconsumptiveornon-consumptive.Theconsumptiveusesareforinstance,water
supply, while importantnon-consumptiveusesarecomprisedof usessuchashydropower
andfisheries.Thefollowing tableverybriefly summarizessomeimportant.aspectsof these
requirementsin theUgandancontextwhile theassessmentof therequirementsis givenin
the following sections.
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SECTOR REQUIREMENTSTO WATER
RESOURCES

MAJOR IMPACT ON WATER RESOURCES

WATER SUPPLY
-ruraL domestic
-urban
-singLe industries

Water for consuiptive use in
drinking water quaLity for
ruraL and urban sLçptles. A
few industries may have Lower
quaLity requirements.

Consuiptive use of groundwater and
surface water entaiLing reduced
fLows in streams, towering of
groisidwater tabLe and possibLe
depLetion if recharge does not match
demand.

AGRICULTUREAND FORESTRY
-irrigation
-Livestock
-deforestation
-agrochemicaLs
-soiL erosion
-wetLand cuLtivation

Water with irrigation water
quaLity for crop consuiptive
use. Water for Livestock with
Low quaLity requirements.

Stream fLows and stream gradi-
ents conpatibte with power
generation requirements.

Reduction in surface water fLows.
Deforestation affects surface runoff
regime. AgrochemicaLs in Larger
amounts may affect surface water
quaLity. SoiL erosion entaiLs
siLtation and in severe cases sur-
face water runoff regime. wetLand
cuLtivation may affect downstream
water quaLity and change
hydroLogicaL regimes.

HYDROPOWER
-hydropower on the NiLe
-mini-hydro

Non-consuiptive use of river fLows.
PresentLy no storage on the NiLe
(within Uganda). River fLows remain
unchanged. Mini-hydro with storage
reservoirs have equaLizing effect on
f Lows.

SEWERAGE & SANITATION
-waterborne sewerage
-industriaL waste water
-pit Latrines

Water suppLy for water-ftushc4
instaLLations in urban areas
arid for industriaL process
use. Water avaiLabiLity for
waterfLusfled tatrines in ruraL
areas and smaLL towns.

Contamination of surface water reci-
pients (incL. certain wetland
areas). Risk of groundwater contami-
nation from Latrines in case of
short distances to groundwater
sources.

FISHERIES
-comerciaL (Lake/pond)
-sports

StabLe water quaLity and eco-
systems suitabLe for fish
stocks,

Overfishing wiLL change ecoLogicaL
baLance as wiLL dominance of singLe
species. InLand fish ponds may in-
troduce unacceptabLe poLLution in
smaLL streams.

NAVIGATION
-Lake transport

Lake water LeveLs maintained
within design intervaLs for
ports and transport infra-
structure. Water hyacinth oc-
currence kept at a leveL where
it does not interfere with
navigation.

No major inpact

RECREATION AND TOURISM
-wiLdLife
-scenic beauty

Water for wiLdLife ri park
areas. Water faLLs arid scenic
spots to be conserved.

No major inpact

HEALTH
-water reLated diseases

,

Water for domestic use to be
of drinking water quaLity.
Breeding spots for mosquitoes
to be controLLed.

No major inpact

ENVIRONMENT’
-conservation
-biodiversity
-sustainabiLity

Minimize iripact on water
resources from hunan activi-
ties

No irpact
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Table 6.1 - Sectorrequirementsand major impactson waterresources
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6.3 Watersupply

6.3.1 Domesticwater supply

The situationwithin the domesticwater supply in Ugandais characterizedby a very low
level of coverageby suppliesof adequatewater with acceptablequality both within rural
and urban watersupplies.The tablebelow gives theapproximatestatusin coverageand
plansfor increasedcoverage.

Table6.2 - Presentstatusandplannedinvestmentin watersupplysector.Coverageis given
asper centof population served

DESCRIPTION RURAL DOMESTIC SUPPLY URBAN DOMESTICSUPPLY

popuLation (1992)
population ratio

service target

15 mitt.
90%

25 L/cap/d

1.7 miLL.
10%

50 L/cap/d

Coverage & annuaL Level of investment
1990
1992
1995

2000

20%
26% IUSS14m
36% /USS3Om
75% /U9S40m’

40%
60% /US$3Om
75% /USS4Om
100% /USS4Om

Source: WOO, 1992

Theabovedatashowstheexisting low watersupplycoverageandthedistributionbetwee~i
investmentsin the rural andurbansub-sectors.The apparentbias in-investmentstowards
the urban sub-sectoris attributedto the levels of service, technologyand institutional
requirementsprovided in the two sub-sectors.For example,while investmentper capita
in the rural areasmay be aslow as US$ 6 (springprotection),the correspondingfigure
in the urban sub-sectoroften exceedsUS$ 120.

Theurbanwater supply and sanitationsector is implementedby the NationalWater and
SewerageCorporation(NWSC)and DWD. TheNWSCis responsiblefor supplyingwater
to a populationof approximately 1 million in K’~mpala,Entebbe,Jinja, Mbale, Tororo,
Masakaand Mbararaurbancentres.The averagecoveragein terms of personsservedis

51% of the urbantargetpopulation.

With theon-goingrehabilitationand/orexpansionundertheSecondWater SupplyProject,
NWSC intendsto supply76% of its targetpopulation.

Water supply to sixty small towns (with populationexceeding5,000people)falls under
the responsibilityof DWD. The total populaticn in thesecentresis estimatedat 700,000
peopleand is expectedto increaseto 1 million by the year2000. Of thesecentres,25 have
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existing water supply systemswhich arein avery poorstateof repairdueto maintenance
constraints;most often thepopulationhas Ito rely on unsafewater sources.

An umbrellaprogramme,the Rural TownsWater and SanitationProgramme(RTWSP~,

hasbeeninstitutedto coordinateall theurbanwaterprojectsunderDWD. Thestrategy of
RTWSPfollows a majorshift in governmentpolicy towardsdecentralisationaridrepresents
a demand-driven participatory approach.

Beneficiaries,to beorganisedon thebasis of managementunits, will determinethetype
of watersupplyandsanitationsystemtheywant andhow to manageit, includingoperation,
maintenance,repairsandrevenuecollection.The role of governmentor DWD will bethat
of a facilitator, providing constructionfinancing guidelines,regulatory supervisionand
lensuring thatcommunitiesreceivegood technicaladvice.

The towns have beengroupedinto implernentablepackages,preliminary technological
options for serving the different towns have been formulatedas well as policies and
guidelinesfor implementingthe programme.Implementationcostsareestimatedat US$
120 million (Cowiconsult/NCG/Habitat,1993).

DWD (1992)estimatedtherural potablewatersuppl~coverageto be26%. The level of
investmentrequiredto raisethecoverageto 100% is ~.timated to be US$ 351 million. The

major rural water supply developmentprogrammesare RUWASA East UgandaProject
(Danida financed), running up to year 2000 and covering eight districts, and SWIP
(UNTCEF/CIDA/SIDA) coveringninedistricts. Furtherprogrammesare the WATSAN,

National Water and Sanitation Programme(UNICEF & various NGOs) covering nine
districts, and the West Nile Rural Water Supply Programme (Italian funding and NGOs)
coveringtwo districts.

6.3.2 Industrialwater supply

Uganda’sindustryis mainlyengagedin processingofrawmaterialsarisingfrom agriculture,
livestockandforestry with theaim to produceessentialdomesticrequirementsorpreparing
of agriculturaloutputsfor export.

Themajoractivities Consistof manufactureof textilesand garments,leather,sugar,foods,
soft drinks, beerandflour milling. Theseactivitiesareconcentratedin thesouthof Uganda
particularly, Kampalaand Jinjaat theshoresof Lake Victoria and Victoria Nile. Uganda

had a strongindustrialbasein the 1960sbut this wasrapidlydestroyedduring the 1970’s.
To datethereare only about5000 registeredfactories, many of them producingbelow
capacity.Industryin total contributes5% of theGDP. Industriesaregenerallyconnected
to theurban water supply networks.
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Theestimates(Ministry ofFinanceandEconomicPlanning,1992)ofthedevelopmenttrends
for industrialproductionvary betweenthe different sectorsfrom 2.8% to around7%. As
theproductionhasbeenvery low, suchincreasesseemlikely over the comingyears. No
attempthasbeenmadehereto estimatethewaterdemandof theindividual industries,but
anallowancehasbeenmadein thedemandfigure for urbandwellersto includeindustrial
demand.

A moredetailedaccountof industrieswith significantwastewaterproductionis givenin
Section 3.3, where waterquality andpollution aspectshave been considered.

