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                                                                         ABSTRACT 

 

The Gidabo River Catchment area is found within southern Main Ethiopian rift, North-east of 

Lake Abaya; or more specifically lies in Sidama and Gedio Zones of Southern region and Borena 

Zone of Oromia region. The Catchment area coverage and the perimeter of the Gidabo River 

are 3342.37 square kilometers and 305.25 kilometers respectively. Assessment of groundwater 

resource potential of the catchment is studied based on conventional hydrogeological 

techniques, by gathering and interpreting geological, hydrometeorological, hydrogeological and 

hydrochemical data.  

The Gidabo River Catchment area is dominantly covered by pyroclastic fall (flow) deposits and 

Trap-Series basalts with Trachytic compositions; alluvial and lacustrine deposits also cover 

considerable area of the Catchment. 

 

Using analysis of the available meteorological data, potential evapotranspiration (PET) was 

calculated by two methods; (i.e. Thornthwaite (1948) and Penman). PET values obtained by 

Thornthwaite method for Highland, Escarpment and rift floor are estimated to be 689.85mm 

786.8mm and 1307mm respectively. Modified Penman approach is used only for calculating 

PET of the rift floor and gave the value of 1301mm.  Actual Evapotranspiration (AET) was 

calculated using Turc and Soil water balance method. The AET values obtained by Turc method 

for Highland, Escarpment and Rift floor is 665mm, 950mm, 1456mm respectively. AET values 

obtained by soil-water balance method for the Highland, the Escarpment and the Rift floor are 

estimated to be 688.9mm, 803.9mm, 1063.6mm respectively. Conventional water balance 

method has been used to compute the total groundwater recharge of the basin and recharge 

value of 353mm/year is obtained. 

 

Ground water potential of the Gidabo Rive Catchment is seen to be under the control of 

fractures (faults) and weathering. Higher hydraulic conductivity zones are mapped at or near 

fractured regions and their values are decreasing away from the fractures (faults). 

 

Graphical presentation (i.e. Piper (1944)) is used in order to facilitate the interpretation and 

analyses of the chemical data. The piper plot shows that most boreholes and spring water 

samples are Ca-Mg-HCO3 type in the discharge area and Na-HCO3 type towards the recharge 

areas.  

 

The surface and shallow groundwater systems are characterized by high iron concentrations. 

The source is believed to be the red soils that cover the study area. According to Kedir Yasin 

(2002), the concentration of iron in the water is greater in the wet season than the dry season 

due to leaching effect.  

  

High concentration of fluoride within the study area is noticed in the western part (discharge 

area) in geothermal borehole and hot springs. 
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The hydrochemical signature of cold springs is similar to that of many boreholes and hand 

dug wells, and different from that of the hot springs. In general, most of boreholes and cold 

spring water samples are Ca-Mg-HCO3 type in the groundwater discharge areas and Na-HCO3 

type in the recharge areas.  

 

 

 

6.3.3 Water quality problems in the study area. 

6.3.3.1 Fluorides. 

 

In nature fluoride ions come from chemical weathering product of igneous rocks, magmatic 

emissions, atmospheric dusts from continental sources and industrial pollution (Hem, 1970).  

 

Artificially high concentration of fluoride is contained in waste water from the manufacturing 

of glass and steel, as well as from foundry operations. Organic fluorine is present in 

vegetables, fruits, and nuts (Tamiru Alemayehu, 2004).  

 

There is no agreement among researchers as to how the high fluoride is introduced into the 

groundwater. According to Gerasimovskiy and Savinova (1969) the volcanic rocks of East 

Africa are richer in fluoride than similar rocks in other parts of the world. The most important 

sources are acidic volcanic rocks such as tuff, pumice and obsidians, along with emanation 

from geothermal systems (Tesfaye Chernet, 1982; Tesfaye Chernet et al., 2001).  

 

 

 

The interaction of water with glassy rock is responsible for weathering of rock and leaching 

of F and Na in to the groundwater system. The high permeability of rocks due to weathering 

and tectonic activity resulting large water rock interaction makes the leaching process more 

effective in glassy rocks. 
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High fluoride groundwaters have sodium and bicarbonate as the dominant dissolved 

constituents, with relatively low calcium and magnesium concentration. Accordingly, it 

believed that the high concentrations of these ions are inter-related.  

CaCO3 (s) + CO2(aq) + H2O ↔ Ca
2+

 + 2HCO3
-
 

 

 

High bicarbonate ion concentration in the above chemical equation, will favor backward 

reaction speed to be greater than the forward.  

 

 

High bicarbonate ion concentration will decrease the calcium ion (Ca
2+

) concentration due to 

accelerating calcite precipitation; the resulting low calcium ion concentration will make the 

more fluorite to dissolve and thus increasing the fluoride concentration in the water. 

High concentration of fluoride in water causes problems of teeth motility (i.e. detrimental 

effects on teeth structure) and abnormalities in human skeleton.  

 

 

Groundwater of 1mg/l and more is very common in the Gidabo River Basin. High fluoride 

concentration in the study area is recognized by its relatively higher concentration in the rift 

floor boreholes than the escarpment and the highland boreholes; in addition fluoride effects, 

such as teeth motility is recognized in the rift floor inhabitants than the highland ones.  

 

 

Generally, fluoride concentration in groundwater of Gidabo River Basin is higher as the water 

moves from highland (recharge) area to the rift-floor (discharge) area. 
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 Location (UTM)           Water sources   F
-
 (fluoride)=mg/l 

X Y 
425822 711671 Dila chichu Borehole No.2 1.05 

425364 738069 Aleta sodo Borehole 1.3 

418850 732980 Danshe-Gambela hot spring 1.21 

433803 718366 Teferi-Kella Borehole 1.96? 

429409 763401 Boricha Arke Well #1 2.38 

424597 709592 Dila town Borehole  2.5 

421663 710637 Dila university (Semera campaus Borehole#1 1.2 

421117 709073 Dila Agri.Chol Borehole 1.3 

    Loka Abaya Teme Borehole 1.3 

421388 710657 Dila university (Semera campus)Borehole#3 7.2 

422314 737052 Aleta Sodo BaltasuraBorehole 1.37 

425277 737875 Aleta Sodo Jissa Borehole 1.25 

423990 742131 Loka Abaya Benka Borehole 1.48 

425364 738069 Jirmancho Borehole 1.5 

422669 745541 Sala Kebado Dansanto Borehole 1.39 

422647 745610 Sala Kebado Worku Borehole 1.2 

    Dale Tula Borehole 1.75 

    Kaliti Simita Borehole 1.17 

423533 744647 Loka Abaya Chancho 1.01 

419097 706697 Odomike Waleme hot spring 1.01 

421535 711456 Rift valley resort (Chombe) hot spring 1.12 

432371 746688 Yirga Alem Gidabo hot spring 1.43 

Table.6.10. Groundwater sources possessing 1mg/l and greater fluoride concentration in the 

Gidabo River Basin. 

 

Recommended fluoride concentration in domestic water supplies at a temperature range of 

17
0
C- 21

0
C (temperature range of Dilla town area and its surrounding) is 1.8 mg/l, (Hem, 

1985). 

 

According to fluoride concentration range given above Boricha Arke Well #1 and 

Dillauniversity Semera Campus borehole #3 have excess fluoride concentration of 2.38mg/l 

and 7.2mg/l respectively; which shows unsuitable water for drinking purpose. 

 

Fluoride can be removed from water by anion exchange, adsorption by calcium phosphate 

and magnesium hydroxide. Activated carbon will also reduce the fluoride content of drinking 

water. In addition reverse osmosis will remove 93%-95% of the fluoride (Tamiru Alemayehu, 

2004). 
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6.3.3.2 Salinity. 

Marshy area groundwater chemistry in the Gidabo River Basin is less known as there is no 

boreholes in the vicinity ; However, two shallow wells (hand pump fitted) situated in marshy 

(Ficha peasant association) area are used.  

 

 

Sample taken from one of shallow wells is salty; its Electrical conductivity (EC) is very high 

which is about 3790µS/cm, likewise other parameters also show considerable excessive 

character compared to the normal ones, these are total dissolved solids (TDS=2723mg/l), 

total solids (TS=2786mg/l), turbidity, etc. Besides, groundwater is rich in Sodium 

(Na+=580mg/l), Bicarbonate (HCO3- =948.67), Sulphate (SO42- = 792.06mg/l), chloride (Cl-= 

516.36mg/l) and it is Na-Ca-HCO3-SO4-Cl type water (source: Gidabo irrigation project, 

Abenezer Kefeni, 2007).  

 

Boky-Anole plain area (Marshy area), which approximately covers 65km
2
 (Raunet, 1977), 

located very near to the North-Eastern shore of Lake Abaya (Gidabo Delta area), is 

impregneated with sodium (Na) and potassium (K) which come from weathering of acidic 

silicic rocks (eg. ignimbrites) and evaporation.  In the plain, the soils are alkalized sodic and 

salted in places (Na2CO3). Part of the plain is flooded during the rainy season, and the 

vegetation is then inexistent; once the water evaporates during dry season it leaves a 

smooth, flat area (no cracks) with whitish areas due to saline efflorescences. Local people 

collect the sodic deposits (“Amole chew”) of the plain for their livestock by scratching the 

surface (M. Raunet, 1977). In this plain area groundwater table is very close to the surface 

and liable to evaporation which accelerates additional deposition of alkaline materials.  

During rainy season, saline deposits will be dissolved by fresh water and easily percolates to 

the groundwater in turn making the water alkaline.  

 

According to Abenezer Kefeni (2007), salinity of marshy area of Gidabo Basin is under 

sensitive range of SAR (Sodium Adsorption Ratio) which is 10.3 for irrigation of different 

types of crops; But within tolerance limits based on the types of crops. 

 

 

6.3.3.3 Iron. 

Iron is essential element in the metabolism of animals and plants. If present in water in 

excessive amounts, however, it forms red hydroxides precipitates that stain laundry and 

plumbing fixtures and, therefore, is an objectionable impurity in domestic and industrial 

water supplies. Recommended upper limit for iron in public water supplies is 0.3 mg/l (Hem, 

1985). 

 

Iron occurs naturally in groundwaters in three forms, Ferrous (II) Iron (clear water iron), 

Ferric (III) Iron (red water iron), and Heme Iron (organic iron).  
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Each can exist alone or in combination with one another. Ferrous iron, or clear water iron as 

it is sometimes called, is ferrous bicarbonate (Fe2 (HCO3). The water is clear when drawn but 

it turns cloudy when it comes in contact with air (Tamiru Alemayehu, 2004).  

 

The air oxidized the ferrous iron and converts it to ferric iron. Ferric iron, or ferric hydroxide 

(Fe3 (HCO3), is visible in the water when drawn; hence the name “red water iron”.  

 

Heme iron is organically bound iron complexed with decomposed vegetation. These organics 

cause the water to have a weak tea or coffee color.  

 

Certain types of bacteria use iron as an energy source. They oxidize iron from its ferrous 

state to its ferric state and deposit it in the slimy gelatinous material which surrounds them. 

These bacteria grow in stringy clumps and are found in most iron bearing formation waters. 

 

In order to investigate the mineral composition of the red soil in upper Gidabo River Basin, 

Kedir yasin, (2002) collected three soil samples around Aleta Wondo town and analyzed in 

the SGS mineral service laboratory, Italy. The result shows the soil is enriched with Fe, 

according to Kedir, this may be due to the solubility of this element and downward 

percolation and deposition in the B-horizon of soil profiles. Thus acidic water coming in 

contact with these soils can dissolve the iron and enriches it in the water. 

 

From the field measured parameters it can be seen that waters containing high iron 

concentrations are characterized by low pH and low Eh, which are conditions triggering the 

solubility of iron.  

 

Based on the available secondary data of borehole water chemical analysis results and 

primary data of field investigation for this thesis work, iron concentration in the Gidabo River 

Catchment reaches its maximum in red soil covered areas (eg. Gajamo borehole in Yirga 

Alem woreda 2.87 mg/l); and its minimum at rift floor areas (eg. 0mg/l at Sala kebado 

borehole in Loka Abaya woreda).   

