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EXECUTIVE SUMMARY

Sedimentation is &ignificant natural phenomenon affecting hydropower rxeses.
Apart from major watershed problems such as loss offedility and productivity
caused by soil erosion, increased sediment load associated with erosion processes
reduces the storage capacity and shortens the useful life of hydropeseevairs.
Therefore, an investigation ahe hydrological processes arsddiment transport
mechanism at the upstream catchments of hydropower reservoirs in Nigeria is critical to
the sustainable operation$ hydropower damsThe objectives of the study were to (i)
simulatethe hydrological and erosion processes and prettietwater and sediment
yield into subbasins of the selectwdtershed using modelling tools (i) monitor, collect
and assessuspended sediment loadings from selected tributaries into Jebl{aijake
carry out sensitivity analgis of model paramete(s/) evaluate the performance of the
selectd model (v) studythe impact of catalnent management scenarios on sediment
reduction (vi) carryout financial analysis of the catchment management scenarios
The Soil and Viiter Assessment Tool (SWAT) wasterfaced with Mapwindovs1S
tosimulate the hydrology, predict the sediment yield and identify erosion prone areas of
a watershed (12,992 drained byRivers Niger, Kontagora, Awun and Eku
upstream of Jebba Reservoir in Nigef@WVAT was calibrated andalidated using
measured flow data from 1990 to 199%he model wastatisticallyevaluatedusing
coefficient of determinationR? and NaschSutcliffe Efficiency, NSE Sediment
samplescollected from three locations within the watershed from May to Deeem
2013 were analysed and used to spatially catibrand validate the model. Four
sediment management scenarios: existing conditieforesation, VegetativeFilter
Stripping (VFS)and stone bundingere consideredand usedo study their effects on
saliment load reduction in the watershed.
This study showed that:

I. annual sediment yield in the watershed was estimated as 255.8tons/ha/yr

producing about 8.31%0° tons of sediment between 1985 and®01

ii. suspended sediment samples aldriger NigerKotangora have the highest
average sediment concentration of 104.8mg/l followed Riyer Awun
(754mg/l) and RiveEku (26.2mg/l);

ii. evaluation of SWAT model using °R(0.57-0.68) and NSE (0.660.82)
revealed that the model performed satisfactorily for stream #iod sediment
yield prediction inthe watershed;

iv.  application of reforestation,VFS and stone bunds critical zones of the
watershed reduced the sediment yield up td63.4%, 65.6% and
12%respectively; and

The study revealed that SWAT embedded in GiErenment is suitable for motimg

the hydology andsediment load and for identification of critical erosion prone areas in
a watershed. The results are usefuldostainable water and sedimbenanagement at
watershed scal@ Nigeria

Vi
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background to the Study

Sedimentation has been known over the years to pose a serious threat to avaitagge sto
of hydropowerreservoirs aroundhe world. Morris and Fan 1998 defined reservoir
sedimentation @ the process of filling of theeservoirbehind adam with sediment
carriedinto the reservoir by streams. It can also be refeieaba process of sediment
deposition into a lakéormed after a damonstruction. This meansll reservoirs formed

by dams on naturalvers are subject to some degree of sedigmenflow and
deposition. Due to very low velocities observedreservoirs, they tend to be very
efficient sediment traps. THw of water from thecatchmentupstream of a reservoir is
capable okrodingthe catchment area and eventuallgposit the eroded mategadther

upstream of the reservoor in the still water of the reservoir.

There are many causesrekervoi sedimentation.Accordingto Arora and Goel (1994)

Garg and Jothiprakash (2008he dominant factors among them includeservoir
capacity to infbw ratio( C/l) , sediment content in the water flowing in, texture and size

of the sediment, the trap efficiency (Te) of the reservoir, and the method of reservoir
operatim. Raghunath Z006) also assertedhat the nature of the material in the
catchmentarea, the slope of the catchment area and characteristics of watershed at the
upstream of reservoirs are some of the major contributing factors to reservoir

sedimentation.

