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ABSTRACT

The Barekese Reservoir constructed across the ORimer provides 80% of the total public pipe
borne water supplied to the Kumasi metropolis arnsl @nvirons. The reservoir was designed to
produce both potable water and hydropower, howetke hydropower component has not been
implemented since its construction in 1971. Theseaiso reported land cover degradation in the
catchment area which has the propensity to alteethydrologic cycle and hence runoff into the
reservoir. A 10 year water balance has been assk$sethe Barekese Reservoir using an inte-
grated Remote Sensing and GIS approach for estimatof surface runoff based on Soil Con-
servation Service Curve Number (SCS-CN). The SCS+@bdel was calibrated against observed
discharges recorded at Offinso located 10.3km upam from Barekese and the result of the
calibration used to simulate runoff into the resasir. The SCS-CN model produced arf Ralue

of 0.84 and an efficiency of 82.68%. Monthly obsedvreservoir levels were used for the calibra-
tion and validation of the water balance model. Thater balance model produced arf Ralue

of 0.84 and an efficiency of 81.9%. The monthly wabudget revealed that total catchment run-
off and direct precipitation respectively constiegd 94.32% and 5.68% of the inflows while
spilled water, water withdrawal and evaporation pextively amounted to 72.19%, 20.85% and
6.96% of the outflows. This result reveals that theservoir is being underutilized. The current
average production of treated water is 109,000y but the reservoir can safely yield the de-
sign capacity of 220,000ffday and an additional average hydropower of 368/kn six months
during the rainy season provided the economic arsdyfor the hydropower generation is found
to be justifiable.

Keywords. Water balance, Barekese Reservoir, SCS-CN modais®©fHydropower

INTRODUCTION urbanization can cause considerable changes in
The anthropogenic disturbance of the watethe fluxes of runoff,groundwater table, base
cycle through agriculture, deforestation andlow and sediment erosion (Vérdsmarty and
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35 Anyemedu etal.

Sahagian, 2000; Sumarauw and Ohgushiropolis, the water balance of the reservoir has
2012). The Barekese Reservoir provides aboutot been assessed to aid in the management of
80% of the total public pipe borne water supthe water resourcén the face of increasing
plied to the Kumasi metropolis and its environsaanthropogenic threats as observed by Kuragsi
(Kumasiet al, 2009). The reservoir has a 15-al. (2009) and Boakyet al (2008).
metre high, 600-metre long earth-filled dam
built across the Offin River between 1967 andrhe reservoir was designed as a multipurpose
1971 (Maoulidi, 2010). The characteristics ofreservoir to provide both potable water and
the reservoir are summarized in Table 1. hydropower but the hydropower potential has
not been utilized. This is partly because there
The Barekese Catchment area is currently beingas no economic justification for additional
degraded as a result of anthropogenic activitiesxpenditure on a power plant due to the low
(Kumasi et al, 2009, Boakyeet al, 2008). electricity tariffs and the availability of enough
According to Boakyeet al. (2008), the trend of hydropower from Akosombo at the time of
land use and land cover changes detected in thenstruction and hence, the hydropower phase
Barekese catchment area has potential conseas notimplemented (Dernedde and Ofosu-
quences on the catchment characteristics amkhenkorah, 2002).
hydrology since land cover is a function of
rainfall regime, soil conditions, geomorphologyThe country is currently being plagued with
and the hydrologic cycle as a whole. Theséequent power outages causing the country to
anthropogenic activities are likely to alter thelose between 2% to 6% of Gross Domestic
water cycle and hence the runoff and sedimemroduct (GDP) annually (Acheampong and
deposition. In spite of the key role that theAnkrah, 2014). In a bid to deal with the prevalil-
Barekese Reservoir plays in the socioing power interruptions in the country, the
economic development of the Kumasi Me-country has resorted to thermal power genera-