 

Generally speaking, iron concentration in the Somalian high plateau area which is covered by 

dark brown clay loam soil is lower as compared to the rift escarpment area which is covered 

by red soil (Lateritic soil, the main source soil of Iron and Almunimum). The rift floor area 

which is in turn covered by grey silty clay loam soil also has very low Iron concentration.   

 

Ferrous Iron must be converted into ferric iron through aeration process with oxidizing agent 

such as chlorine, before it can be removed by mechanical filtration. Ferric Iron (red water 

iron) can easily be removed by mechanical filtration process. Heme Iron can be also removed 

by oxidizing the water with chlorine followed by mechanical filtration process. Oxidizing 

agents such as chlorine will also kill iron bacteria if it exists (Tamiru Alemayehu, 2004). 
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                                                       CHAPTER SEVEN 
                                                  

                                     7. CONCLUSION AND RECOMMENDATIONS 

7.1 Conclusion. 

In this paper it is attempted to analyze and give recommendations on groundwater resource 

potential zones of Gidabo River Catchment; based on geological, hydrometeorological, 

hydrogeological and hydrochmical data.  

 

Data from National meteorological Agency, Water Resources Ministry, Primary field (in-situ) 

measurements associated with chemical analysis results of different groundwater sources 

from the Catchment and Secondary water chemistry data from Southern Nations, 

Nationalities and Peoples Regional State (SNNPRS) are inputs in the evaluation of different 

hydrogeological and hydrochemical behaviors of the Basin. 

 

Gidabo River Catchment is mainly composed of volcanic rocks of Tertiary and Quaternary 

age. Five lithological units are identified and mapped. These include old aphanitic basalts and 

ignimbrites of the Somalian high plateau, highly fractured young basalts, rhyolites and 

pumice deposits of the rift floor, slightly to highly fractured young ignimbrites of the rift 

escarpment and rift floor, alluvial and lacustrine deposits. 

 

The geological structures in the study area are extensional and include the normal faults 

oriented in the NNE-SSW direction (i.e. right stepping en-echelon type of the fault systems 

“Wonji Fault Belt”). The structures are frequent in the central and western part of the 

Gidabo River Catchment than the eastern part. 

 

Climate of the study area ranges from semi arid in the rift floor to humid in the mountains of 

the escarpment and the Somalian high plateau. Average long-term aerial rainfall depth of the 

study area is estimated to be 1375mm/year; by using Theissen Polygon and Isohytal 

methods.  

 

An attempt was made to evaluate the most important component of hydrologic cycle (i.e. 

evapotranspiration). Potential evapotranspiration was calculated using two methods; (i.e. 

Thornthwaite (1948) and Penman). To evaluate the PET for the Catchment, the basin has 

been divided into three sub-catchments; Highland, Escarpment and Rift floor. The sub-

division is based on climatic differences among the sub-catchments.  

 

In this thesis-research work the PET values obtained by Thornthwaite method for the 

Highland, the Escarpment and the Rift floor are estimated to be 689.85mm, 786.8mm, 

1307mm respectively.  

           

The PET value of the whole Catchment estimated by Thornthwaite method could be 

obtained by averaging the PET values of the three sub-catchments together and is 



Groundwater Resource Assessment in the Gidabo River Catchment:  Yirga Alem, Southern Ethiopia. 

  

 AAU, Department of earth sciences. 
Page 

109 

Birhanu Debisso  Tel. +251911062721,   

October, 2009 

  

927.87mm. Mean annual PET of the Rift floor calculated by using Modified Penman method 

is 1301mm. 

 

For the estimation of water balance within the basin, AET was calculated using Turc and Soil 

water balance method. The AET values obtained by Turc method for Highland, Escarpment 

and Rift floor is 665mm, 950mm, 1456mm respectively. The AET value of the whole 

Catchment estimated by Turc method is obtained by averaging the AET values of the three 

sub-catchments together and is 1024mm. 

 

Soil water balance method has been used to estimate the AET based on various soil textures 

and land use-land cover of the study area. Accordingly, in this work the AET values obtained 

by soil-water balance method for the Highland, the Escarpment and the Rift floor are 

estimated to be 688.9mm, 803.9mm, 1063.6mm respectively. The AET value of the whole 

Catchment estimated by this method is obtained by averaging the AET values of the three 

sub-catchments together and is 852.1mm. 

  

Actual evapotranspiration computed from the two methods is averaged to estimate annual 

groundwater recharge.  

 

The surface water and groundwater runoff has been computed by base flow separation of 27 

years long run annual Gidabo River discharge.  The total runoff of the catchment is 

extrapolated from flow values measured at three gauging sites located within the Gidabo 

River Catchment. These gauging sites are near Abosto, Aleta-Wondo and Dilla for Upper 

Gidabo, Kolla and Bedessa rivers respectively.  The extrapolation involves scaling up of flows 

of the Catchment on the basis of area-ratios (AG/QG = AU/QU). 

 

Separating the surface runoff and base flow has been made with the aid of Time-Plot spread 

sheet computer software.The result obtained from the spread sheet program (Time plot) 

reasonably separates the surface runoff and base flow by considering the topographic 

characteristics of the basin.  

 

Conventional water balance method has been used to compute the total groundwater 

recharge of the basin and recharge value of 353mm/year is obtained. The value estimated by 

this method is taken as optimum and reasonable values of groundwater recharge of the 

Catchment, because the method considers many variables as Precipitation, Surface Run off 

and AET; AET in turn considers many variables to be calculated as has been seen in Soil water 

balance. 

 

Hydrogeological mapping was done by classifying the volcanic rocks in the area based on 

surface geology, borehole lithologic log and pumping test data. Accordingly five 

hydrogeological units are identified and mapped. These include old basalts and ignimbrites 

of the Somalian high plateau, highly fractured young basalts, rhyolites and pumice deposits 

of the rift floor, slightly to highly fractured young ignimbrites of the rift escarpment and rift 

floor, alluvial deposits and lacustrine deposits. 
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The study area is classified into different hydraulic conductivity zones. The basalts of the 

mountain have low hydraulic conductivity values which are in the order of 0.06m/day to 

0.3m/day. The rift proper and areas closer to the escarpment are principally covered by 

pyroclastic rocks (mostly ignimbrites) which is highly affected by tectonic activity has 

relatively high hydraulic conductivity ranging between 0.5m/day to 38m/day. In general, the 

hydraulic conductivity increases from highland to the rift proper (i.e. east to west of the 

Gidabo River Catchment).  

 

The regional flow direction of the groundwater system is generally westward and local flow 

systems are observed in the recharging and central zones of the basin; based on 

groundwater level contour generation and then constructing groundwater flow lines 

perpendicular to the contours generated.  However both the groundwater and surface water 

systems are highly controlled by NNE-SSW trending right stepping en-echelon fault of “Wonji 

Fault Belt”.  

 

A plot of contours of the hydraulic heads and the stream networks reveal that Gidabo River 

and its major tributaries gain water from their eastern part and loose in their western. 

 

The springs in the study area are generally of two types: gravity and non-gravity. The gravity 

springs are of contact or depression type. Whereas the non-gravity (hot) springs are located 

along fault zones and concentrated in the western part (discharge zone) of the Gidabo River 

Catchment.  

 

The heat source for the thermal springs (non gravity) is suggested to be the result of deep 

circulation of ground water (geothermal gradient) from the escarpment towards to the rift 

proper with high geothermal gradient.   

 

The high value of TDS for hot springs  while others are low at the same elevation can be 

partly attributed to the influence of geothermal heating, deep circulation and to rock water 

interactions due to long residence time.  

 

Graphical presentation (i.e. Piper (1944)) is used in order to facilitate the interpretation and 

analyses of the chemical data. The piper plot shows that most boreholes and spring water 

samples are Ca-Mg-HCO3 type in the discharge area and Na-HCO3 type towards the recharge 

areas.  

 

The surface and shallow groundwater systems in the Gidabo River Catchment are 

characterized by high iron concentrations. The source is suggested to be the red soils that 

cover the area. According to Kedir Yasin (2002), the concentration of iron in the water is 

greater in the wet season than the dry season due to leaching effect.   

High concentration of fluorine within the study area is noticed in the western part (discharge 

area) in geothermal borehole and hot springs. 
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7.2 Recommendations. 

Based on some of the findings of the study, the following recommendations are forwarded 

for future consideration.    

 

� To calculate the water balance components more efficiently meteorological stations 

have to be installed in the highlands and upgrading of the existing stations has to be 

done. 

 

� Streams gauging instruments should be installed at the mouth of the Gidabo River 

that greatly help reduce the uncertainties arising from projection of flow rates from 

analogue catchments. 

 

� Even if, there are many boreholes drilled in the area most of them lack lithological 

and drilling logs and proper pumping test results. Thus the Southern Region Water, 

Mines and Energy Resource Development Bureau has to make a close follow up to 

have a complete well drilling and pumping test reports for the further schemes. 

 

� The source of iron in some part of the study area requires detail investigation. 

 

� To determine the depth and thickness of the water bearing formation and to quantify 

the ground water resource of the area, geophysical investigation especially Vertical 

Electrical Sounding (VSE) is recommended at selected sites. 

 

� Isotopic survey of hot spring should be carried out to determine the origin of deep 

waters to enhance the degree of uncertainty. 

 

� The area near to Yirga Alem town is high groundwater potential area with fresh water 

which has exploitable groundwater source for irrigation of downstream part of 

Gidabo River. 

 

� Hot springs of Chancho-Tedicha in Chuko Woreda and Odomike Waleme in Abaya 

Woreda are not developed, hence should be developed by investors. 
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ANNEXES. 
Annex.1  Estimation of available water in the rooting depth for the Highland area of the 

Catchment. 

S.No 
Soil 
Type 

Areal Available 

Land Use - Land Cover 

Rooting 
Available 
Water Available 

Available 
water in the 
root zone 
for the soil 
(mm) 

Available 
water 

Total 
available 
water at 
rooting 
depth for 

the highland 
sub-

catchment 
(mm) 

Prop. Of  
the soil 

Water in the 
soil in 1m 
column Depth at rooting water w.r.t 

for the soil 
w.r.t 

(%) (mm/m)     (m) depth (mm) 
land use in 
(mm) 

areal 
proportion 

    Type Percentage         

1 
2 3 4 5 6 7 8 = 4 * 7 9 = 8 * 6 10 = ∑∑∑∑ 9 11 = 10 * 3 12 = ∑∑∑∑ 11 

  Clay 

loam 

100% 300 Cultivated 

for cereals 

maize, 

barley, 

wheat, peas, 

beans 

sorgum and 

the like. 

40 0.5 150 60 240 240 240 

Cultivated 

for  enset  

60 1 300 180 

i 

 

Annex.2  Estimation of available water in the rooting depth for 
escarpment 

   No. Soil Type Areal Available  

 

 

Land Use - Land Cover 

Rooting Available 

Water 

Available Available 

water in 

the root 

zone for 

the soil 

(mm) 

Available 

water 

Total 

available 

water at 

rooting 

depth for 

the 

escarpment 

sub- 

catchment 

(mm) 

Prop. Of 

the soil 

Water Depth at rooting water 

w.r.t 

for the soil 

w.r.t 

(%) (mm/m) 

    

(m) depth (mm) land use 

(mm) 

areal 

proportion 

    

Type Percentage 

       (mm) 

1 2 3 4 5 6 7 8 = 4 * 7 9 = 8 * 6 10 = ∑∑∑∑ 9 11 = 10 * 3 12 = ∑∑∑∑ 11 

i Clay loam 62 300 Cultivated 

for coffee 

and enset 

60 1 300 180 240 149 216 

Maize, 

sorghum 

40 0.5 150 60 

ii 
ii 

 

Silty loam     Cultivated 

for coffee 

and enset 

75 1 200 150 175 67 

38 200 

    Maize and 

sorghum 

25 0.5 100 25 



Groundwater Resource Assessment in the Gidabo River Catchment:  Yirga Alem, Southern Ethiopia. 

