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ABSTRACT

This study assessed the potential of erosion and its impact on Gihira Water Treatment
Plant and Gisenyi Hydropower Plant iBebeya catchment, Rwanda. The study
determined the perception of the population on the existence of erosion, its impacts, major
contributing factors, and organisations that contribute in its control in Sebeya catchment;
it also characterized the catchmbartrisk of erosion potential, and determined the impact

of erosion on Gihira WTP and Gisenyi HPP. Questionnaire was used in determining the
perception of the population about erosion in the catchment. Digital Elevation Models
(DEM), different digitizedanduses, soil types, rainfall and available maps were used to
characterize the catchment for erosion potential. Statistical tests were used to assess the
differences in electricity generation between the raining seasons and dry seasons and how
sedimentransported in Sebeya River influences clean water production and the cost of
its treatment. Water turbidity was used to characterize the variability of water quality. The
results show that both local population and relevant administration perceive tea@xis

of soil erosion in the catchment and considered deforestation, solil types, steep slopes,
rainfall, farming methods, mining activities, and informal settlement as the major factors
contributing to erosion in the catchment. The obtained maps durirrgctdidzation
indicate high potential for erosion especially because of poor agricultural practices,
deforestation, soil types and steep slopes at upstream end of the catchment. The Gisenyi
HPP was found to be more efficient in power generation durindrh&eason than in the
raining season. The level of variability of turbidity was found to be statistically significant
with the value of F greater than Fc. Production of potable water affairs to be high in some
dry months than some months in the rainingss@ and the cost of production of cubic
meter of water is lower during the dry season than the raining season as expected. It was
concluded that erosion is an issue in Sebeya catchment; it is leading to loss of soil fertility
and agricultural lands andig negatively impacting on hydropower generation and clean
water production. The initiatives put in place to control erosion are producing results. It

is recommended that more of these initiatives be put in place.



RESUME

Cette étude a évalué le potentiel de I'érosion et son impact sur l'usine de traitement de
I'eau de Gihira et l'usine hydroélectrique de Gisenyi dans le bassin versant de Sebeya, au
Rwanda. L'étude a déterminé la perception de la population sur I'exigiefiéeosion,

ses impacts, ses principaux facteurs contributifs et les organisations qui contribuent a son
contrble dans le bassin versant de Sebeya; Il a également caractérisé le bassin versant
pour le risque de potentiel d'érosion et a déterminé l'ingmtérosion sur Gihira WTP

et Gisenyi HPP. Un questionnaire a été utilisé pour déterminer la perception de la
population de I'érosion dans le bassin versant. Les modéles d'élévation numérique (DEM),
les différentes utilisations des terres numériséesypes de sols, les précipitations et les
cartes disponibles ont été utilisés pour caractériser le bassin versant pour le potentiel
d'érosion. Des tests statistiques ont été utilisés pour évaluer les différences de production
d'électricité entre les saisode pluie et les saisons seches et la facon dont les sédiments
transportés dans la riviere Sebeya influencent la production d'eau propre et le colt de son
traitement. La turbidité de I'eau a été utilisée pour caractériser la variabilité de la qualité
de leau. Les résultats montrent que la population locale et I'administration concernée
percoivent I'existence de I'érosion des sols dans le bassin versant et considéerent la
déforestation, les types de sols, les pentes abruptes, les précipitations, les snéthode
agricoles, les activités minieres et le reglement informel comme facteurs majeurs
contribuant a I'érosion dans le bassin versant. Les cartes obtenues lors de la caractérisation
indiqguent un fort potentiel d'érosion, notamment en raison des mauvaisegigeat
agricoles, de la déforestation, des types de sols et des pentes abruptes en amont du bassin
versant. Le HPP de Gisenyi a été jugé plus efficace dans la production d'électricité
pendant la saison seche que dans la saison des pluies. Le niveau hibt&ate la

turbidité a été statistiquement significatif avec la valeur de F supérieure a Fc. La
production de I'eau potable est élevée pendant quelques mois secs pendant quelgques mois
dans la saison des pluies et le colt de production du métre cubeestgaus faible

pendant la saison séche que la saison des pluies comme prévu. On a conclu que I'érosion



est un probléme dans le bassin versant de Sebeya; Il entraine une perte de fertilité des sols
et des terres agricoles et affecte négativement la pwodud'hydroélectricité et la
production d'eau potable. Les initiatives mises en place pour contrdler I'érosion produisent

des résultats. Il est recommandé de mettre en place plus de ces initiatives
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Chapter one

INTRODUCTION

1.1Background

1.1.1 General
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Rwanda with an estimated population of twelidion people ad population density

of about 46 persons per square kilometer is the densest country in African. The

population growth is at 2.6 %. The country is water stress and with about 0.5 hectares



per household it is also experiencing shortage of land resaiREAGA, 2015: NISR,
2016.

Rwanda target to achieved 100% access to water and sanitation and 70% access to
electricity in hydropower is expected to make substantial contribubgrthe 2020

(Vision 2020, 2015). Currently access to improved water supply st @584 while

access to electricity is about 35%. To achievatim/ementionedarges and maintain

the level is a serious challenge considetirgrapid population growth (see Figure 1.2),
water scarce state of the country and the level land degradation that is impending water

resources development.

Trends in population growth , 1978 projected to Trends in population density, 1978 projected to
2032 800 2032

20 % 7
5 2184 3 600
= 3
S
= < 400
S >
: 2200 4
§- [a)

0 0

1978 1991 2002 2012 2022 2032 1978 1991 2002 2012 2022 2032
year year

Figurel2Tr ends i n pofprudmtli Dh8 gtrom wad h3 2

S o u r(RE®A, 2015)

It worse to mention that in 2012 86.3 percent of the energy used was derived from wood.
Thoughthe domestic hydropower potental Rwandais about400 MW only about

98.5 MW was utilized2015 (REMA, 2015) Total hydropower produicin has been
decreasing from 1960 to 2006, after this period it has revived again. The government
has increasednvestments in energy production includimpmestic and regional
hydropowerprojectsFigure 2.3 and Table 1.0African Development Bank Group,
2013).



Tablel.1 Hydropower production in 2014

Cumulative investment requirements in Category | Name Installed Capacity
hydropower production in MW
Domestic| Mukungwa | 12
700 1
Ntaruka 11.25
600 - -
Gisenyi 1.2
& 500 Gihira 1.8
s Murunda | 0.1
£ 400 Rukarara 1| 9
‘GEJ Rugezi 2.2
£ 300 Keya 2.2
0 Nkora 0.68
£ 200 Cyimbili 0.3
Mazimeru | 0.5
100 Nshili 1 0.4
Musarara | 0.5
0 Mukungwa | 2.5
Domestic Regional 2
m 2013 -2017 m2018 - 2025 Rukarara 2| 2
' ' Giciye 4
Imported | Rusizi 1 3.5
Figure 1.3Investment in energy production Rusizi2 |12
Source(African Development Bank Group, 28) Source(REMA, 2015)

Rwanda is a water scare country dstausenly 2.23 percent of its available water
resources iPeing utilized withirrigation activities consuimg between 80 and 90 of
available watethere is still possibility expansion of water resources developitfikat
main source of drinking wates proteced springwater because it represents 38 percent
of potable water usagée second is public taps with 26 percent; only 5 percent of the
population have piped water supply system running to their dwellkigter resources
face threats related to managsnt) population growth, urbanizaticerosion,droughts

and floods; this has resulted in water pollution whet@k, Coliforms high organic
matters, and sediments loads are the main elements of water quality (R&M2\,
2015)



1.1.2 ProblemStatement

Management of wat er resources has become

c h a nsgoei , | type, t op ogr aapdlack of ptleep altérrativesmin  pr e

livelihood options for sustainable use of natural reso(REEMA, 2015) Population
growth, declining resources and poverty are causing over exploitation of the natural
resources and this has resulted in environmental issues such as land degradation, water
pollution, floods, erosion, deforestation, loss of biodiversity, redndh hydropower
generation due to siltation, difficulty in purification of surface water for domestic use
and use of buffer zones of water bodies. Climate change projections show that there will
be increase severity of tlidovementionedssues mostly imorthwest of the country.
Erosion is one of the major land degradation issues in Rwanda. Erosion and its
consequent sediment transportation and deposition is leading to loss of soil fertility and
agricultural lands, as well as surface water pollution iogusegative impacts on
hydropower generation and clean water production among others. By 2015, more than
50 percent of the land in Rwanda has been put into crop production to increase food
security, this has increases the severity of soil erosion reguttitoss of about 250

tons/ ha / year, with a yearly losses of nutrients of about 945,200 tons of organic
materials, 41,210 tons of nitrogen, 200 tons of phosphorus and 3055 tons of (otash.
Fidele et al., 2016)Agriculture employs about 70% tfe population of Rwanda and it

is main contributor to GDP in the coun(iEMA, 2015)

Sebeya sulgatchment one of the main sahtchments of Congo Basin in Rwanda is

one of the sulcatchments that are mostly affected by erosion that is generating a lot of
sediments that is transported and deposited within the stream and rivers of the
catchment. In addition, Gishwati Forest located @be&/a catchment was subjected to
massive deforestation just adding to land deterioration and surface water pollution. In
1933 the forest covers about 100,000 ha and by 2002 remains only about 600 ha just
about 2% of its original arg&isioh. H, 2015) The impacts of this degradation are felt

on the infrastructures performance in the catchment example performance of water

5
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treatmat plants and hydropower plants in the catchment. The impacts of erosion on
other components of the catchment have not been quantified. Therefore, it is important
to understand the perception of the people in the catchment about erosion, determine
the man factors contributing to erosion and quantify its impact on the population and
infrastructures in the catchment.