Table 1: Reservoir characteristics

Reservoir Characteristics

Catchment area 906 (knf)
Reservoir Capacity

Gross (G) 35.3 million n?
Dead Water (DW) 1.55 million tn
Design Useable (DU = G-DW) 33.75 millior’m
Current Capacity 24.6 million !
Earthfill Embankment Crest Level 223.69masl
Earthfill Embankment Crest Length 526m
Spillway Length 77m

Earthfill Embankment Crest Width 6m

Height of Dam (max above river bed level) 18.5m
Height of Dam (max above foundation level) 21.5m
Spillway Crest Level 220.9 masl
Normal Retention Water Level 220.9 masl
Maximum Flood Water Level 222.4 masl

Source: (Hooijer and Track, 2009)
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tion which is also far expensive compared tesurface runoff (Adieet al, 2012).

hydropower generation. Mini-hydro power gen-_

eration for rural electrification has been recomThis study assesses the water balance of the
mended by many authors including Milleral. Barekese Reservoir to aid efficient planning,
(2011) and Arthur (2014) asmaeans to allevi- Management and decision making on the use of
ate the prevailing power crises. Approximatelywater in the reservoir. The output of the water
70 sites, with a total potential of 800 MW, havePalance provided an opportunity for the assess-
been identified for small hydropower generaiment of the hydropower potential of the reser-

tion in Ghana; however, none of these site¥0Ir. In this regard, the paper highlights how
have been utilized up-to-date (Millest al., the water balance model could be used to opti-

2011). The implementation of the mini- Mize the benefits from a multi-purpose reser-

hydropower facility at the Barekese Headworkd/0ir using the Barekese Reservoir as a case
could serve as a boost to catalyze the implestudy.

mentation of similar projects in other pot_e_r_1t|alRESEARCH METHODOLOGY

sites in the country. Mini-hydropower facilities Study area

generally result in r?p'd soclo-economic devel"I'he Barekese Reservoir is located 19 km North
opment of surrounding communities.

-West of Kumasi between €®l.17 N;

o ) _ 010°42.10 W and 0850 N; 01(39.88 W on
Water balance analysis is a highly effective toojhe Offin River in the Ashanti Region. Fig. 1
that relates local climate, geological, hydrologi-shows the location of the reservoir, dam and the

cal and land use conditions to the quantity ofatchment area with River Offin drainage net-
water available for groundwater recharge ang,grk.

; y

N

Eyuono‘\sﬁ "/

Barekese Catchment with River Offin drainage network
Legend

@ Offinso gauge station
uw s mmmm Kilometers
0255 10 15 20 |:| Offinso catchment

Fig. 1: Location of Barekese Reservoir, dam and catchment area with River Offin drainage
networ k
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The Barekese Reservoir lies within the RiverThe basin lies in a moist semi-deciduous forest
Offin Basin. The area has a semi-humid tropitegion. The area is characterized by plant spe-
cal climate with two rainy seasons: the maircies of theCeltis-Triplochiton AssociatiarThe
season from April to July and the minor seasonegetation in the catchment area is predomi-
from September to October. The mean annualantly forest and this provides livelihood for
rainfall in the basin is about 1,368mm. Thethe rural communities through subsistence
maximum temperature ranges between %®D.2 farming. Fuel wood reserves and plantation
to 31.5C whilst the mean minimum tempera-have been established to protect the Barekese
ture ranges between 2iClto 22.2C. The av- Reservoir (Adu, 1992, Turneet al, 1996,
erage relative humidity in the area is about 79%yampohet al, 2009).
(Gyampotet al, 2009, Turneet al, 1996).

Much of the soil in the Ashanti Region consists
The geology of the Barekese catchment areaf acrisols with some nitisols, leptosol, gleysols
consist of Upper Voltain and Dahomeyan. Thend fluvisols. They are developed in the weath-
Upper Voltain underlie 3% of the area and conering products of phyllites, schists, granites,
sists mainly of sandstone while Dahomeyarsandstones, peneplain drifts and in terrace allu-
underlie 97% of the area and consists of granivia on gently undulating to strongly rolling
toid undifferentiated. The geology of the catchtopography. The texture of these soils varies
ment area shown on Fig. 2 was prepared fromaccording to the nature of the parent material
shapefile of the geology of Ghana produced byAdu, 1992).
the Geological Survey Department of Ghana.