  

 AAU, Department of earth sciences. 
Page 

115 

Birhanu Debisso  Tel. +251911062721,   

October, 2009 

  

 

 
Annex.3 Estimation of available water in the rooting depth for the 
Rift floor. 

  No. Soil 

Type 

Area

l 

Available Land Use - Land 

Cover 

Rooting Available 

Water 

Available Available 

water in 

the root 

zone for 

the soil 

(mm) 

Available 

water 

Total 

available 

water at 

rooting 

depth for 

the Rift 

floor sub- 

catchmen

t (mm) 

Prop

. 

Water Depth at rooting water w.r.t for the soil 

w.r.t 

(%) (mm/m)     (m) depth (mm) land use in 

(mm) 

areal 

proportion 

    Type Percent

age 

       (mm) 

1 2 3 4 5 6 7 8 = 4 * 7 9 = 8 * 6 10 = ∑∑∑∑ 9 11 = 10 * 3 12 = ∑∑∑∑ 11 

i Clay 

loam 

41%   Coffee and 

Inset(false 

banana) 

60 1 300 180 240 98.4 170.5 

                      

                  

       Open 

(savanna 

grassland) 

and maize 

40 0.5 150 60    

     300                

                    

ii 

Sandy 

loam 

44% 150 Coffee and 

"Inset" 25 1 150 37.5 127.5 56.1   

  

      Grassland(

Savannah) 

30 0.5 75 22.5      

  

      Shrubs 

and bushes 

45 1 150 67.5      

iii 

Rock 

surface 

(Gravely 

sand) 

16% 100 Shrubs 

and bushes 

100 1 100 100 100 16   
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Annex.4 

A)Boreholes 

  

Zone Wereda Site name/ Locality 

Coordinates       

G.W.L(m) 

  (UTM) Elevation                 

  X Y a.s.l. (m) 
 

Depth(m)  S.W.L.(m) 

1 
Sidama AletaChuko Rufo Debeka 420400 723500 1640 85.5 55.4 1585 

2 
Sidama AletaChuko Rufo Chancho 423164 725273 1858 84 41.65 1816 

3 
Gedeo wonago Dako 411694 693793 1957 75 55 1902 

4 
Gedeo wonago Tumticha chirecha#1 420365 699739 1616 72 31 1585 

5 
Sidama AletaChuko Synteria 432145 723778 1962 151 11.7 1950.3 

6 

Sidama AletaChuko Futahe 429832 721112 1940 111 40 1900 

7 
Sidama AletaChuko Gembela Gurara 423232 720691 1673 80 20 1653 

8 
Sidama AletaChuko Tesso Village 424000 72000 1685 70 30.6 1654 

9 
Sidama AletaChuko Rufo Waeno 424176 726407 1870 93 46.1 1824 

10 
Sidama AletaChuko Rufo Chancho 423164 725273 1858 84 41.65 1816 

11 
Sidama AletaChuko Gambela-Kilto Lamala 422104 719204 1600 91 80 1520 

12 
Sidama Dara Teferi-Kella 433803 718366 1858 91 10 1848 

13 
Sidama Hgereselam Hagere Selam 446574 716715 2759 150 29.06 2730 

14 

Sidama Aletawondo A/Wondo town high 
school 

436215 730654 1904 154 72 1841 

15 

Sidama Aletawondo A/Wondo town Gidibo 
BH 

436047 73200 1886 145.5 57.3 1828.7 

16 

Sidama Aletawondo A/Wondo Chenese old 
No.5 

433220 727800 1880 79.89 15.81 1864 

17 
Sidama Loka Abaya Aleta Sodo 425364 738069 1764 70 50 1714 

18 
Gedeo wonago Wonago town 418196 698026 1739 100 47 1692 

19 
Gedeo Bule Bule town 434316 695956 2801 70 23.6 2777.4 

20 Gedeo Dilla Zuria Chichu Well #2 425822 711671 1741 115 14 1727 

21 
Gedeo Dilla Zuria Chichu Well #1 425821 711672 1741 103 5 1736 

22 

Gedeo Dilla  Dilla TW-1 Near Lega 
Dara 

424597 709592 1549 74 5 1544 

23 

Gedeo Dilla  Dilla Donbsco Salesian 
Frs 

422600 709500 1520 125 64 1456 

24 

Gedeo Dilla Dilla Donbsco Salesian 
Srs 

422600 709500 1518 125 64.65 1453.35 

25 
Borena Abaya Guangua 421303 702296 1560 160 31.45 1528.55 

26 
Borena Abaya Michicha Gelo 392581 684598 2053 100 42 2008 

27 
Borena Abaya Semero-Gambela 413630 704835 1450 138 38 1412 

28 

Borena Abaya Gololcha 411743 706449 1388 120 38 1350 

  G.W.L. = ground water level below ground surface                  S.W.L.  
Static water level 
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Boreholes Continued 

       

  

        

                
(UTM) 

  Elevation       

  
Zone Woreda Site 

Name/Locality 
X Y a.s.l(metres) Depth(m) S.W.L(m) G.W.L(m) 

29 
Sidama Dale Shafina(Manche) 439985 740659 1840 175 30.52 1809.5 

30 
Sidama Dara 

Mechisho town BH 422257 711782 1488 172.5 30 1458 

31 
Sidama Dara 

Kebado new BH,2009 427622 716074 1778 72 35.2 1742.8 

32 

Sidama Dara Kumato new 

BH,2009 423987 715920 1612 92 21 1591 

33 
Sidama Dara 

Odolla new BH,2009 424470 710141 1565 72 22 1543 

34 
Sidama AletaChuko 

Chuko #2 * 425635 729575 1840 108 30 1810 

35 

Sidama AletaChuko Chuko Gambella 

new,2009 425209 723579 1799 162 41.03 1757.97 

36 
Sidama AletaChuko 

Loko Haytale 422391 731463 1718 84 49.7 1668.3 

37 
Sidama AletaChuko 

Miridicha 420422 727153 1662 183 148.8 1513.2 

38 
Sidama AletaChuko 

Gunde 420635 732564 1679 93 35 1644 

39 
Sidama AletaWondo 

Shiko 438425 735391 1900 122 66.97 1833.03 

40 
Sidama AletaWondo 

Aleta Wondo #1* 434769 729514 1890 90 48 1842 

41 
Sidama Dale 

Mesenkela  431250 752170 1800 121 10 1790 

42 
Sidama Dale 

Wicho 433643 739043 1846 214 114 1732 

43 
Sidama LokaAbaya 

Jirmancho 421587 744105 1622 165 17 1605 

44 
Sidama LokaAbaya 

Sodo Simita 424407 738825 1723 153 43 1680 

45 
Sidama Shebedino 

Gobo Hebisha 445875 760540 2014 177 93 1921 

46 
Sidama Shebedino Gobo Hobolso 

441586 758626 1886 147 23 1863 

47 
Sidama Shebedino 

Morocho 436649 763919 1864 170 43 1821 

48 
Sidama Shebedino 

Abela Lida  442014 765157 1912 165 63 1849 

49 
Sidama Shebedino 

Leku new 440280 760414 1864 152 60 1804 

50 
Sidama Shebedino 

Diramo Aferara  430871 755256 1782 78 19 1763 

51 
Sidama Shebedino 

Midre Genet 434540 759693 1840 224 43 1797 

52 
Sidama Boricha 

Yirba #1 429989 763353 1957 150 83 1875 

53 
Sidama Boricha 

Yirba #2* 430000 765500 2010 200 143 1867 

54 
Sidama Boricha 

Derara Gort 421535 755179 1883 307 244 1639 

55 
Sidama Boricha 

Alawo Arke 429256 761374 1960 220 64 1896 

56 
Sidama Boricha 

Konsore Arke 429409 763401 1954 204 95 1859 

57 
Sidama Melga 

Wijigra 451697 766560 2170 110 41 2129 

58 
Sidama Wonsho 

Bokaso 445709 747119 1970 132 62.1 1907.9 

59 
Sidama Dale Telamo.K 444010 756200 1960 80 60.1 1900 
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Annex.5 Shallow wells (shallow  

                                        boreholes) 

        

Zone Wereda Site name/ Locality 

Coordinates       

G.W.L(m) 

  (UTM) Elevation                  

  X Y a.s.l. (m)  Depth(m)  S.W.L.(m) 

1 Sidama Dara Kumato primary school 423834 715015 1607 60 20 1587 

2 Sidama Dara Mechisho anno  422876 712114 1525 56 0 1523 

3 Gedeo Bule Basura #1 429821 698499 2332 31 14 2318 

4 Gedeo Bule Basura #2 430045 698443 2333 31 15 2318 

5 Gedeo wonago Tototiy 411171 692959 1926 55 35 1891 

6 Sidama Aletawondo Gambela 424945 722930 1650 33 30 1620 

7 Sidama Dara Gelowacho 426837 713901 1852 48 20 1832 

8 Sidama Aletawondo Gowadamo 434872 724902 2083 48 15 2068 

9 Gedeo wonago Sokicha#1 417521 691660 2000 62 29.2 1970.8 

10 Gedeo wonago Sokicha#2 418142 692003 2009 52 17.4 1991.6 

11 Gedeo wonago Sokicha#3 418140 690878 1999 59.5 28.6 1970.4 

12 Gedeo wonago Sugale 418193 695915 1803 46 6 1797 

13 Gedeo wonago Kara Soditi 413900 696259 1929 60 14 1915 

14 Borena Abaya Biyo 394765 680213 1600 62 26 1574 

15 Borena Abaya Oddomike(Arerebi) 420649 704835 1727 34 22 1705 

16 Borena Abaya Semero Gambella(Kuka) 413630 704835 1450 52 34 1416 

17 Sidama Boricha Sedamo Dikicha 430980 764085 2035 61 56 1979 

 

 

Annex.6 Hand dug  

                wells 

         

Zone Wereda Site name/ Locality 

Coordinates       

G.W.L(m) 

  (UTM) Elevation                  

  X Y a.s.l. (m)  Depth(m)  S.W.L.(m) 

1 Sidama Dara Abera doda 440814 713337 2792 15 10 2782 

2 Sidama Dara Shoicho near school 430189 718446 1832 18 10 1872 

3 Sidama Dara Ato Mulatu 434572 729532 1880 7 1.5 1878 

4 Sidama Dara Ato Beyene 435039 729322 1876 12 5 1871 

5 Sidama Dara Ato Areda 435631 729776 1882 10 8.5 1874 

6 Sidama Dara Gura 428204 728062 1796 20 7.5 1788 

7 Sidama Dara Ato Fikadu 435648 722865 1789 18 15 1774 

8 Sidama Dara Dibicha 424260 720080 1655 27 11 1644 

9 Sidama Dara Dibicha#3 423843 719540 1616 28 10 1606 

10 Sidama Dara Mechisso#3 424955 712875 1755 11 5 1750 

11 Borena Abaya Gaungua#1 421303 702298 1561 15 11 1550 

12 Borena Abaya Gaungua21 421250 702715 1562 17 10 1552 

13 Borena Abaya Gaungua#3 421278 703084 1555 16 10 1545 

14 Borena Abaya Bunata bikitu#1 417102 703432 1558 18 13 1545 

15 Borena Abaya Bunata bikitu#2 417443 701323 1562 24 14 1548 

16 Borena Abaya Bunata bikitu#3 417232 704331 1595 16 11 1584 
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Annex.7 Hot and Cold Springs. 