The main aim of this study was to assess the potential of soil erosion in Sebeya
catchment and quantify its impacts on Gihira Water Treatrdanit and Gisenyi

Hydropower Plant.

1.2 Objective of the research
1.2.1 Main objective

The main objective of th study wado assess thpotential of soil erosion in Sebeya
catchment and quantify it impacts water treatmerfior domestic use and hydropower

generation.

1.2.2 Specific objectives

Different activitiesweredone in order to achieve the main objective; they specifically

include:

1. To determine the perception of the local people and administration on the
existence of erosion and its impacts on the patmn and the surrounding
environment;

2. To characterize the catchment in termtb& major factors contributingp
erosion

3. To assess the impacts of sediments transport on the power production of Gisenyi
HPP;

4. To assess the impacts of sediments transportgotable water production at
Gihira WTP.



1.3 Research questions

1 Whatarethe perceptiosiof the local people and administration on the existence
of erosion and its impacts on the population gnedsurrounding environment in
Sebeya catchment?

Whatare the characteristics of Sebeya catchment that support erosion?
How doeserosion and consequence sediment transport isySatatchment is
impactingon hydrgower generation of Gisenyi Hydropower Plant?

1 How doeserosion and consequence sediment transport isySatatchment is

impactingon potable water production at Gihira WTP?

1.4 ResearchHMotivation

What do planners understand on human activities and dexklaater resources
interactior? | hope the researatesults will rise up level of awareness in planning of
water resources development for stakeholders in domainpg@amind the adverse
effects of erosion; mostly when it comes to the country where land is becoming more
and scarcey population pressuren natural resources is increasing because their
economic activities rely oit. It is crucial to bring concept of wih win situation
between water companies and the community and enhance decentralization of water

resources management institutions atlwatent level.

Government of Rwanda @in place manyrogramgelated to conservation of water
resourceslike water related 2020 goal considers continuous investmeptstiecting
and management as well as water infrastructures developanerhey point out some
challenges centered by land scarcity, population pressure and paveadgylition,high
percentage of the population rely agriculture,this requires to think out of the box
where different scenarios must be studied and impiéde one of them is payment for

ecosystem servicesd it is form of land use likely to secure the service.



Different initiatives in the domain like EDPR&nNdII, Vision 2020,MDGs andSDGs

have contributed in improved drinking waterccessibility buthere is still much to
perform. Internationally, proper management of the catchment is linked to proper water
resources management, the latter requires proper and continuous cooperation of the
farmers and water and energy companies. Best land use prawtisebe adoptetb

reduce erosion rate which is the main source of water poll{sedimentation

eutrophication, organic matter transport, etc)

1.5 Scope of the study

The researclguantified the potential of soil erosion in Sebeya catchrassgsseds
impactson potable water production at Gihira Water Treatment Plant and electricity
generation at Gisenyi Hydropower Plant. The study determined the perception of the
population on the existence of erosion, its impacts, major contributing factors, and
organisations that contribute in its control in Sebeya catchment; it also characterized the
catchment for risk of erosion potential, and determined the impact of erosion on Gihira
WTP and Gisenyi HPP.



Chapter two

LITERATURE REVIEW
2.1Introduction

2.1.1 Theoryof soil erosion

Soil erosion is physical phenometiet combines detachment, transport and deposition
of soil particles from the land surfacby eroding agent such as watetnd and man
(Telles, Deben, Souza, & Guimaréaes, 201PBotential of soil erosion is a function
rainfall intensity, soil type, slope and slope length, land use, and soil conservation
practices(N. Haregeweyn, A. Tsunekawa, & D. T Meshesha, 20lk6paddtion, it
highly depends on political and institutional fact@RsP.C Morgan, 2005Worldwide,

soil erosion is among the main factors of environmental degradati@cts of soil
erosion include: eduction of land productivity, water pollution, destabilization of

ecolaical functions, loss of lifeetc.(B.Tilahun, 2013)

Meaningful and effective preservation of water resources is among the key factors of
social and economic developmdht Fidele et al., 2016; REMA, 2011)Erosion is

source of water pollution and sedimentation of water bodies around the world and
inadequate land use practices has accelerated the severity of the problem where water

resources developments are affe¢ed.Adeogun, B. F. Sule, & A. W. Salami, 2016)

Sedimentation level reflects the watershed management pracmmsnulation of
sediments in rivers causes the negat¥fects downstream likeeduction of storage
resevoir necessary for irrigation dnydropowersystems loss of rivers discharging
capacity andlooding, increase of the cost of producipgtable water, deficiency of

hydro turbinesn hydroelectricity project{A.G.Adeogun et a) 2016)



Sediments

Soil particles following within water in theiver having specific gravity of 2.6
approximately in the form of clay, silt, sand and gravel are recognized as sediments
their main sources weathering of the ro8lome of them arsuspended (suspended
load) or n river bed (bed load), they clease from the river bed to the water surface
generally.A given portion settlesown inbasins and the remaining part pass directly
to the hydraulic machines downstregediments are of sewarclasses based on their
sizes(H.P. Neopane, 2010)

Table2.1Classification of river sediments

Particle | Clay Silt Sand Gravel Cobbles | Boulders
Size < 0.002 | 0.002-0.06 |0.06-2 |27 60 60-250 |> 250
(mm)

Source:(H.P. Neopane, 2010)

2.1.2River sedimentation and hydropower development

Sediments are brought into rivers by runoff or flood water, their quantity depends on
erosion rate. The later has several factors like soil type, slope, soil management
practices, rainfall intensity and land use of the catchment drained by the river; human
pressure on land has increased the load of sediments in(Kvdfglele et al., 2016)
Turbine is the crucial component of hydropower plant; its function is to convert
potential energy of flowing water into mechanical energy , sediments erasitege

in turbineresults fromtheir dynamic action on metal surfag@ié. N. Patel, S. K. Singal,

& , R. P. Saini, 2013)

From design and maintenance points of view, sediment erosion is among the key
challenges in hydraulic turbing$. Chitrakar, C. Michel and B. S Thapa, 2014)
Sediments flowing in the river through the turbine are responsibletbments erosion

In its components by wear and abrasive forces which affect the operating conditions in
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terms of reduced life span, increased maintenance costs, high frequency of repair
periods and decreases of total energy produ¢Hom. Patel et al., 2013; MV. Kang,

N. Park, SH Suh, 2016)These particles are of specific gravity of 2.6 approximately
and in form of clay, silt, sand and gravétsP. Neopane, 2010Hydropower is of high
importance for sustainability in power generation. Unfortunately, most of water
contains silts which cause abrasdegradation to the machine components; stay, guide
vanes, turbine blades alabyrinth seals are at risks whetmner blades of the turbines

are most affecte(H. N. Patel et al., 2013)

Different researches using different models andrktboy tests in domain showed that
sediments erosion rate in hydro turbines depends on their concentration, type, hardness,
potential energy of water and size distribut{grK. Basbla & H. P. Neopane, 2014;
M-W. Kang, N.Park, 81 Suh, 2016) Sediment control at upstream is crucial to sustain
infrastructure development, it requires proper erosion contesthodswhich applies

the principles of integrated watershed management with critical awareness and

cooperation of stakeholders from all levedsG.Adeogun et al., 2016)