6.3.3 Presentand future rural and urbanwaterdemand

The presentand future water demandfor urban and rural domesticsupplieshavebeen
calculated based on the population dataand forecastson district and catchmentlevel
presentedin Appendix 6.1. Thebasicassumptionson unit waterdemandsarevery rough
and aretaken to be uniform for the wholecountry. However, for the purposeof a first
estimateof a countrywidedomesticdemandthe figures will give a good approximation.
Theassumptionsare:

- present and future rural domesticdemand25 1/cap/day

- presentand future urbandomesticdemand(md, industry) 75 1/cap/day

The resultsof the waterdemandcalculationfor districts and the eight major catchments
aregiven in Appendix 6.3. Thecalculationsdealwith both the present and futuredemand.
The coveragehasbeentakenas 100% and the figures thus give the upper limit of the
demand.Theresultsshowthattheupperlimit (year2010)of theurbandemandis 100 mill.
m3/yearsec(or 3.2 m3/sec),while thecorrespondingrural demand(year2010)is 230miii.
m3/year (or 7.3 m3/sec).

6.4 Agriculture

6.4. 1 Livestock waterdemand

The structure of food demandis likely to changewith the rise in income, with a shift away
from root cropsand starchyproductslike cassavaand bananas,to livestock and dairy
products.Governmentpolicy is aimedat reactivatingthelivestockindustryaftertheheavy
lossesduring the 1980’s. The present stock is estimated at 4.5 million cattle, 1.2 million
pigs and 5.5 million sheepand goats.
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Thesearingof livestock is aimedat self-sufficiencyin meatand dairy productsand at
expansionof theleatherindustryfor export. Thenumberof livestockis expectedto grow
at anaveragerate of 5% annually(Ministry of Financeand EconomicPlanning,1992).
A distribution of livestockby district is given in Appendix 6.2.

Livestockwaterdemandis asignificantwateruse,especiallyin thesemi-andpastoralareas
wheresurfacewatersourcesare scarceand wherelong dry seasonsareexperienced.The
semi-nomadicpastoralistswho inhabit theseareasoften encroachon the naturereserves,
suchasLakeMburoNationalPark,andsettledneighbouringcommunitiesin searchofwater
and pasture.

In thepast,425 medium-sizeddamsandvalley tanks,aswell asseveralsmall valley tanks,
were provided. Most of thesehave silted up due to lack of maintenance,poor animal
wateringmethodsandsoil erosionasaresultof overstocking.In 1989, underthedirection
of thePresident,it wasplannedto constructtwo valley tanksin eachparish in Karamoja
andlaterin theSouth-West.A totalof 264 valley tanksarerequiredin Karamoja.However,
DWD and KaramojaDevelopmentAgency (KDA) expressedthe needfor a specialstudy

to assessthe feasibility and requirementsof the project. Ministry of AgricultureAnimal
IndustryandFishery (MAAIF) estimatestheinvestmentrequiredfor constructionof 230
communalvalley tanksand 135 private darnsfor ranchesat US$ 6.8 million.

6.4.2 Presentand future livestock demand

The livestock populationand the projection is given in Appendix 6.2 on a district and
catchmentbasis. The total presentlivestockherd is estimatedto approximately4.5 mill.
cattle, 4.8 miii. goatsand sheepand 1~2mill, pigs. From the figures in Appendix 6.2
livestock demandhasbeenestimatedusing the following assumptions:

- one livestock unit consumes50 lI/head/day

- cattle = 0.7 livestockequivalents

- pigs = 0.4 livestock equivalents

- goats/sheep= 0.15 livestock equivalents

Basedon theprojectionsandtheaboveassumptionson consumptionthefiguresin Appendix
6.4 werederived.In additionto thedistributionofdemandby district, thedemandhasbeen
calculatedfor eachof theeight majorcatchmentsof Uganda.Thesefigures alsoappearin
Appendix 6.4.Thelivestockequivalentsaregiven alongwith thepresentand futurewater
demands.It appearsfrom Appendix 6.4 that the present (1989) livestock demandis
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approximately81 miii. m3/year(or2.6 m3Is),whereasthefuture(2010)demandamounts
to 223 mill. m3/year(or 7.1 m3Is).

6.4.3 Irrigation

In recentyearsirrigation attractedincreasingattentionin Uganda.Todaythereexistplans
to achievehigheragriculturalproductionperunit areaand improvefood securitythrough
a moreefficientuseof land and water resources.Small-scaleirrigation is plannedto be
supportedby extensionservicesandtraining as well asthroughplanningand design.

Theexisting irrigatedareasarepredominantlylocatedaroundLakeKyogaandin theareas
betweenLakeKyogaand Mount Elgon. A total of 32,510hectaresofland is estimatedas
irrigated areain 1992. Currentpracticesregardingwaterapplication indicatethat a total
oj about206 mill. m3 of water is usedannuallyfor irrigation. Swampspresentlyprovide
thelargestareas,with approximately30,000hectaresof small scaleirrigation in Tororo,
Igangaand PallisaDistricts. For comparison,the swampareaof Ugandais estimatedat
3 mill. hectares.Appendix6.5 givesan overviewof thepresentirrigation situation(1992)
in regardsto crops,areasundercultivation, and presentwateruse.

An increasinginterestin ricecultivation hasbeenregisteredamongthe farmers.In areas
surroundingthe Doho riceschemeit was foundthat severalhundredsmall scalefarmers
grow rice outsidetheregularscheme,with an approximateculti~’atedareaof 1/2 hectare
per farmer.

In Lake Victoria Crescentareamany horticultural farmershaveplansto startsmall scale
irrigation.However,thegeneralundulatingtopographyprecludesgravityirrigationin most
areas.This necessitatespumpingof irrigation water from lakes and streams.In several
instancesfarmershaveprocuredelectricalpumps and-use thesewheneverirrigation is
needed.

The major sectorprojectsincludea Small Scale~~rigationProjectfinancedby FAO with
the objectiveto increaseagricultural productionper unit areaand provi4 training and
supportto the farmers. Threepilot schemesfor irrigated horticultural areashavebeen
establishedin Mpigi andLuweroDistricts. In Tororoand Igangathreepilot schemeswere
establishedfor improvedwatermanagementin areasof irrigatedriceproduction.A special
studyof thewetlandirrigation situationin TororoDistrict is given in AnnexReport,Volume
1, WAP.Doc.010Annex 8. Studiesof both institutionaland technicalaspectsof wetland
irrigation havebeenreported.

TheOlweny SwampRiceIrrigation Project,financedby AfDB and IDA, comprisesthe
developmentof800 ha oftheOlwenySwampin Lira District for smaliholderrice farming.
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Six hundredsmaltholdersare the beneficiarieswith individual holdingsof I ha. Inputs,
credit,extensionandother servicesareprovidedunder the project.

6.4.4 Futureirrigation demands

In 1992,thefailure of theusuallyreliablefirst annualrainfallseasonupsetthefoodsecurity
of the countryby causingcrop failuresanddecreasein livestock production.Out of the
total 38 districts of Uganda, 15 districts experienceda long dry spell and food security
problemreachedcrisis levels.Theworsthit districtswereKasese,Kabale,Mbarara,Rakai,
Bundibugyo,Masaka,Masindi, Mpigi, Mukono, Luwero, Moroto, Kumi, Soroti, Kotido
and Rukungiri. Presently,16 districts aredeclaredfamine strickenand it is feared that
permanentclimatic changeshavetakenplace. (Ref. Appendix 2.6 “Trendsandvariations
in hydrometeorological parameters.”).

Since1964variousirrigation potentialestimateshavebeenprepared.Themostoftenquoted
estimatesweremadeduringa consultancyin the 1960’s(Halcrow, 1964).Theseestimates
aresummarizedin Table 6.3. They arebasedon what is technicallypossible,and-donot
necessarilyrepresentwhat is economicallyand socially feasible.

Table 6.3 - Regionalasstssme~ntof irrigation potential in.Ugandabasedon soil patterns,
water reserves,possibilities for conservationand conveyanceof waterand agricultural

considerations

LOCATION POTENTIAL
AREA
(hii)

MAIN SOURCE OF WATER

ALbert NiLe VaLLey
Aswa River Catchment
Karamoja & North East Teso
Lake SaLisbury Area

.North Bug~su & Sebei
Lake Kyoga Basin
South Busoga
Western Region, Rift VaLLey PLains
Klbitrba VaLLey & Lake WamaLa Basin
Orichinga VaLLey & Koki Lakes Basin

2~,OO0
3,600

10,000
11,200
9,200

80,800
22,000
24,800

1,200
2,000

186~2:

ALbert Nile, Anyaur River
Aringa & Pager Rivers
Okere, Nainatu & Akà~roro Rivers
Akororo River &j.ake SaLisbury

.Siroko River & Mt.EL~gon Streams
Victoria NiLe, Lakes Kwania & Kyoga
Lake Victoria
Rivers Sebwe, Mubuku & Nyamagasani, Lake
Ge8rge
Lake WamaLa & Kibirr~i River
Lakes Maburo & Nakivati

source: HaLcrow, 1964

At anaverageannualcrop waterrequirementof 10,000m3/ha(singlecrop) thepotential
irrigation areawould representa demandof 1868 miii. m3/yearor 59 m3/s. The usual
Ugandanpracticeof two growing seasonswould double this demand.
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During the water usestudy of the Upper Nile basin madeby HYDROMET in 1977,
potential irrigation schemeswereidentified in Ugandaby the thenWater Development
Departmentin cooperationwith Ministry of Agriculture, Animal Industriesand Fisheries
and an Egyptian irrigation expert.The exerciseconsideredearlier studiesand took into
account only other estimatesof potentials that were technically reliable possibilities.
However,economicandsocial feasibility hasnot beenincludedin the studies. The total
potentialareafor irrigation wasestimatedat 247,000hacorrespondingto anapproximate
2,500million m3/year(or 78 m3/s)for a singleirrigation season.The identifiedpotential
distributedby majorcatchmentsis given in Appendix 6.5.

