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Abstract

Groundwater is occurring within different hydrogegl environment, geologic formations
and topographic settings that the factors mainiyitoal the groundwater distribution and
development for different purposes. A systemastuation of groundwater is essential for the
proper utilization and management of this preciooatural resource. Integrated GIS
(geographic information system) and remote senanegefficient techniques in groundwater
studies; in facilitate better data analysis andithaterpretations of groundwater potential
controlling parameters. In the present study, aterapt has been made to delineate and
classify possible groundwater potential zones ia Bilate River catchment of the south
Ethiopian rift escarpment, found in SNNPR usingegnated remote sensing and GIS
technigues. The thematic layers considered in thgudy are lithology,
geomorphology/landform, drainage density, lineamaensity, rainfall, soil, slope and land
use/ land cover were prepared using the Landsat Eirvagery and ArcGIS software. All the
thematic layers were then assigned weights accgrdim their relative importance in
groundwater occurrence and the corresponding noizredl weights were obtained based on
the Saaty's analytical hierarchy process. Theseghisi were applied in linear summation
eguation to obtain a unified weight map containohge weights of all input variables. The
thematic layers were finally integrated using Ar6Gand IDRIS software to produce a
groundwater potential zone map of the study ardaus] four different groundwater potential
zones were identified, namely 'high, 'moderate\w’land '‘poor'. The high potential zones
correspond to alluvial plains, lacustrine sedimertke fracture valleys, and valley fills, which
coincide with the low slope and high lineamentssitgrareas .The eastern portion and some
small patches in the northern and valley escarpnwnBilate River of the study area fall
under moderate groundwater potential zone. TheZones mainly comprise structural hills
and escarpments which contributes high run-off ®@e other hand,Poor groundwater
potential zones are present in the mountain peplieéeaus and escarpments with steep cliff,
where low fractured undifferentiated peralkalinenDiformation, obsidian and pitch stone
exist. The resulted groundwater potential zoningpnvalidated based on existing water
sources point data of the study area. Finally,sitconcluded that the integrated GIS and
remote sensing techniques are very efficient amduti$or the identification of groundwater

potential zones.

Key words. Bilate River, Groundwater potential, GIS and réencsensing, western

escarpment, thematic maps
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1. Introduction

1.1 Back ground and Statement of problem

Ground water is the safest and most reliable watarrce, use in domestic, irrigation,
industries, and municipality purposes. Ground wdtarelopment for water supply purpose is
preferable to low discharge springs and dug wedlsabse they are found to be inadequate
yield and no longer resistant drought while mosth&m might be completely dried out and
never easily recovered after the prolonged drotighe. The occurrence, origin, movement
and chemical constituents of groundwater are deg@ndon geology/ lithology,
Geomorphology /Landforms, drainage density, railh f@eological structures/lineaments,

slope, Land use/Land cover and soil of groundwaggime.

It is common to have problem in exploitation of gmdwater in that unsuccessful rate of well
production encounter and requires huge amount wésiment cost to utilize this precious

resources. Improper evaluation of groundwater saitedselections is mostly expected to pose
the problems (Abebe G/H, 2006). Since the grounematcurs out of our sight, deep in the
subsurface, there is no direct method to facilitslieervation of water below the surface. Its

presence or absence can only be inferred indirégtlgtudying the groundwater occurrence

and distribution controlling parameters

Thus, in order to ensure wise use of groundwateyséematic evaluation of groundwater is

required.

There are several methodologies to locate and rhapotcurrence and distribution of
groundwater. Satellite data provides quick anduldedseline information on the parameters
controlling the occurrence and movement of groundwaven in inaccessible areas (M.
Thangarajan, 2007). The information on the inpuapeeters in the above can be acquired and
integrated through remote sensing and geograpmdéatmation system (GIS) techniques.
The concept of integrated remote sensing and GEpnaved to be an efficient tool in
groundwater studies, in facilitate better data ysial and their interpretations (Saraf,
A.K.et.al.1998, Krishnamurthy et. al. 1996 and Myrt 2000). In addition, the greatest
advantages of using remote sensing data for hydtogieal investigations and monitoring is
its ability to generate information in spatial areanporal domain, which is very crucial for

successful analysis, prediction and validation #54dr999).

The present study focused on the evaluation ofrgheater potential zone in south Ethiopian
rift escarpment, the Bilate River catchment in S\Pased on integrated Geographical

information system (GIS) and remote sensing teclesq
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The catchment covers the area between Gurage hiuyls I[to Lake Abaya shore, which
includes the portion of SNNPRS regional zones; #adKT, Gurage, Silte, Wolyita, Sidama,
and Alaba special woreda and small parts of theélScentral Oromiya Regional states and the
total area coverage is around 5625 square kilometer

For the study area is part of the main Ethiopidh) it is highly affected by the uplift and

subsequent rifting phenomena that created locabnedregional fractures and faults,( the rift
floor and escarpments are highly faulted ); theglex spatial and temporal distribution of
the volcanic rocks, their different intricate sigeaphic and structural relationships, wide
compositional variability, different degree of wieating and topographic position complicate
the hydrogeological behavior of the volcanic aguif@and the hydrochemical signature
requires systematic and scientific approach of stigation to determine the groundwater

potential, (Ayenew et.al, 2008) in the area.

Moreover, most of the area is known in high sdgrof surface water and due to recurrent
drought, substantial part of the area water suppiyes from groundwater has taken great

attention.

Lack of adequate potable and agricultural watepbegp inhibits the progress of developing

countries and is the cause of considerable hardshipumans world-wide, but a thorough

hydrogeologic understanding is often critical fosteffective water development designed to
alleviate these hardships, (Timothy B., Jeroméviatthew M. and Robert B., 1994).