2.2 Theory of abrasive and erosive wear in hydro turbines

When hard particles pass on the surface they cause a certain loss of material, it is defined
as abrasive wegal he surface suffefrom micro cutting, fatigue, gain detachment then
brittle fracture. When hargarticle of microscopic size isausing erosion,rale of
impingement is low andnpingement speed is of 100m/s approximately, in this case
erosive wear is similar to abrasive wear. In the remaining conditions, abrasive and
erosive wears do not resemble and erosive mechanisms do(rirfat®leopane, 2010;
Thapa, Dahlhaug, & Thapa, 2015) 1960, Finnie has studied erosion on surfaces and

he has classified the material into two categories as brittle and ductibes foundhat

the ductile material losing particles by plasdeformation wherenaterial is removed

by eroding particldy means of displacing or cutting action with maximum erosion at

the jet angle of 30° approximately; whereas impacting particledecoeacks which in
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turn removes material by their interaction for brittle material with maximum erosion at
angle 90° of the jgfThapa et al., 2015)

2.2.1Sediment erosion in hydro turbines

Abrasive and erosive wear forces impart on the hydraulic machine functioning in water
containing sedimenta/here the severity depends mostlly their concentration and
guartz contentThe wear causes tremendous economic loss that is demonstrated in
operation and maintenance cod®reover, ediments erosion rate is of many factors

to be taken into account foretter its studylike charactertsics of sedimentssize,
concentration, shape, hardnassterial,etc.);characteristics of fluidglow rate,head,
rotational speed, velocity, turbulence, acceleration, impingement, gagiperature,

etc.) and the material the turbine is made f(ahmamistry, elastic property, hardness,

surface morphology\H.P. Neopane, 2010)

2.2.2 Factors of sediments erosion in hydraulienachines

1. Fluid characteristics

I Velocity of water carrying sediments

Mechanical deformation of the turbine varies in function of both velatityater and
particles the latter depends on the speed of water in which sediments move. At critical
or thresholdselocity, the friction and cutting action do not take platereis no effect;

the damage comes like plastic deformatan cuttingat the velocity higer than
critical (H. N. Patel et al., 2013; H.P. Neopane, 2010)

. Impingement Angle

Angle between eroded surface and trajectory of the patigfiere hitting the surfads
known as impingement anglen practical purpose jet angletasken as impingement
angle of particle which is not the true impacting angleangle of 0° the trajectory of

the particles is parallel to the material surface and erosion is (RrfdrNeopane, 2010)
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iil. Effects of erosion media

Wateror air is referred as conveying media, erosive particles and liquid medium is
known as slurrylnfluenceof media in sediments erosion depends opriggerties as
viscosity density, turbulence and microscoiperties (corrosivity antlibrication
capacity). Mixing small quantity of lubricants wittrosive slurries can reduce its
effects. Collision efficiency is used to assess effect of the medium, it is the ratio of
particles that hit a wearing surface to the theoretical number oflparvithout the

presence of any mediu(Al.P. Neopane, 2010)
iv.  Temperature and erosive wear

Temperature alone is not sufait to cause erosive wear in turbine, it gsftensthe
eroded material to accelerate the erosion wearing processbetasse of its big
correlation with mechanical properties of the mateddlhigher temperatures in an
oxidizing medium, corrosion ssiles occur which further speedup wear pro¢esi.
Neopane, 2010)

Impingement angle = 30°

0.1

90°

0 ' 500 1000

[grams removed / grams abrasive x 107]

0
Temperature [°C]

Figure 2.1 Effect of temperature on erosive wear rate of stainless steel
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V. Turbulence and erosive wear

The level of the medium turbulence reflects the particles content as they are likely to be
present more in turbulent than laminar flowithin the latter, the @h of the sediments
is parallelto the surface and their impacts become less ithamy other type of

trajectory which many be vertical or inclin@d.P. Neopane, 2010)

v

Laminar flow
Streamlines

Figure 2.2 Effect flow on erosivevear

2. Characteristics of base material

Life span of the turbine depends on the material it is made from. The base material
constitutes the main factor in sediment erosiod ts choicemust be made with care

so that the purpose of the machine or machine component.ig hratis why it is very
crucial to consider some propertidske hardness, chemical compositioand
microstructure For the components that are subjected to abraswch as spiral
casings, nozzle pipes draft tubes, are mafdplain structural steel or castings with
enough strength; in addition, if their wetted surfaces are protected with elastic coating
(epoxy, polyurethandased plastics have assessed appropratplay this rolé.

Coating is applicable to new or eroded compon@thtB. Neopane, 2010)
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3. Characteristics of thesediments

Aspect of sediment properties is very important in erosion analysis but it is not studied
deeply. For example, the hardesharper sedimens more erosive wear oc@&ithe

ratio of sedi ment h a rs d bhigrsleInflience of habdeessr at e 0 s
depends on mode of erosive wear taking place whether ductile or brittle, effect is more

in brittle than ductile modéH.P. Neopane, 2010)

I. Size and shape of the particle

Magnitude of erosion in hydraulic machine is proportional to the particle size
distribution in the material. This means that, lager particles are aggressive than small
particles; the materi@ontaining quartz even of small size (0.05 to 1mm) also does wear
away some partickeof the machine components that are in contact with the flow.

fact, sharp and angular particles are responsible to cause more erosion compared to
rounded ones. Impactd sediment is a furion of its energythe latter depends on
speedhead and mag¥ the dischargéA.K. Bastola & H. P. Neopane, 2014)

il. Hardness of the particle

Hardness of the particle is also one of the most factors favorizing erosion rate. It is
danger when the hardness vWHenthe hardgnessnafr e t h
the particles 1is greater than met aheds one

deeper in can penetrate in the surf@@adhy & Saini, 2008)
ii. Concentration

Generally, the most important factor in sediment erosion in hydraulic machines is
concentration of the particl@stheflow. The ratioof sedimentso the total mass of the
fluid imparting on the turbine per unit timéor river sedimentation, it is expressed in
grams peltiter (g/l) or parts per million (ppm) by weight is often used that is equal to
mg/l, 1000ppm is approximately equal to 1kg of waBased on several studies, there

is interference betweemnebounding anarriving particles, that is why erosive wear is
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proportonal to sediment dose up to a certain limit; at certain limit wear rates decreases
(H.P. Neopane, 2010; Padhy & Saini, 2008)

2.3 Rotating disc apparatus for sediment erosion measurement

Study of Sedimergrosionin several parts ohydro turbine use models and laboratory
tests(Thapa et al., 201550me of these models ar€omputational Fluid Dynamics,
Mathematical modelstc. (H. N. Patel et al., 2013; Thapa et al., 201k) laboratory
testghigh veloaty type, rotating disc/arm type, centrifugal typte famous equipment
for this work is rotating disc apparatus (RDAhe latter has disc or arm that is rotated
using highvelocity motor specimen to be tastedfiged on the disc and submerged
into the mixture of eroding material and fluid medium (waB3ajkarnikar, Neopas

& Thapa, 2013) Water circulates continuously to cool the housing, after operation
erosion can be seen on the specimen disc because of its weigiRDdssas mainly
four components rotating disc with blade attachments, housing and supportingstruct

cover and shaft connected to motarkK. Bastola & H. P. Neopane, 2014)

According toA.K. Bastola & H. P. Neopane (2014rosion rates the weight of the

specimen lost per second, it calculated by the followmaghematical expression,
E=(MW7iT W)/(W;*T)*1000 (mg/g per hour)

Wi = weight of the specimen in grams before testing

W, = weight of the specimen in grams after testing

T = Operation time in hours

2.4 Effects of soil erosion ornwater treatment

Soil erosiordoesnotonly affectagriculturalproduction butilsooff-siteeffects are very
important as well in addressedffsite impacts are associated to the materials that enter
the waterways from land surfac®oil erosion can increase the cost of municipal water

treatment by acquiring additional investments in settling basins, pesticides and
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pathogens removal, filtration, amdmoval ofseveral mineralfrom different source

like mining siteqHolmes, 1988)

Variability in water quaty impose several economic impacts on human and ecosystems
health, agriculture and fishery production, recreatiantiVities and so oAndrew. M,
2012).

The factors governing the cost of water treatment system mainly include the quality of
water source aio be producedhe quantity of water required, the lifespan ofjlemnt;
moreover,someothers factorsare advisedike space requirements, plant location and
land acquisition, installation rates, level of system automation needed, operation costs
(Holmes, 1988)

2.5 Multivariate analysis

Analysis of data requires the uskstatistical techniques where most of them use one

or two varablesof data. It wadound thatdataset may have motlkeantwo variables
(complex set of data}o analyze such dataset is possibMith multivariate analysis

which consists of set of methods that can be used when many measurements are taken
on each individal or object in one or more sampl&easurements are considered as

variables andhdividuals as units or observatiof&vin C.R, 2002)

Historically, Multivariate analysistechniques found to be applied in behavioral and
biological sciencavith a goal of simplificationWith the time, interest ahultivariate
analysigs spread in several fields likngineeringpolicy making orany other kil of
decision making,environmental studies, finance, project management, medicine,
ecology, business, education, literature, mining nursipgychology, religiongetc.