       

Zone Wereda Site name/ Locality 

Coordinates     

Type 

  (UTM)                  

  X Y 
Ground 

Alt  Q (L/s) 

1 
Borena Abaya Odomike(Hot spring) 419097 706697 1427 dispersed fracture 

2 
Sidama Dara Mechisho(Hot spring) 421535 711456 1409 dispersed fracture 

3 
Sidama Dale Yirgalem Hospital(Hot spring) 432371 746688 1682 dispersed fracture 

4 
Sidama Loka Abaya DansheGambela(Hotspring) 418850 732980 1601 0.04 

Fracure 

5 
Sidama Loka Abaya Oito (Hot spring) 394183 725926 1185   

Fault 

6 
Gedeo Wonago Kidane mihiret(Hot spring) 420913 710373 1385   fracture 

7 
Gedeo Wonago Bersiso(Hot spring) 421667 711371 1378   fracture 

8 
Borena Abaya Bochessa 403178 685592 2067 0.13 

Contact 

9 
Gedeo Wonago Sokicha 417755 692044 1994 0.1 

Depression 

10 
Sidama Dara Abera town spring 441367 713154 2775 0.11 

Depression 

11 
Sidama Aletawondo Garbicho kila 443551 726883 2466 0.05 

Depression 

12 
Sidama Wonsho Bokaso 445708 747120 1970 0.33 

Depression 

13 
Gedeo Dila Zuria Andida 708885 427777 1860 0.67 depression 

14 
Gedeo Wonago Gorso salo 416936 696439 1800 1.2 contact 

15 
Gedeo Wonago Heleya ridge 417992 95301 1762 1 contact 

16 
Gedeo Wonago Heleya  418895 694559 1744 0.8 fracture 

17 
Gedeo Wonago Dobota 419479 693398 1943 0.23 fracture 

18 
Gedeo Wonago Lekicha 417563 689034 1947 1.1 contact 

19 
Borna Abaya Guangua 420599 703805 1508 2.5 fracture 

20 
Gedeo Wonago Tnticha 425457 702999 1751 1 depression 

21 
Gedeo Wonago Tnticha 425257 700920 1799 1 depression 

22 
Gedeo Wonago Daro 425546 700265 1963 0.83 depression 

23 
Gedeo Wonago Bsura 425635 699845 1954 0.21 depression 

24 
Gedeo Bule Oslo mejo 432985 696534 2718 0.56 depression 

25 
Sidama Dara Shoicho 429538 717299 1774 1 depression 

26 
Sidama Dara Shoicho 430264 717292 1764 0.43 depression 

27 
Sidama Dara Setamo 431090 716928 1764 1.33 depression 

28 
Sidama Dara Loya 435411 718195 1891 Dispersed depression 
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Hot and cold springs 

Continued  

   

     

Zone Wereda Site name/ Locality 

Coordinates     

Type 

  (UTM)     

  X Y 
Ground 

Alt  Q (L/s) 

29 
Sidama Dara Korate bute 428013 712213 1861 0.56 contact 

30 
Sidama Dara Chancho#2 430965 713349 2045 1 depression 

31 
Sidama Dara Chancho 433575 712900 2341 1.67 depression 

32 
Sidama Dara Banko Markos 433975 711701 2533 1.67 depression 

33 
Sidama Dara Banko Markos 441391 712394 2845 1.5 depression 

34 
Sidama Dara Kumato(Kisho) 426120 715720 1729 0.07 

depression 

35 
Sidama Dara Abera 441341 713176 2844 1.5 fracture 

36 
Gedeo Wonago Dodoro 415287 694460 1927 1 depression 

37 
Gedeo Wonago Dodoro 410457 713866 1927 1 contact 

38 
Gedeo Wonago Yederyu 415873 693120 1830 0.75 fracture 

39 
Sidama Dara Safa 425739 716918 1622 0.38 contact 

40 
Sidama Dara Adame 425200 718300 1676 1.4 depression 

41 
Sidama Dara Adame 424504 715327 1653 0.75 contact 

42 
Gedeo Wonago Kelecha 422219 697632 1586 0.97 contact 

43 
Gedeo Wonago Hase haro 420834 692752 1586 1.2 contact 

44 
Gedeo Wonago Hase haro 418264 692545 1600 1.35 depression 

45 
Gedeo Wonago Uraga 417876 695433 1643 1.26 contact 

46 
Sidama Dara Lela Honcho(Dondie) 430726 719813 1836 0.5   

47 
Sidama Dara Hallo(Della) 431702 722595 1937 0.5   

48 
Sidama Dara Lela Honcho 432705 720198 1865 0.25   

49 
Sidama Dara Mekala(Bonha) 428006 719563 1816 0.3   
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Annex.8 Runoff estimation for month of January (by using Gidabo near Abosto, Kola near Aleta Wondo 

and Bedessa near Dila gauging stations). 

Jan. Gidabo Kola Bedesa Qg(m
3
/s) = QGidabo + QBedesa + QKola Qu = (Qg*Au)/(Ag) Qu = (Qg*Au)/(Ag) 

1 2.3356071 0.77904 0.6199167 3.7345638 13.37436413 13.1116534 

2 2.3151071 0.75988 0.6022917 3.6772788 13.16921287 12.91053191 

3 2.2809286 0.7556 0.5968333 3.6333619 13.01193596 12.75634436 

4 2.2277241 0.75068 0.57375 3.5521541 12.72111157 12.47123259 

5 2.2268276 0.72072 0.56775 3.5152976 12.58911946 12.34183319 

6 2.2302069 0.71768 0.5562083 3.5040952 12.54900115 12.30250291 

7 2.2102414 0.70936 0.7266667 3.6462680 13.05815593 12.80165644 

8 2.6760345 0.69532 0.54175 3.9131045 14.01376088 13.73849058 

9 2.2193103 0.6822 0.546 3.4475103 12.34635717 12.10383944 

10 2.135069 0.69136 0.5489583 3.3753873 12.08806734 11.85062316 

11 2.1000345 0.72016 0.5249167 3.3451111 11.97964122 11.74432684 

12 2.0824483 0.7332 0.5267917 3.3424399 11.97007499 11.73494852 

13 2.0500345 0.69212 0.5591667 3.3013211 11.82281878 11.59058484 

14 2.1715172 0.70256 0.534125 3.4082022 12.20558548 11.9658329 

15 2.081069 0.69124 0.7149583 3.4872673 12.48873631 12.24342185 

16 2.1751724 0.76412 0.8746667 3.8139591 13.65869754 13.39040169 

17 2.2795172 0.72808 0.7306667 3.7382639 13.38761506 13.12464405 

18 2.342 0.72548 0.6345 3.7019800 13.25767373 12.99725514 

19 2.3181724 0.71648 0.60875 3.6434024 13.04789342 12.79159551 

20 2.1782759 0.6878 0.5689583 3.4350342 12.30167711 12.06003702 

21 2.1717241 0.68216 0.5511667 3.4050508 12.19429943 11.95476855 

22 2.1536897 0.63216 0.546625 3.3324747 11.93438692 11.69996146 

23 2.1828276 0.63784 0.51875 3.3394176 11.95925121 11.72433735 

24 2.0861429 0.69452 0.494125 3.2747879 11.72779673 11.4974293 

25 2.0434643 0.63156 0.471 3.1460243 11.26666366 11.04535419 

26 2.0462857 0.67144 0.46625 3.1839757 11.40257678 11.17859759 

27 2.0598929 0.63852 0.46825 3.1666629 11.34057531 11.11781401 

28 2.4912857 0.683 0.4782917 3.6525774 13.08075116 12.82380784 

29 2.1645714 0.56668 0.4326667 3.1639181 11.33074566 11.10817744 

30 2.04125 0.58664 0.4549167 3.0828067 11.04026628 10.82340391 

31 1.9535357 0.54936 0.4245 2.9273957 10.48370258 10.2777727 
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Annex.9  Runoff estimation for month of February (by using Gidabo near Abosto, Kola near Aleta Wondo and 

Bedessa near Dila). 

Feb.       

1 1.9786207 0.56212 0.412 2.9527407 10.57446898 10.3667562 

2 1.8887931 0.53624 0.4439167 2.8689498 10.2743937 10.07257526 

3 1.8296897 0.52452 0.3825417 2.7367513 9.800959515 9.608440668 

4 1.8180345 0.5338 0.36725 2.7190845 9.737690349 9.546414288 

5 1.8198276 0.51072 0.3484583 2.6790059 9.594159451 9.405702747 

6 1.8498966 0.4976 0.349125 2.6966216 9.657245233 9.467549344 

7 1.8593448 0.50324 0.3389167 2.7015015 9.674721471 9.4846823 

8 1.8492069 0.51088 0.3402083 2.7002952 9.670401551 9.480447235 

9 1.9398276 0.6006 0.3302083 2.8706359 10.28043221 10.07849515 

10 2.2025172 0.55096 0.328125 3.0816022 11.03595294 10.8191753 

11 2.2088276 0.56848 0.3337083 3.1110159 11.14129035 10.92244357 

12 2.1404483 0.56828 0.3295833 3.0383116 10.88091886 10.66718653 

13 2.1836207 0.551 0.3030833 3.0377040 10.87874295 10.66505336 

14 2.1938276 0.552 0.3202917 3.0661193 10.98050467 10.76481618 

15 2.224931 0.52036 0.4430833 3.1883744 11.41832941 11.19404079 

16 2.1727586 0.63324 0.3976667 3.2036653 11.47308984 11.24772557 

17 2.0688966 0.58352 0.3624583 3.0148749 10.79698636 10.5849027 

18 2.0754828 0.62848 0.3571667 3.0611294 10.96263491 10.74729743 

19 2.0647931 0.58844 0.3645833 3.0178164 10.80752076 10.59523017 

20 2.044 0.55832 0.3925417 2.9948617 10.72531425 10.51463843 

21 1.9995172 0.51624 0.364875 2.8806322 10.31623142 10.11359116 

22 1.9760345 0.49596 0.3308333 2.8028278 10.03759521 9.840428159 

23 2.0264483 0.5412 0.3455 2.9131483 10.4326791 10.22775147 

24 1.92875 0.527 0.345375 2.8011250 10.03149702 9.834449754 

25 2.2716071 0.56152 0.338125 3.1712521 11.35701063 11.1339265 

26 2.3614286 0.6452 0.355125 3.3617536 12.03924171 11.8027566 

27 2.5834643 0.64052 0.3392917 3.5632760 12.76094144 12.51028009 

28 2.2741429 0.59316 0.3405 3.2078029 11.48790746 11.26225214 
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Annex.10 Mean Monthly duration of Maximum possible sunshine hours (N). After M.Shaw,1989. 

NorthLats Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. 

SouthLats Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. 

60 6.7 9 11.7 14.5 17.1 18.6 17.9 15.5 12.9 10.1 7.5 5.9 

58 7.2 9.3 11.7 14.3 16.6 17.9 17.3 15.3 12.8 10.3 7.9 6.5 

56 7.6 9.5 11.7 14.1 16.2 17.4 16.9 15 12.7 10.4 8.3 7 

54 7.9 9.7 11.7 13.9 15.9 16.9 16.5 14.8 12.7 10.5 8.5 7.4 

52 8.3 9.9 11.8 13.8 15.6 16.5 16.1 14.6 12.7 10.6 8.8 7.8 

50 8.5 10 11.8 13.7 15.3 16.3 15.9 14.4 12.6 10.7 9 8.1 

48 8.8 10.2 11.8 13.6 15.2 16 15.6 14.3 12.6 10.9 9.3 8.3 

46 9.1 10.4 11.9 13.5 14.9 15.7 15.4 14.2 12.6 10.9 9.5 8.7 

44 9.3 10.5 11.9 13.4 14.7 15.4 15.2 14 12.6 11 9.7 8.9 

42 9.4 10.6 11.9 13.4 14.6 15.2 14.9 13.9 12.6 11.1 9.8 9.1 

40 9.6 10.7 11.9 13.3 14.4 15 14.7 13.7 12.5 11.2 10 9.3 

35 10.1 11 11.9 13.1 14 14.5 14.3 13.5 12.4 11.3 10.3 9.8 

30 10.4 11.1 12 12.9 13.6 14 13.9 13.2 12.4 11.5 10.6 10.2 

25 10.7 11.3 12 12.7 13.3 13.7 13.5 13 12.3 11.6 10.9 10.6 

20 11 11.5 12 12.6 13.1 13.3 13.2 12.8 12.3 11.7 11.2 10.9 

15 11.3 11.6 12 12.5 12.8 13 12.9 12.6 12.2 11.8 11.4 11.2 

10 11.6 11.8 12 12.3 12.6 12.7 12.6 12.4 12.1 11.8 11.6 11.5 

5 11.8 11.9 12 12.2 12.3 12.4 12.3 12.3 12.1 12 11.9 11.8 

Equator 0 12 12 12 12 12 12 12 12 12 12 12 12 
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Annex.11 Data used to construct draw dawn versus time curve for Dara-Mechisho borehole. 