The Offin River has several tributaries. Some

of the streams often dry out during the dry

Legend
Geology_1
ERA_SERIES

- Dshomeyan
- Upper Woitaisn

Fig. 2. The geology of Barekese catchment
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Water balance of the Barekese Reservoir 38

season and fluctuate in water level during thevater,P is the monthly rainfall onto the reser-
rainy season. River Offin after Barekese joinyoir, E is the monthly evaporation from the
the Upper Tano River along the Yenahin Rangeeservoir surfaceAs is the surface area of the
Watershed (Adu, 1992). The drainage networkeservoir computed from the water level-area
of River Offin at Barekese catchment area isurve andG is the net monthly groundwater

shown in Fig. 1. inflow into the reservoir.

Water Balance Analysis Modéel reduction of the water balance com-
Model formulation of the water balance ponents

components Groundwater contribution to a reservoir over a

A generalized water balance model of a reseteng period is assumed to be negligible

voir describes how water levels in a reservoi(Andreini et al, 2000). Hence, the net ground-

respond to various simulated inflow and outwater contribution into the reservoir is consid-

flow scenarios (Yeung, 2005). The generalizegred minimal and therefore negligiblé & 0)

form of the model is given by: relative to the other outflows and inflows. Be-
sides, there exists no information on the net

AS =2R(t) —-2W-2S,+ Z(P-E)A+ G(t) (1) groundwater contribution into the reservoir.
The simplified model then becomes:

WhereAS is the change in the stored water

volume in the reservoit, is the time interval AS =2R(t) -2W-25+ 2(P-E)A 2)

(monthly), ZR is the total monthly runoff into )

the reservoirEW is the total monthly water The components pf the reservoir water balance

withdrawal, XS, is the total monthly spilled model are shown in Fig. 3.

Rainfall Evaporation Water
withdrawals
Direct runoff
Spillway
Maximum surface area level (full
capacity)
Exposed land Changein
areas above
storage
water surface "
Water
surface

Fig. 3: Schematic view of the water budget of Barekese Reservoir (adopted from Y eung, 2005)
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Determination of components of the water FAO soil group classification as provided in
balance Table 2.

Precipitation

The Ghana Meteorological Agency operatesand cover maps for December 1986 and May
meteorological stations at Barekese, Offins@007 were prepared using Landsat images in
and Kumasi but Offinso and Barekese stationErdas Imagine Software and merged with the
have not been operational since 2005 as a resshil maps in ArcGIS to generate curve number
of lack of personnel and adequate equipmeninaps for Barekese and Offinso catchment. The
Kumasi Meteorological Station, on the otherunsupervised classification method was used
hand has up-to-date meteorological recordgor the land cover classification. The procedure
The monthly precipitation correlation betweenfor catchment delineation and derivation of
Kumasi and Offinso records was 0.71 for thecurve number map is illustrated in Fig. 4. Since
period spanning 1990 to 2004 while the correenly few satellite images were used for the
lation between that of Kumasi and Barekesstudy, land cover change was assumed to be
was 0.65 spanning 1993 to 2004. The absendi@ear and hence the need to interpolate the land
of a very strong correlation could be attributeccover change for estimation of the weighted
to inadequate monitoring of operations ancturve number for unknown periods in MS Ex-
records at the Offinso and Brekese meteorazel. The SCS-CN relation given below was
logical stations. Under this prevailing condi-used to compute the runoff:

tion, the study adopted the monthly precipita-

tion records for Kumasi. p = P-0.25)" 3)
g Pto.Es

Catchment delineation, gauging and dis

char ge measurement s

The two catchment areas (Offinso an@(cm) = — — 254

Barekese) were delineated in ArcGIS using cn (4)

SRTM DEM downloaded from GLCF at the

University of Maryland, USA. The study em- eN A

ployed the use of digitized soil map (shapefilef-V,,, = _# (5)