(Alvin C.R, 2002) In this approach which usenultivariate stasitics dataet is
composed of values that are function several variables for a given number of treatments.

Datsetsare organizedh different format such asdata matrixacorrelation, avariance

17



covariance matrix, a sumf squaresand cross-products matrix, or a sequence of
residualgAlvin C.R, 2002)

In general, multivariate analysis has mainly two main techniques; the first is analysis of
dependence where one or more variables are dependent variables (e.g: Multiple
regression), the second is analysis of interdependence where variabtdslapendent

and it is used for relationships between cases, objects or varjbigig, W. M. A.

W. M., Abdullah, M. P., Amerudin, NA., & Padli, N, 2013)

2.5.1 Analysis of Variancei ANOVA

Analysis of variance (ANOVA) is one of multiiate analysis techniques which uses
statistical principle (analysis¥or testing null hypothesis that considers no difference
between two or more population meani different groupsthis method is often used
for treatments. The groups correspomdreatments appliloly the researchédo judge

thelevel of statistical significancé€Eleisa.H, 2009)

The aim of ANOVA is to judge the statistical significance betwgrenpsusing Ftests

for examplel = 0 is @cfually the type | error rate. This means that there is a statistical
significance when the possibility of getting findidgference associatdd the mistake
between twagroups is less than two groups; furthermore, it means that once you run
two-sample tests 100 times, 5 out of 100 have high probability of resultingrige |
values. By several tests between the both groups you may find a statistically significant
difference which may not be different actually. This is the principal reasaoising

ANOVA in simultaneous analysis of several gro@plsin C.R, 2002)

In ANOVA, random sample of n observatiosgakenfrom each k normal population

with the same vaances, the layout is as folloflvin C.R, 2002)
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Sample 1 Sample 2 Sample k

from N (s, (?) fromN @ 2 0a ééééééééyfPliom N (
Y11 Y21 eeéeéééeee Yk1
Y12 yo éééeeééée.. Yk2
Y1n yhnééééeeééée. Ykn
Total V1. yo. Yk.
Mean O Op. Ox.
Variance Y Y Y

The k population issometimes considered as groups, and groups correspond to the
treatments considered by the researchers in the experiment.
In theprevious layout;
y. B &QQ and & -—-B ®»'Q0Q
i=1,2,3, 4.6......k and j = 1, 2, 3, 4 éééé
According to(Alvin C.R, 2002)in one way models, k groups or samples are considered
to be independent, the assumption of independence and common variance are necessary
to work on Ftest. The model of each observation is
yi=0 ++ {0
=i+
W = p+ iifthe mean in thélipopulation wenvishtoc o mpar e t he isampl e
with i = 1,2,3¢é.k to see if they are suffi

means are different. The null hypothesis to test is expressddo.ag: = M2 =

,,,,,
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populat o n , and we can est Thaéfrsts the elsulaled/from w o
sample variaces("Y, Y é . . . ."Y ).the population ofhe group(sample), in other
words it means within the groups, the second is computed from all s&gnplep)

me a nist. & &¢é é é ¢ &), t2Is ealculated as

B B 8 )
3 -B 3 (first value)

The second estimate of th&which is based on samplesansas

O 228 adi 6 2228 (second value)

Overall mean & —B B

During sampling from the normal distributitrsamples, Ei are independeiin each
sampldi , the first value thas of function ofi values is independent bf which is
function&i values. It means that depends on the variabilityithin each sample, that
is the reason why estimate(> whatever the null hypothesis (Ho) is true or not,
consequently Ei()  %in ahy caseDefinitely, the ratio ofi and¢ i results in A

statistics because they are independent from each other
F=—

2.5.2 Tukey Test

Tukey test is the Post Hoc Analysis for ANOVA where the samples are of the same
size, its suitable when the analysis of variance proved the statsstjndicance of the
population of different treatmesnt This test is very important becausehelps to
conclude which treatmengse different from others that the ANOVAes come across.

This testcompares means of populatiogsing Q, wher&) is calculéed and compared

to Quv; if the Q is greater than Qcv the means of pair are significantly diffEFakey,
Ciminera, & Heyse, 1985)
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Q =———, MeanX represents large mean and mearejresensmall mean

S3F
in pair of means under consideaa. Qcv is obtained from its distribution table. This
table usenumber of means and degree of freedom within groups to be able tthéraw
value of Qcv Tukey Test in onesided because only the positive side is considered

(Tukey et al., 1985)
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Chapter three

MATERIALS AND METHODS

Research findings depend on many factors, among which data availability and used
methods are perceived to play a big role. The study used primary and secondary that
was collected either on site or from institution(®.Tilahun, 2013) Desk
review/Documentation technigweas usedo collect data on the study areas through
consulting different sources such as books, internet, statistical bulletins, governmental
publications, information published or, data available from previous research, case
studies and library records, onlinga@analysis offered by the media, web sites, and the

internet.

3.1 Description of study area

Sebeya catchmerg one of the susatchments of Congo Basin located the western part
of Rwanda. lthas an area @65km? approximately (1.38 percent of countigea)(M.

Omar, 2014)(REMA, 2011) aregion that is characterized by high altitude, heavy and
abundantainfall throughout the year and steep slof@EMA, 2015) Itis one of the
densely populated areas in the country where people around the natural reserves are
responsible of their destruati die to seeking of other option of livelihogdisioh. H,

2015) High percentage of the population is under poverty lin8abeya catchment.
Environmentissues are at critical point and some of them are erosion and land slide
which are caused bynappropriate mining (artisanal), inappropriate agricultural
practices/overexploitation of soil, conversion of forest land to livésgrazing areas
(Gishwati), deforestatiowhich has resultech Siltation to rivers(M.O. Elsa, 2015)
gullies, reduction in soproductivity, land degradatiodamages of hydropower plants,
destruction of settlements in high risk zorf@soding, for example occaimn Kanama

and Nyundo sectors in in Ribavu Distrtict which causes Roadvadgesdestruction,

22



river bank destruction, flooding of agriculalrareagMIDMAR, 2015; REMA, 2015)

Figure 3.1 shows the location of Sebeya catchment in Rwanda.
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Figure 3.1Location of Sebeya Catchment in Rwanda.

Sebeya catchment contains two main rivers: SebagaPfunda. These rivers are the
source of watersupply for Gihira water treatment planGihira, Keya & Sebeya
hydropower plants; and indirectly (through WASAC) for the brewery of BRALIRWA

in Ruvabu The catchment includes the district capital of Rub&isdnyi) which is one

of the six secondary cities of Rwanda with increasing demands for potable water and
energy. Apart from the main paved road, othedsoare of varying quality, artle
majority of them arevulnerable to damage from heavy rainfall,ofts and landslides

(M. Omar, 2014)The catchmentut acros$our districts: Ribavu, Rutsiro, Ngororrero

and Nyabihu Sebeya catchment is strongly reliant on +f&ia agriculture both for rural
livelihoods and exports of tea and coffee becawssefy activities in Lake Kivu amot

part of major economic activitie@M. Omar, 2014; M.O. Elsa, 2015)
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3.1.1 Issues and challenges of water resources in sebeya catchment

3.1.1.1Quality of water in Sebeya River
Pollution point of view, surface wateiin Rwanda is polluted by human activities
(anthropogenic) likeagriculture, mining and unforrhaettlement and unsafe waste

disposal methods. For Sebeya river system, the first three are the most concerned.