Despite water requirement is increasing very rgpwlith the growth of human and animal

population, and irrigation in the area, analysisvater resources has been fragmentary.

Thus, as a part of filling the gap, the presentlgt@IS and remote sensing techniques was
used to systematically assess the importance d¢f gt parameters in the evaluation of

groundwater occurrence and potential zone in tea ar
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1.2. Objectives

1.2.1 General Objective :-The main objective of this research is to evauatid delineate
ground water potential zones in the Bilate Rivetcloaent using integrated geographic

Information system (GIS) and Remote sensing teclasq
1.2.2 Specific Objectives

To evaluate the ability of currently used GIS aathote sensing techniques to distinguish or
delineate target features controlling groundwateuarence.

To produce hydrogeological map of the area basetheravailable data interpretation and
analysis that will be a good basis for detailecugawater exploitation work

To adopt different GIS and remote sensing softveara tools in developing spatial data that
help in decision making and planning

To identify the degree of role of groundwater acence and distribution controlling
parameters in the study area and their relatiortshgach other.

To provide information for decision makers enalderdétrieve as required for planning and

management of water resources for both domesti@agndultural purposes.

1.3 .Significance of the study

The research study is expected to produce a graatedyotential zone map that demarcates
the study area into different zones according &ir throundwater potential. The resulted detail
map of the area can be one input for understarafihgdrogeological systems of the area, and

used as data for further research work.

The generated, collected and digitized data orgahnimto the logical groups of entities
concerning geological factors (lithology and linesant), drainage density, and physiographic
factor (geomorphology, slope, land use/land cov&y) produce properly organized
Geodatabasevhich will enable the responsible officers to matkecision and review by

concerned stakeholders and subsequent researclmoperly use water resources in the area.

Tesfaye Tessema, Thesis June, 2010 3 tesg2005@yahoo.com
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-1.4. Literature Review

There are a verity of researches undertaken inngheater potential zone mapping based on
the application of GIS and remote sensing techsigitery few of the relevant literatures

reviewed are summarized below.

M. Thangarajan, 2007, showed the advantage of ees®ising and GIS science in resources
management. Satellite remote sensing has becoommanon tool to investigate different
fields of earth and natural sciences (Barret ardtiKi987; Barret and Curtis, 1982).

Integration with Geographic Information Systems §¥hllows a synergistic processing of
multi-source spatial data. Using of GIS in hydrdggy is only at its beginning, but there have
been successful applications that started to dpy@arton, 1987; Bhasker et al., 1992; Clark,
1998; Gossel et al., 2004). . To improve the infation and data feeding the GIS, pressure is
put to advance the remote sensing platforms .Theldement and advancement of remote
sensing platforms is crucially needed to improve kwowledge and monitoring ability on
natural resources. In addition to targeting theugdwater potential zones, integrated GIS and
remote sensing is also important to identify sudagites for artificial recharge to sustain
groundwater systems and avoid their depletion duevér-pumping and/or insufficient natural
recharge.

Amaresh Kr.Singh, et al, Map India, 2003, usedgrated approach of Remote sensing,
geophysics and GIS to evaluation of ground watetlemqi@lity of Ojhala Subwatershed,
Mirzapur district, Indian. In general, differentethatic layers such as; hydro geometry,
lineaments, slope, drainage and overburden thiskra@e used to be integrated without
considering aquifer thickness. This proves a biidad about the groundwater prospect of the
area. Then ground water potential zones have beemamtated by integration of aquifer
thickness derived from surface electrical resisgiveurvey and drilling data with above
thematic layers, using a model developed throudh ©thniques. The ground water potential
zones map generated through this model was venfigl the yield data to ascertain the
validity of the model developed and found thatsitin agreement with the bore wells yield
data. This illustrates that the approach outlined merits and can be successfully used

elsewhere with appropriate modifications. The stiidy demonstrated the capabilities of using
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remote sensing, geo electrical data and geogrdpfacmation System for demarcation of
different ground water potential zones, especiallgiverse geological Set up. This gives more
realistic groundwater potential map of an area wheay be used for any ground water

development and management programme.

In order to produce the ground water potential itne Langat Basin area, Malaysia, a GIS
model has been used ,to integrate thematic mapsasuannual rainfall, litho logy, lineament
density ,land use ,topographic elevation, slopepstess, drainage density and soil types
(Khairul Anam Musa, et al,2000). Each thematicelagonsists of a number of polygons,
which correspond to different features. The polygoneach of the thematic layers have been
categorized, depending on the suitability /releeatacthe ground water potential, and suitable
weights ware assigned. Finally, all the thematyeta were integrated using the ground water
potential model (derived from DRASTIC model of gnowater pollution vulnerability
assessment) to drive the final derived layers olugd water potential. The output that is
produced is capable of being used for further iigaBons and assessments, especially at
larger scale.

Sandeep Goyal et .al, 1999, attempted to use reseo@ng ,GIS and multi-criteria analysis of
decision support for evaluation of groundwater stevsheds of Rawasen and Pili rivers which

are the tributaries of Ganga,U.P., India.

The ground water exploration in the study area Ivee thematic map generation and their
integration through GIS. Geology, Land use, Geofolggy and Lineament maps were
derived from interpretation of Satellite Images awstial photographs supported by selective
ground truth verification. Drainage map was pregausing survey of India topo sheet on
1:50,000 scale. Slope map was obtained by cre&iEl after interpolation of spot height
and contour in GIS. For integration all the mapseasnverted into digital format in the GIS.
Prior to integration of different information, inddlual class weights and map scores were
assessed based on Satty’s Analytic Hierarchy psese$n this method a pair wise comparison
matrix was prepared for each map using Satty’s pmiat importance scale and this matrix
was solved using Eigon Vector method. This resuitedhdividual class weights. The map

scores were also calculated by same method. Theiglts were multiplied with map scores
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and applied to linear summation equation. This map further logically classified to arrive at

ground water potential zone map.