Reservoir sedimentatio has some associated effecépart from major watershed
problems such as loss of soil fertility and productivity caused by soil erosion processes,
there isalso an increased sediment load associated with erosion processkeshis
reduces the storage capacity and shertére useful life ofreservoirs. One of he
important parameters thateterminethe rate of sedimentation & reservoir is the
sediment yieldat the catchment located above the reser@ediment yield refers to the

amount of sedimestexported by a basin over a period of time, which is alsathount

2


http://water.wikia.com/index.php?title=Reservoir&action=edit&redlink=1
http://water.wikia.com/wiki/Dam
http://water.wikia.com/index.php?title=Sediment&action=edit&redlink=1
http://water.wikia.com/index.php?title=Sediment_transport&action=edit&redlink=1
http://water.wikia.com/index.php?title=Flow&action=edit&redlink=1
http://water.wikia.com/wiki/Catchment
http://water.wikia.com/index.php?title=Erosion&action=edit&redlink=1

that will enter a reservoir located at the downstream limit of the &kiris and Fan,
1998) ljam and Tarawneh2Q12)concludedhatadequate knowledge of sediment yield
at different locations within a watershechn be useful to decision make and
stakeholders in proposing efficient sediment management measures thabsiaggfor
each location. This willalso assistwater managers irthe reduction ofthe level of

siltation of reservoirs downstream.

Consequently, gliable estimates ofhydrological parameters and sediment vyield in
remote and mostlinaccessible arsaassociatedvith many watersheds irNigeria is
inevitable. However, this mighbe difficult using conventional means or method.
Moreover, lack of decision support tools aschrcity of basic data for hydrological
analysis of most of the catchments constitnggor factors militating against research and
development in this area. It is therefalesirable to opt foalternative ways to quantify
these parameters for effectivend sustainable management of sediment and water

resources at watershed level.

One ofthealternative approad@sis the use of distributive erosion models for hydrologic
evaluation and assessment of sediment yield in watersheds using remotely sensed data
embedded in a GI8nvironment(Ayana et.al.2012 Abbaspouet al. 2012 Jain,et al.

2010. GIS andremote sensing techniguéavebeen reported tomprovethe application

of hydrologicalmodellingin many capabilities, suchsin the area of data managent,
parameter extraction and interpolation, visualization and interface develofifadiiet

al., 2011) Hence, the use ohodellingtools interfaced with GIS provides the platform

to streamline GIS processes tailored towards hydrologicalelling The importance of
developing hydrologic and sediment managementetsathnnot be overemphasizzsl

it also provides better understanding of soil erosion processes and a guide towards
identifying erosion prone areas for the purpose of proposing Basidé@aent Practices
(BMPs) to reduce sediment production inthe areas of interest.

Apart from sustainable sediment nagiement of watershed above thelropower dams,
there is also a growing need to manage the water resourdbe watershed iran
effective and sustainable wayhe study of water resources i@er catchment level has

been widely adopted as a better way of managing and assessing the important



components of water balance in a watersfieadil, et al. 2011). Most importantly,
knowledge of water balance and water yield irrig@er catchment is an indispensable
prerequisite in the sustainable management of water resourcesteasived and basin

wide levels.

At the decision making stage, models are usually employed for the pufsskcting
an optimal coursef action. Such models are often constructed to enable reasoning within
an idealized logical framework about the procegSdsestha, et al., 2010)However,
due to the complexities the representation of these natural proceasésconditions,
models are usually calibratethd validated with observed dgigor to the application

of the models to obtain a realistic description of tleeesses being modelled

1.2 Problem Description

In many countriesthe capacities of hydropowetams have been threatened by soil
erosion processes and sediment related problems at the watersheds located upstream of
such reservoirsThemud and sangroduced as a result of massive erosion processes

are transported by theriver during the Ibod into the dam downstream.
Consequently, sediment could reahbk intake easily anflow throughthe intale to the

turbines and some other underwater equipmeatising operation difficultiefor the

power generation

Based onthe information gathexd on thethree Nigerian hydropower reservoirg.e
Jebba, Kainji and Shiroyptheir capacities have been greatly affecbsdsignificant
movement and deposition of sedimentshasalso been observeatiatthe capacities of
the three hydropwer reservas in the countryhave been greatly affected due to
prolonged sedimentation and siltation over the ye@ireable portion of the reservoirs
have been siltedp and partially sedimenteshd thus are in dangef filling-up with
sedimentsThecurrent lewel of silt deposits in all the thraeservoiramight have reached
critical situation and have already taken theil on the generating capacities of the

hydropower stations

In order to prolong the useful lives of hydropower reservoirs in Nigamaurgnt
rehabilitationof the dams isneeded to prolong the economic and viable operating life of