Dara-Mechisho borehole     

Time Drawdown   Time Drawdown 

1 3.77   120 19.77 

2 5.3   140 20.61 

3 6.08   160 21.33 

4 6.71   180 22.11 

5 7.08   210 22.98 

6 7.32   240 23.65 

7 7.58   270 24.48 

8 7.93   300 25.02 

9 8.24   360 25.93 

10 8.61   420 26.86 

12 9.08   480 27.49 

14 9.49   540 28.1 

16 9.95   600 28.5 

18 10.34   660 28.95 

20 10.88   720 29.38 

25 11.58   780 29.81 

30 12.32   840 30.4 

35 13   900 30.98 

40 13.65   960 31.57 

45 14.31   1020 32.08 

50 14.68   1080 32.64 

55 15.37   1140 33.16 

60 15.82   1200 33.33 

70 16.56   1260 33.7 

80 17.29   1320 33.89 

90 18.02   1380 34.16 

100 18.63   1440 34.41 
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Annex.12 Water points used to construct groundwater level contours 

S.No Water point at X Y Groundwater level (G.W.L) 

1 Hagereselam BH 446574 716715 2730 

2 Gololcha BH 411743 706449 1350 

3 Dila lagadara BH 424597 709592 1544 

4 Wonago BH 418196 698026 1692 

5 Bule basura BH 429821 698499 2318 

6 Michicha gelo BH 392581 684598 2008 

7 A/wondo highscool BH 436215 730654 1841 

8 Loko Haytale BH 422391 731463 1668.3 

9 Mesenkala BH 431250 752170 1790 

10 Gobo hebisha BH 445875 760540 1921 

11 Bokaso BH 445709 747119 1907.9 

12 Dibicha BH 424260 720080 1644 

13 Yirba #1 BH 429989 763353 1875 

14 Wijigra BH 451697 766560 2129 

15 Biyo BH 394765 680213 1574 

16 Iyeye CSP 391576 698585 1600 

17 Balala CSP 417263 768491 1860 

18 Hogiso CSP 464770 757568 2696 

19 Teticha CSP 448711 724825 2630 

20 Gidabo delta Hsp 394183 725926 1185 

21 Rufo Chancho BH 423164 725273 1816 

22 Garbicho kila CSP 443551 726883 2466 

23 Sokicha CSP 417755 692044 1994 

24 Lekicha CSP 417563 689034 1947 

25 Abera HDW 441341 713176 2844 

26 Odomike(Hot spring) 419097 706697 1427 

27 Bochessa CSP 403178 685592 2067 

28 Derara Gort BH 421535 755179 1639 
29 Konsore Arke BH 429409 763401 1859 

30 Abela Lida BH 442014 765157 1849 
31 Diramo Aferara BH 430871 755256 1763 
32 Jirmancho BH 421587 744105 1605 

33 Miridicha BH 420422 727153 1513.2 

34 Chuko #2 *BH 425635 729575 1810 
35 Shafina(Manche) BH 439985 740659 1809.5 

36 Kebado new BH,2009 427622 716074 1742.8 

37 Semero-Gambela BH 413630 704835 1412 

38 Guangua BH 421303 702296 1528.55 

39 Synteria BH 432145 723778 1950.3 

40 Aleta Sodo BH 425364 738069 1714 

41 Chichu Well #2 BH 425822 711671 1727 

42 Teferi-Kella BH 433803 718366 1848 

43 Mechisho anno BH 422876 712114 1523 
44 Chuko Gambella BH,2009 425209 723579 1757.97 

45 Mechisho town BH 422257 711782 1458 

46 Bule town BH 434316 695956 2777.4 

47 Wicho BH 433643 739043 1732 
48 Gunde BH 420635 732564 1644 
49 Shiko BH 438425 735391 1833.03 
50 Leku new BH 440280 760414 1804 
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Annex.13 Soil-Water balance method of estimating AET, (Thornthwaite & Mather. 1957) for the Highland. 
Componens 
(mm) Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Annual 

Precipitation 
51.24 56.02 90.98 192.6 214.04 199.54 154.92 170.46 160.86 192.36 71.18 49.74 1603.94 

PET 
57.42 60.26 61.49 62.4 61.28 57.49 54 54 55.56 55.61 54.82 55.08 689.41 

Precipita - PET 
-6.18 -4.24 29.49 130.2 152.76 142.05 100.92 116.46 105.3 136.75 16.36 -5.34   

ACC. POT.WL 
-11.52 -15.76                   -5.34   

SM 
228.75 224.75 240 240 240 240 240 240 240 240 240 234.72   

�SM  
-5.97 -4 15.25 0 0 0 0 0 0 0 0 -5.28   

AET 
57.21 60.02 61.49 62.4 61.28 57.49 54 54 55.56 55.61 54.82 55.02 688.9 

SMD  
0.21 0.24 0 0 0 0 0 0 0 0 0 0.06   

Surplus 
0 0 14.24 130.2 152.76 142.05 100.92 116.46 105.3 136.75 16.36 0   

 

Annex.14  Soil-Water balance method of estimating AET, (Thornthwaite & Mather. 1957) for the Escarpment. 

Componens (mm) Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Annual 

Precipitation 37.06 44.24 110.6 242.9 246.26 126.78 112.64 131.02 190 197.6 63.18 34.04 1536.34 

PET 67.83 71.42 72.21 68.9 65.37 63.9 61.43 61.61 61.1 61.18 64.54 67.01 786.5 

Precipitation - PET -30.77 -27.18 38.39 174 180.89 62.88 51.21 69.41 128.9 136.42 -1.36 -32.97   

ACC. POT.WL -65.1 -92.28                 -1.36 -34.33   

SM 159.8 140.9 179.19 216 216 216 216 216 216 216 214.6 184.3   

�SM  -24.46 -18.9 38.29 36.81 0 0 0 0 0 0 -1.36 -30.38   

AET 61.52 63.14 72.21 68.9 65.37 63.9 61.43 61.61 61.1 61.18 65.9 97.39 803.65 

SMD  6.31 8.28 0 0 0 0 0 0 0 0 -1.36 -30.38   

Surplus 0 0 0.1 137.2 180.89 62.88 51.21 69.41 128.9 136.42 0 0   

 

Annex.15 Soil-Water balance method of estimating AET, (Thornthwaite & Mather. 1957) for the Rift floor. 

Components(mm) Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Annual 

Precipitation 34.49 36.81 89.49 159 142.89 98.21 108.64 113.13 128.39 113.95 40.85 30.21 1096.03 

PET 123.3 132.78 130.72 113.5 104.15 92.67 75.53 88.73 97.42 106.17 115.4 120.7 1300.95 

Precipitation - PET -88.77 -95.97 -41.23 45.48 38.74 5.54 33.11 24.4 30.97 7.78 -74.51 -90.45   

ACC. POT.WL -253.7 -349.7 -390.9               -74.51 -165   

SM 38.78 22.12 17.38 62.86 101.6 107.14 140.25 164.65 171 171 110.6 65.17   

�SM  -26.39 -16.66 -4.74 45.48 38.74 5.54 33.11 24.4 6.35 0 -60.4 -45.43   

AET 60.88 53.47 94.23 113.5 104.15 92.67 75.53 88.73 97.42 106.17 101.3 75.64 1063.64 

SMD  62.38 79.31 36.49 0 0 0 0 0 0 0 14.11 45.02   

S 0 0 0 0 0 0 0 0 24.62 7.78 0 0   
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Annex.16  Modified Penman Method. 
  Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Total 

T (0C) 23 24 24 23 22 21 20 21 22 22 22 23   

T (0F) 73.4 75.2 75.2 73.4 71.6 69.8 68 69.8 71.6 71.6 71.6 73.4   

T (0K) 296 297 297 296 295 294 293 294 295 295 295 296   

ea (mm/d) 21.04 22.1 22.1 21.04 19.74 18.75 17.53 18.75 19.74 19.74 19.74 21.04   

ed (mm/d) 11.86656 12.0003 12.9727 14.45448 14.54838 13.725 13.30527 13.9875 15.0024 13.83774 11.4492 11.17224   

ea-ed  9.17344 10.0997 9.1273 6.58552 5.19162 5.025 4.22473 4.7625 4.7376 5.90226 8.2908 9.86776   

RH (%) 56.4 54.3 58.7 68.7 73.7 73.2 75.9 74.6 76 70.1 58 53.1   

  100 100 100 100 100 100 100 100 100 100 100 100   

RH (%) /100 0.564 0.543 0.587 0.687 0.737 0.732 0.759 0.746 0.76 0.701 0.58 0.531   

U1 (m/s) 1.35 1.4 1.25 1.06 1 1.03 1.02 0.89 0.86 0.88 1.19 1.33   

  54 54 54 54 54 54 54 54 54 54 54 54   

U2 (miles/day) 72.9 75.6 67.5 57.24 54 55.62 55.08 48.06 46.44 47.52 64.26 71.82   

  100 100 100 100 100 100 100 100 100 100 100 100   

U2/100 (miles/day) 0.729 0.756 0.675 0.5724 0.54 0.5562 0.5508 0.4806 0.4644 0.4752 0.6426 0.7182   

1 1 1 1 1 1 1 1 1 1 1 1 1   

1+U2/100 1.729 1.756 1.675 1.5724 1.54 1.5562 1.5508 1.4806 1.4644 1.4752 1.6426 1.7182   

  0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35   

0.35(1+U2/100) 0.60515 0.6146 0.58625 0.55034 0.539 0.54467 0.54278 0.51821 0.51254 0.51632 0.57491 0.60137   

n(hr/d) 9.5 9 8.3 7.2 7.6 6.3 4.7 5.4 6.2 7.4 8.9 9.5   

N (hr/d) 11.75 11.87 12 12.33 12.38 12.48 12.38 12.33 12.1 11.95 11.82 11.72   

n/N (hr/d) 0.8085106 0.758214 0.6916667 0.5839416 0.6138934 0.5048077 0.3796446 0.4379562 0.5123967 0.6192469 0.7529611 0.8105802   

Ra (mm/d) 13.47 14.31 14.95 15.02 14.59 14.28 13.79 14.74 14.84 14.5 13.66 13.17   

  0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62   

  0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16   

0.62 (n/N) 0.5012766 0.4700927 0.4288333 0.3620438 0.3806139 0.3129808 0.2353796 0.2715328 0.317686 0.3839331 0.4668359 0.5025597   
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Continued Modified Penman method. 
  0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75   

Rafa (n/N) 8.907395745 9.016626116 8.80305833 7.84109781 7.887556704 6.75416538 5.452285299 6.360794161 7.088859504 7.887029289 8.562578003 8.725911604   

RI (1-r)(mm/d) 6.680546809 6.762469587 6.60229375 5.880823358 5.915667528 5.06562404 4.089213974 4.77059562 5.316644628 5.915271967 6.421933503 6.544433703   

σΤσΤσΤσΤa4(mm/d)    14.96741215 15.17070176 15.1707018 14.96741215 14.76617249 14.566969 14.3697878 14.56696897 14.76617249 14.76617249 14.76617249 14.96741215   

R0 (mm/d) 3.096598164 2.946316118 2.58501675 2.039491086 2.18304333 1.82955884 1.470644377 1.608136112 1.751720247 2.185898562 2.933596555 3.217876147   

ed
1/2 3.444787366 3.464144916 3.60176346 3.801904786 3.704726711 3.70472671 3.647638962 3.739986631 3.873293172 3.719911289 3.38366665 3.34249009   