Ingrid and Gerd, LARS 2007, conducted water BalaiMedeling in the Bilate River
catchment ;they faced difficult to use standardibgdrological models due to limited data
both spatially and temporally. The precipitatiomatf model NASIM was used to account the
necessary water balance parameters, but stromf aglkl great variability of the precipitation,
as well as the influence of evaporation, are npragented adequately by the number of
climatic stations. In addition NASIM does not waok a raster basis at present. Thus they
strongly recommended a further use of GIS for tisealization of the simulation results, and
more research is required to modify the model amadact more field work from which

initiated to Carrey out further research using Glfe area.

Stefan and Gerd, 2004, In Water Resources Assesaméhe Bilate River catchment —
precipitation Variability, observed rainfall variéity and intensity in the catchment follows a
semi-humid to semi- arid tropical bimodal distriédit precipitation pattern. Accordingly,
Variability is caused by alternating dry and rasgasons, as well as long-term influences,
which is overlapping with regional orographic effecThe extreme variability of daily and
monthly precipitation amounts all over the catchmanea essentially limits the exact
assessment or even prediction of water resourcdabiigy. In addition, the long-term
variation of precipitation —over lapping with theasonal variability cannot be predicted
accurately as well, to lack of reliable data.

Timothy B., Jerome A., Matthew M. and Robert B.949used an integrated approach to
groundwater exploration in developing countriesngsGIS and remote sensing within the
Afram Plains of central Ghana due to an activelidglprogram with a large percentage of
unsuccessful wells. If fractures can be mappedcanctlated with areas of high groundwater
potential, well site selection may be improved. rEfi@re, the objective of the study was to
improve the availability of safe and reliable watesources through the installation of hand
pumps. The combination of remote sensing and GKS stewn promise for groundwater
development in the regions.

Water works design and construction enterprisessoeaation with consulting engineering
services (India), Bilate Hydrogeological draft repof Bilate Irrigation Project, 2008, was
conducted to observe the feasibility of the projeith respect to hydrogeology point of view.
The methods used for the investigation was offiagkwLandsat Imagery and other maps
interpretation, hydrogeological field survey, orteswater quality testing, water quality

analysis, data analysis and reporting.
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Integrated hydrogeological investigation was careet in the upper Bilate River catchment,
Legesse S. 2009, to assess hydrogeological systérgraundwater potential investigation. In
the investigation both hydrological and hydrogeatal parameters was included in detail
,which shows the western and northern part ofitlea is recharging zone and the central and
southern part is discharge zone while the areasjudiheast of Boyo plain is categorized under
deep groundwater zone due to the damming effeBndiericho fault. Thus, he recommended
detailed hydrogeological especially remote sensind geophysical investigation should be
conducted to delineate major water bearing zorgasfex thickness and aquifer depth in the

volcanic and alluvial formation particularly in tnerthern part of the study area.

1.5. Approach and Methodology
1.5.1 Data used/Data sources

The following data were used for the hydrogeololgical ground water potential study

Metrology data and River flow data obtained fronhifian Metrological Agency and Water
Resources Ministry.
Water sources inventory data from SNNPR Water Rasbevelopment Bureau and zonal

water offices.

Topographic maps of 1:50,000.scale coverage @t@ivater shade from Ethiopian Mapping
Agency:

Here are different top sheets used (37° to 38° &a$106° to 07° North)

1. Hossana (0737B4), 2. Welbareg(0738A3), 3 Angeh@7D2), 4 Kulito (0738C3), 5
Shone (0737D4),6.S0do(0637B2),7.Tebela(0737B4)i8&0638A3),8.Chericho(0638A1),9
Ropi(0738C3)

Geological Maps prepared by Geological Surveytbfdpia

Published and non published literatures and maps

Landsat ETM+ (with path and row of 055/168, 054/ 055/169 scenes) from the year
2001 image.

Different software’s such as ArcGIS 9.2, Global Map 7, ERDAS Imagine 9.1, Surfer 8,
3DEM, IDRISI 15.0, GPS

Personal fieldwork experience in the area and fiedded to verify ground truth data

Tesfaye Tessema, Thesis June, 2010 7 tesg2005@yahoo.com




Groundwater Potential Evaluation Based on Integda® S and Remote sensing Techngiues, in Bilate Ratehment,

1.5.2 Methodology

The study was carried out in several stages toelale potential groundwater zones that reveal
the capability of using remote sensing and GISrougdwater exploration study as presented
schematically and described in the following steps.

N
o - Geological and
Existing ] Satellite Data ) .
[ Landsat ETM+ Geomorphological Fieldwork
N\ J
Geology, Soil and v

Iéf::nd use/Land cover ! Hydrogeological

Satellite Data Analysis Inventory

l (Geometric and Radiometric 1
r { N\

- ) v
Digitization and Correction, Georeferencing, ‘ Keyboard Entry to

-

& SRTM Image enhancement and

J filtering)

#j v
DEM Interpretation and Classificatio Interpolation
Iso-yield map

{ Thematic Layer]

Water table
Slope Vecto contour map
Thematic Information Layers (Raster)

J

[ Elevation Contou
Building Topology

Lithology and Lineament
3DEM Geo referencing Hydromorphogeology map, Land
hydroprocessing| | to Base Map use/Cover,
J. Thematic Layer
v v Water Level
Drainag« networ}k j GIS Processing (Digitized and Building DATABASE) Rainfall
v
Derived Maps
v
y v v v v v v
Soil Lineament | Annual Land Topography Slope Drainage Lithology
Density Rainfall | use/Cover Elevation map Density
| |
v
Criteria Definitior GIS Overlay Analysis
v v
Assessing Weightage] Maps Integration
- v ( GROUNDWATER POTENTIAL
Composite Ranking/ Scoring ]—»[ Weighted Inde» ]-— ~~ Zone MAP

Figure 1-1 Conceptual Flow chart of groundwater potentiall@aton using GIS and remote
sensing mapping methodology applied on the BilateRCatchment.
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-1.5.2.1. Dataset Ildentification

The occurrence and movement of ground water cdimgdiactors, such as (geology (lithology
and lineaments), rainfall, geomorphology/landfosiope, drainage, and land use/land cover,
and soil) generated primarily from satellite imaggerthrough digital image processing

techniques and existing data.