the hydroelectric plantsAlso, proper sediment management and control strategy
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required at thewatershedsdcatedupstreamof the reservoirs toreduce theerosion
processes andther activitiesthat may lead to sedimeptoduction.This can only be
achieved through a though sedimentation studies in order to roapstrategic plans and
measuregstructural and nostructural)on how to reduce the sedimermat problems
caused by erosion process€kbereforea good understanding and characterisation of the
hydrological pocesses and sedimentation mechanrsthe watershedreas upstrearf
these reservoirgill provide the necessarpformation on how to nmeage the sediments
inflow. The resul obtained from the study could be used as a gtodeleveloping
sustainable managemesttategies for controlling sedimentationtime hydropower dams

in Nigeria

1.3 Aim and Obijectives of the Study

The overall aim of theresearch wasto investigate the application of distributive
erosion model in Geographical Information Systems (GIS) environment for sustainable
management of water and sediment yield of a watershed located upstream ofadebba d

in Nigeria. Thespecific objectivesachievedn this research include

simulation of the hydrological and erosion processes and predicf water yield,
water balance components and sediment yield into subbasins of theedselect
watershed usinghodellingtools.

monitoring, collecion and measuremenbf suspended sediment loadings from
selected tributaries into Jebba lake.

identification and prioritization of erosion prone areas ofhe watershedusing
calibrated model.

studying theimpact of catchment managemesdenarios on the reduction of soil

erosion processes and sediment transport witkeinvitershed

1.4 Description of Study Area

The studyarea is he watershedat the upstrearof Jebbalake locatedin central aea of
Nigeria between Latude 10.37 and8.99° N andLongtude 5.01° and4.79 E. It has a
perimeter of about 567nk and an estimated area of 1,299,156ha (12,992)kamd
forms a sukbasin in the existing lower Nig&iver basin situated in Hydrological Zone

Il of Nigeria (NWP, 2004. The majorriver that traverses through the watershed area is

River Niger. Some of thetributaries to thigiver within the watershed ariver Awun
5



with stream length of 34.6nk catchment @a 613.22 in® and average slope of
0.00341081 River Moshi with stream legth 87.8 km, catchment area 107@kand
average slope of 0.00230924&iver Eku with streamength 102.9 km, catchment area
1604.2kn’ and average slope of 0.00055393River Kotangorawith stream length
80.1km, catchment area 117k@&" average slope f00.00150472 andiver Wuruma
with stream length 45.9 km, catchment area 61kr3and average slope of 0.0025636.

The range of elevation of the watershed is betweemiid 403m above sea level and
the average monthly discharge at Jebba stattaated at the outlet of the watershed is
1053 ni/s for the period of 1982008, with a minimum value of 37&*s in February
1984 anda maximum value of 3,63&%s in October 1998 The watershed area is
sandwiched between two main hydropower resesviaiNigeria, namely Kainji and
Jebba reservarboth situated in nortkhentral zone of Nigeria. Villages within the
watershed area are Zugruma, Ibbi, Patiko, Felegstodian of Kainji Lake National
Park ) and Sabonpegi.

The soil in the stug area $ predominatly sandy loamsoil. The vegetation within the

area is guinea savannah which is mainly characterised with tall grasses and scattered
trees. The main activities for sustainability in the area are farming, fishing, hunting,
trading and weaving. l&hough, the average populace of the region is predominantly
farmer, their concentration however is basically on subsistence farming i.e. farming
consumptions of the immediate family. Therefore, relatively few of these people
produced agricultural produobn commercial basis couple with the low level of
mechanise farming because most of their farming activities is still intensively on

communal effort.

The selection of the area to test the applicability of SWAT model is based on the
availability of modelinput dataat the hydrological stations established byirfiaand
Jebba hydroeleat power stations andilso at the Nigeria Meteorological Agency
(NIMET) located at llorin, Kwara Statel'he water fromlebba Lakelownstreams used

to producehydroelectricpower with installed capacity of about 760 M\WWigure 1.1
shows the location of thetudy area as well as the stream netwaurikhin the map of
Nigeria while Figure 1.2 shows thmatchment area attributed with major rivers and

tributaries



Figure 1.2 Map of Nigeria Showingthe Location and Stream Networkwithin the Study

Area

Figure 1.2 Catchment Area Attributed with Major Rivers and Tributaries
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CHAPTER TWO

2.0 METHODOLOGY

2.1 Model Selection

Thephysically based modeised in this study is the B@and Water Assessment Tool, SWAT
(Neitschet al, 2005) The selection of SWAT for this study was based on many reasons.
Among these is the fact that it is an existing, readily available tool with good documesntation
Its availability and efficacy in pdiction of different hydrological processes hasodieen
reported in many studig®©mani et al.2007; Ndomba and Griensve2)11; Birhanu2009

and this make it attractive to potential users. The presence of several usereggo SWAT
Africa, SWAT world and Watebase Google groupvhere users from different padf the
world share their research prebis andnodellingexperience usingSWAT is a plus to the

acceptability of the tool among researchers.