0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09   

0.09ed
1/2 0.310030863 0.311773042 0.32415871 0.342171431 0.333425404 0.3334254 0.328287507 0.336598797 0.348596386 0.334792016 0.304529999 0.300824108   

0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56   

0.56-0.09ed1/2 0.249969137 0.248226958 0.23584129 0.217828569 0.226574596 0.2265746 0.231712493 0.223401203 0.211403614 0.225207984 0.255470001 0.259175892   

0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9   

0.9n/N 0.727659574 0.682392586 0.6225 0.525547445 0.552504039 0.45432692 0.341680129 0.394160584 0.461157025 0.557322176 0.677664975 0.729522184   

0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1   

0.1+0.9n/N 0.827659574 0.782392586 0.7225 0.625547445 0.652504039 0.55432692 0.441680129 0.494160584 0.561157025 0.657322176 0.777664975 0.829522184   

Eat (mm/d) 5.551307216 6.20727562 5.35087963 3.624275077 2.79828318 2.73696675 2.293098949 2.467975125 2.428209504 3.047454883 4.766463828 5.934174831   

∆/γ∆/γ∆/γ∆/γ    2.75 2.92 2.92 2.75 2.58 2.39 2.23 2.39 2.58 2.58 2.58 2.75   

1111    1111    1111    1111    1111    1111    1111    1111    1111    1111    1111    1111    1111      

1+∆/γ1+∆/γ1+∆/γ1+∆/γ    3.753.753.753.75    3.923.923.923.92    3.923.923.923.92    3.753.753.753.75    3.583.583.583.58    3.393.393.393.39    3.233.233.233.23    3.393.393.393.39    3.583.583.583.58    3.583.583.583.58    3.583.583.583.58    3.753.753.753.75      

∆/γ∆/γ∆/γ∆/γ    2.752.752.752.75    2.922.922.922.92    2.922.922.922.92    2.752.752.752.75    2.582.582.582.58    2.392.392.392.39    2.232.232.232.23    2.392.392.392.39    2.582.582.582.58    2.582.582.582.58    2.582.582.582.58    2.752.752.752.75      

HT 3.583948645 3.816153469 4.017277 3.841332272 3.732624198 3.2360652 2.618569598 3.162459508 3.564924381 3.729373405 3.488336947 3.326557556   

(∆/γ )Η(∆/γ )Η(∆/γ )Η(∆/γ )ΗΤΤΤΤ    9.855858773 11.14316813 11.7304488 10.56366375 9.630170431 7.73419582 5.839410203 7.558278225 9.197504903 9.621783385 8.999909324 9.148033279   

Eat (mm/d) 5.551307216 6.20727562 5.35087963 3.624275077 2.79828318 2.73696675 2.293098949 2.467975125 2.428209504 3.047454883 4.766463828 5.934174831   

(∆/γ )ΗΤ +Ε(∆/γ )ΗΤ +Ε(∆/γ )ΗΤ +Ε(∆/γ )ΗΤ +Εat    15.40716599 17.35044375 17.0813285 14.18793882 12.42845361 10.4711626 8.132509152 10.02625335 11.62571441 12.66923827 13.76637315 15.08220811   

PET(mm/d) 4.108577597 4.42613361 4.35748175 3.783450353 3.471635087 3.08883852 2.517804691 2.957596858 3.247406259 3.538893371 3.845355629 4.021922163 43.4 

PET(mm/month) 123.2573279 132.7840083 130.724453 113.5035106 104.1490526 92.6651555 75.53414073 88.72790575 97.42218777 106.1668011 115.3606689 120.6576649 1301 

Annual 
PET(mm/year)                           
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Annex.17 Few boreholes' hydraulic parameters obtained from well completion reports. 
  

Wereda 
 Site name/ 
Locality 

   Coordinates Depth S.W.L Yield 

  K 
(m/d) 

 T Aquifer  

Storativity 

    
          (UTM) (m)  (m) (l/s) (m2/day) thickness(m)     
  

X Y           
Aquifer 
type confyning layer 

1 

Dara Mechisho town BH 422257 711782 173 30 4.3 0.17 6.15 36 0.935 confined 

Slightely weathered ignimbrite at 32-

40m depth 

2 Dara Kebado new BH,2009 427622 716074 72 35 10 1.04 25 24 0.448 leaky Clay wih gravel at 19-38m depth 

3 Aletawondo Shiko 438425 735391 122 67 5.5 38.6 1158 30 0.0119 leaky Tuff at 68-70m depth 

4 AletaChuko Chuko Gambella 

new,2009 425209 723579 162 41 5.5 0.203 6.09 30 1.85 confined welded tuff at40-56m depth 

5 Dale Shafina(Manche) 439985 740659 175 30.52 

5.4 0.85 35.71 42 0.000000139 leaky 

Blach-cotton soil wit clat at 34-46m 

depth 

6 Dale Wicho 433643 739043 214 114 3.9     60   confined Fresh ignimbrite at 125m depth 

7 LokaAbaya Jirmancho 421587 744105 165 17               

8 LokaAbaya 

Sodo Simita 424407 738825 153 43 3.35     28   leaky 

slightly weathered to fresh ignimbrite 

at 90m depth 

9 Shebedino Gobo Hebisha 445875 760540 177 93 6.4 0.5 29.7 59 0.00367 unconfined   

10 Shebedino Gobo Hobolso 

441586 758626 147 23 7 3.1968 188.64 59 0.0000133 leaky 

slightly weathered ignimbrite & tuff 

at 26m depth 

11 Shebedino 
Leku new 440280 760414 152 60 5.5   10.2 30   confined Fresh ignimbrite at 94m depth 

12 Boricha Konsore Arke 429409 763401 204 95               

13 Dale 

Mesenkela  431250 752170 120 10 6.6 0.113 2.71 66   leaky 

slightly weathered ignimbrite & tuff 

at 25m depth 

14 AletaChuko Loko Haytale 422391 731463 84 49.7 2.2 0.386 5.6 variable   unconfined   

15 AletaChuko Miridicha 420422 727153 183 148.8 7 39 582     leaky   

16 Shebedino Diramo Aferara  430871 755256 78 19 2.5 0.18 2.9 36   leaky   

17 Dila Zuria Chichu well #2 423500 708500 115 14 8 2 14.4   0.0262     

18 Boricha Yirba #1 429989 763353 150 83 4     variable   unconfined   

19 Wonsho Bokaso 445709 747119 132 62.1 1 0.19 5.82 30   unconfined   

20 Dara Tefri kela 432752 718123 80 10 5 1.52 30.93 30 0.0179 leaky sligtely weatherd ignimbrite   

21 Aletachuko Synteria 432149 718123 151 12 5 1.42 6 Variable 0.0296 leaky Tuff at 15 m depth 

22 Aletawond
o 

Aletawondo Gidibo 
BH 

436047 73200 146 57.3 
7.2 2.5 68.5 Variable   unconened   

23 Aletawond
o Rufo Chancho 423164 725273 84 42 1.5 0.62 9.5 74-90 0.00577 leaky   
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 E)Continued of Annex.17 
           

Wereda  Site name/ Locality 

   Coordinates Depth S.W.L Yield 

  K (m/day) 

 T Aquifer  

Storativity 

          (UTM) (m)  .(m) (l/s) (m2/day) thickness(m) 

  X Y           

24 Dila Zuria Chichu well #1 423200 704000 103 5 6 3.6 8.53   0.0221 
25 Dilla Dilla TW-1 near Laga Dara 423500 705450 74 5 6 0.76 21.5 30 0.0318 
26 Dila Dilla TW-2 423500 706000 105 14 8 4.032 54 21   
27 Dila Dilla Donmbosco Salesian Frs 422600 709500 125 64 3.5 3.14 54     
28 

Dila Dilla Donmbosco Salesian Srs 422600 709500 125 64.65 2.5 1.4 31 variable   
29 Abaya Semero Gembela 413630 704835 138 38 14.22 2.54 28   0.019 
30 

Hgereselam Hgereselam 446574 716715 150 29.06 5 0.3 10 variable 0.0052 
31 

Abaya Guanguaa 421303 702296 160 31.45 8 0.47 15.04 32   
32 

Bule Bule town#1 434316 695956 70 23.6 4 0.28 6.14 42-48,54-70   
 
 

33 Aletawondo 

Aletawondo 

436309 730865 154 72 1.7 0.78 79   0.0108 Town High School 
34 

Aletawondo Aletawondo Chinese old NO. 5 433220 727800 79.89 15.81 1.4 0.44     0.005 
35 

Aletawondo Rufo Debeka 420400 723500 85.5 55.4 5 14.19 314 Variable 0.1724 
36 

Aletawondo Rufo Waeno 424176 726407 93 46.1 0.5 0.06 9.7 60-89 0.00097 
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Annex.18 Hydrochemistry data used for Piper plot to identify the water types. 

                           UTM   mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 

Type x y z Location Na
+
 NH4

+
 K

+
 Ca

2+
 Mg

2+
 Fe

2+
 Cu

2+
 Mn

2+
 Cr

6+
 Cl

-
 F

-
 HCO3

-
 NO3

-
 NO2

-
 Br

-
 SO4

2-
 PO4

3-
 

BH-1 411743 706449 1388 Gololcha BH 10.88 0.05 7 56 16.8 0.1 0.14 0.02 0 3.5 0.6 390.4 0.04 0.02 0.01 0 9.7 

BH-2 422876 712114 1525 Mechisho BH 33.1 0.04 4 44 16.8 0.2 0 0 0.01 2 0.28 280.6 0.06 0.01 0.2 0 14.3 

BH-3 426837 713901 1852 Gelowacho BH 31.77 0.04 6 23 7.68 0 0 0.01 0.01 3 0.2 161.04 1.32 0.03 0 0 18 

BH-4 427765 715980 1773 Kebado BH 188.28 0.04 6 28 3.36 0.3 0.06 0.01 0.04 2.5 0.16 202.52 0.33 0.01 0.07 3 17.6 

BH-5 434872 724902 2083 Gowadamo. A BH 16 0.06 1 8 4.8 0.3 0.12 0.03 0 2.6 0.12 53.68 3.59 0 0.13 3 4.6 

BH-6 436215 730654 1904 A/wondo.H.sc BH 50.37 0.01 5 24 2.4 0.15 0 0.01 0.02 2.5 0.46 190.32 0.65 0.02 0.15 0 15.7 

BH-7 427350 727216 1872 Chuko Lamala BH 39.25 0.03 6 11 5.28 0.3 0.1 0 0.01 5.5 0.47 114.68 0.15 0 0.14 5 22.5 

BH-8 426100 710427 1680 Odolla BH 2009(new) 22.67 0.03 4 48 9.6 0.2 0.08 0.03 0 2.5 0.35 256 0.01 0.07 0 0 0 

BH-9 425822 711671 1741 Chichu BH#2 77.64 0.01 4 16 2.4 0.25 0.06 0.02 0 1.3 1.05 231.8 0.39 0 0.08 2 17.3 

BH-10 425364 738069 1764 Aleta Sodo BH 40.52 0.01 6 33 11.52 0.1 0.06 0.01 0 3 1.3 219.6 0.11 0.01 0.13 2 22.3 

BH-11 433803 718366 1858 Teferi-Kela BH #1 old 76.56 0 3 14 5.28 0.2 0 0 0 2.5 1.96 256.2 0 0 0 0 4.9 

BH-12 421117 709073 1461 Dila Agri.Chol BH 160.154 0.1032 11 14 4.8 0.25 0.08 0.012 0.06 8.8 1.3 378.2 0.1892 0.0231 0.14 66 15.5 

BH-13 423533 744647 1615 Loka.A.Chancho.M.A BH 32.154 0.0129 6 35 3.36 0.7 0 0.004 0 38 1.01 124.44 0.2728 0.231 0 0 13.9 