=1L

of Ghana produced by the Soil Research Insti-
tute of CSIR and the delineated catchment ar-
eas to prepare soil map for the catchment areagthereP, is the excess rain or direct runoff, S is
The reclassification of the soil types into Hy-the potential maximum retentipiCN is the

drological Soil Group (HSG) was based on theurve number. The estimation of the weighted

Table 2: Sail reclassification table

FAO Soil Soil Composition Reclassified SCS-CN
Class HSG
Acrisols sand, loamy sand and sandy loam soils A
Leptosols sandy clay loam soils C
Lixisols clay loam, silty clay loam, sandy clay, silty clayd D
clay soils

Source: USDA Soil Conservation Service/49
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Curve Number for :
Estimation of Runoff

Raw terrain data- SRTM
DEM

|
DEM derived Properties- flow "

direction and flow accumulation

grids , I
l} Classes Hylclrologic
Soil Group
HSG
Stream Network H i
I:andSat ::) Land cover H
images map i
1 (1986 & 2007) solltype mep
Subwatershed for H

each stream link

> Merged Watershed

Fig. 4: Procedurefor catchment delineation and derivation of curve number

CNy value was based on tigN values for nor- alized that the model was over-predicting the
mal antecedent moisture conditiol®\, is the surface runoff hence the need to calibrate the
weighted curve numbegN, is the curve num- model. The calibration was done kadjusting
ber for land cover typeA; refers to the area the model input parameter (weighted curve
with curve numbe€EN whilst < ) number) to ensure best simulated estimates for
LA isthe the observed stream flow at Offinso. In accor-

= dance with the Klemes split sample test, the

total area of the catchment (SuphunvorranoRist five years (2001-2005) was used for the
1985, Choveet al, 1998, Shadeed and Amasri, cjipration while the last five years (2006-
2010, Kumaet al., 2010). 2010) was used for the validatiomhe adjust-

) ) ment was subsequently applied to the weighted
Runoff into the reservoir from the Barekese; e number estimated for the larger Barekese

Catchment is only monitored at Offinso, 10- atchment to determine the simulated runoff
cated at 10.3km upstream from Barekese Re$sio the Barekese Reservoir.

ervoir, while the contribution from the remain-

ing portion of the catchment area is not moniEvaporation

tored (Fig. 1). The Offinstydrological station Evaporation from the water surface is not
is located at 06°3B and 01°38N. Since there monitored at the headworks. The Penman
is no gauge station on the reservoir, an SCS-Chiethod has been found suitable for evaporation
rainfall-runoff model calibrated at Offinso was estimation under any climatic conditions and
used to derive the monthly simulated runofffor a time scale as long as one month (Kebede
into the reservoir at Barekese. After obtainingst al, 2006). This evaporation model was
the monthly runoffs from the SCS curve num-therefore adopted for the study. The Penman
ber model at Offinso Gauge Station, it was reevaporation is given by:
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_AH +Ey Meteorological data such as temperature, hu-
T Aty (6)  midity and evaporation used to obtain the vari-
ables in the Penman Equation were obtained
from Ghana Meteorological Agency, Kumasi.
WhereA is the slope of the saturation vapounn situations where data such as slope of the
pressure verses temperature curve at the megaturation vapour pressure verses temperature
air temperature, mm of Hg/°Cy,is the Psy- curve, incident solar radiation, maximum pos-
chrometric constant = 0.49mm of Hg/°B, is  sible hours of bright sunshine and reflection
the net radiation, mm of evaporable water petoefficient were not available, standard data
day, E, is the parameter including wind veloc-from FAO Irrigation and drainage paper 56 by
ity and saturation deficit. Allen et al. (1998) based on other primary me-
. — . teorological data for the region were used.
B, = 8 (1r) (2405 - o056 -0082,2) (01408%) (7)
! ! Withdrawals
WhereH, is the Incident (Extraterrestrial) solar Information on monthly withdrawals from the
radiation outside the atmosphere on a horizof€Servoir was obtained from Ghana Water
tal surface (mm of evaporable water per day), Company Limited (GWCL) Barekese Head-

is a constant depending on the latitdgde works Station, Kumasi. Withdrawals are esti-
mates from pumping hours since there is no
a =02%osd (8) gauge in place for such function.