2.2 Theoretical Description of SWAT Model

SWAT was originally developed by the United States Department of Agriculture (USDA) to
predict the impact of land management practices on water, sediment and agricultural chemical
yields in large ungauged basi(arnold et al.,1995) The SWAT model is a catclentscale
continuous time model that operates on a daily time step with up to monthly/annual output

frequency.Some of the characteristics of the moaeldiscussed in Neitseh.al(2009) are:

(@) Itis physicallybased. This meansther than incqoraing regression equations to
describe the relationship between in@nd output variables, SWATequires specific
information aboti weather, soil propertiempography, vegetation, and land mamaget
practices occurring inthe watershed. The physical processes associated with water
movement, sediment movement, crop growthjtrient cycling, etc. ardirectly

modeled bySWAT using thesenput data.



(b) It uses readily available input8vhile SWAT can be usd to study morespecialized
processes such as bactetransport, the minimum datequired to make a run are
commony available from government agencies.

(c) Computationally efficient Simulation of very large basins or \aariety of
management strategies can prformed without excessive investment of time or money.
(d) SWAT alsoenables users wtudy longterm impacts Many of the problemgurrently
addressed bySWAT usersaround the worldinvolve the grdual build up of pollutants
and the impact on downstream water ib®d To study these typesmoblems, results

are needed from runsittv output spanning sevemdd¢cades.

2.3 Modelling in SWAT

For modelling purposes, a watershed maye partitioned into a number ofsub

watersheds or subbasins. The use of subbasinssimugation is particularlybeneficial
when different areas of the watershed doeninated by land uses @oils dissimilar
enough in poperties to impact hydrology. Bpartitioning thewatershednto subbasins,

the user is able to refee different areas of theatershed to one another spatially.

The major components of the model include weather, hydrologyioerasoil temperature,

plant growth, nutrients, pesticides, land management, channel and reservoir routing. It divides
a catchment into subatchments. Each sudatchment is connected through a stream channel
and further divided into a Hydrologic Responsmit (HRU). The HRU is a unique
combination of a soil and vegetation types within the-catibhment. The model calculations

are performed on a HRU basis and flow and water quality variables are routed from HRU to
subbasin and subsequently to the watershdtbt. The processes involveaodelling with

SWAT is asshownin Figure 21



InputData || GIS Processing | (Configuring input files||  Model Run Reading output

DEM Watershed Delineation| | Writing SWAT Input Model Run Reading reports

Landuse  |[Sub-basins Delineation Editing SWAT || Sensitivity Analysis Parameters optimal

value
Soil Streams Delineation | Configuring user tables|| Model Calibration
Location of HRUs Definition Model Validation
Weather stations
Weather Time
series

Figure 2:1: Components of SWATModel: Adapted from Fadil et.al. (2011)

The simulation of hydrologic cycle by SWAT is basadthe water balandequation 21

oo = "V + BRi(Yam Uisia Qb Oay  Ow)a 21

where SWis the final soil water content (mm water), $W& the initial soil water content in
day i (mm water), t is the time (day$uayis the amount of precipitation in day i (mm water),
Qsurf is the amount of surface runoff in day i (mm water), Ea is the amount of
evapotranspiration in day i (mm water)dy, is the amount of percolation and bypass

flow exiting the soil profié bottom on day (mm water), and g, is the amount of return flow

in day i(mmwater).