In 1987, FAO estimated410,000ha to havea potential for irrigated agriculture.This
correspondsroughly to 4,000 mill m3/year(or 126 m3/s) for a singleseason.Again, as
with the 1964 estimatesby Haicrow, the FAO estimatesare basedon technicalconsi-
derations,ratherthan on the-economicandsocial feasibility of largescaleirrigation.

In 1993 the World Bank assessedthat agriculturalproductionincreasescould bebrought
about by expansionof thecultivatedarearatherthan by intensifieduseapplyingirrigated
agriculture. However, it was recommendedto preparefeasibility studies of possible
irrigation schemesand to follow theresultsof presentefforts.

Thedevelopmentin irrigation requirementsthusseemsratherdifficult to estimate,andsocial
and economic aspectsneed to be given proper attention. The estimation is further
complicatedby thefact that smallholderriceschemesat swampmarginswill probablynot
requiremorewater for evapotranspirationthan theclearedswampvegetation.Thereports
on increaseduseof water for irrigation of vegetablesand other garden cropsat the
individual homesteadsis anotherfactor which complicatesthe estimation.

However, even a rather limited irrigation developmentwill require substantial water
resourceswhichcanonly besuppliedfrom surfacewaterandwhich maycreatecompetition
with otherusersin areasof scarcewater resources.

6.5 Hydropower

Themajority of hydropowergenerationtakesplaceat OwenFalls Damat theVictoria Nile
nearJinja. Thepresentinstalledcapacityis 180 MW. An extensionprogrammeintended
for increasesto 270 MW and300 MW of generatingcapacityhasbeenprepared.The
identifiedhydropowerpotentialon theVictoria Nilewithin theUgandanterritory totals2700
MW, with the Murchisonsite having a potentialof 600 MW and Bujagali site havinga
potentialof 250 MW.
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Rehabilitationof the Maziba Mini-Hydro PowerStation hasstarted.Other mini-stations
are planned, for instanceat Phaidha (3.0 MW), Ishasha (4.0 MW)and Bisheruka(10 MW).

Ugandahasexportedelectricity to Kenya since 1955 and is extending the powergrid to
Tanzania.Underthe Kagèta--BasinOrganization,Ugandais expectedto supply power to
Rwanda,Burundi and EasternZaire. Total installedcapacityin Ugandais presently185

MW out of which 5 MWcapacity comes from diesel powerplantsand 180 MW from
hydropower. Productionwas781.5 million kWh of hydroelectricityand 1.2 niillion kWh

from dieselin 1991. -

Hydropowergenerationis a non-consumptiveuse.Presently,thereis no artificial storage
on theUpperNile andriver flows arekeptunchangedascomparedto thesitu2tionbefore
theconstructionof theOwenFallsDam. Themini-hydropowerstationshavesmall storage
reservoirsand thereis thusa slight tendencytowardsequalizingthe natural river flows.

Hydropower generationcan be expectedto increase in step with the transboundary
distributionofelectricity, the increasein rural electrificationand theincreasein industrial
and domesticdemand.However, the impact on the water resource(Victoria Nile) is
negligible.

6.6 Sewerageandsanitation

Theysewerageand sanitationsector’s impact on the water resourcescomes from the
dischargeof dome~ticandindustrialsewageinto the surfacewatersandfrom thepossible

impact of pit latrineson the groundwater.Thedevelopmentof such threatsto thewater

quality will follow the generaldevelopmentin populationand industrial activities. Details
of considerationsand descriptionsof the sewerageand sanitation situation is given in
Subsection3.3.6, whereasSection5.3 dealswith thepossibility of groundwaterpollution
from pit latrines.

6.7 Fisheries

The fisheriesindustry is increasingin importancewith a total catchof 255,000tonnesin
1991, agrowthof 4% from 1990. Thenumberof fish processingplantsincreasedto seven
and a significantpartof thepopulationis dependingon this sectorfor their living. A catch
Of approximately 120,000tonnes came from LakeVictoria, while the remaining catch was
predominantlyfrom LakeKyogaandLakeAlbert. In addition to the catch from lakes and

rivers thereareabout2,000 man-madepondsfor fish farmingin thecountry. Restrictions
can be expectedto be introducedto preventoverfishingof certain species,while fish-

farmingcouldexpandsignificantly. A furthergrowthof total catchat 4% per annum could
bewell feasible(Ministry of Financeand EconomicPlanning, 1992).
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Fisheriesinteractwith the waterresourcesthrougha requirementfor a certainquality of
thehabitatfor thefish stocksandthroughthepossiblepollution of small streamsif intensive
aquacultureis practised.Key elementsof the interactionof lakeecologyand fish stocks
aredescribedin subsection3.4.1.

6.8 Navigation

Ugandarelieson transportroutesthroughKenyaand Tanzaniafor shipmentof her export
goods. Partof theseroutesinclude transporton Lake Victoria to Kisumu and Mwanza,
respectively.Ferry servicesexist to a certainextenton LakeKyogaaswell. Thetransport
facilities includetwo ferry terminalson LakeVictoria includingtherecentlycompletedPort
Bell wagonferry terminal.Threewagonferriesarepartof thestockof theUgandaRailways
Corporation.Passengertransportis also an importantpartof thenavigationactivities.

63 Tourismand wildlife

Uganda’spolicy in thetourismsectoris to expandemploymentand in ‘omes from tourism
with theultimategoal to increaseincomesin foreigncurrency.This hasbecomeevenmore
importantwith stagnationordecline..inearningsfrom. traditional export,commodities,-anct
theadvantageof diversifyingforeign trade.

Work hasbeenconcentratedon conservationand rehabilitationof facilities, with helpfr9m
foreign technicalassistance.Prospectiveinvestorshave startedto appear,andactivity in
this sectorcanbe expectedto gro\w steadily.Thenumberof touristsarrivinghasincreased
from 25,000in 1985 to 60,000in 1991. An annualgrowthin thenumberof visitorsof 10%
could be realistic in thefuture (Ministry of Financeand EconomicPlanning,1992).

Requirementsin relationto waterresourceslies in thepreservationof naturalscenicspots,
in particularwater falls. Further, conflicts involving encroachmentof cattle ownerson
wildlife parksdue to scarcityof waterhasto be resolved.
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6.10 Health

Economicrecoveryalongwith therestoration id rehabilitationof socialserviceshasstarted
to reversethenegativetrendofhealthczreir Uganda.Sofar, however,only 1im~ted impact
hasbeenmadeon thehigh prevalenceof pr~’entablediseases.The waterrelateddiseases
malariaand diarrhoeaconstituteabout31 ‘~ of thetotal numberof patientsregisteredby
the Ministry of Health. Malaria aloneaccountsfor over22% and affectsall agegroups.
Diarrhoeapredominantlyeffectsagegroupsunder 4 in particular.

Therelationof healthto thewaterresourcesis throughthewaterquality for drinking water,
the pools wheremalariamosquitoescanbreed, the bilharziaoccurrencein the lakesand
streams,etc. Theplanningof water resourcesexploitation hasto takeinto accountsuch
healthaspects.

6.~11 Environment

In abroadsense,environmentalissuesinvolve all aspectsof humaninteractionwith nature.
Thegoal of environmentalpolicies is generallyto mitigateor minimize theseimpactson

~-nature.A relationshipbetweentheenvironmentandwaterresourcesoccursin mostaspects
of water resourcedevelopmentsprojects. Environmental issues must be considered
particularlyin theplanningstagesof a waterresourcesproject,but alsodunngdesignand

implementation.

Considerationsregardingwater often resourcesexclusively focus on availability and/or
suitability of the water for a specifieduse. However, long term sustainabilityof water
resourcesin conjunctionwith the natural environmentrequirë~ãmore broad, holistic
approach.Activities should beplannedand managedaccordingto at thoroughknowledge
of thesignificanceof their impacton all aspectsof theenvironment.Theseissuesinclude
biological, physical, chemical, ecological, socio-economicand health aspectsof the
environment.Requiredknowledgecanbegainedtf~roughEnvironmentalImpactAssessments
(EIA’s) which serveto ensurethat potential environmentalproblemsare identified and

mitigated at an early stagein the planning and execution of development projects.