3.1.1.1.1Agricultural activities

SebeyeRiveris located inpopulatedarea where people livelihood depends mostly on
agriculture The cause of water quality pollution dueatgricultureis related to the use
of fertilizers, insecticide, manure and sediment transpow. rate of fertilizersiseis

not high due to the sdiértility compared to insecticiddsr the purpose of increasing
landproductivity (NPK, urea, etc.but this hasesultedn some kind of change in water
characteristics, ofourse by erosion because these chemicals are esdtulget into
surface water indirectly by runoffiNutrients like nitrogen content in the manure also

get into the rivers easily where theffers zones are very smgiNUR, 2012)

The famous case in loss of land cover in Rwanda is the destruction of Gishwati forest.
A given part of this has been occuplagdhuman in terms settlement afiadming; this

has changed soil stability and structure so its capacity to soil erosion resistance has
decreased. This natural forest is the most and best in Seheyacatchment
unfortunately, due to the stated problareas arounthe tributarie®f this river become
flooded with a considerable amount of sediméNtdR, 2012)

3.1.1.12 Deforestation of Gishwati Forest Reserve

Gishwati forest is locateid one of populated areas of westprovince jusin south of
volcano park at the altitude ranging from 2000 to 3000 meters above sea level.
Moreover, thebig part of Gishwatiforest if foundin Rutsiro District within its four
sectors: Kigeyo, Ruhango, Nyedsi and Mushony(Kisioh. H, 2015) From 1933,

Gishwati has been put on list of main forests in RwaAbtaut one hundred years ago,
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Gishwati was athe secondlass in size amongst indigenous forests in Rwanda with an
areaof 100000 hectares In 197@® sit8 area was only 2800 ha (approximately one
fourth of originalarea)and 61.% of its areavas deptted due t@nthropogenic causes
(cattle grazing and resettlement of refugesming). Deforestatiorof the forest
continued seriously because the covered area by 2002 wa@®@0Ma)of its area in

1 9 7 Figwe. 3.1 gives an over view of deforestatairGishiwati forest.The forest
plays several functions such as ecological, biodiversity, soet@nomic values, buffer

for water resources and soil erosiand with the time these functions have been
decreasingKisioh. H, 2015)

According toKisioh. H (2015) ecological function of this forest is for Rwanda also

for many of African country because Gishwati icegts precipitatiorfor Nile and
Congo Basins knowing that forests regulate the river flow to ensure the annual flow this
forest is essential for water and electricity provision for several factory and communities
in northwestern of the country. It alsoufiers SebeyaRiver systemby filtering
agricultural runoff. In addition, this national reserve producsganic material to
fertilize soil and recycle soil nutrient, this is very importantvi@ater pollution control

andit decreases the quantity ahemicalthat could been in use water treatment
process Shelter of bird speciewas a part of it, but number of them has kept on

decreasing within the time.
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Figure 3.2Showing the magnitude of deforestation of Gishiwati forest

Impacts ofdeforestation of Gisliati forest are not only experienced on the site but also
at several kilometerdownstream Truly speaking, Sebeya River is water source for
Gisenyi hydropower plant, Gihira water treatment plard 8RALIRWA brewery

(main brewery inlie country) whichn turn most of people in the locality depend on
theseinfrastructures are located in this area apart from the beer and electrical power
producedKisioh. H, 2015)

Onetheof examples is where soil erosihas pollutediver andits tributaries atoffee
brown level, this has forced hydraulic and watependent factories to close for several
months each for niatenanceurpose, mostlgleaning the mud o@quipments; a such
case has been notatl Gihira WaterTreatmentPlant in Rubavu Distric{Kisioh. H,
2015)

From2002 theGovernment of Rwanda took initiative to restore the faffestexample
the area of the forefas been increased to 1484 ha between 2008 and 2@t still

faces some challenges likemographic pressure in the locality, high dependence on
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agriculture, mining activities, charcoal making, firewoodedtion, animal grazingnd
timber harvestig (Kisioh. H, 2015; NUR, 2012)

Deforestation of Gishwati Forest
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Figure 3.3 Timely area shrinkage of Gishwati forest
SourceKisioh. H (2015)

3.1.1.1.3Afforestation of Gishwati forest

After several disasters like floods and landslides which camaigdy many lives
including human beings in the area, different projects have been initiated to restore the
forest functions. The projects have been implemented by the government of Rwanda
or by cooperation of the country and international organizationyN&ohniques have

been adopted like agfforestry, radical terracing, progressive terracing and live mulch
from that moment the forest is regenerated progressively. Some ofptiogsets are:

the fird is PAFOR Project which has used afpeestry to increase Gishwati size from

600 hectares t®@86 hectares between 2005 to 2008; the second is Giswati Water and
Land Management Project that has been launched by MINAGBRFunder bythe
Government of Rwat, its goal was to restore the fragile ecosystem and to improve
the community involvement in sustainable land use by application of modern
agricultural and animal husbandnethodsthe third was Gishwati Area Conservation
Programfrom 2008 to 2012 to ¢grand the real area of Gishwati forest, the project was
implemented though the cooperation of Rwanda Environmental Management Authority

and Great Ape Trust whetigeexpected outcome was about Rwanda Conservation Park
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creation, restoration oécosystemsewices in safeguarding the quality of water,
decreases soil erosion rate and floodimgrease the number of biodiversity with
special interdsof chimpazees and boost raté income from ecotourism without
ignoring the priority of investment and commuyrg&mployment in the are¢he fourth

is The Forest of Hope Association (FHAYhich NonGovernmental Organization at
Rwanda Nation level was established in 2012 for the conservation purposes, it focuses
local communities engagement to rise up the lel#il@r ownership and participation

in the management of the foreAttivities of FHA include education on conservation,
mitigating crop raiding, increasing the level of the living standards and favorizing
researcl{Kisioh. H, 2015)

3.1.1.1.4Mining activities in Sebeya catchment and their effects on Sebeya River

According to OAGSF (2015) work that acquires excavation of the surface and
subsurface for the purpose of exploiting and processing minerals is known as mining.

The subsoil of Rwanda is rich in granr&ated ore deposits that contain minerals like
cassiterite, niobotantalite, wohmite, beryl, spodumene, amblygonite, monazite, gold,

etc. mining activityhas t ar t ed i n 19 @dexmneédovertheydares| gi ans
Today private investors are working in mining industry where the government works

on regulation and policy makingther than investing in mining projechdining sector

Is amongst the key priorities feconomic growth in Rwanda.

Mining is adversarysignificantly causing environmental degradation in terms of water
pollution, resources depletion eltis activity caried out in several parts of the country
has consequently &ftted the soils of hill and madrss,where erosion rate has been
increased to overload the marches and rif@AGSF, 2015)

Office of the General Auditor General of the State Finances has done audit on mining
activities in 2015 because of differeartvironmental reasons mainly, here below there

aresome of them such as:
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a. Increase in mines production means increase in environmental destruction, the
projected income was estimated to triple by 2017 from 2012.

b. Present avere environmental problenegardilg somemining activities like:
disposal of soil and sand into water while separating impurities from minerals,
loss of forests cover, use of inadequate methods in minerals extraction and illegal
mining activities, a considerable numberapfen pits aband@a or still under

exploitation which are responsible to high soil loss during rainy season.

Moreover, environmental concern lack of management of the top soil fromgmin
operation, erosion control plan of mine sites, deterioration of Gishwati and Mukura
forest becausef illegal mining activities, operation of mining activities in rivetack

of facilities to capture waste water and tailing from minerals washing(€t#&&SF,
2015)

Sebeya is one of the rivers that are vulnerablpadiution because othe mining
activities, the table.1 highlights the status of the pollution from Ngororero District

only.

Table3.1 Mining companiesrom Ngororerro Districtand their contribution to water

pollution of Sebeia river

1 Bikoneko Muhanda Sebeya NRD and SFX Washing, dumping
tailing

and soil

2 Gaseke Muhanda Sebeya NRD and SFX Washing, dumping|
tailing

and soil

3 Gugano Muhanda Sebeya NRD and SFX Washing, dumping
tailing

and soil

4 Humiro Muhanda Sebeya NRD and SFX Washing, dumping
tailing

and soil

5 Rongero Muhanda Sebeya NRD and SFX Washing, dumping
tailing

and soil

6 Humiro Muhanda Sebeya NRD and SFX Washing, dumping
tailing

and soil

7 Sebeya Muhanda Sebeya BECHA, NRD and| Washing, dumping

tailing
SFX andsoil

Source OAGSF (2015)
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The audit carried out b@ffice of the Audior General of State Finances ( 201gs

listed the mining operators without license and enviemrmhimpact assessment,

seetable3.2

Table3.2Satus of mining companies is Sebeya catchment

1 BOCCA 1207 Ltd. Gatyazo Rubavu 0259/16.01/MINIREN 28/08/2016
A/l2012

2 Cooperative de Developme| Rundoyi Rutsiro 0337/MINIRENA/2011 18/01/2015
et dExploitation Miniere de
Musasg CODEMM)

3 FUTURE PROMOTION| Rusumo Rutsiro 0197/MINIRENA/2014 23/06/2018
COMPANY Ltd

5 MUPENZI MINING | Rugamba Nyabihu 0076/MINIRENA/2014 17/01/2018
COMPANY

6 MUYIRA MINING | Nyamibomb | Rutsiro 0182/MINIRENA/2014 | 24/06/2018
COMPANY Ltd we

7 SOCIETE MINIERE DE| yungwe Rubavu 0110/MINIRENA/2012 03/01/2016
KANAMA murambi
(SOMIKA) Itd

8 CEMIR Gaseke Ngororero | 0308/MINIRENA/2012 | 10/02/2016

Source OAGSF (2015)

Land usepradicesin Sebeyacatchmenthas impartedn waterquality at critical pint,

the table3.3 showspart of the results of the research carriediyR (2012)on water

gudity monitoring in 2012 Water quality paramete have been measured; the

researchers have selected different points of Sebeya River andkisitabutaries.