b is a constant with an average value of Orb2, Spill ) o .
is the actual duration of bright sunshine, INs, There is no monitoring of the quantity of water

is the maximum possible hours of bright sunthat leaves the spillway of the reservoir.
shine (hrs), r is the reflection coefficient Monthly spills were therefore estimated as ex-

(albedo), s is the Stefan-Boltman constant =C€sS Of the storage capacity.
2.01x10°, is the mean air temperature in de-

gree kelvin = 273+°C Hydropower generation potential of the
reservoir
— PR 9 The hyd tential of th i
£, = 0'354\“_@,} (e, —¢.) 9) e hydropower potential of the reservoir was

assessed as excess of the simulated discharge

required to meet the design capacity of
E. is the parameter including wind velocity and220,000nVday of treated water with allowance
saturation deficitlJ,is the mean wind speed atfor losses during treatment. GWCL estimates
2m above ground surface (km/dag), is the losses during treatment to be 5% of the total
saturation vapour pressure at mean air temperegaw water (Antwi, 2005). The head of the

ture (mm of Hg). reservoir is 12m (Dernedde and Ofosu-
17 27 Ahenkorah, 2002). British Hydropower Asso-
e, = 4.584exp (m} mmofHg (10) ciation estimates the overall system efficiency,

1, to be in the range of 60%-80%. An average

0 .
tis the temperature ifC, & &, is the vapour value of 70% was used for the computation.

deficit, e,is the actual vapour pressure If, Q, is the rate of flow (iis) of water that is

RH = 1002 (11) available for hydropower generation, and the
reservoir has a heatl, in meters,y is the unit

e (f)
) ) o weight of water andy is the overall system
RHis the Relative humldlty. efﬁciency then:
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i) Water Power PotenticP = yx QxH (12) tively. The results of the land covearlassifica-
tion reveal land cover degradation in the study
area. From Table 3, open forest in the Barekese
catchment area has decreased significantly by
44 .85% within the period from 1986 to 2007
RESULTSAND DISCUSIONS while closed forest has increased by 3.58%.
Catchment areas and land cover change The water body has reduced by 59.10%. Farm-
The estimated area of Barekese catchment atmhd/grassland/shrubs, open area and settle-
Offinso catchment are 893.26krand 685krh  ments have appreciably increased by 29.99%,
respectively. Fig. 1 illustrates the two catch-29.79% and 48.01% respectively within the
ment areas. The soils found on the Barekessame period. The merging of the land cover
catchment area are Acrisols, Leptosols and Lixmap and the soil map in ArcGIS produced the
isols with percentage area coverage of 90.96%urve number map for the Barekese catchment
5.78% and 3.26% respectively. The map showarea which is illustrated in Fig. 8. The curve
ing the soil types on Barekese catchment isumber map was used for the estimation of the
depicted in Fig. 5. Since few satellite imagesveighted curve number for the computation of
were available for this study, satellite imagesurface runoff using the SCS-CN model.

for 1986 and 2007 were used. Land cover maps

produced for the Barekese catchment area f@talibration of surface runoff

1986 and 2007 using the unsupervised classifig. 9 illustrates the calibrated and validated
cation are illustrated in Figs. 6 and 7 respectdischarge with observed discharge. The SCS

if) Power of hydropower plarf, = yx(x#xy (13)

o8 Legend
9 (Landsat Dec, 1986)

W Vinerbody
[ Open forest
1 Cosed fovest
Farmiand ressland Shiub:
Eipove
W ictienent

Legend

Soll Types on Barekese Catchment
GROUP_

- Acrisols

e —— O E1EIS Leptosols
]

Lixisols
% 2
Kiometers

Fig. 5: Map showing the soil types on the Fig. 6: Land cover map for Barekese catch-
Bar ekese catchment ment, 1986
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model produced an“Rvalue of 0.84 and an pattern which peaks from April to July in the
efficiency of 82.68%. This indicates a goodmajor season and from September to October in
performance with observed data.