Ugandanenvironmentalissuesareexpectedto be takenincreasinglyinto considerationin
step with rising awarenessof environmnenlaIconservation and the formation of an
environmentallobb~’.Thus, water resourceplanning must taketheseissuesinto ‘ac,count
througha tight collaborationwith theenvironmentalprotectionauthorities.

A detailedassessmentof the Ugandanenvironmentalsituation is being preparedby the
NationalEnvironmentAction Plan (NEAP), and is beyondthe scopeof theRapidWater
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ResourcesAssessment.However,someimportantissueswhich relateto waterplanning
are mentioned below.

6.11.1 Reduction of biodiversity

Biological diversity (biodiversity)is an expressioncoveringthevariability of life ~ormsand
it includes the diversity of genes, speciesand eco-systemsor habitats.Reductionof the
biodiversity is happeningasa resultof varioushumanactivities in all partsof the world
throughextinction of speciesbelongingto all categoriesof life. This irreversibleimpact
of developmentactivities is of increasingconcernbecausehuman life detiv~sfoods,
medicinesand otherproductsfrom various naturalcomponents.

Ugandahasthegreatestdiversity ofanimalandplantspeciesin thecontinentcorresponding
to ahigh diversityof habitatsrangingfrom grasslandsto mountainforests,moistevergreen
foreststo swamps,and openwater to semideserts.

Biodiversity canbe threatenedthroughdevelopmentof land usewhich reducestheextent
of naturalhabitatsfor thevariousorganisms.Water relatedexamplesof this are:

- drainingand cultivationof wetlandswhich hold a specialiseddiversity of flora
and fauna

- siltationof dams,rivers andlakesasa resultof soil erosiondueto agricultural
practicies,overstocking,rangelanddegradation,deforestationetc.

intensivelivestockwateringin gameareasmayexcludethenaturalwildlife from
its habitats

A most striking exampleof the threat to biodiversity in the Ugandancontext is the
ecologicaldevelopmentof Lake Victoria during thelast decades.Here, thefishery which
was previouslybasedon about20 fish species,is now limited to 2-3 species.mainly the
Nile Perchand Tilapia.

The stockof Cichlideshasbeensignificantly reducedand they arenot observedtodayin
the openwater. To whatextentthevariousspeciesofCichlids havebecomeextinctor are
surviving in thebackwatersofthe lake,is currentlybeinginvestigatedby researchers.These
ehangesareconnectedwith the introductionof thecarnivorousNile Perch.However, the
catchof Nile Perchincreasedthe fishery in thelake manyfold,at leastfor a period.The
possibleenvironmentalcost of this measurecould be thetotal extinction of a numberof
endemicfish speciesjn thelake.
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6.11.2 Introductionof exotic aquaticorganisms

~Asmentionedtheintroductionof theNile Perchto LakeVictoria hascausedsevereimpacts
on thelakeecosystem,includingapossibleultimatereductionof thelakebiodiversity. Such
consequencesareoftenexperiencedwhennon-nativespeciesare introducedby man.The
competitivebalancebetweenthe native specieswhich have beenbuild up-during the
evolutionaryprocessaredestroyedandmnonoculturesof opportunisticspeciesarethriving.
The Ugandanlake systemis facing a similarproblem with the introductionof theSouth
American water hyacinth. The lack of natural competitors in the Ugandan aquatic
environmentcombinedwith an enormousgrowthpotentialof this weed(facilitatedfurther
by increasedloads of organicand inorganic nutrients) results in a prolific creationof
biomassleadingto seriouseffects- ecologicalas well as economical.

These tcvo çxamples illustrate clearly the environmental dangerconnectedwith the
introductionof exotic species,andit is obviousthatcautionshould beobservedbeforee.g.
biological methodsare applied to control the waterhyacinthproblem.

6. 11.3 AcCumulationof hazardouscompounds

Use ~ofpesticides,dumping of solid waste, dischargeof industrial wastewater which
contaiøstoxic substancesand’accidentalspill of chei~nicals’~duringtransportation,createa
potentialrisk of polluting the environmentby hazardoussubstancesand contaminationof

groundwaterand surfacewaters.Toxic substancesthat will accumulatein theenvironment,
suchascertainmetals,pesticidesandotherorganicsubstancesresistantto bio-degradation,
r~’~irepart~cularlycautiousregulationsincetheir effect may be irreversibleor present
hazardsto consumersof thewater,i.e. for drinking or for aquaticorganisms.

At presentUgandais not detrimentallyimpacteddue to dischargesof industnal waste
productsor agriculturalchemicals.However,accumulationof toxic elementsmay occur
locally due to i.a the former mining activities in Kilembe/Kasesewhere considerable
amountsof toxic metalshavebeendischargedt~theLake George/LakeEdwardsystem.
The extent of ecologicalconsequencesof thesedischargesis not known. Similarly, the
former use of biologically persistentorganochiorines(e.g. DDT) may have caused
accumulationof thesecompoundslocally.

In parallel to economicdevelopment,which inevitably will increaseuse of hazardous
substances,the responsibleenvironmentalauthoritieshas to establishmanagementpro-

cedures aiming at protectingthe environmentagainstthe spreadingof thesecompounds.
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6.11.4 Ecosystembalance

A sustainabledevelopmentof thenatural resourcesincluding theaquaticsystemsrely on
theprotectionof thebalanceof the ecosystems.A stableecosystemhasa build-in buffer
capacityto resistexternalimpactswithoutdetrimentalconsequences.Asanyhumanactivities
will affect the environmentto certaindegree,theenvironmentalsustainabledevelopment
lies i.a in a practic&wherethe buffer capacitiesof the naturalsystemsarenotexceeded.

As mentionedabove, introduction of exotic speciescanchangethe ecological structure
(speciescomposition)resultingin anunstableandunpredictablelakeenvironment.Excessive
organicpollution or nutrient dischargescan do the sameresulting in so-calledeutrophic
conditions of the water bodies. Eutrophicationdescribesa situation where the natural
productivity(algae)hasbeenaccelerateddueto surplusof nutrients(mainly nitrogenand
phosphorus)resultingin increaseddegradationoforganicmaterialandleadingto decreased
oxygen concentrations.In the case that the oxygen levels reach the minimum for
heterotrophicorganismsto live, the ecologicalstructurewill changerapidly towardsan
unstablesystemmainly governedby~icroorganismswhich arenotdependenton oxygen.

Indicationsof eutrophicationhave been observedin Lake Victoria, but the cause/effect
relations still requireinvestigation.
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001 WATER ACTION PLAN PHASE I - PROJECTDOCUMENT
Descriptionof the backgroundand requirementsto the work in WAPPhaseI
including budget.

Jan 1993

002 REHABILITATION OF WATER RESOURCESMONITORING AND
ASSESSMENTSERVICESIN UGANDA - PROJECT IDENTIFICATION
REPORT
Backgroundandproposal for a water resourcesmonitoringproject including
budget

Feb 1994

003 REGIONAL WATER QUALITY MANAGEMENT IN THEUPPER NILE
BASIN - PROJECT IDENTIFICATION REPORT
Background andproposal for a water quality managementproject including
budget
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004

.

WATER ACTION PLAN PHASE II - PROJECT DOCUMENT
Descnpttonof the background andrequirements to the work in WAP PhaseII
including budget.
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005 WATER ACTION PLAN - MAIN REPORT
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resourcesmanagementframework,the action programmeand guidancefor the
implementationendmonitoringof the plan
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006 WATER RESOURCES POLICY
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007 RAPID WATER RESOURCESASSESSMENT
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and placeanda tentativeestimateof thewater requirementsandwaterresources
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OOS INSTITUTIONAL AND MANAGEMENT ASPECTS
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Proposalsfor a future managementstrategy and corresponding capacity building
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009 INTERNATIONAL ASPECTS
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010 ANNEX REPORT- VOLUME1 - DISTRICT STUDIES
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013 ANNEX REPORT - VOLUME 4 - PROJECTS AND ACTIONS
Description of water resourcesdevelopmentplans and projects giving guidelines
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Location and Lenath of Record of Selected Flow Stations

Stations Representinq Uqandan Catchments
Ser Station

No No

Station Name Basin

No

Long

0

Lat

0

Catchment

(km2)

Period

Start End

1 81316 R Kakinga 31 3 9 E 0 7 15 N 996 1968 1978

2 81)24 R Ruizi at Mbarara 1 30 39 0 E 0 37 0 S 2070 1954 1979

3 81333 P Kibale at Kalungi 1 31 21 0 E 0 46 0 S 4715 1960 1980
4 81359 P Katonga 31 56 0 E 0 7 0 S 13930 1956 1980