The collected relevant data, in the initial stafés¢S spatial database development various
analogue maps, which were in different scales obthifrom different organizations,
converted into digital format by using manual diggtion method using ARCGIS 9.2

software.

1.5.2.2. Building the Research Geodatabase

The generated, collected and digitized data wasmzgd into logical groups of entities
concerning geological factors (Lithology and linearh density), drainage density, and
physiographic factors (geomorphology, slope, Lasé/luand cover).Then, individual entities
assigned and converted to characteristic spagmesentation format in order to make them
suitable for analysis. After making decision on tbeearch geodatabase, the data sets prepared
so that it help to develop the following maps ia thrget area.
+ In order to demarcated the groundwater potentiakgaf study area different
thematic maps on 1:700,000 scales and 30m pixelmigpared from remote sensing

and topographic maps.

+ Drainage density map prepared from SRTM data 3DBEMrél processing.

+ Elevation map prepared from SRTM and topo sheets.

+ Slope map prepared using Digital Elevation ModetKD

+ Land use/land cover map prepared using superviasdification in EDRIS 9.1
software for Landsat ETMmage 2001.

+ Groundwater potential zone map prepared using ayenhalysis using IDRIS

and ArcGIS software’s.
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1.5.2.3. Data Analysis

In this stage, digital image processing of thelbtgelata carried out for extraction of pertinent

information. The groundwater exploration in thedstarea involved thematic map generation
and their integration through GIS.

Prior to integration of different information, inddual class weights and map scores was
assessed based on Satty’s Analytic Hierarchy psosere a pair — wise comparison matrix
prepared for each map using a nine point impodeale.

The result unified weight map containing due wesgbitall input variables. The weight values

this final map further logically was classifieddaive at groundwater potential zone map. This

provides a broad idea about the groundwater progpeice area.

Table 1.1Ratings on Satty’s 9 — point continues scale.

Rating 1/9 1/7 1/5 1/3 1 3 5 7 9
Qualitative | Extra | Very Strongly | Moderatel| Equally | Moderate| Strongl | Very Extrem
description Strong y ly y Strongly | ely
mely
Less Important Moreplontant

To achieve the final target of the study, delirmatof groundwater potential zones, different
thematic layers; lithology, lineament density, desje density, geomorphology, slope, soil,
and land use/land cover and rainfall integrated.

1.5.2.4. Data Interpretation

The different polygons in the thematic layers labeteparately and then they were converted
to raster and registered. In the final thematiefayitially each one of the raster qualitatively
the final potential groundwater map visualizediwine of the categories like (1) high (ii)
moderate (iii) low (iv) poor in terms of their imgance with respect to groundwater
occurrence and suitable weights was assigned.
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1.5.2.5. Result Validation

Thematic layers converted in to grid with relatédm weight and then integrated and
analyzed, using weighted aggregation method. This gn the integrated layer were grouped
into different ground water potential zones by #adle logical reasoning and conditioning.
Second groundwater potential map produced usimgjiegiwater sources data and actual well
yield data which reflects the actual groundwateteptal and water flow dynamics verified

the first groundwater potential map generated b$ &ialysis to ascertain the validity of the
model develop. Besides, recommendation for a swdibé use of water resources and

planning of new water facilities in a dynamic pesiive was provided.

2. General overview of the study area

2.1 Location and Accessibility
The study area Bilate River catchment is situate@outh Western Escarpment of the Main

Ethiopian Rift at about 130 Km North West of thgiomal town Awassa and 340km from

Addis Ababa through the asphalt road from Addis l#b& the Arbaminch town that passes
via towns of Shashemane, Alaba Kulito,Wolayta SOoH&NNPR. It can be also accessible
through 230Km asphalt road from Addis Ababa —Hoasen Northern part and Inter site

accessibility is possible by currently made dry thea roads in the and other feeder dry-
weather access roads that connect different patseostudy area. But during rainy seasons
especially starting from June through October rpast of the catchment area is inaccessible.

The River catchment includes the portion of SNNRB@onal zones; Hadiya, KT, Gurage,

Silte, Wolyita, Sidama, and Alaba special woredal amall parts of the South-central

Oromiya Regional states. It covers an area of ab686 kilometer square. It is bounded in
geographic coordinates of 365483W to 426838E atyAlake in southern part Woliya Zone

to 726037S to 896469N at Gurage and Silte zonetebar the Northern part Figure 2.1
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Figure 2-1 Location map of the study area

2.2 Physiography and Drainage

Physiographically the Bilate River basin is a teatovalley along its length much of the valley
is bounded by fault scarps or steep slopes onregile. The floor of the valley is mostly flat

plain and appears to be in part a remnant of thesigons floor of ancient large water basin.

Tesfaye Tessema, Thesis June, 2010 12 tesg2005@yahoo.com




Groundwater Potential Evaluation Based on Integda® S and Remote sensing Techngiues, in Bilate Ratehment,

For the study area is part of the western rift nmavghich is characterized by chain ridge, hills,
deep and wide valleys of small and large streamd,r@rrow flat lands between the valleys
having gentle slopes. It is due to the uplift amtbs'equent rifting phenomena that created
localized and regional fractures and faults, (iftefloor and escarpments are highly faulted);
(Ayenew, Demlie and Stefan, 2008). The set up & ataused by erosion, deposition

processes, and land use practices.