BH-14 421907 747046 1778 Sala Kebado.T BH 12.5281 0.1032 2 28 12.48 0 0.04 0.002 0.02 20 0.57 112.24 0.8492 0.132 0.03 0 18.5 

BH-15 422647 745610 1623 Sala Kebado.W BH 6.3411 1.161 5 33 13.92 0.25 0 0.021 0.01 20 1.2 128.1 0.0396 0.033 0.02 0 16.8 

BH-16 421873 744971 1612 Jirmancho BH 29.2445 0.0129 7 7.2 17.28 0 0.02 0.008 0.01 15 1.5 134.2 0.8448 0.0132 0.02 0 16.2 

BH-17 422660 745541 1619 Sala Kebado.D BH 10.9365 0 4 24 9.6 1 0 0.004 0 10 1.39 114.68 0.0484 0.0165 0 0 11.9 

BH-18 425636 747671 1660 Loka.A.Bilate BH 28.5131 0.0129 1 11 4.8 1.67 0.22 0.2 0.02 7.5 0.11 58.56 0.2728 0.0132 0.03 1 34.2 

BH-19 421663 710637 1451 Dila Univ.BH#3 371.981 0.0258 20 24 6.72 0.25 0.18 0.008 0.001 7.5 7.2 878.4 0.1276 0.0198 0.15 128 24.6 

BH-20 422377 741059 1840 Loka.SalaSire G.BH 105.598 0.0387 6 17 3.84 0.5 0.04 0.01 0.12 105 0.34 67.1 0.7392 0.0231 0.04 0 58.2 

BH-21 430233 698345   Bulebasura.BH 15.824 0 2 40 16.8 0 0.38 0 0 10 0 214.72 19.8 0 0.33 0 0.165 

BH-22 421388 710657 1432 Dila Univ.BH#1 semera 133.218 0.0129 12 44 14.4 0.4 0.04 0.016 0.02 6.3 1.2 457.5 0.0088 0.0165 0.02 63 13.8 

BH-23 420446 709514 1432 DilaUnBH#2Old campus 165.112 0.0516 11 21 4.32 0.25 0.12 0.017 0.04 7.5 1.33 397.72 0.0176 0.0231 0.55 75 16 

BH-24 424562 709368 1543 Dila town BH 68.4457 0 5 16 6.72 0.2 0.06 0.006 0.08 2.5 2.65 133.02 0 0.0066 0.33 4 10.9 

BH-25 422317 743037 1631 Loka.A.Benka BH 23.3818 0.0129 5 22 8.64 0.8 0.06 0.01 0.04 15 0.46 119.56 0.506 0 0.08 0.08 17.8 

BH-26 425386 747188 1640 Loka.A.Kura BH 15.7941 0 2 19 14.4 0.03 0.04 0.027 0 15 0.14 109.8 0.0836 0 0 0 20.6 

BH-27 428671 736996 1790 Dale Megera BH 32.8624 0.129 6 44 14.4 0.47 0.26 0.5 0.003 0.5 0.05 292.8 11 0.0063 0.04 0 0.779 

BH-28 424488 710149   Dara Odolla BH(old) 27.3608 0 1 48 9.6 1.55 0.22 0 0.046 5 0.37 229.36 3.08 0.0195 0.01 0 0.74 

BH-29       Dale-Gajamo Woybo 28.0485 0.0774 1 14 1.92 0.02 0.12 0 0.013 6 0 107.36 11.88 0.1175 0.03 0.5 0.114 

BH-30       Dale-Gajamo Gidiwo 30.245 0.0645 1 8 2.88 2.88 0.2 1 0.005 6.5 0 112.24 11.44 0.0884 0.07 0.5 0.08 

BH-31 422677 751963 1847 Salasire BH 9.9728 0 6 21 11.04 0 0.1 0.007 0.07 9 0.1 91.5 2.92 0.1716 0.07 1 22.6 

BH-32       Haru BH 2.8037 0.128 1 40 14.4 0.73 0.2 0 0 7.5 0.55 175.68 14.52 0.0924 0.17 0 0.36 

BH-33 418196 698026   Wonago town BH 18.814 0 1 28 30.24 0 0.08 0 0.019 5 0.34 195.2 45.76 0.0145 0.05 0 0.235 

BH-34       Dale Mesenkela BH 15.18 0.516 16 18 1.458 0.2 0.03 0.3 0.03 8.5 0.4 86.4 22 0.012 0.03 4 0.3 

BH-35       Boricha Arke well #1 52.2744 0.516 1 16 9.6 0.5 0.01 0.6 0.008 1.5 2.38 224.48 6.6 0.0168 0 0 0.432 

BH-36       wonago Machaly 57.5943 0.1935 3 52 19.2 0 0.22 0.012 0 13 0.51 355.26 0.044 0.066 0 0 18 
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Continued of Annex.18 
BH-37       Wonago Dobota  51.8742 0.0387 2 27 19.68 0.15 0.14 0.018 0 6.3 0.32 233.26 0.3212 0.0429 0.08 14 31.3 

BH-38       Dale Hondowa 86.7928 0.0426 2 20 9.6 0.03 0.15 0.1 0.011 88 0.23 170.8 11.88 0.0092 0.05 6.7 0.286 

BH-39       Dale Goyda 46.6141 0.1355 2 44 9.6 0.07 0.22 0 0.001 10 0.2 268.4 14.08 0.1003 0.04 7.6 0.198 

BH-40       Dale-wara 25.9509 0.0839 1 8 2.4 0.09 0.14 0.1 0.013 5 0 85.4 13.2 0 0.11 0.6 0.103 

BH-41       Dale-Tula 39.04 0.2748 3 24 6.24 0.2 0.23 0 0.11 2.5 0 201.3 8.8 0.0297 0 0.2 0.278 

BH-42       Dale-Wenanata 37.7131 0.7224 2 35 10.08 0.1 0.77 0.1 0.001 2.5 0 244 15.84 0.0053 0 0.1 0.163 

BH-43       Dale-Gadelo 14.1496 1.7028 2 26 6.72 0.04 0.25 0 0 2.5 0 128.1 16.72 0.5082 0.09 6.7 0.291 

BH-44       Dale-Daguwa 19.8099 0.5844 2 25 1.92 0.02 0.15 0.1 0.007 3 0 128.1 9.24 0.0112 0.11 0.3 0.215 

BH-45       Dale Kaliti Simita 28.5798 0.0284 2 26 15.84 0.13 0.17 0.1 0 3 0.82 219.6 8.8 0.0135 0.04 0 0.564 

BH-46       Dila zuria Gola #2 37.6694 0.0387 6 28 16.8 0.65 0 0.031 0 6.3 0.3 234.24 0.0132 0 0.25 0 17.5 

BH-47       Dila zuria Mechlesisota 53.7602 0.0645 3 54 12.96 0.7 0.28 0.016 0 11 0.66 308.66 0.0044 0.0033 0.09 9 20.4 

BH-48       Dila zuria Tumticha 25.3874 0.0516 3 45 16.32 0.3 0.02 0.003 0.01 2.5 0.2 276.45 0 0.0033 0.17 0 12 

BH-49       Loka Abaya Teme 69.4439 0.0129 9 22 3.36 0.85 0 0.019 0.07 43 1.3 158.6 1.3068 0.0297 0.02 5 21.6 

BH-50       Teferi-Kela BH #2 new 22.6251 0.1935 2 8.8 4.8 0.3 0.06 0.1 0.007 3 0 97.6 11.44 0 0.05 1 0.061 

BH-51       Wonago Tumata Chercha 38.7964 0.0516 4 38 10.56 0.3 0.1 0.031 0 6.2 0.38 207.4 0.154 0.0132 0.14 3 29.6 

BH-52       Yirga Alem town BH #2 5.8949 0.0387 6 20 12 0.43 0.09 1 0 7.5 0.18 119.56 9.68 0.0106 0.04 3.7 0.774 

BH-53       Chuko Lela womerera 12.4591 0.1754 3 44 8.64 0.3 0.29 0.2 0.002 3 0 207.4 3.52 0 0.35 0 0.95 

BH-54       Chuko Kosoricha Health 8.6595 0 3 12 6.96 0.24 0.13 0 0.04 1.5 0 82.96 11 0.0264 0 1 0.527 

BH-55       Wonago Karasodet 33.6697 0.0516 5 47 12 0.75 0.3 0.16 0 7.5 0.1 258.64 0.4664 0 0.26 0 16 

BH-56       Dale Mesincho Bute 25.6749 0.1187 3 5.6 8.16 0.09 0.1 0.1 0.008 4.5 0 104.92 18.04 0.0792 0.06 0 0.27 

BH-57       Dale Mesincho Agudo 22.8942 0.4592 2 16 7.2 0.54 0.18 0.3 0.013 2.5 0.05 134.2 11 0.1323 0.09 2 0.22 

BH-58       Dale Goyda #2 33.5064 2.3994 2 20 9.6 2.26 0.56 0.4 0.115 7.5 0 195.2 0 0.6475 1.45 4.4 0.329 

BH-59       Dale Dagia Kebado 38.7642 0.1084 2 12 7.2 0.01 0.16 0.1 0.007 10 0 146.4 15.4 0.0145 0.06 0.4 0.231 

HDW-60 441367 713154 2775 AberaDoda HDW 25.04 0.06 5 10 5.76 0.15 0.06 0 0 17 0.02 68.32 19.8 0 0.05 0 9.8 

HDW-61 430189 718446 1832 Shoicho HDW 18.48 0 5 28 2.4 0.28 0.04 0.01 0 4 0.03 111.02 4.36 0 0.05 8 11.2 

HDW-62       Boricha wome  8.6158 5.5148 10 16 16.8 2.61 0.02 0 0 33 0 141.52 9.68 0.1353 0.22 25 0.75 

RIV-63       Gidabo-Abosto RV 24.0281 0.2813 5 8 4.8 0.7 0.07 0.3 0.001 3.5 0.1 104.92 10.12 0.0099 0.11 0.9 0.189 

CSP-64 403178 685592 2067 Bochesa CSP 23.25 0 0 58 17.28 0.3 0 0 0 2 0.25 292.8 0.47 0 0 0 14 

CSP-65 443551 726883 2466 Garbicho.K CSP 17.07 0.48 2 5.6 3.36 0.3 0.02 0.01 0.01 2.5 0.35 48.8 1.01 0 0.08 2 14.2 

CSP-66 441341 713176   Dara Abera Doko CSP 5.727 0.3715 1 6.4 4.32 0 0.47 0 0.26 2.5 0.11 39.04 17.16 0.0142 0 0 0.443 

CSP-67 433975 711701   Banko Markos CSP 25.8635 0.3354 1 6.4 3.36 0.26 0 0 0 3.5 0.45 48.8 46.64 0.0531 0 3.8 0.285 

CSP-68 417755 692044 1994 Sokicha CSP 48.93 0 1 9.6 2.88 0.1 0.02 0 0 6.3 0.31 58.56 0.85 0 0.02 14 45 

CSP-69       Wonsho Gewado 15.9436 0.3521 1 14 1.44 0.15 0.06 0.3 0.016 2.5 0.22 63.44 23.32 0.025 0.25 1.7 0.267 

CSP-70       Wonsho Naniga 19.4419 0.1457 0 18 4.8 0.05 0.19 0.1 0.018 3 0.13 91.5 35.64 0.0181 0.08 0.4 0.671 

CSP-71       Wonsho Bokaso 27.7771 0.3779 1 36 2.4 0.02 0.05 0.2 0.009 1 0.2 158.6 33.88 0.0174 0.24 2.1 0.871 

CSP-72       Wonsho Tehamo 6.5044 0.3715 0 14 4.8 0.08 0.4 0.2 0 3.5 0.13 61 7.16 0.0171 0.07 2.9 0.308 

CSP-73       Wonsho Mayke 17.1143 0.2399 1 8.8 3.84 0.05 0.06 0.1 0.014 3 0.2 61 25.52 0.0217 0.12 1.3 0.347 

CSP-74       Wonsho Wodincho 18.3793 0.2076 0 16 4.8 0.07 0 0.1 0.013 2.5 0.1 91.5 26.4 0.03 0.2 0.3 0.559 

HSP-75 418850 732980 1601 DansheGamb HSP 74.45 0.05 8 20 7.2 0.3 0.8 0 0.02 3.5 1.21 256.2 0.47 0 0.1 0 22.3 
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Annex.19  

    Rift floor = PET  m =[16Nm[10Tm(
0
C)]

a
 

Rift floor PET Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. 