5 82)13 P Namatala at Mbale — Soroti Road 2 34 11 0 E 1 7 0 N 152 1948 1992

6 82318 P Malaba 2 34 3 0 E 0 35 0 N 1458 1956 1980

7 82320 P E~et at Bate — Dokolo Road 2~ 33 11 0 E 2 0 0 N
100

- 1970 1979

8 82322 P Abuket 2 33 40 0 E 1 27 0 N 25395 1948 1979

9 82325 P Sezibwa at falls 2, 32 52 0 E 0 22 0 N 175 1960 1975

10 82345 R Akokorio at Soroti — Katakwi Road 2, 3’3 51 0 E 1 52 0 N 14335 1969 1973

11 83311 P Tochi I 3 32 24 0 E 2 33 0 N 671 1950 1984

12 83313 R Kafu at Kampala — Gulu Road 3 32 3 0 E 1 33 0 N 15492 1952 1991
13 84324 P Rukoki at Kasese — Fort Portal Rd 4 30 7 0 E 0 11 0 N 156 1954 1984
14 84328 R Nyamugasani 4 29 50 0 E 0 7 0 S 507 1954 1979

15 85311 P Musizi ‘5 30 44 0 E 0 52 0 N 2603 1956 1980

16 85312 P Nkussi 5, 31 0 0 E 0 57 0 N 1815 1956 1980

17 85314 P Wambabya at Buseruka 5~ 31 8 0 E 1 30 30 N 737 1967 1978

18 85317

19 86302

P Waki II at Bilso at Hoima Road

P Aswa II

5

. 6~

31 22 0 E

32 35 0 E

1 ‘43 0 N

2 57 0 N

475

5015

1967

1949

1979

1982

20 86312

21 87305

P Pager at Kitgum at Kitgum Matidi

P Kochi at ‘fumbe at Moyo Road

6

7

33 4 0 E

~1 26 0 E

3 15 0 N

3 34 0 N

6140

838

1959

1955

1981

1978

22 87307 P Ayugi at Atiak — Laropi Road 7 32 2 0 E 3 21 - 0 N 1066 1955 1987

23 87308 P Oru at Arue — Yumbe Road 7 31 8 0 E 3 16 0 N 431 1955 1978

24 87312 P ~Jra at Iride — Pakwach Rd 7- 31 24 0 E 2 43 ‘ 0 N 2775 1956 1984

25 81319 P Katonga at Bugomola 1 ‘ 31 0 0 E 0 13 0 N 3870 1970 1978

26 81328 P Mpamu~igu at Rail Bridge ‘ 1 , 31 58 0 E 0 26 0 N 271 1970 1980

27 81348 P Nyakizumba at Maziba 1 30 5 0 F 1 19 0 S 820 1956 1993

28 81349 R Kiruruma N at Kab—Kis Rd 1 29 59 0 E 1 15 0 S 161 1955 1992

29 81350 P Kiruruma S at Kitumba 30 0 0 E 1 17 0 S 390 1956 1964

30 81358

31 82312

P Bukora at Katera

P Manafwa at I4bale—Tororo Rd

1

, 2

31 36 0 E

34 10 0 F

0 54 0 N

0 56 0 N

5000

494

1964

1948

1979

1993

.~

>4
t~)
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Location and Length of Records ot Selected Flow StationS
Stations Representing Ugandan Catchrnents{
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Ser
No

Station
No

Station Name Basin

No

Long La~
0

Catchment

(km2)
Period

Start End

32 82326 P Kami at Tororo—Busia Rd 2 34 6 0 E 0 31 0 N 92 1957 1979
82P1 P Kehirl at Mbale—Moroto Rd 2 •~j~ 33 0 E 1 36 0 N 1400 195? 1979

34 82340 R Siroko 2 34 15 0 E 1 14 0 N 265 1953 1980
35 82341 P SJiIIU

-

2 34 17 0 E 1 18 0 N 165 1953 1980
36 82342 P ~uyembe at Mbale—Moroto Rd 2 34 18 0 F 1 20 0 N 136 1952 1980
37 82343 R~Npanga 4 30 24 0 F 30 0 N 401 1954 1981
38 84317 P Hittia at F/P—Kasese Rd 4 30 10 0 E 0 17 0 N 86 1968 1982

39 84318 P Kanyampara at Equator Rd

40 84322 P Mubuku at F/P - Kasese Rd 4 30 7 0 E 0 16 0 N 256 1954 J~971
41 84325 R Kamulikwenzi at F/P-Kasese Rd 4 30 6 0 E 0 10 0 N 181 1954 1975
42 84327 P Chambura at Kichwambo 4 30 6 0 F 0 12 0 N 660 1954 1980
43 84365 P Ishashe at Katunguru 4 29 37 0 F 0 45 0 S 772 1958 196-8
44 84366 P Rushaye at Kabale—Pwensama Rd 4 29 47 0 F 0 35 0 S 228 1959 1982
45 84367 P Mitano 4 29 48 U E 0 41 0~S 1746 1958 1985

46 84372 P Ibalys 4 29 45 0 F 0 49 0 S 119 1964 1982

47
-

85318 P Waki I at Siba Forest 5 31 22 0 E 1 40 0 N 238 1970 1978
48 85318 P Siba at Masindi—Butiaba Pd 5 ~1 29 0 E 1 38 0 N 83 1968 1983
49 86301 P Aawa I at Paranga 6 32 56 0 E 2 35 0 N 2690 1049 1982
50 86313 P è~gagoat Kitgum — Lira Rd 6 32 58 0 F 2 50 0 N 4490 1963 1981
51 87301 P Nyarwedo at Angal—Okullo Rd 7 8 0 E 2 30 0 N 259 1955 1979
52 87302 P Ala at Arua—Mutsr Rd 7 31 4 0 E 2 54 0 N 306 1965 1978
53 87306 P Ore at Okello 7 11 9 0 F 2 40 0 N 1750 1962 1979
54 87318 P Anyau at Arua—’iumbe Rd 7 31 7 0 e 3 15 0 N 749 1963 1978
55 87318 P Nyaqak at Nyapea 7 30 58 0 E 2 52 0 N 602 1967 1979

Stations_on_the_Main_Channels_of_the_Nile

Sor Station Station Name Basin Long Let, Catchment Period

No No No o ‘ 0 (knt2) Start End

56 82303 P Victoria Nile at Mbulamuti ‘ 2 33 2 0 E 0 49 0 N 263000 1970 1992

57 83303 P (yoga Nile Masindi 3 32 6 0 F 1 42 0 N 73161 1947 1978
58 85305 P Semiliki Bweramule 5 30 11 0 E 0 57 0 N 26223 1950 1978

59 87310 P Albert Nile at Pakwactt 7 31 30 0 E 2 27 0 N 1955 1978

60 87317 R Albert Nile at Laropi 7 31 49 0 F 3 33 0 N 1958 1970

61 82304 P Victoria Nile at Naniasagali 2 33 56 0 E 1 10 0 N 1953 1978

62 87322 P Albert Nile at Panyango 7 31 28 0 E
,

2 32 0 N 1969 1979
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Annual Water Balance for Selected Catchments

Ser

140

Station

No

Station Name Basin

No

Catchment

Area

Catchment

Rainfall

Runoff —

Actual. Ea

- Ev~

Pot E0

otranspiration

PotT~Ep Ea/Ep

1 81316 R Kakinga (Index Catchinent) 1

(kni2)
996

(mm)

838

(m3/s)

0 2

(mm) %

7 1

J~)
831

(mm)

1700

(mm)