The altitude of the catchment ranges from 1177 mattd ake Abaya to 3328meter at Mt.
Ambaricho and at Alicho Wiriro Woreda above sealeVhis indicates that the topography of
the area ranges from lowland plain areas to highfyged and mountainous elevated terrains.
Due to the effects of these elevated and other ams around the area such as Duguno
Fango ridge, Mt. Dato, and Mugo ridge that madenttegphology of the study area is quite
complex, starting from the edge of the North Westl &South-west part of the area
characterized by steep slopes .Towards the centtdhee South, the morphology changes to
quite gentle slopes though there are some steggesslalong the river courses and hilly
features. The catchment is bounded by Omo — Gibm Iba the south west, Ziway — Abijata —
Shala, Lakes basin to the east and Lake Abayaetedtth.

The Bilate River flows from the Gurage Mountairtle north towards the south in to the Lake
Abaya. It is one of the three main perennial rivarsh as Bilate, Gidabo and Gelana that flow
into the Lake Abaya. Generally many small streamandtowards Abaya Lake along with
Bilate River. Most of its tributaries as well asge volume of water comes from Gurage, Silte,
Hadiya, kambata and Wolyita zone high lands of caechment. The increase downstream
could be influenced by the corresponding low rdinfagh evapotranspiration, relatively slow

drainage and thermal springs that join the rd@wnstream

The drainage density is high in the plateau andrpstent area and very low in the rift floor.
It is due to intensive faulting and volcanic adies in the area. In many places small stream
disappear in the floor, before reaching the majaindge system (Ayenew 1998).In general

the area is characterized by dendritic and rectanguainage pattern (Figure 3.10).
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Figure 2-2 Elevation map of the study area

2.3 Climate

Precipitation Variability, Climatically, rainfall ariability and intensity in the catchment

follows a humid to semi- arid tropical bimodal distited precipitation pattern. Variability is

caused by alternating dry and rainy seasons, abt agelong-term influences, which is

overlapping with regional orographic effects (Stead Gerd, 2004).
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The analysis of data of 21 meteorological stationthe area and nearby stations shows the
area receives an average rain fall of 1145.82mnyear. From the analysis result observed
that two rainfall pattern exist in the area, unimloth the northern and north western part
which receives relatively higher precipitation amby1366.92mm) and that of bimodal
rainfall pattern in the Southern and South Easteneives relative precipitation amount of
998.16mm. The climate of the area is humid to-sttumid in the highlands and semi — arid

to arid in the rift valley.
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Figure 2-3 Mean monthly precipitations in the stagiga and nearby meteorological stations

The long term mean annual temperature vary widehanges from 16.6% in the highlands
and around 22.£C in the lowlands. The maximum and minimum relativeniddity of the
area is estimated as 81.17 % during the month alully56.10 % during the month February
respectively. The long term mean annual wind spgedm above the ground leve is 1.55
m/s(table 2.1).The potential and actual evaptraaspn of the area are 1162.48 mm and

966.318mm respectively(Figure3.2).
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Table 2.1 Long term mean monthly values of Temprettre (°c), Relative humidity(%) , wind speed(m/s)andgunshine (hrs/ day)

MeMonthly Temperature (Oc)

Stations Jan Feb. Mar. Apr. May June Jul. Aug. | Sept. Oct. Nov. Dec. Annual
Age 18.43 20.31 19.76 19.61 19.5 20.38 19.58 19,499.35 19.26 19.68 19.35 19.55
Alaba Kulito 19.07 19.59 19.82 19.48 19.99 18.99 .118| 18.06 18.55 18.63 18.34 18.1% 18.9
Bilito 19.03 19.32 19.24 19.32 19.22 18.66 16.82 .227| 18.07 17.55 16.67 19.31 18.31
Sodo (Wadu) 20.03 20.48 21.6 20.26 18.31] 17.59 416|5 16.39 17.52 18.35 18.65 19 18.7
Worancha 18.15 18.8 195 18.85 18.85 18.39 175 7 1. 17.85 17.75 17.15 17 18.12
Areka 20.74 21.4 21.37 20.56 22.02 21.3 17.88 818.219.24 19.56 19.93 20.32 20.22
Bilate 23.97 24.48 24.35 23.79 19.68 18.98 21.07 142 | 22.45 22.39 19.36 22.89 22.1
Boditi School 18.86 19.66 19.73 19.07 18.47 17.26 16.29 16.5 17.51 17.94 18.23 18.4 18.1
Hossana 16.9 17.78 17.78 17.58 16.98 16.11 15{385.581| 15.96 16.48 16.82 16.4 16.65
Indibir 18.79 19.45 19.53 19.5 19.11 18.61 18.15 7.73 | 18.16 18.17 18.77 18.9 18.74
study Area 19.4 20.13 20.27 19.8 19.21 18.63 17.1317.84 18.47 18.61 18.36 18.97 18.91

dreMonthly Relative Humidity (%)

Stations Jan Feb. Mar. Apr. May June Jul. Aug. Sept. Oct. Nov. Dec. Annual
Bilate 50.4 52.8 60.5 69.4 71.3 72.4 73.9 70/6 71 67 57]1 51.8 63.9
Hossana 70.2 62.2 67.9 716 75.7 82.9 86 86y 841 77.07 269 675 75.1
Wolyita Sodo 57.7 53.29 61.37 7155 78.29 80.13 84.02 81|86 1785 71.01 57.75 |  54.95 69.2
Mean 59.43 56.1 63.26 70.85 75.1 7849 8117 7972 77.7871.69 61.35 | 58.08 69.4