Most of the valus werevery high compared to the standards. Even if the Government

of Rwandahas started to conserve Gishwati foré&®om 2002 through different

programs, the studies have showed more concerns regarding water resources

management in Sebeya catchment, especially SebeydNiv&, 2012)
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Table3.3Water quality parameters monitored in Sebeya river and its tributaries
betweerOctober and November 2011

©
o @

o s 9 3

S v 0 . £

] (xU 87 L o - O >

2 - . T & E N &
. - s 5 g 2 Y 2
L x é x 3 o x ¢ 3
z g 2 g S £ = S g 5
S = 2 o a2 s 2 2 9 c 2
IS c o € o = g 2 o 3 8 ‘g
o - N 0n_ < ¥ © n [}
Temperature °c 17.80 17.6 15.7 17.2 Ambient
Ph _ 7.53 7.58 6.57 6.55 6.5-8.5
Turbidity NTU 675 644 44700 6310 5
Conductivity puS/cm 134 148 140 17.7 <1000
Total suspende¢ mg/l 397 530 8520 450 <30
solids
Total Nitrogen mg/I Na Na Na Na <3
Total Phosphorus | mg/I 0.34 0.48 1.66 0.47 <5
COD mgl/l 32.1 28.7 567 81.2 <50
BOD mgl/l 10.05 13.4 44.9 20.13 <30
Dissolved oxygen | mg/l 7.29 6.7 6.91 5.7 5
Copper mg/l Nd 0.05 0.02 Nd 0.1
Zinc mg/| 0 0 0.02 Nd 3
Iron mgl/l 2.8 2.05 0.84 6.89 0.3
Manganese mg/l 0.112 0.08 Nd 0.491 0.1
total hardness mg/l CaCQ 52 98 Na 110 250
faecal coliform Cfu/ 100 ml 816 206 212 210 4 X102
e-coli Cfu/ 100 ml 8 X1 510 212 520 4 X10°

SourceNUR (2012)

3.2 Determining the perception of the local people and administration on the
existence of erosion and its impacts on the population and the surrounding
environment

The perception of théocal people in Sebeya catchment and staff of the institutions

dealing with water resources and environmental management was studied.

Questionnaire was used to sort for their perceptions. Some 30 peopiateriewed

because of limited timehese include local people, people working at the Gisenyi HPP
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and Gihira WTPThe interview focused in determining the followings: Biodata of the
interviewees, existence of erosion in the catchment, and the impacts of erosion both
onsite and offsite within the catchment. Tesults of the interviews wepresented in

tabular forms and details explain.

Data obtained from questionnaires were analyzed basing on biodata of respondents like
age, education level, field of studies axg@rience. The second aspect of interest that
was tackled on was regarding existence of soil erosion, the most elements of concern
were: magnitude, factors (such as deforestation, slope, rainfall, farming methods,
mining activities, informal settlement, tye soil) effort put in place to control,
contributors in control of soil erosion, the role of WASAC Ltd and Prime Energy Ltd

In awareness of soil erosion in the catchment considering that they own some of the
plants in the locality. The third referred tiee impacts of soil erosion, generally on:
decrease in land productivity, soil loss, water pollution, death, house destruction, others;
moreover, specific impacts were addressed on Gihira WTP and Gisenyi HPP. At Gihira
WTP, questionnaire focused on: incseain cost of water treatment, increase of
maintenance cost, damage of physical components like conveyance structures, and
intake, reducing the amount of water purified, intermittent water supply. At Gisenyi
HPP, more interest was on:. increase of maintemacost, damage of physical
components of the plant like conveyance structures, and intake, turbines, reduction in

amount of electricity generation.

3.3 Characterization of the catchment in terns of parameters influencing

erosion
The Sebeya catchment walsacaterizationbased on parameters trdgtermine the
erosionpotential. Thesencludethat parameter that made up the modified Universal
Soil Loss Equation they include intensity of rainfall, soil type, land cover and
management practices, and sldpe Fidele et al.,, 2016)Others areslevation,and

slope
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Digital Elevation Model (DEM) was us& ArcGIS environmentto delineate the
catchmeni(see Figure 3.4 for the flow chart of the proceduDeyitize layers of the
parameters were clippdd createseveralmaps that were used to charactetitiee
erosion potentiabf the catchmentconsidered the factors of erosion appeared in
Universal Soil Loss EquatiotJSLE)which characterize Sebeya Catchment to account
the determinants of potential of saitosion.Different maps were generated and /or
collected as secondary data collected such as topographical map (from digital elevation
model), soil map (capture soil typethe area), land use map, precipitation, distribution

of the population in terms of density throughout the catchment. All of these were
necessary for analysis of rainfall erosivity factor, Soil erodibility factor, Slope factor,
Slope length factor and eer management factofK. Fidele et al., 2016)The
combinations of these factors produce work to generate the removal of the soil and these
results in a given type of erosion (rill, shit, gully). Soil erodibility factor was taken into
consideratia for soil characteristics on soil erosion process for a given rainfall; slope
and slope length factor depends on the nature of the slope of the terrain; cover
management factor is function of land use and management principles; rainfall erosivity
is of ranfall intensity and more of type of climate elemei@tay & Lewis, 1990) From

all mentioned above that govern erosion, the perception on soil erosion in Sebeya
catchment was better understood by integiren of the map showing erosion rate in
different areas of Rwanda modelled using GR&EMA, 2010)
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3.4 Assessment oimpacts of sediments transport on the power production of

Gisenyi HPP
Sedimentdransported byvateraffect the performance dfydropower stations in the
areas where their content is higH. N. Patel et al., 2013Jsually theamountof
sediments transported by a river is high during the raining sed$enimpact of
sediment tran®ort on power productiowas accessett.is well known that the amount
of electricity generatedtaa hydropower is directly proportional to the product of
available discharge and head. This product is expected to be high during the raining
season and therefore it is expedfemt more electricity can be generated during raining
season, anythingontrary to this might be as a result of not being able to use the
available water for power generation and this could be as a result of excessive sediment

that affect the working

3.5 Assessment ofmpacts of sediments transports on potable water production

at Gihira WTP
Management of natural resourcesustainable manner is one of the critical issues that
every country is obliged to address effectively looking at historical evesmigng clear
information of change in land use is venyportant in land mamgementand
management of water resources in the coufAO, 2013) In Rwanda during raining
seasons some water treatment are oblige to stop working temporarily because of high
amount of sediment transported by the wafamsessmentost of water treatment as
compared by the amouot the sediment transportation Bgbew River was conducted
to access the impact of sediment transpothewateramount of water producedhe
variablesconsidered wereharacteristics of raw wer, cost of potable water production

raining and dry seasons.

Impact of soil erosion are felt even by water quality, the movement of pollutants from
the land ends up to transport sediments into rivers, streams, lakes, marshlands on daily
basis(B.Tilahun, 2013) The impacts of Sebeya river sedinaitn on water treatment

at Gihira WTP was studied by consideration of season calendar, cost of portable water
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production, raw water characteristics and rainfall. The changes in all considered data in
their respective seasons was compared and correlatedordduce the part of

assessment results; the mentioned steps here below was fallowed.

Collection of raw water quality parameters and cost of potable water production data for 7 years from
Water and Samitation Corporation

4

Study the variability of water quality and cost implications in 7 vears

N

Use of season calendar throughout 7 vears to identify the months of higher values in cost of
water production

V

Identify the months of peak valves in terms raw water characteristics and costs of treatment
requirements for each of 7 vears; their correlation to the erosion potential

N

Analysis of variance (ANOVA) for the vanability study of the cost of potable water
production, raw water characteristics between rain season and dry season. Results
presentation vsing Microsoft Excel

Tukey Test was used as post processing of ANOVA to know which pairs of means are

statistically significantly different from one another go get the final conclusion
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Chapter four

RESULTS AND DISCUSSIONS

4.1 Perception of the local people and administration on the existence of erosion
and its impactson the population and the surrounding environment

4.1.1Biodata of respondents
The analysis of questionnaires data shows thatbiodata of respondenis good

enough to provide reliable informati@about perception on erosiokore than 80 %f
the respondents aed least 21 yearsr more;more than 60 %ave secondargchool
eduation including more than 40% witbhachelor degree; more than 22 % had
experiencef aboutl year to 20 years in thield of in water and environmental sciences

or hydroelectricity (see tab&4). About23.33 % of respondents were female.