1550

%

54

2 81319 P Katonga at Bugomola 1 3870 817 3 59 29 4 - -~ 788 1600 1459 54

3 81324 P Ruizi at Mbarara 1 2070 1067 7 8 119 11 948 1450 1322 72

4 81328 P Mpamujugu at Rail Bridge 1 271 1146 2 44 284 25 862 1600 1459 59

5 81333 P Kibale at Kalungi 1 4715 965 2 9 19 2 946 1450 1322 72

6 61348 P Nyakizumba at Maziba 1 - - 820 938 4 9 188 20 750 1350 1231 61

7

8

81349

81350

P , Kirwuma N at Kab Kis Pd

P Kirwum~ Sat Kjturnba

1

1

- 161

390

1062

1000

0 92

5 17

180

418

17

42

882

582

1400

1350

1277

1231

69

47

9 81353 P Bukora at Katera 1 300 1000 2 63 276 28 724 1350 1231 59

10 81359 P Katonga 1 13930 914 2 7 6 1 908 1600 1459 62

11 82312 R Manafwa at Mbale—Tor Rd 2 494 1590 7 83 500 31 1090 1800 1641 66

12 82313 P Narnatala at Mbale — Soroti Ri 2 152 1320 2 7 566 43 754 1500 1368 55

13 82316 R Malaba 2 1458 1372 15 1 327 24 1045 2050 1868 56

14 82320 R Enget at Bate — Dokolo Road 2 100 1270 0 5 142 11 1128 1900 1732 65

15

16

82322

82325

P Abuket

P Sezlbwa at falls

2

2

25395

175

991

1397

2 7

2 1

3

386

0

28

988

1011

2050

1700

1868

1550

53

65

17 82331 P Kelim at Mbale—Moroto Rd 2 1400 1298 10 51 237 18 1061 1800 1641 65

18 82340 P Siroko 2 265 1625 3 56 424 26 1201 1700 1550 78

19 82341 P Simu 2 165 2000 3 74 715 36 1285 1700 1550 83

20 82342 P Muyembe at Mbale — Moroto Rd 2 136 1875 3 28 761 41 1114 1700 1550 72

21 82343 P Sipi at Mbale—Moroto Rd 2 92 1777 3 65 1251 70 526 1800 1641 32

22 - 82345 P Akokorio at Soroti — Katak~ii 2 14335 762 1 1 2 0 760 1900 1732 44

23 83311 P Tochi I 3 671’ 1524 2 9 137 9 1387 1800 1641 85

24 83313 P Kafu at Kampala — Gulu Road 3 1549~ 1118 18 0 37 3 1081 1600 1459 74

25 84312 P Hima at F/P—Kaseso Rd 4 86 1386 0 27 99 7 1287 1800 1641 78

26 — 84312 P Mpanga 4 301 1483 4 51 473 32 1010 1600 1459 69

27 84318 P Kaflyampara at Egua—Rd 4 114 1500 1 65 456 30 1044 1800 1641 64

28 — 84322 R Mubuku at F/P — Kasese Rd 4 256 1695 9 56 1178 69 517 1600 1459 35

29

30

84324

- 84325

P Rukoki at Kasese — Fort Pd

P Kamulikwenzi at F/P—Kasese Ri

4

4

156

181
1346

1500

5 7

1 49

1146

260

85

17

200

/ 1240

1200

1600

1095

1459

18

85

31 84327 P Chambura at Kichwamba 4 660 1531 8 05 385 257 1146 1800 1641 70

32 84328 P Nyamugasani 4 507 1041 8 4 525 50 516 1200 1095 47

33 84365 P Ishasha at Katunguru 4 772 1470 9 86 403 27 1067 1800 1641 65

34

35

84366

84367

P Pushaya at Kabale—Pwensema R

P Mitana

4

4

228
1746

1156

1175

1 42

14 23

196

257

17

22

960

918

1600

1600

1459

1459

66

63 I.
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Annual Water Balance for Selected Catchments

Ser Station Station Name Basin Catchment Catchmer~t Runoff — Eva otranspiration

No No No Area Rainfall Actual, Fa Pot , FO Pot Ep Ea/Fp

)krn2) (miii) (m3/s( (mm(% (mm) (mm) (miii) %

36 84372 P Ibalya 4 119 1250

-

1 32 350 28 900 1400 1277 71

37 85311 P Musizi~ 5 2603 1219 4 9 60 5 1159 1650 1504 77

38 65312 P Nkussi 5 1815 1245 4 2 73 6 1172 1600 1459 80

39 85314 P Wambabya at Buseruka

-

5 808 1295 4 0 155 12 1140 1600 1459 78

40 85316 P Waki I at Siba Forest 5 238 1438 1 53 203 14 1235 1700 1550 80

41 85317 P Waki II at Biiso at Hoima Pd 5 523 1524 2 7 160 11 1364 1600 1459 94

42 85318 P Aswa I at Puranga 6 2690 1251 ‘15 59 183 15 1068 2000 1823 59

43 86302 P Aswa II ) 6 5015 1194 40 6 255 21 939 2000 1823 52

44

45

86312

86313

P

P

Pager at Kitgum

Agago at Kitgum—Lira Pd

6

6

6140

4490

940

1186

4 9

5 39

25

38

3

3

915

1150

2100

2000

1914

1823

48

63

46 87301 P Nyarwodo at Ang—OkulloPd 7 259 1750 2 16 263 15 1487 , 1800 1641 91

47 87102 P Ala at Arua—Mutir Pd 7 306 1438 4 17 430 30 1008 1800 ‘1641 61

jj 87303 P Ora at Okollo 7 1750 1395 11 04 199 14 1196 1800 1641 73

49 87305 P Kochi at Yumbe at Moyo Poaa 7 838 1295 7 4 279 22 1016 1700 1550 66

50 87306 P Anau at Arua_Yumbe Pd 7 749 1471 6 44 271 18 1200 1800 1641 73

51

52

53

87307

87308

87312

P

P

P

Ayugi at Atiak — Laropi Road

Oru at Arua — Yumhe Road

Ora at Inde — Pakwach Pd

7

7

7

1066

431

2775

1270

1372

1245

6 3

3’8

16 6

188

281

188

15

20

15

1082

1091

1057

1900

1700

1700

1732 j63

1550 1.2.2...
1550 ILL

54 87318 P Nyagak at Nyapea 7 602 16.25 5 28 277 17 1348 1800 1641 [82

F
I

a
0
C,

8-J
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Low Flow Analysis (Monthly Values)
Serial
No.

St. No. Station Name Catchment
Area
(km2)

Average Driest Mm. Flow
Recorded

(m3/s)

1:5 Year
Low Flow

(m3/s) (l/s/km2)
Month

No.
Value
(rt~/s)•

1 81316 R. Kakipga 996 3 0 0 0 0.00
2 81319 R. Katonga at Bugomola 3870 4 3.288 0.11 0.543 0.14
3 81324 R. Ruin at Mbarara 2070 8 2.669 ~0 1.563 0.76

.........4. 1 R. Mpamupugu at Pail Bridge 271 5 3.88 0 0.002 0.01
1333 P. Kibale at Kalungi. 4715 9 1.343 0 0.278 0.06

7•
— 1348 P. Nyakizumba at P4azmba 820 7 3.4 1.24 1.649

~.~1349 P. Kiruruma N at Kab--Kis Rd 161 9 0.92 0.12 0.264 1

81350 P. Kiruruma S. at Kitumba 390 7 3.98 0.39 0.839 .15

— 8135~ P. Bukora at Katera 5000 1 2.75 0.69 0.677 u.14

8135 R. Katonga 13930 10 1.138 0 0.108 0.01

8212 P. Manafwa at Mbale-Tororo Rd 494 2 2.99 0.66 0.618 1.25
82 13 P. Namatala at Mbale - Soroti Road. 152 2 1.38 0 0.322 2.12
82 .b R. Malaba 1458 2 3.99 0.98 1.232 0.84

14• 82320 P. Enget at Bate — Dokolo Road. 100 6 0.16 0 0.06 0.60
82322 P. Abuket 25395 4 0.7 0 0 0.00

16 82325 R. Sezibwa at falls. 175 2 1.46 0.34 0.58 3.31
17 82326 P. Kami at Tororo-Busia Rd 92 2 0.52 0.02 0.028 0.30
18 82331 P. Kelim at Mbale - Moroto Rd 1400 4 4.23 0 0 0.00
19 82340 R. Siroko 265 3 1.69 0 0 0.00
20 82341 P. Simu 165 3 1.2 0.35 0.356 2.16
21 82342 P. Muyembe at Mbale-Moroto Rd 136 3 1.05 0.2 0.033 0.24
22 82343 R. Sipi at Mbale-Moroto Rd 92 3 1.01 0 0 0.00
23 82345 p. Akokorio at Soroti - Katakwi Road 14335 3 0 0 0 0.00
24 83311 p, Toc~i I 671 3 0.59 0 0.076 0.11
25 83313 R. Kafu at Kampala - Gulu Road. 15492 3 8.91 0 1.925 0.12
26 84312 P. ~iga 401 2 1.97 0.68 0.689 1.72
27
28

84317
84318

R. Mime at F/P-KasesiRd
R. Kenyambareat Equator Rd

86
114

3
2

0.15
1.28

0
0.57

0
0.506

0.00
4.44

29 84322 P. Mubuku at F/P-KaseseRd 25~ 8.59 4.82 5.62 21.95
30 84324 R. Rukoki at Kasese - Fort Portal.Rd. 156 1 3.44 0.17 1.539 9.87
31 84325 P. Kamulikwezi at F’P-KaseseRd 181 3 1.14 0.02 0.001 0.01
32 84327 P. Chemburaat Kicth~embe 660 8 2.4 2.35 3.068 4.65
33 84328 R. Nyamugasani. 507 5.91 2.48 2.961 5.84
34 84365 P. Ruflaye at Kabale-RwekshaInaRd 772, 7_ 6.28 3.09 2.611 3.38
~5 843~ P. Mitano 228 10 2.14 0 0 0.00

>~
•0
•0

CD
2~.
N
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4

4.1

ME~EOROLO~ICALSTIJDIES

Dataana~

Rainfalldatarangingfrom 1926-~993for sevenstationshavebeenappliedin theanalysis.
A substantialpartofthesedatahavebeencollectedfrom theHYDROMET (FECCONILE)
databasein Nairobi.

Thebasinrainfallisthracerizedbyastumgbimodalpatterninthesouthernpartwhllethis
patternis clearlyweakerin thenorthernpart.Therainfall datafrom thesevenstationswell
distributedover the basinhave been’combinedto give figures representingthe average
rainfall. The rainfall stalionsusedin theanalysisincorporatedMasuicli, Bulindi in the
northernpart, Kiboga andNakasongolain the centralpart and Kawanda,Bukalasaand
Bakijujula in thesouthernpart.