Mestonthly Wind Speed (U) 2m above ground level (m/s)

T

Stations Jan Feb. Mar. Apr. May June Jul. Aug. Sept. Oct. Nov. Dec. Annual
Wolyita Sodo 24 2.34 2.03 171 1.47 1.42 132 137 | 137 171 2,61 2.62 1.86
Bilate

1.5 1.7 1.4 1.2 1.3 1.3 1.1 1 0.9 0.8 0.9 1.4 1.2
Hossansa 16 1.7 1.6 17 14 15 1.6 14 1 17 18 1.8 15
Mean

1.83 1.91 1.68 1.54 1.39 1.41 1.34 1.26 1.09 1.4 771.| 197 1.55

Mean MonthBunshine Hour (hour/day)

Stations Jan Feb. Mar. Apr. May June Jul. Aug. Sept. Oct. Nov. Dec. Annual
Hossana 8.4 8.1 8 7 7.4 5.7 3.9 4.1 5.8 8.5 9.5 9.4 7.2
Bilate 7.8 8.4 7.8 6.4 7.6 6.1 4.8 5.4 6.3 7 8.8 8.5 7.1
Mean 8.1 8.2 7.9 6.7 7.5 5.9 4.4 4.7 6.1 7.7 9.2 9] 7.2
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2.4 Land use/ Land Cover

For Land use/ land cover highly control the runarfid evaotranspiration, identification and
interpretation of land use pattern of the area, wapared based on satellite images and
various land use/ land cover classes delineatdddes, cultivated land, bare land, grass land,
plantation, shrub land, riparian plantation, woadd, exposed surface, marshy land and water
body (Figure 3.12) because of high population dgnsi the area most part is covered by

cultivation land.

2.5 Soll

Soil properties influence the relationship betweenoff and infiltration rates which in turn
control the degree of permeability, the principattbr in hydrogeology that determines the
groundwater potential

Soil is a good indicator of the influence of salrent material and the spatial variability in the
degree of weathering, the secondary porosity ofl hack which governs the permeability of
the rocks. It is formed on account of the climagiRysiographic, geology and other factors
responsible for soil formation and development. Sehaoils associated with lacustrine
sediments, river alluvium and pumice are weaklyeligyed and unconsolidated which are
high permeable and likely to generate little swefagnoff (Ayenew, 1998). Unconsolidated
sediments are common below the rift shoulder sl@mekat the foot of volcanic mountains.
Many areas bordering the rift bear well — developeils overlying weathered ignimbrite and
pumice.

Based on FAO textural soil classification (FAO 1pand the Land use/land cover practice of
the area, the soil of the basin is reclassified fatur classes (see Figure 3.13).

Class —1(clayey- sqil It covers the highland and escarpment of thie Tihe area classified
under this class is extensively cultivated and maigd¢y deep rooted crops such as corn and
cereals are grown. It has a well developed soffilprexcept in a few areas of the rift, floor
and in hill slopes and volcanic ridges where thecaver is typically thin.
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Class — 2(Fine sandy loam)he floor of the rift is covered with this clasgil. It is conquered
by fine sandy loam soil with moderately deep roateaps dominantly corn. As compared to
class — 1 it is not extensively cultivated. The theang product of volcanic ash and
pyroclastic deposits is also the major source isf¢lass soil.

Class — 3(clay loam soiltexturally these soils are the same as claydy lsai the degree of
cultivation and vegetation practice differ. Due ttee presence of wood the degree of

cultivation is less than that of class one.

Class — 4(silt loam) These are predominantly silt loam texture seisch have fine — grained

unconsolidated parent materials and have thin gakfmaterial and alluvial deposits. Their
topographic position and low coherence of matrixtanials make these soils sensitive to
erosion. Bare land and gulley are common with ihi®herence behavior of the soil. In this

part of the area deep rooted crops such as pogasd and shrubs are commonly grown.

2.6 Geology of the study area

Groundwater inevitably occurs in geological forroas that require knowledge of how these
earth materials formed and the changes they hame gwunderstanding the distribution of

geologic materials (Fitter, 1994).

The general stratigraphy of the Bilate basin whigs been investigated by the Ethiopian
Geological survey and verified in the field andeide images comprises volcanic and

sedimentary units. The stratigraphic summary froendldest to the youngest are as follows:-

A.Pre-rift basaltic succession (Qwppthey are with minor sialic members (Jima volcanic
Tertiary volcanic) and well exposed on the platead escarpments adjoining the Bilate River
Valley which rests unconformable on the Precambbasement. The basalt flows form an
unbroken succession and several hundred meteksithsome places.
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They are intensely jointed, hydrothermally alteegdi spheroidally weathered basalt outcrop
in the western escarps of the Lake Abaya grabemgeleha et.al, 1996). Tertiary volcanic

succession has been down faulted into rift floorcliin part is covered by the rift valley lakes

like Lake Abaya.

B.Nazareth-Group (Nn)The name Nazareth Series was given to a thickesgan of welded
ignimbrites with flamme, pumice, ash and rhyolitaMs and domes with rare intercalations of
basalt flows which occur in the MER, rift marginsdaadjacent plateaus (Meyer et al.1978 as
cited Mangesha et.al., 1996). In composition thanprites are sub-alkaline rhyolites and
trachytes with rare peralkaline varieties. The Megth formation widely covered the northern
and some part of western part of the study area

C.Chewkare Ignimbrite It is exposed at the west Abaya fault, which fermwestern

escarpment and group of hot spring emerging frabtse of the scarp.