Table4.1Biodata of respondents

Sex
Male 23
% 76.67
Female 7
% 23.33
Age 20 21-35 36-40 407 above 50
years years years 50years| years
4 16 8 1 1
% 13.33 53.33 26.67 3.33 3.33
Education Primary | Secondary Ax Ao Masters
school | school
7 6 3 10 0
% 23.33 20.00 10.00 33.33 | 0.00
Studies in Water and
Environmental Sciences:
3
% 10
Studies in hydroelectricity and water supply
5
% 16.67
Experience in Domain 1 2 3 4 5 5-10 | 1020 | > 20
2 2 1 1 0 2 1
% 6.67 6.67 3.33 0.00 3.33 0.00 | 6.67 | 3.33
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4.1.2 Existence of soil erosion

Unilaterally all respondentoth the bcal people and administration agreed thate

the problem oferosion in SebeyaHowever,they varied in their perception of its
magnitude where 10% of the respondant think it is law, while 50% and 37% said it
moderate and severe respectalbhajority of the respondent agree that the main facto
contributing to erosion in the catchmertie deforestatignslope, rainfall, farming

methods, mining activities, informal settlement &k ofsoils Table4.2.

About46.67%perceived that erosion is increasing whiBe33 %consider it decreasing

This might be because of the location of the respondents as various erosion control
activities are taking place at various locations in the catchmiéetresult shows that
central and local governments contribute to erosion comiagbrity of the respondd

do not know whether or ndVASAC and Prime Energy Ltd contribute in erosion
control, howevethey agree that the two companies contribute in afforestation to protect
buffer zones, sensitization of the community and stabilization of slopes by using

gabims (see table 4.3).
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Table4.2 Existence of soil erosion

Total | Percentage
(%)
Do you think there is erosion in Sebeya catchmg Yes 30 100.00
No 0 0.00
If yes, how do you quantify it magnitude? Low 3 10.00
Moderate 15 50.00
Severe 11 36.67
If yes, what does cause it? Deforestation 26 86.67
Slope 27 90.00
Rainfall 26 86.67
Farming methods 25 83.33
Mining activities 13 43.33
Informal human settlement| 19 63.33
Soil type 22 73.33
Does it increase with the time (rate)? Yes 14 46.67
No 16 53.33
Is there any effort put in place to control (reduce| Yes 28 93.33
erosion?
No 2 6.67
If yes by whom? Government 25 83.33
NGOs 0 0.00
Development Partners 0.00
Local People 26 86.67
Others 0.00
Is WASAC contributing in erosion control the Yes 23.33
Sebeya Catchment?
No 4 13.33
I dondt know|1l9 63.33
If yes how Afforestation 10.00
Construction of channel by| 2 6.67
gabions
Sensitization 4 13.33
Is Prime Energy Ltd contributing in erosion cont| Yes 4 13.33
the Sebeya Catchment?
No 4 13.33
| doowt Kk 22 73.33
If yes how? Afforestation 1 3.33
Construction of channel by| 1 3.33
gabions
Sensitization 3 10.00
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4.1.3 Impacts of soil erosion

Local people and the administration awaféhe impacts of soil erosion on environment
and the water resources development in Sebeya catchidletite respondents have
agreedhat erosion is source of more than one issue that environment and infrasgructu
are fadng. For example, the responses showed that soil erosion is responsible of
decrease in land productivity, soil loss, water pollution, deaths, umssriction etc.
(seeTable4.3).

The vulnerability of Gihira water treatment plant from erosi@as found high, more

than 80% of the respondents agreed that the challenges to that infrastructure are
composed of increase in cost of water treatment, increasaintenance costiamage

of physical components like conveyance structures, and intaketiggdin amount of

water purified, I ntermittent water supply
of impact that thevater treatmenplant is subjected td.his may be due to the fact that

they are not aware of the process of water treatment incldtbmgraw water are

obtained.

Gisenyi HPP waslsofound to beaffected by sediment transport as a resulsaf
erosion About 70% of the respondentsnew some of th@roblem HPP is facing as a
result of erosion, thesmclude: increasen maintenance césdamage of physical
components of the plant like conveyance structures, intake, turlbimeésgduction in
amount of electricity generatiomAbout 96.7 % of respondents appreciated the
contribution of the Government in cooperation with local people mtrobof soll
erosion in the catchment; but the local community and owners of infrastructures call
upon the governmental (at high percentage, more than 86 % of the respondents)
institutions in charge of environment to increase their level of interventidntiae

focus on financial support, capacity building and others (protection of buffer zones,
provision of waste disposal sites)d ensuringroper cooperation WASAC and Prime

Energy Ltd in the protection Sebeye river, etc.) (see taB)e
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Table4.3Impacts of soil erosion

Total | Percentage (%)

Do you think there are issues from soil Yes 30 100.0
erosion?

No 0 0.0
If yes, what are they Decrease in land productivity 20 66.7

Soil loss 19 63.3

water pollution 30 100.0

Death 28 93.3

House destruction 27 90.0

Others 1 3.3
Do you think Gihira water treatment plant is | Yes 25 83.3
affected by erosion

No 0.0

I donét know 5 16.7
If yes what are the effects? Increase in cost of water treatment | 25 83.3

Increase of maintenance cost 24 80.0

Damage of physical components likg 25 83.3

conveyance structures, and intake

Reducing the amount of water 25 83.3

purified

Intermittent water supply 25 83.3

I dondét know 2 6.7
Do you think Gisenyi hydropower plant is Yes 21 70.0
affected by erosion?

No 0.0

I dondét know 9 30.0
If yes what are the effects? Increase of maintenance cost 19 63.3

Damage of physical components of | 21 70.0

the plant like conveyance structures,

andintake, turbines

Reduction in amount of electricity 20 66.7

generation

I dondét know 0 0.0
Do you think there is need for protection Yes 29 96.7
against erosion in Sebeya catchment?

No 1 3.3
If yes, what do you think is needed to suppol Financial assistance 26 86.7
erosion protection in Sebeya Catchment?

Capacity building 28 93.3

Others (state it) 5 16.7
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4.2 Characteristics of Ssbeyacatchment in terms of parameters influencing

erosion

4.2.1 Contribution of Rainfall to Erosion in Sebeya Catchment

Rwanednaj by mmod al rainfal/l with two raining

rainfall i's about 1200 mmfyear wasd Vvariead
al t iotfudceher angaeasryrom 90686 respbOB8mMbhadf ot
tropical climate with ann%CaWestanvpeovirmegof t e mp

the country, where Sebeya catchment is located, has the highest annual precipitation
compared to other four provincehes e r ai spet eheti aroef ohhe
as rainfal/l I s one of t heSebmyajcabichmert annualr i b ut
average temperature randgee t wee n a 8. (REMA, 2015)

Seasonn Sebeya Rwancdament and

Three are four seasons i n Rwanda Thvoughai ni
ther e ai af al | t hriom lgreosutft tt heet yoebawitroayisn i n g

seaddmgleongi nsgeias bat extent-Mayosmmé@ebmgai y

seasbat fexomn@ct ober ThboNgpvedmptesredas ofnor t
perdode t o &oresphoerntbedrfy ome e ¢ & anh REMA, o

2015 The wvariability of rainfaldl i's show in

Monthly rainfall distribution at Gisenyi Airport for the period 2004 to 2015

4 N

Figure 4.1 Monthly rainfall at Gisenyi from 2002015
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Monthly rainfall distribution in Ngororero District from 2011 to 2015(Kabaya station)
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Figure 4.3Monthly rainfall at Nyabihu station

Generallythere are two peaks that are normally observed in between May to April and
October to November, thoughese peak&eep changing in the resent years which
might be due to climate changéhevariability can was observed Sebeya catchment
betweer?011 to 2015and iaffected the rainfall distribution pattern in the long run, the
total months of the period that could produce higher or lower intensity experienced the
fluctuation. In addition, the amount was higher generally except in the modthyof

which kept on producing the smallegtantityof annual rainfall
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Descriptive analysis of rainfall: Rubavu district (2010 to 2015)

Rubavu metrological station (Gisenye Airport)gdocated at longitude 29.25, latitude
of - 1.66 at anelevation of 1554n. Based on the analysis of thainfall datafrom
Gisenyi Airportmetrologicalstationit was found thathere was fluctuation in either
mean values of monthly rainfall or total annual rainiieiween 2010 and 201%here
waseitherincreaseor decreasén monthly rainfall, exception was found in the month
of July where the rainfall intensity has been increasing from 2010 to 2012 and
decreasingn 2013 kepon increasing ugo 2015.Referring to theable 44; there is
higher difference between the monthainfall andtheir corresponding mean in every
year, the computed standard deviation values were folrslliiher which means that
instability was very high. Theorst case was in 2012 with standard deviation of 75.9and
best case was found in 2011 wikie standard deviation of 42.504.