The analysishascomprisedcalculationof annualand seasonal(March-May,September-
November)standardized,normalizeddeparturesfrom the meanfor thewholecatchment.
The,standardized,normalizeddeparturefrom the meanis calculatedas the actualvalue
subtractedthemeanvalue. This valueis then divided by the standarddeviation.

4.2

4.2.1

Resultsalid discussion

re~entátionof main results

Resultsof thecalculationof departureshavebeenpresentedin Figs4.1 and 4.2 below.

2

1.5

~o5

U)

—1

-1.5

-2

Rainfall overKatu River Catchment

Figure 4.1 - Annual standardized,normalizeddeparturesfrom
basin. The curveshowsthe5 yearmovingaverage

the meanfor Kafu river

Co -- ~ ~ £4, ~ _ U, ~
c.J C., ~ ~. U, IL~ N. N. a~
a~ a~ ai a~ ~ a, a, a, a, ~
— — — — — — re~ — — — — — — —
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Reinteil in mm

200

150

100

50

0

750

Monthly rainfall variations over Kafu catchment

Jen Feb Her Apr Hey Jun Jul Aug Sep Od Nov Dec

Figure4.2 - Meanmonthlyrainfall anddeparturesfrom theaverageduringyearsofrainfall
aboveaverageanddurIng yearsof rainfall belowaverage

4.2.2 A’nnual rainfall variability

The annual values (Fig 4.1) indicatesa strong.interannualr~i~i1~allvariability~witha
tendencyof yearsaboveaveragetobepersistingfor upü~,six ,~yèar~s.Theseriesfj~orn1926
to 1993 clearly indicatesrepetitivephasesof yearswith aboveaverage~rain’~falland~low
averagerainfall. Thelongestperiodwith rainfall below averagewas”ftom. 1938 to 1958.
Within thisperiodof 21 yearstherewereonly five yearsof aboveaveragerainfall, but the
5-yearmovingaverageremainsbelow themeanfor thefull 21 years.The negativeimpact
on water resourcesavailability during this period hasbeenmuch moreseverethan the
accumulatedeffectof therecentbelowaveragerainfall lasting from l9~9to 1993.

However,thepresentperceivedimpactof thedeficientrainfall is probab1~ggravatedby
theincreasedhumanandanimalpopulationsandtheensuingstresson areasof’scarcewater
resources.

Thereis noevidenceof trendsin annualvaluestowardspermanentlydecreasedrainfall and
climatechanges.

4.2.3 Monthly rainfall variability

During the yearsof aboveaveragerainfall (Fig 4.2) it appearsthat the highestrainfall
occursduring themonthsof Septemberto Novemberwith Novemberreceivingthelargest
amount.TheseasonMarch to May alsoreceivesaboveaveragerainfall in particularduring
the month of March.
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===______

Long Term
1953-1983

-~-

Dry
1953-1959

Wet
1960-1971

Dry
1972-1983

Mean Annual Outflow (m3/s)
Mean AnnuaL RaInfaLL (na)
Max. Outflow (m3/s)
Miri. OutfLow (m3fs)

16.50
1147

156.15
0.25

5.05
1124

45.20
0.25

26.86
1255

156.15
1.23

12.82
1049

52.74
4.17

The recentlow flow or drought 1990-1993wasarepetitionofa historicalpatternandmuch
less serious than the low flow period 1953-1959.The minimum recordedflow (0.25
cumecs)occurredin that period (1953- 1959)andthe recorded cumulative deficit was2.5
billion m3 over7 yearscomparedto cumulativedeficitof 1.4 billion m3 overtherecent12
yearsperiod 1972-1983.The patternof the moving 5-yearmeanflow departures and the
long term rainfall pattern (re. Fig 4.1) suggeststhat thedroughtof long duration(1942-
1959)is the worstrecordeddrought.

Z11_Jan 1980
~.~_Jan 19~9

-7

,~, 22.zi ~,L.1an~ ~
fi~r~ 1~75~

L__Jan 1924
/ J~r 1~’3

-. LI~ri 1922
/L__Jari L971

15.~ ~ ~
—

.-.~__j~ri .‘~:

._~___.ai i9~7
L_J~.n 196.s

/ >-~lT~r~,~965
7 ~J~n 19.~4~~Jan 1~63

~~J~an~19~2
•T.~j~ 1Q61

i~1IIYi~n1°60
L_hn 1959 KET

1958 ,- Dati rni~

~~3Ø iOc,.cj 150.0

Figure 5.2 Double masscurve,River Kafu flow versusrainfall

Table5.1 - Hydrological statistics for River Kafu

Apart from the cyclic pattern (Fig 5.1) thereis no indication of an upwardor downward
trend to suggestan impactof changein climateor land-use.

-——,— ~
— - . ., .
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Thedoublemasscurve(Fig 5.2)showseveralchangesin slope.This is possibledueto the
different responsesof the catchmentover the wet and dry years.The changesin slope
(1960, 1962, 1965, 1971, 1976) correspondto the transition betweenthe dry and wet
periods.

Themeannormalrainfall departuresand the moving5-yearanomaliesplotted against the
correspondingmeanrunoffare shownin Fig 5.3.

1953 1~5 ~3 ~6-3 ~

Figure5.3 Meannormalrainfall, flow departuresand5-yearmovingaverage$

The aboveplot leadsto thefollowing observations:

- thecyclic patternin rainfall and runoffarecorrelatedwith a significantdelaylag. The
lag is dueto thelargestoragecapacityin thecatchment.Therunoffis correlatedto the
rainfall and runoff in thepreviousyears;

- thevariation in runoffmaybewholly explainedby the variations in rainfall; the recent
low flow period (1990 - 1994)maybe explainedby the recentdroughtor declinein
rainfall;

- thevariationsin runoffarewider thanthevariationsin rainfall andtherefore the effect
of decline or increasein rainfall on water resourcesis magnified. For examplean
increasein rainfall from 1124mm to 1255mm over theperiods 1953-1959to 1960-1971
causedan increasein runoffby morethan5 times. Similarly a decline in rainfall from
1255 mmtO 1049 mm was followed by a declinein runoffby more than2 times.

•A.a C’iI ~eDcr~~E~

— Std ~

‘~ 5—’ ~1oviic Flo.~

—1

~td Fain AromaI~

~—iecr 4o~in~Fa-i

;~—~ 9a3 ~ 1 ;~
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Livestock dataand forecasts(Source: World Bank, 1993)

REGION DISTRICT LIVESTOCK NOS.
1989 (i 1000)

GROWTH
% p.a.

LIVESTOCK NOS.
2010 (z 1000)

CATTLE PIGS GOATS!
SHKEP

CATTLE PIGS GOATS/
SHEEP

Central

Western

Northern

Eastern

Kalangala
Kaipala
Kiboga
Luvero
Nasaka
Npigi
Mabende
Mukono
Rakai

Bundibugyo
Bnshenyi
Boila
Kabale
Kabarole
Kasese
Kibaale
Kisoro
Nasindi
Nbarara
Rukungi ti

Apac
Ama
Gum
Kitgni
Kotido
Lira
Moroto
Moyo
Nebbi

Iganga
Jinja
Rasuli
Kapchorva
Knit
~ale
Pallisa
Somoti
fororo

5.0
181.6

31.8
99.0

183.3
206.5
109.7
lBt.l
80.6

43.7
276.9
88.8

174.2
325.9
136.6
98.5
86.1

101.0
363.2
151.6

65.1
69.7
46.3
47.9
22.8
14.2
23.5
24.4
39.9

256.8
84.2

133.4
31.6
62.0

213.6
89.7

122.1
157.0

1.8
67.7
11.5
35.1
66.1
74.5
39.6
66.4
29.1

9.5
60.4
19.4
38.0
71.1
29.8
21.5
18.9
23.3
79.2
33.1

39.2
41.6
21.6
28.6
13.6
44.3
14.0
14.6
23.8

34.0
11.1
17.7
4.2
8.2

28.3
11.9
16.2
20.8

4.7
117.9
30.1
93.9

173.8
195.9
104.0
174.6
16.4

42.1
266.4
85.4

167.6
313.6
131.4
94.7
83.4

102.9
349.5
145.9

238.2
253.0
168.0
113.7
82.8

269.1
85.1
88.5

144.8

285.1
93.5

148.1
35.1
68.8

237.1
99.5

135.6
174.3

8.2
7.1
2.3
3.0
4.9
5.2
4.9
4.5
5.2

2.5
5.3
4.2
4.3
5.5
4.1
5.6
5.7
4.1
5.0
4.7

6.3
5.2
4.7
3.8
2.6
5.3
2.6
7.4
5.4

5.7
4.2
5.1
6.4
2.1

4.4
5.1
1.3
5.0

26.0
792.0
51.2

184.2
500.5

598.7
299.5
464.0
233.6

13.4
819.0
210.7
421.7

10O3.2
317.5

309.1
277.7
248.7

1012.0
397.1

236.9
202.2
121.5
104.8
39.1

219.5
40.2

109.3
120.5

822.5
199.8
379.2
116.4
95.5

527.5
254.8
160.1
413.3

9.4
285.8
18.5
66.5

180.6

216.0
108.1
167.4

84.3

16.0
178.5
45.9
91.9

218.7
69.2
67.4
60.5
54.2

220.6
85.7

141.4
120.7
12.5
62.6
23.4

131.0
24.0
65.3
71.9

108.9
26.5
50.2
15.4
12.7
69. J
33.7
21.2
57.9

24.7
751.2

48.6
174.7
474.7

- 567.9
284.1
440.1
221.5

70.6
787.9
202.7
405.7
965.2
305.5
297.4
261.2
239.3
973.6
382.7

859.3
733.5
440.7
380.2
141.9
195.9
145.8

396.4
431.1

913.2
221.9
421.0
129.2
106.5

585.7
282.9
177.8
485.5
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KaLangata
KaPpa La
Kiboga
Luwero
Masaka
Mpigi
Mubende
Hukono