The chewkare ignimbrites are brownish and grayigdem, crystal rich ignimbrites locally
showing cooling joints. On the road to Abaya pléinota descending the fault scarp the

ignimbrites are overlain by the lacustrine sedimewhich is intervened by quaternary basalts.

The ignimbrites of NW Abaya fault is vertically jaed laterally fissured and fractured with
thermal manifestations along the weak zones. Maeex@athering has changed the original

grey color of the rock to brownish grey color.

D.Dino Formation (Qdi, Qdp, Qws and NQs$)hese units are coarse unwelded pumiceous
pyroclastics mainly of light tuff and ignimbrite tmuopped in most part of sheshogo and Aleba
woredas to the southwest, west and north of theedar The ignimbrite outcropped along the
River bed of Bilate and Bishangurach near Alabantmentains coarse quartz grains with

joints displayed categorized under this formatisee(Picture below).
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Figure 2-4 Dino formations with joirdewnstream Dato ridge to east of Shone town
E. Quaternary ignimbrites (Qwi): this formation comprises of Quaternary bimodal
transitional basalt/peralkaline felsic volcanic gwots of Wonji Group. The volcanic products
of Wonji Group (including those from axial volcantentres) are intimately associated with
lacustrine sediments related to ancestral lakeshénrift floor (in the fluvial periods of
Pleistocene). The mappable out crop is observedhhessana town. Also In the river valleys
forming tributary to the Hamesa River (in the viggof Humbo town), this ignimbrite is

exposed.

F. pumaceous pyroclasts (Qwpulhey are grey and yellowish colored and poorlytesbr

consisting of accidental fragments of rhyolite dmakalts. These pumaceous pyroclastics
belong to the explosive episodes of the older ikigololcanic centers. It has extensive
outcrop at the Western, North Eastern and Eastenkd of Dugna-Fango complex. They are

generally fresh, grey and yellowish in color.
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G. Abaya rhyolites (Qwa This unit mainly characteristics the surroundingagpment near
Wolyita Sodo town. They are composed of ash andigrideposits. Trachytic lava flows from the
shield volcanic centers of Danota, are exposedsra@tdight greenish gray, porphyritic trachyte

which show cooling joints and more weathering rikarflanks of the shield.

H. Lower quaternary (Tena Bilate) Basalts (Qwiihe NNE trending fault along the axis of the
rift floor has been a conduit for basaltic erupsomith lines of scoria cones making fault traces.
They are interstratified with the earlier successud lake sediments. They are exposed over a
broad area between lake Abaya and Dugna-Fangaalhakbng Bilate river bed and banks (hence
the name Tena Bilate Basalts) with adjoining ridiof being covered by the overlying, intensely

denuded lacustrine sediments.

I. Recent BasaltThe younger episodes of basaltic eruption out@png an axial zone of more

recent volcano-tectonic activity of NW Abaya hydretmal field.

J. Recent Rhyo-Obsidian Flows (Qwd)hey form a composite volcanic cone at Mount &alu
and Duguna. It outcrop on top mount Korke ovedyguartz, the Salwa —Dore-Hako rhyolitic
center has produced very recent obsidian andgtdok flows probably representing the youngest

rhyolitic activity in the area.

K. Volcanical Lacustrine —Sediments (QMainly cover the floor of the depression. Mosttloé
volcanic origin: tuff, pumice, ash, with small anmési of diatomite. They are essentially lacustrine
sediments of mainly volcanic origin and were ralate the existence of large lakes during
Pleistocene times (Mohr, 1967). They are generglowish-gray colored, horizontally bedded

and poorly sorted with fragments of rhyolite, olesidand basalt in a matrix of ash and silty clay.

L. Alluvium and Fluvial deposits (Qa}he lower course of Bilate River covered with falv
deposits along its gentler slope. There are alsgstaine deltas on the northern part of Lake Abaya
which are a few kilometers wide. Colluvial and oash debris is found widespread in the area
particularly along the foothills of the major fasitarps. Recent deposits in the area include soils
and alluvial sand deposits. The soils are mairgydeeal weathering deposits, whose composition is
controlled more by the physical condition of forioats than by the type of rock form which they
were derived. On the older basaltic area dark brostton soil is common while the soil outcrop

of the ignimbrites is red lateritic.
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Figure 2-5 alluvial plain of Bilate RiverareAbaya Lake
2.7 Geological Structural set up/Lineaments

Because, the main geologic structures charactgrinirthe area to be fractures, resulting from
the MER system. Being within the Main EthiopiarftRthe structural features associated are
faults. All of the faults in the basin are normalits .The orientation and the type of faults in
the study area is typical of the Main Ethiopiant Rifstem.

The floor of the basin is also dissected by norfaalts having a NNE-SSW orientation. For
example the immediate southern boundary of thenb#s¢ Abaya Lake, is also controlled by
fault lines having the same orientation to NNE-SSW.

The faults in the escarpment areas which comptiseslder undifferentiated rocks of Nazret
Group and Dino Formation down faulted towards fiftefloor resulted in the development of
Boyo plain which is graben.

High density of the faults is observed near NortlestVof Lake Abaya and northern
escarpment (figure 3.16). To the eastern escarmmin@ density decreases significantly
indicating that the pre-existing fault systems ewgered by the silic volicanics that persisted
in Holocene time (AG consult, 2004).
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2.8 Hydrogeology

The study area is covered by volcanic rocks, wihiate extremely variable hydrogeological
characteristics because of difference in their nalogy, texture, and structure. As a result
their water bearing capacity varies accordinglye Tirculation and storage capacity of these
rocks depend on the nature of porosity and perrigabf the aquifer. Though porosity may
be high, permeability is largely a function of parg and secondary structures in the rock
mass (Ayenew T. and Alemayhu T.2001).