Table4.4Monthly rainfall in mm, mean and standard deviation at station of Gisenyi
Airport from 2010 to 2015

JAN FEB MAR | APR MA JUN JUL AU SEPT | OCT | NOV | DEC

2010 | 66.2 | 195.2| 237.1| 139.6| 139.2| 75.1 | 3.8 35.6 | 118 | 202.2| 154.8| 109.4 | 123.02| 69.825

2011 | 804 | 534 | 170.6| 111.1| 132 | 86 29.7 | 107.2| 174.6| 114.4| 126.3| 122.5| 109.02 | 42.504

2012 | 175 | 54.7 | 104.8| 229.1| 159.4| 40.4 | 53.2 | 68.9 | 178.7| 247.7| 131.9| 73 113.28| 75.935

2013 | 385 | 81.2 | 222.6| 136.8| 426 | 5.9 9.2 158.3| 169.8| 86.5 132.9| 98.57 | 71.013

2014 | 141.4| 105.9| 123.4| 96.1 | 3.7 117.7| 15.8 | 97 105.5| 129.1| 151.8| 139.8 | 102.27 | 46.788

2015 | 34.7 | 74.7 | 111.7| 110.7| 144.4| 143.2| 20.9 | 15.8 | 103.7| 244.6| 177.4| 138.8| 110.05| 67.114

The runoff depends on rainfall intensity, the energy of raindrops breaks the soil surface
to produce and disperse soil particlébe greatest erosion is observed during short
duration with high intensity rainfall, the significant amount of soil loss t&ceable

when these events are cumulated over t{iireles et al., 2013)Annual rainfall in
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Sebeya catchmers equal or above to 1200 mm aaglricultureactivity is practiced
duringrainy seasonwhere the tillage of land exposes and facilits@serosion in the

area

4.2.2 Variation in elevation and its contribution to erosion in Sebeya Catchment
Length of Sebey®iver is about48.38km and runs in the direction of nositestern

from 2660m above mean sea level into Lake Kivut@ad meters above mean sea level

in Congo basin. About 80 percent of this land is on high altitude which is above 2000
meter above sea lev@ghsal) with themaximum valuef 2950 masIThe distribution of
elevation in the catchment is presented in Figure dreh of (a) elevations, (b) contours

and (c) slopes distribution.

N

A

Legend
L ——— Sebeya River

D% [ ] Lake kivu
- Rwanda Boarder
[ sebeya Catchment
{777 wetiands

Contours Lines

b. View of contours

N

Legend
——— Sebeya River

[ Lake Kivu

Rwanda Boarder
[] sebeya Catchment

c. Slopes distribution

Figure 4.4 Topographical map of Sebeya catchment
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Erosion is also severe depending on the nature of thessludearally, the stgeer the
slope of the ground ighe more the amount of the soil is lost by water erosion
Moreover, the length of the slope atdtectthe erosion process, if short leng#ne put
together can increase the amount of oil loss due tnaalation of runoffTelles et al.,
2013)

The elevationof the catchment ranges fraamout1460 m.a.s.l.to about2980m.a.s.l.
(Figure4.4) compared to the altitude of the country which varies from 900 m to 4500
m (REMA, 2015) The slope in the catchment ranges betw@ento 42 % wherethe
most part of the catchment is characterized the $lopeiating between 6% at? %.

Its nature in topography and slope exposes the catchment to soinelia addition,

the four districts of contributig flow Sebeya catchment area are amibragL 1 districts

that arevery highly susceptible to land slide hazards at national thvelto slope and
slope length responsible for velocity and scouring dfpsoticles (MIDMAR, 2015).

This makes the potential of erosion and mass movement very high in the catchment.

4.2.3 Soil types and its contribution to erosion in Seveya Catchment

Except forthe northern parof the catchment which is located in thedaegion, the
catchment features a dense drainage network with steep slopes draining predominantly
mature, deeply weathered soils with high infiltration rates. The catchment wateyshed i
dominated by a granite basement aquifer with a highly permeable volcanic and basalt
layer in the north. The granite aquifer has low storage capacity. The volcanic and basalt
layer on the contrary has excellent infiltration, storage and transmissiomctehnetas

to the extent that permanent surface water courses are almost absent. Also, the soill
characteristics in the Sebeya catchment show high infiltration rate, the soil
characteristics are dominated by deeply weathered, well drained, erodible sopscal

and dark surface layer soils originating from volcanic materials with high infiltration

capacity duringainfall. Map ofsoil charactestics are provided iRigure 4.5
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[Soil Map for the Sebeya Catchment |

Figure 4.5 Soil mapof Sebeya catchment

Referring to Rwanda soil mgmoduced in 1981 at scale of 1/250000, there are four
typesof soil based on the percentage of material concentration: gravel, sand, silt and
clay (MIDMAR, 2015), aea laying in Sebeya catchmentadbaracterized by mostly
gravely, a certain portion sand and silt and very small pactayy By consideration of
Figure 4.5, several types of soil appear such Andosol, combisol, ferralsol, histosol,
nitisol, acrisol, arisl, lixisol, clay with low infiltration rate, mineral soils conditioned

by flat topography

The aility of the soil to resist to erosion depends on soil eratbiactor, the latter
depends otypeand texture of the soil'he faster infiltration is, thiigher the organic
matter content is, and the more soil structure is improved, the less the soil is vulnerable
to erosion Sand, sandy loam and loaextured soils tend to be less vulnerable than silt,
very fine sand, and certain clay textured s@#lsuong, Shrestha, & Chuong, 20IMe
susceptibility of soil to erosion was found to be less in terms soil characteristics for

Sebeya catchmerthat helps in reducing the erosion potentighie catchment
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4.2.4 Land usevariation and contribution to erosion in Sebeya catchment

The main components of land use in the catchment are agriculture, mining and livestock
grazing land Agriculture is rain fed and it occupies 62 percentheftotal catchment

area; most part of Gishwati forest has been transformed into grazing land. Different
mining sites are also within the area, these activities have accelerated erosion process.
The forests cover 11 percent of the total area and artifidigaiion (wetland irrigation)

is not very important with no part of land from wetland is in use. Population derive
livelihood from agriculture, mining and livestoodtMumyaneza 2014) Different
features of landuse oRigure 4.6in different proportion of occupied aremclude

natural forest, forest plantation, natural open land, irrigated/agriculture inndegtla

rainfed agriculture, butip area, open water, livestock area

The land useeflects the land covdtype quantityand extent)the disturbance of soil
structure and erosion potenti@huong et al., 2017}he better is the land cover the
more resistance of the soil is because there is high reduction Hdroganenergy
imparting on the soil and velocity of the rungB.Tilahun, 2013) Effectiveness of
vegetation cover depends on management method, the level of its availability

throughout the year and season t{pelles et al., 2013)

It was found that there is high disturbance of the vegetaborrin the most part of
Sebeya catchment that happens during or closer to rainy shasagriculture activities
taking placesits combination with rainfall contribute toigh rate oferosionin the

catchment

47



Figure 4.6 Land use mapfd&sebeya catchment

4.2.5 Population distribution and it contribution to erosion in Sebeya
catchment

As mentioned earlier Rwanda is the densest populated country in Afrit&ebeya
catchments one of the highest populated catchment in the co(iRtgyre4.7),. There

is a significant urban population part (a quarter of the population) locatediarthern

part of the catchment (sectors Rubavu, Nyakiliba, Rugerero and Gisenyi). The sectors
along the shores of Lake Kivu and along the main road from Rubavu to Musanze are
very densely populated with more than 1000 hab/km? while the sectors in thenbighl

of the soutkeast show lowest population density in the bracket of 250 to 500 hab./km?.
The population is young with over 40% of the population younger than 15 and almost
55 % of the population is below 20. The total female population exceeds the male

population by about 9 %. The population is predominantlyl (@6 pop.). Although
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