10



', imgaven - 0% % overlaed and wrface

A " near flow to river

7 ==
S ! ' EVAPOTRANSPIRATION
) \3 ‘-:‘ v g )
PRECIPITATION S Yol ol

l RIVER FLOW TO BOUNDARIES

perkofation frem rost zome

flow to boundaries

_________

aquifer Sflow to beundaries

slonge

Figure 2.2: Scheme of the Hydrological Cycle in SWAT Source (Neitschetal., 2009)

The estimation of surface runoff can be performed bynibdel using two methods. These

are the SCS curve number procedure USDA Soil Conservation Service and the Green &
Ampt infiltration method(Neitsch et al2005) The SCS curvewumber describes surface
runoff Qs as

2
Yai, 027Y

VieraT o Sosy i

In (3.2), Qsurris the accumulated runoff or rainfall excess (mmyy Rs the rainfall depth for
the day (mm), S is the retention parameter (mm). Thentien parameter is defined by

Equation 3.3

v= 254 2 19 2.3
ov

where CN= curve numbgB=retention parameter

The total amount of water exiting the twoh of the soil profile omlay i, (Wseep is calculated

from equation3.4

Wian = Vo w=e T U éadm 2.4
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Where where W, is the total amount of water exiting the bottom of the soil profileday
I (MM ), Wperc,y=niS the amount of water percolating out of the lowéayer, n, in he soil
profile on day i (mn), and W pim IS the amount of wateflow past the lower boundary of the

soil profiledue to bypass flow on day i (mim

The estimation of the base return flow is doneusing Equation 5

i _ 8000.Vi¢ ~
Ug = UQ_)—Z gw 25

where Q. is the groundwater flow, or base flow, into the main channel on daym HO),
Ksatis the hydraulic conductivity of the aquifer (mm/day)w lis thedistance from the ridge
or subbasirdivide for thegroundwater system to the maainannel (m), and, is the water
table height (m).

The estimation of erosion/soil loss and sediment yield for each Hydrologic Response Unit
(HRU) is carried out using the Universal Soil Loss Equatiol Modified Universal Soil

Loss Emation (MUSLE) (Williams, 1975)espectively. The current version of SWAT model
uses simplified stream power Equation 3.8 derive@&gnold(1977)to route sediment in

the channel.

M= - Peirerk nneahhien RrienBlinenfené 26

Where 3 is the sediment yield on a given day (metric tons)sielis the rainfall erosion
index (0.017 mmetric t;m cm/(nf hr) ), other factors are as fiteed in Equation 3.7 The
value of E{s e for a given rainstorm is the product tdtal storm energy (k) times the

maximum 30 minutes intensity (I3d)ence,
M= - Ereridms ATy € preaPnea BreaBlqreaPEN € 2.7

Where Qutis the surface runoff volume (mm),eakis the peak runoff rate (ts), Area is
the area of the HRU (ha),J§.c is the USLE soil exdibility factor (0.013 metric ton fn
hr/(m*-metric ton cm)), Gs.e is the USLE cover and management factek, Pis the USLE

support practice factor, LS e is the USLE topographic factor, and CFRG is the coarse
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fragment factor. More detail descriptiohthe model can be found elsewhépfenold et al.,
2011, Arnold et al., 2012; Arnolet al, 1995)

2.4 Model Inputs

One of the major issues encountered in the application of hydrologic models in developing
countries is the scarcity or unavailability of reqdirdata for model input. In order to
overcome these challenges, an hybrid data was used in the creation of database in this study.
This involves combining local and -situ data gathered from local agencies or
administrations and global data got from npl#i organizations or global database. In some
cases, data collection was also carried out at the selected locations within the watershed area
and the information obtained used to update the online global database. The summary of the
main set of input datare as shown ifable 21

Table 21: Model Input data for the upper watershed of Jebba Dam

S/N Data type Description Resolution Source
Shuttle Radar
1 Topography Digital Elevation Model 90mx90m  Topographical
Mission
2 Land Use Map Land Use Classificatin 1km Glo(t:)g\llle_?nd

Classification,
Satellite Rastel

3 Soil Map Soil Types and Texture 10km Digital Soll
Map of the
World
Daily precipitation, Min
and Max Temp, Daily NIMET,
4 Weather Relative humidity Jebba HP
Wind, Sola Radiation Station
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2.4.1 Digital Elevation Model (DEM)

The 90m resolution topography data used for this study was extracted from the Shuttle Radar
Topography Mission (8TM) final version (CGIAR, 2012) The CGIARCSI GeoPortal is

able to provide SRTM 90m Digital Elevational for almost every part of thevorld. The

SRTM digital elevation data provided has been processed to fill data voids, and to facilitate
it's ease of use by a wide group of potential users. This data is provided in an effort to
promote the use of geosjztscience and applications for sustainable development and
resource conservation in the developing w¢@eIAR, 2012) Also, the elevation at selected
locations within the watershed area were taken using Total Station equipment and GPS and
the obtaineddata was used topdatethe datdase of the DEM ( see Plat¢ The modified

DEM used forthe SWATmodellingis as shownn Figure2.3. The DEM provides the basis

for watershed delineation into stiasins. Also, topographic parameters such as terrge,slo

channel slope and reach length are derived from the DEM.