Precipitation (Rainfall)

the minor season. The maximum average
monthly precipitation recorded in June was
204.3mm while the minimum average monthly

Monthly distribution of rainfall for the period precipitation recorded in January was 19.9mm.
of study is illustrated in Fig. 10. The catchmentThe mean annual precipitation was 1538.2mm.
area falls under a region with a bimodal rainfall

>

Legend
Landsat May, 2007)

Fig. 7: Land cover map for Barekese catch-

ment, 2007

Water Withdrawal

Monthly withdrawal for water supply from
2001 to 2010 ranged between 2,095,0%0m
2,114,596m with an average of 2,104,89im
per month. Monthly water withdrawal from
2001 to 2010 is illustrated in Fig. 11.

Monthly pan evaporation estimated using the
Penman Evaporation Model shows a fluctua-
tion within the period which ranged between
5.42mm per day to 4.43mm per day with an
average of 4.84mm per day. The estimated
monthly evaporation using Penman Evapora-
tion Model is illustrated in Fig. 12.

Calibration and validation of the water bal-
ance model

A monthly routing of the outflows and inflows
was performed using the water balance model
in Microsoft Excel. There has been a reduction
in reservoir capacity from an initial gross ca-
pacity of 35.3 million Min 1971 to a capacity

of 24.6 million n? in 2009 (Hooijer and Track,
2009). Volume-elevation curves for 1999 and
2009 were used because of the changing reser-

Table 3: Land cover changein the Bar ekese catchment ar ea (1986-2007)

Land cover Areain Percentage  Areain Percentage  Change  Percentage

1986 (ha) of total area 2007 (ha) of totalarea inArea  change

in 1986 in 2007 (ha)

Water body 5454.66 6.09 2231.01 2.49 -3223.65 -59.10
Open Forest 21278.68 23.76 11735.19 13.10 -9543.49 -44.85
Closed Forest 24810.42 27.70 25698.51 28.70 888.09 3.58
Farmland/Grassland/  20775.49 23.20 27005.22 30.16 6229.73  29.99
Shrubs
Open Area 14445.79 16.13 18749.34 20.94 4303.55 29.79
Settlement 2790.57 3.12 4130.46 4.61 1339.89 48.01
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Fig. 10: Average monthly rainfall for Kumas (2001-2010)

Journal of Science and Technology © KNUST DecemB2érn5



45  Anyemedu et al.

2130000
2110000
2090000
2070000
2050000
2030000
2010000 -

Volume (m3)

Jan
Feb
Mar

Apr

May

Jun

Jul
Aug
Sep
Oct
Nov
Dec

Month

Fig. 11: Average monthly water withdrawal (2001-2010)
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Fig. 12: Estimated average monthly evaporation for Kumasi using the Penman Evaporation
M odel (2001-2010)

voir storage as a result of sedimentation activiperiod (2006-2010). Literature on Brune's and
ties with time. The estimated reservoir capacityrown's approach for estimation of reservoir
for the period 2001-2005 using Brune's andcapacity is found in Jothiprakash and Garg
Brown’'s approach was generally comparabl¢2008) and Adwubiet al. (2009). Elevation
with storage capacity from the volume-220.9 m.a.s.l. is the spillway crest level and
elevation curve for 1999 and hence the curvlence considered as spill level in the simula-
was used for the calibration period (2001-2005)ion. It was realized that the simulated reser-
and that for 2009 fitted well for the validation voir levels were generally slightly lower than
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Fig. 13: Simulated and observed reservoir levelsfor the calibration period (2001-2005)
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Fig. 14: Smulated and observed reservoir levelsfor the validation period (2006-2010)

the observedreservoir levels hence the need tdit simulated reservoir volumes to observed
adjust other inputs of the water balance modekservoir volumes. After calibratiorthe water

in order to simulate as close as possible to thealance model had’Rf 0.86 and an efficiency
observed reservoir levels. of 84.8%. Fig. 13 illustrates the simulated and