Rakal

BLI1dI bugyo
Bushenyi
Hoi ma
Kaba L e
KabaroLe
Kasese
K i baa L e
Ki soro
Has mdi
Mbarara
Rukungi ri

Apac
Arua
GuLu
Kitgun
Kot i do
Lira
Moroto~
Moyo
Nebbi

Iganga
Jinja
KarmiLi
Kapchorwa
Kuni
MbaLe
PaLL isa
Soroti
Tororo

5
185

31
97

180
203
108
181

79

40
257
82

162
303
126

91
80
99

338
141

97
103
68
70
33

110
34
36
58

236
77

122
29
57

196
82

112
144

25
781

50
181
493
590

295
458
230

68
763
195
392
934
295
288
258
231
942
369

350
299
180
15~
58

325
59

162
178

756
183
348
107
87

484
233
147
427

89
3,370

558
1j75
3,293
3,706
1 ,962
3,309
1,442

730
4,692
1,496
2,957
5,527
2,308
1,663
1,457
1,814
6,169
2,567

1,767
1 .873
1 ,245
1 ,2?8

600
2,003

629
650

1,060

4,299
1,408
2,228

521
1,037

3,574
1,488
2,045
2,628

Appendix6.4

464
14,254

914
3,309
8,999

10,768
5,386
8,351
4,195

1,241
13,917
3,564
7,151

17,046
5,388
5,250
4,708
4,217

17,198
6,738

6,396
5,463
3,276
2,821
1,052
5,930
1,083
2,951
3,248

13,789
3,337
6,359
1,945
1,591
8,838
4,258
2,682
7,786

DISTRICT Livestock
equ. 1989

Livestock
equ. 2010

Water demand
1989

Water demandi

2010

SLIP 4,450 12,376 81,217 225,862

Livestock equivaLents in thousands

Water denands in thous;. — s m3/year
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IRRIGATION (POTENTIAL) WATER DEMANDS 8? CATC}-Th1ENTS

Basin Name SchemeName Potential
Area
(Ha)

Ultimate
Water Use
(Mill nd/year)

Water Source

L. Victoria Kibimba Valley 6012 60.12 L. Wamala
Biluma 4273 42.73 L. Victoria
Kityerera 9306 93.06 L. Victoria
Idokwe Bay 4198 41.98 L. Victoria
South Bukoli 9176 91.76 L. Victoria
L. Mburo 462 4,62 L. Mburo
Orichipga Valley 2082 20.82 L. Nakivali

Sub Total 35,509 355.09
L. Kyoga Kaabong 1892 lB R. Dopeth

Moroto 1600 16.00 R. Matheniko
Adip/Olweny 6039 60.39 L. Kyoga
Bokora/Isuku 3764 37.64 P. Okere
Akokoroi 14766 147.66 P. Okere
Nabilatuk 1077 10.77 R. Beletur
Kafu 7250 72.50 R. Kafu
Akokoro 8200 82.0 Vic. Nile
Nabiswera 3325 33.2 Vic. Nile
Katinge 2685 26.8 L. Kyoga
Okapel 1155 11.55 L. Kyoga
Onunyal 7664 76.64 P. Omunyal
0~urei 1426 14.26 L. Kyoga
Kadunguhi 1300 13.00 L. Kyoga
Agu/Kapiri Vail 11407 114.07 L. Bisina
Komolo 53.92 53.92 P. Okore
L. Salisbury N 4300 43.00 P. Bisina
L. Salisbury S. 3026 30.26 L Bisina
Nanalu 895 8.95 P. Nakirivonvet
Nakasongola 7070 70 ~0 L. Kvoga
Sezibwa 4762 47.62 R. Sezibwa
Nakasongola 7616 76.16 Vic. Nile
Byero 900 9.00 L. Evoga
Malima 1967 19.67 L. Kyoga
Labori 2695 26.95 L. Kyoga
Pigire 1581 15 81 L. Kvoga
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SCHEME DISTRICT SOURCE MAIN CROPS PRESENT
IRRIGATED

AREA

PRESENT

WATER USE
per year

MUBUKU
KJBIMBA

QOHO

KIIGE

ONGOM

ODINA

LABORI

ATERA

ACORO
OLWENY

KASESE
IGANGA

TORORO

KAMULI

URA

SOROT!

APAC
APAC

KITGUM
URA

Sebwe/Mub. Res.

Kibimba Res

Manafwa R

Nabigaga L.

OwemenlOn Res

L. Kyoga

L. Kyoga

L Kyoga

Agoro R

L Kwania —-

Mpologoma,

Lumbuka

Manafwa

R,V,A

Rice

Rice

Citrus

Citrus

Citrus

Vegetables

Rice, Veget.

Rice, Veget.
Rice

Hectares

550

700

1,000

60

40

-

-

-

-

mill. rn3

481
840

1200

0.42
0.28

-

-

-

-

SMALL’SCAL

RICE

FARMERS

TORORO

~_____

Rice

Rice

Rice

15,000 9000

IGANGA R’Mpologoma

Kitumbezi

Na,gombwa

Lumbuye

Rice

Rice
Rice

Rice

10,000 6000

PALUSA

—

Mpoiogoma
R Nyamugasani

L Victona

R Sezjbwa

Rice — 5.000 3000

NYAMLIGAS.

KAKIRA
LUGAZI

KASESE
JINJA

MUKONO

V.C,S,M,R
Sugarcane

Sugarcane

10
100

50

0.76
0 95

048

TOTAL 32510 20747
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IRRIGATION (POTENTIAL) WATERDEMANDSBY CATC}-U~tENTS

Basin Name Scheme Name Potential
Area
(Ha)

Ultimate
Water Use
(Mill m3.’year)

Water Source

Nawaikoke 7014 70.14 L. Nakawa

Lwere Valley 570 5.70 P. Lwere

Siroko 1950 19.50 P. Simu
Namatala 2349 23.49 P. Nernatala
Malaba 2178 21.78 P. Malaba

Bugusu/Sebei 571 57.13 P. Simu

Atera 2806 28.06 Vic. Nile
Doho 60 8.00 P. Manafwa

Sub Total 137,134 1371.34 .

Kyoga Nile Koli Valley 6742 67.42 Vic. Nile
Arocha 5206 52.06 P. Arocha
Aganga/Ibuje 6685 66.85 Vic. Nile
Tochi Valley 6285 62.85 P. Tochi

Sub Total 24886 248.86
Lks. Edward
George

Hima/Nubuku 4215 42.15 P. Mubuku
Nyakatonzi 5250 52.50 P Nyamugasani

jKihihi Flats 7067 70.67 P. Ishasha
Sub Total 16,532 165.32
P. Aswa Alinga 1500 1.5.00 P Pager

Lakara 400 4.00 R. Kapeta
Adilang 1200 12.00 P. Agapo
Labwor 900 9.00 P. Kadokadoi
Katabok 417 4.17 P. Kadokadoi

Sub Total 4417 44.17
Albert Nile La±opi 858 8.50 Albert Nile

Oya(Rhino Camp) 1350 13.50 Albert Nile
Ache 1400 14.00 P. Acha
.knyau 3128 31.28 P. Anyau
Waki Swamp 5907 59.07 Albert Nile
Lower Nyawa 2385 23.85 Albert Nile
Ala 1048 1 0.48 P Ala
Ore 4392 43.92 Albert Nile
Oceke(Pakwaro) 956 9.56 Albert Nile
Panyimur 4~5l 49 51 Albert Nile
Ayila 1 ~ 11.24 Albert Nile

Sub Total 27,499 274 99
Kidepo ValleylKitgum 1.24~ 12.49 P. Lanyag

GRANDTOTAL I 247.226j 2472.261
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