Plate I Obtaining Elevation Data of Selected Pointsvithin the Watershedusing Total
Station and GPS
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Final DEMAT

B 14
B

Figure 2.3: Digital Elevation Model (DEM) of the Watershed

2.4.2 Land Use and Land Cover (LULC)

Landuse map needed to run SWAT was extracted from the Global Land Cover
Characterization (GLCC) database and used to estimate vegetation and other parameters
representing the watershed area. The GLCC database was developed by United State
Geological Survey ah has a spatial resolution of rhk and 24 classes of land use
representatioGLCC, 2012) A reconnaissance survey was also conducted on the watershed
to obtain information otheland use and land cover of the ar€ae data obtainedere used

in conjunction with the GLCC database to arrive at the land useoftbp studyarea. Figure

2.4 shows the land use and land cover types @allle 22 showstheir approximate
percentage area coverage for the upstreatershed of Jebba reservoir
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Table 22: Information on Land use of the Study Area

[

S/N S(\:/(\; 2;- Description Area(Ha) Waf)e?sfhe q
1 URMD Urban and BuitUp Land 129.92 0.01
2 CRDY Dry land Cropland and Pastur 332.8 0.03
3 CRGR Cropland/Grassland Mosaic 4885.48 0.38
4 CRWO Cropland/Woodland Mosaic 2109.11 0.16
5 GRAS Grassland 915.2 0.07
6 SHRB Shrubland 1863.67 0.14
7 SAVA Savannah 1257234.26 96.77
8 FOEB Evergreen Broadleaf Forest 166.4 0.01
9 WATB Waterbodies 20164.26 1.55
10 BSVG Barren or Sparsely Vegetatec  11432.57 0.88

Total 1299233.67 100.00

Landuse

B urMmD
B croY
[ crGRrR
[ crwo

Figure 2.4: Land use Map of the Watershed
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2.4.3 Soil Data

Digital soil data for the study was extractiedm harmonisedligital soil map of the world
(HWSD v1.1) produced by Food and Agriculture Organization of the United Nations
(Nachtergaeleet al., 2009) The digitized soil map was completed in January 28@38the
database provides data for 16,000 different soil mapping units containing two laye38 (O
cm and 30- 100 cm depth). Seven soil units are then extracted from the database and
completed by additional information gathered by taken soil samples fifteredt locatons
within the watershed are&ixteensoil samples were collected from two different layers (O

30 cm and 30 100 cm depth) and the samples werdys®al in thesoil laboratory. Basedro

the analysis, it was discoveré#uat the soil inhie study area were predomirly sandy loam

soil. Plate 2shows the collection of soil sample and other geographitainmation of the

watershedarea whileTables 2.3 and .2 give the soil data composition and percentage

composition of different classe$ soil respectively.

Plate 2 Collection of Soil Samplesand other GeographicalInformation onthe study
area
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Table 23: Soil Data Information of the Study Area

S/N EAWAG Code Area %age Texture
1 Nd81a1572 476478.33 36.68 Sandy Loam
2 [-60 1599.1 0.12 Loam
3 Lf26-a-1443 673507.48 51.84 Sandy Clayey Loam
4 [-Nd-1276 147571.14 11.36 Loam

Table 24: Percentage Composition of Different Classes of Soil within the Study Area

EAWAG Code Clay(%) Silt(%) Sand(%) Rock(%) Total (%)
Nd8-1a-1572 39 28 33 0 100

I-60 24 14 62 0 100
Lf26-a-1443 23 37 40 0 100
I-Nd-1276 27 19 54 0 100

2.4.4 Meteorological Data

Meteorological data nessary to run the SWAT model wewbtainel from Nigeria
Meteorological AgencyNIMET) Station basedin llorin. Additional data were collected
from Jebbaand Kaniji Hydro Electric meteordogical stations. A total of three weather
weather stations represermgitthe study area were usethe data collectedor each of the
stationsincludesdaily precipitations, maximum and minimuntemperature, solar radiation,
relative humidity and wind speed The collected weather variables for driving the
hydrological balance within the watershed are from the period-13&8HE. In the case of
missing dataa weather geerator embedded in the SWA3and developed bychuol and
Abbaspour 2007) was used to fill the gaps. The geographical infaromaof the weather
stationsused for the studis shownin Table 25 andtheir locations arelisplayed inFigure
2.5.
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Table 25: Geographicd Information of the Weather StationsUsed for the Study Area