observed reservoir levels for the calibration
Calibration involved adjusting correction coef-period (2001-2005). The calibrated model was
ficients associated with precipitation, evaporaused to simulate runoff over an independent
tion and withdrawal by try-and-erranethod to period outside the calibration period. The vali-
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dated model has’®f 0.83 and an efficiency of From Fig. 15, it is observed that the water re-
78.2%. Fig. 14 illustrates the simulated andsource potential of the reservoir is being under-
observed reservoir levels for the validation peutilized. From Table 5, withdrawal for water
riod (2006-2010). The performance of the wasupply constituted only about 20.8586 the
ter balance model is provided in Table 4. Theutflows while the amount of water spilled con-
water balance model produced af & 0.84 stituted 72.19%. The reason for thege vol-
and an efficiency of 81.9% for the entire periodumesof spill could be attributed to the under-
(2001-2010). The overall performance of theutilization of the facility for water supply and
water balance could be described as being satisydropower. The design capacity of the
factory. There exists a strong correlation beBarekese Headwork for treated water produc-
tween the measured and simulated reservoiion is 220,000rfday (Maoulidi, 2010) but the

levels.

Table 4: Perfor mance of Barekese reservoir water balance model

Period R? Efficiency (%)
Calibration (2001-2005) 0.86 84.8
Validation (2006-2010) 0.83 78.20
Entire period (2001-2010) 0.84 81.90

Catchment runoff

== Precipltation

=== Evaporation

Volume {m3)

= Withdrawal

e Spillage

- Reservoir Storage

Month

Fig. 15: Monthly reservoir volume and water budget
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Table 5: Water budget of the Bar ekese Reser voir

Inflows Outflows
(per centage of total inflows) (percentage of total outflows)
Total runoff Direct rainfall Evaporation Wateithdrawals Spill
94.32 5.68 6.96 20.85 72.19

Table 6: Monthly hydropower potential of Barekese Reservoir

Month Water Power Potential P (kW) Power of hydropower plant Py (kW)
April 221.7 155.2
May 515.9 361.2
June 756.3 529.4
July 457.1 320
September 729.3 510.5
October 478.8 335.2
Average 526.5 368.6

headwork only produced about 59,39%/day « Operating a mini hydro plant which could
as at 2010 (Kumat al, 2010) which is only operate for six months of the year i.e. from
about 27% of the design capacity. This problem  April to July and from September to Octo-
of underproduction of treated water could be ber.
attributed to two main factors: inadequate
power to run the pumps and inadequate expafrom Table 6, the average monthly Water
sion of the water treatment infrastructurePower PotentialP and Power of Hydropower
(Maoulidi, 2010, Antwi, 2005). The current Plant, Py, in the months of operation are
average production of treated water at the hea®26.5kW and 368.6kW respectively. According
works is 109,000fday. to Arthur (2014) a typical 60 kW small-scale
hydropower plant could serve about 365 house-
Besides, the availability of facilities such as ahold with an average of 5 persons per house-
penstock, a platform for the installation of ahold. Therefore, from computation using the
power generation turbine and excess water iB68.6kW power of the hydroplant at Barekese,
the rainy season indicates the feasibility of opthe facility could serve about 2,242 household
erating a mini hydropower plant in the rainyin the rainy season if implemented. In view of
season. GWCL could therefore consider thehis, such a facility that generates electricity
following options in order to maximize the wa-from excess water that would have otherwise
ter resource potential: been spilled will go a long way to add some
amount of power to the national grid.
« Expanding the available facilities to treat
more water for consumption
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CONCLUSION AND RECOMMENDA- with the requisite equipment and personnel to
TIONS enhance research study in the area. The spill
In this study, the assessment of the water bafrom the reservoir should be monitored by set-
ance of the Barekese Reservoir was performethg up a hydrological gauge station down-
using an integrated Remote Sensing and GlStream of the Barekese Dam or by periodic
approach for estimation of surface runoff basetheasurement of the head over the spillway.
on SCS curve numbers.
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