Tm (
0
C) 22.9 23.56666667 23.56666667 22.73333333 22 21.433333 20.866667 21.1 21.866667 22.1 22.4 22.5 

Tm (
0
C) /5 4.58 4.713333333 4.713333333 4.546666667 4.4 4.2866667 4.1733333 4.22 4.3733333 4.42 4.48 4.5 

im =[Tm (
0
C) /5]

1.5
 9.801628028 10.2327469 10.2327469 9.694818288 9.229517864 8.8752291 8.5255933 8.668993 9.1457404 9.2925179 9.482373 9.5459415 

I = ∑ im  = 112.73 112.73 112.73 112.73 112.73 112.73 112.73 112.73 112.73 112.73 112.73 112.73 112.73 

N 11.75 11.87 12 12.33 12.38 12.48 12.38 12.33 12.1 11.95 11.82 11.72 

Nm (N/12) 0.979166667 0.989166667 1 1.0275 1.031666667 1.04 1.0316667 1.0275 1.0083333 0.9958333 0.985 0.9766667 

Tm (
0
C)/I 0.203140247 0.209054082 0.209054082 0.201661788 0.195156569 0.1901298 0.185103 0.187173 0.1939738 0.1960436 0.198705 0.1995919 

a = 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 

10Tm (
0
C)/I 2.031402466 2.09054082 2.09054082 2.016617878 1.951565688 1.9012981 1.8510305 1.871729 1.939738 1.9604364 1.987049 1.9959195 

[10Tm (
0
C)/I]

a
 5.881524878 6.318974899 6.318974899 5.775093665 5.320567221 4.9845451 4.6615884 4.792999 5.2403186 5.3812345 5.565719 5.6280446 

16Nm 15.66666667 15.82666667 16 16.44 16.50666667 16.64 16.506667 16.44 16.133333 15.933333 15.76 15.626667 

16Nm[(10Tm(
0
C)/I]

a
 92.14388975 100.0083094 101.1035984 94.94253985 87.8248296 82.94283 76.947287 78.79691 84.543807 85.741003 87.71573 87.947576 

PET  m 

=[16Nm[10Tm(
0
C)]a  =1060                       
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Annex. 20 

Escarpment=PET PET  m =[16Nm[10Tm(
0
C)]

a
 

         Escarpment  PET Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. 

Tm (
0
C) 18.1 18.53333333 18.53333333 17.76666667 17.2 16.9 16.6 16.66667 16.766667 16.9 17.53333 18 

Tm (
0
C) /5 3.62 3.706666667 3.706666667 3.553333333 3.44 3.38 3.32 3.333333 3.3533333 3.38 3.506667 3.6 

im =[Tm (
0
C) /5]

1.5
 6.887519728 7.136336149 7.136336149 6.69813544 6.380249525 6.2140544 6.0493279 6.085806 6.1406605 6.2140544 6.566618 6.8305197 

I = ∑ im  = 78.34 78.34 78.34 78.34 78.34 78.34 78.34 78.34 78.34 78.34 78.34 78.34 78.34 

N 11.75 11.87 12 12.33 12.38 12.48 12.38 12.33 12.1 11.95 11.82 11.72 

Nm (N/12) 0.979166667 0.989166667 1 1.0275 1.031666667 1.04 1.0316667 1.0275 1.0083333 0.9958333 0.985 0.9766667 

Tm (
0
C)/I 0.231044166 0.236575611 0.236575611 0.226789209 0.219555782 0.2157263 0.2118969 0.212748 0.2140243 0.2157263 0.223811 0.2297677 

a = 1.75 1.75 1.75 1.75 1.75 1.75 1.75 1.75 1.75 1.75 1.75 1.75 1.75 

10Tm (
0
C)/I 2.310441665 2.365756106 2.365756106 2.267892094 2.195557825 2.1572632 2.1189686 2.127479 2.1402434 2.1572632 2.238107 2.2976768 

[10Tm (
0
C)/I]

a
 4.329784321 4.512814134 4.512814134 4.191207643 3.96007617 3.8399935 3.721499 3.747694 3.7871328 3.8399935 4.095356 4.2880085 

16Nm 15.66666667 15.82666667 16 16.44 16.50666667 16.64 16.506667 16.44 16.133333 15.933333 15.76 15.626667 

16Nm[(10Tm(
0
C)/I]

a
 67.83328769 71.42280502 72.20502614 68.90345365 65.36765732 63.897492 61.429544 61.61208 61.099076 61.183897 64.5428 67.00728 

PET  m 

=[16Nm[10Tm(
0
C)]

a
 =786.504                       

 
 

Annex.21Highland  

                    PET= PET  m =[16Nm[10Tm(
0
C)]a 

         
  Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. 

Tm (
0
C) 14.66666667 15.06666667 15.16666667 15.03333333 14.8 14.066667 13.533333 13.56667 14.033333 14.166667 14.13333 14.266667 

Tm (
0
C) /5 2.933333333 3.013333333 3.033333333 3.006666667 2.96 2.8133333 2.7066667 2.713333 2.8066667 2.8333333 2.826667 2.8533333 

im =[Tm (
0
C) /5]

1.5
 5.023913186 5.2308319 5.282995082 5.21348255 5.092576558 4.7188024 4.4529945 4.469457 4.7020393 4.7692107 4.752388 4.8197972 

I = ∑ im  = 58.53 58.53 58.53 58.53 58.53 58.53 58.53 58.53 58.53 58.53 58.53 58.53 58.53 

N 11.75 11.87 12 12.33 12.38 12.48 12.38 12.33 12.1 11.95 11.82 11.72 

Nm (N/12) 0.979166667 0.989166667 1 1.0275 1.031666667 1.04 1.0316667 1.0275 1.0083333 0.9958333 0.985 0.9766667 

Tm (
0
C)/I 0.250583746 0.257417848 0.259126374 0.25684834 0.25286178 0.2403326 0.2312205 0.23179 0.2397631 0.2420411 0.241472 0.2437496 

a = 1.414 1.414 1.414 1.414 1.414 1.414 1.414 1.414 1.414 1.414 1.414 1.414 1.414 

10Tm (
0
C)/I 2.505837462 2.574178484 2.591263739 2.568483399 2.528617803 2.4033259 2.3122046 2.3179 2.3976308 2.4204112 2.414716 2.4374964 

[10Tm (
0
C)/I]

a
 3.665383304 3.807527595 3.843310103 3.795621893 3.712588649 3.4551676 3.271396 3.282795 3.443596 3.4899504 3.478345 3.5248351 

16Nm 15.66666667 15.82666667 16 16.44 16.50666667 16.64 16.506667 16.44 16.133333 15.933333 15.76 15.626667 

16Nm[(10Tm(
0
C)/I]

a
 57.42433843 60.26047007 61.49296166 62.40002392 61.28246329 57.493989 53.999844 53.96916 55.556682 55.606544 54.81871 55.081423 

PET  m =[16Nm[10Tm(
0
C)]a =689.38                       

 

 

 



Groundwater Resource Assessment in the Gidabo River Catchment:  Yirga Alem, Southern Ethiopia. 

  

 AAU, Department of earth sciences. 
Page 

135 

Birhanu Debisso  Tel. +251911062721,   

October, 2009 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Groundwater Resource Assessment in the Gidabo River Catchment:  Yirga Alem, Southern Ethiopia. 

  

 AAU, Department of earth sciences. 
Page 

136 

Birhanu Debisso  Tel. +251911062721,   

October, 2009 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Groundwater Resource Assessment in the Gidabo River Catchment:  Yirga Alem, Southern Ethiopia. 

  

 AAU, Department of earth sciences. 
Page 

137 

Birhanu Debisso  Tel. +251911062721,   

October, 2009 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Groundwater Resource Assessment in the Gidabo River Catchment:  Yirga Alem, Southern Ethiopia. 

  

 AAU, Department of earth sciences. 
Page 

138 

Birhanu Debisso  Tel. +251911062721,   

October, 2009 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Groundwater Resource Assessment in the Gidabo River Catchment:  Yirga Alem, Southern Ethiopia. 

  

 AAU, Department of earth sciences. 
Page 

139 

Birhanu Debisso  Tel. +251911062721,   

October, 2009 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Groundwater Resource Assessment in the Gidabo River Catchment:  Yirga Alem, Southern Ethiopia. 

  

 AAU, Department of earth sciences. 
Page 

140 

Birhanu Debisso  Tel. +251911062721,   

October, 2009 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Groundwater Resource Assessment in the Gidabo River Catchment:  Yirga Alem, Southern Ethiopia. 

  

 AAU, Department of earth sciences. 
Page 

141 

Birhanu Debisso  Tel. +251911062721,   

October, 2009 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Groundwater Resource Assessment in the Gidabo River Catchment:  Yirga Alem, Southern Ethiopia. 

  

 AAU, Department of earth sciences. 
Page 

142 

Birhanu Debisso  Tel. +251911062721,   

October, 2009 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Groundwater Resource Assessment in the Gidabo River Catchment:  Yirga Alem, Southern Ethiopia. 

  

 AAU, Department of earth sciences. 
Page 

143 

Birhanu Debisso  Tel. +251911062721,   

October, 2009 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Groundwater Resource Assessment in the Gidabo River Catchment:  Yirga Alem, Southern Ethiopia. 

  

 AAU, Department of earth sciences. 
Page 

144 

Birhanu Debisso  Tel. +251911062721,   

October, 2009 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Groundwater Resource Assessment in the Gidabo River Catchment:  Yirga Alem, Southern Ethiopia. 

  

 AAU, Department of earth sciences. 
Page 

145 

Birhanu Debisso  Tel. +251911062721,   

October, 2009 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Groundwater Resource Assessment in the Gidabo River Catchment:  Yirga Alem, Southern Ethiopia. 

  

 AAU, Department of earth sciences. 
Page 

146 

Birhanu Debisso  Tel. +251911062721,   

October, 2009 

  

 

 

 

 

 

 

 

 



Groundwater Resource Assessment in the Gidabo River Catchment:  Yirga Alem, Southern Ethiopia. 

  

 AAU, Department of earth sciences. 
Page 

147 

Birhanu Debisso  Tel. +251911062721,   

October, 2009 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Groundwater Resource Assessment in the Gidabo River Catchment:  Yirga Alem, Southern Ethiopia. 

  

 AAU, Department of earth sciences. 
Page 

148 

Birhanu Debisso  Tel. +251911062721,   

October, 2009 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Groundwater Resource Assessment in the Gidabo River Catchment:  Yirga Alem, Southern Ethiopia. 

  

 AAU, Department of earth sciences. 
Page 

149 

Birhanu Debisso  Tel. +251911062721,   

October, 2009 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Groundwater Resource Assessment in the Gidabo River Catchment:  Yirga Alem, Southern Ethiopia. 

  

 AAU, Department of earth sciences. 
Page 

150 

Birhanu Debisso  Tel. +251911062721,   

October, 2009 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Groundwater Resource Assessment in the Gidabo River Catchment:  Yirga Alem, Southern Ethiopia. 

  

 AAU, Department of earth sciences. 
Page 

151 

Birhanu Debisso  Tel. +251911062721,   

October, 2009 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Groundwater Resource Assessment in the Gidabo River Catchment:  Yirga Alem, Southern Ethiopia. 

  

 AAU, Department of earth sciences. 
Page 

152 

Birhanu Debisso  Tel. +251911062721,   

October, 2009 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