ID Station ID Source Latitude(N) Longitude (E) Elevation
1 924410 NIMET 9.21 4.38 227
2 954700 Jebba 9.52 4.69 140
3 984700 Jebba 0.4 4.69 108
ISYL £10'C 421E 4732'E 4°43'C 4'S4E 55T 516'E
10°12'N L10°12'N
-l b
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Figure 2.5: Geographical Locations of Weather Stationsused for theStudy



2.4.5 Weather Generator

When measured data is not available or when there are missing records in the meteorological
data in the created database, SWAT uses data $edutyy a weather generator program
which uses parameters supplied in weather generator files. The weather generator input file
contains the statistical data needed to generate representative daily climate data for the
subbasins. Ideally, a minimum of 2@as of record is needed to calculate the paranseter

the weather generator fif&rnold et al, 2011) MWSWAT supports the use of one weather
generator file, which is then used for all subbasins, or a weather generator table, which can
contain the paraeters for a number of weather stations, each represented by one line in the
table. Details of the parameters in the weather generator file and how they are estimated can
be found inSchuol and Abbaspou2@07) For this study, climatic data from 19852005

were used for th creation of weather generafibe.
2.5 Data Collection and Analysis

2.5.1 Stream How Data

Stream flow data necessary for calibration and validation of SWAT model was provided by
the hydrology department of JebbigdropowerPlc. These data werpresented as average
monthly inflow (m*s) into Jebba Lake and covered period fromuay 1990 to Deember,
1995(16 years)

2.5.2 Sediment Concentration Data

Observed sediment concentration data are necessary for model calibration and validation
exercise. A present, there is no observed sediment concentration data for thelethodel
watershed.Therefore, sediment sampling programme was established along some of the
tributaries within the watershed area in order to monitor, assess and collect sediment samples.
Samples collected were later analysed in a laboratory to obtain sediment concentrations in the

samples.
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2.5.2.1 Sampling Site

The first stage of sediment sampling in\aer or canal is the selection of a suitable sampling
site. According tdSinghalet al.(1981), the #te shouldsatisfy certain criterigsuch asia) It
should be in a straight reach of length at least 4 times the width ohdmael, but not less
than 150 m(b) The chosen reach should be stable, nagther silting nor scourin¢c) A
normal setion should be located in the middle of the selected reddh.lt should not be
adacent to hydraulic structure®)(It should be accessible, and preferably located near a

village or town.

Before the commencement smpling a reconnaissance surveytbe proposed locatien

was carried out in conjunction with hydrologists at Jebly@ropower R. After careful
considerationand deliberation by theeconnaissance tearnthe sampling sites within the
catchment aa that nearly mesampling critera specifed by Singhal et g(1981) were
identified andas stated in Table@ It should be noted that sampling at the confteepoint

of River Niger and Kotagora involved the use of speed boat to convey the equipment and
technical team to the sampling poiktowever, at the other two locations, the sampler was
deployed into theiver through the use of rope from the top of the bridge deck intoivbe

Plate 3shows the pictorial view aamplingat differentlocations within the study area

Table 2.6: Location and Description of Sampling Sites of the study area

River Description of site Coordinates
AWUN on a bridge deck along Jebba
Adeniran village Lat 92 °N,Long4.55°E

on a bridge deck along Mokwa

Ek
) New-Bussa road Lat 9.9°N,Long4.66°E

at confluence point aiver

NigerKotangora Kotangoraand Niger Lat 9.28°N,Long4.78E
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Plate 3 Sampling locations within the study area: (a) on the bridge deck along Mokwa
Kainji road for Awun river , (b) at the confluence point ofiver Niger and Kotangora
(c) on a bridge deck along Jebb#@Adeniran road



2.5.2.2 Descriptionof SamplingEquipment

The suspended sediment sampler used in this stutlg 8SDH-2A sampler. It is a version

of depth integrating sampler that traverses the complete depth of the stream and back at a
uniform rate It collects samples whichhaveconcentratiorequal to the average concentration

in the verticalUSDH-2A, 2013) The sampler is 20 inches long, weighs about 15kg, and
uses a bag as the sampler container which can acocdatenabout -litre of water. The
relatively small size andieight of the sampler allows it to be raised and lowered by hand line

or rope. However, if multiple samples are to be collected the use of a bridge board and reel,

or crane and reel, is recommende&DH-2A, 2013)

The streamlined body of the sampigffitted with four vanes, which orient and stabilise the
sampler in flowing water. Three different sizes of nozzles may be used when sampling. The
diameter of the nozzles are 0.36, 0.48 and 0.64 cm, (5/16, 3/16 and 1/4inch). The nose and
tail are made i of plastic materials. The plastic nose supports the nozzle and nozzle holder
and key in into the samplerds body with
monofilament line attached at the bottom while the opposite end of the line is attadhed to t
sampler body to prevent accidental loss of theehoozzle, and nozzle holdéhe US DH-

2A was designed and fabricated to meet the protocols for sgyasdity sampling as outlined

in the USGS National Field Manual for thel@ction d WaterQuality Data

(seePlate 3.

- = Hanger Bar Pin
anger Bar
g(\e / Nozzle Holder

5/16" Nozzle — Bag Adapter
1/4” Nozzle \ )
3/16” Nozzl Q

Bag Adapter

Hook andb —— Nozzie Holder_ - “-stoppar.~
: z = ¥ . R R Gl
Loop Strap - Sample §ag . %
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Plate 4 USDH-2A Suspended Sediment Samplgsource: USDH-2A, 2013)

2.5.2.3 Sediment Sampler Assemblage and Sampling Procedure

The USDH-2A sampler was designed to collect representative-fl@ighted samples in
streams with velocityrom 2 to 6ft/sec. The sampler has to be lowered and raised through the
water column at a predetermined transit rate. The maximum transit rate for any depth
integrating sampler is O#mes the mean streavelocity (USDH-2A, 2013. Information on

the meanstream velocities of selecta@/ers within the catchment was obtained from the
Hydrology department of Jebba Hydro Plc prior to sampling and used to estimate the transit
rate of the sampler.

Before deployment of sampler into theer, it has to be pragrly assembled through insertion

of hanger bar in the slot at the top of the sampler and secured with ia.bEingn the hanger

bar is connectedo a cable or hand line. For thisudy, a nozzle size 3/16indi®.48 mm)

nozzle which has a maximum samplepth of Dft was selected. Selection of the nozzle size

was based on the mean stream velocity depth table available in the manual supplied with the
equipment. Prioto nozzle andnozzle holder assemblage, bothrevgroperly checked for
damage and also tomsure that the nozzle entrance is round without burrs and deformation.
Sample bag was properly flattened to remove as much air as possible from the bag. The bag is

then secur@to the adaptor by cinchinit with ahook and loop strap (see Plade 5
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Plate 5 Securing Sample Bagwith Hook and Loop Strap and Removal ofair from the
Sample Bag

At each sampling, the USBREA s ampl er was | owered into the
lower tail fin will hang below the bottom of the sampler while the hoxall be pointed
upward at an angle of around-30 degrees. This allows the tail fin to enter the stream first
and orient the sampler and the nozzle into the flow. During the sampling exercise, the
sampler was lowered from the surface to the bottotheftream and returned to the surface
at dmost the sameonstant rate. This wds ensurethat the sampler did not hit the bottom of
the stream tavoid disturbance of the bed whiahight introducesediment into the nozzle
thereby distorting the conceation d the sample. Sediment sampling wd@ne twice in a
month starting from May to December, 2013. In all, &ingles were collected 8 samples
per each of theivers Eku, Awun and NigelKotangora over theperiod. At the end of each
sampling, the sant@s were poured in a clean container and properly labelled before
transporting them to the laboratories for analysttate 6 shows the pictorial view of

suspended sediment samples collections at the three locations.

() (b)

Plate 6 SuspendedSediment Samples Collectiorat (a) River Eku (b) the confluence
point of River Niger/Kontagora

2.5.2.4 SedimenfTransportation and Data AnalysiSamples

All sediment samples collected for this study were transported and anatyweal different
laboratories. The determination of suspended sediment concentration and total suspended
25