To understand the hydrogeology of the study atea]ithologic characteristics of geological
units, their mode of occurrence, the depth of gdowater table and the flow direction of the
ground water, distribution and magnitude of sprimgscharges ,distribution and fracture

setting of the it contains well determined

In general Groundwater leaves the study area agsyfem through pumpage from wells,
springs, evapotranspiration, and outflow from thiejgrt area to Lake Abaya, even if the

groundwater-Lake interaction still require detaiteéstigations.

Many springs in the area discharge ground watey the land surface from the mainly along
the fault and fracture zones of the area at higharations within the low lands and/or graven.
These have mostly high rates in the escarpmentsranstl are scattered along fault scarps in

the west and north of the area.

The shallow groundwater discharge is featured bgedhsprings on the slopes and at the foot of

the adjacent escarpments as well as hand dug wells.

The other way of groundwater abstraction in the asefrom the existing deep boreholes. As
inventory data indicates, there are many borehalestracting groundwater for the use of the
domestic purposes. In the upper Bilate, the wesdacthnorthern part of the area is recharging
zone and the central and southern part is discharge while the area just southeast of Boyo
plain is categorized under deep groundwater zometduhe damming effect of Ambericho
fault (Legesse S. 2009).
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3. Preparation of Thematic maps using GIS and Remot
sensing techniques

3.1 General

The groundwater evaluation in the study area irslthematic map generation and their
integration through GIS.

Thematic maps were prepared in the scale 1:700@B0a spatial resolution of 30 meter pixel
size from satellite imagery, topographical, andlggical mapping and other hydrogeological
field data.

The maps were developed in a GIS environment usigigt input parameterthat indicate

groundwater potential as shown in the next section.

3.2 Groundwater movement and occurrence controlling input
parameters in the study area

Groundwater potential zonation means identifyind amapping the prospective ground water

zones in an area by qualitative assessment ofaiieadling and indicative parameters.

The main factors responsible for groundwater resodevelopment are rain fall/precipitation,
geology/Lithology, geomorphology/land form, landeliand cover, drainage, slope, soil,
lineaments etc.

Thematic maps for each parameter prepared as fallow

3.2.1 Hydrometeorology

3.2.1.1 Precipitation

Precipitation and evaporation are the two fundaaigrtiases in the hydrological cycle which

involves processes in the atmosphere and at thi€eaurface/atmosphere interface.

Precipitation is the primary input of the hydrologycle (Warren V, Jr. and Gary L. 20003).1t
plays an important role in the hydrologic cycle @icontrols groundwater potential.
Knowing the nature and characteristics of precijpita we can conceptualize and predict its
effects in runoff, infiltration, evapotranspiratioand water yield. Therefore, for hydrologic

analyses it is important to know the areal
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distribution of precipitation. Several areal ppetEtion estimation techniques are currently
used for averaging precipitation depths collectédg@und stations. The isohyetal and
Thiessen polygon techniques are conventional teciesi that are usually applied to estimate
the areal precipitation .Since rainfall is not dyedtistributed over the area of study due to the
topographic variability of the catchment areas, alidrnating dry and rainy seasons (Stefan,
T., and Gerd, F., 2004), the isohyetal polygon népes was applied to estimate the areal
precipitation over the entire basin.
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Figure 3-1 Isohytal rainfall map of thady area
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Precipitation forms the principal source of diremtharge which occurs in areas with a surplus
of rain fall over evapotranspiration (Ayenew, 1998)d it can be governed by the rainfall

distribution, topography, land use /land cover| aod geology etc.
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Figure 3-2 Reclassified Rainfall map of thedstarea
3.2.1.2 Recharge and Discharge

Ground water recharge can be defined as precinitditiat infiltrates into soil to saturated zone
to a depth below the root zoned of surface vegetatvhere it cannot be removed by
evaporation and becomes ground water. Ground watdrarge area is the land area that

encompasses this process.
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Thus, in groundwater potential evaluation, quardiion of groundwater recharge is very
important to know the areal distribution of it. Theare different models to estimate recharge
in a given area depending on actual areal conditim this case two methods: Base flow
records and water balance approach was used.

Recharge map developed based on annual rechargsadbr gauging stations and the final
below Bilate tena (Dimutu) area recharge amountciwtwas determined on water balance

recharge estimation and distributed according ¢a apoverage above gauging stations

In general, groundwater in the region is rechatgggrecipitation on the mountains and mostly
through bedrock beneath these mountains may atsveedirect recharge, which feeds the

valley fill sediments and alluvial deposits maialgng fault/fracture zones graven.

Water balance can be determined by calculatingirtpat, output, and storage changes of
water at the Earth's surface. The main input olewat from precipitation and output is from
evapotranspiration.

In water balance studies , it is usually assumadl ttie catchment is water tight and that no
subsurface movement of water across the definedrwshed is occurring and the evaluation of
change in storage depends on the time period okehvwthe water balance is being made on
annual basis , the time at which the balance ecefl is chosen so that the water stored in the
ground and in surface storage is approximatelystrae each year and thus in the equation
change in storag S = 0 (Shaw,1982).
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Table 3.1Potential Evapotranspiration Calculated using Pen@@mbination method

Parameter Description
The available Heat, calculated from incoming) (R outgoing (R) radiation determined from sunshine records, teatpee and humidity using the formula:
n
H, =R (- r)- R ; R (1- r)= 075R, f, N
R,— Solar radiation (fixed by latitude and seasoniarmbnstant for a given latitude and season, nbtafrom standard meteorological tables);
r the reflective coefficient for incident radiation albedo of the vegetation covers of the catchriet depends on the nature of the surface.
Hr n n n
- f, N takes several forms based on latitude and forstbdy area latitudes south of 54%¢ is taken asf, N = 016+ OBZN (Shaw, 1988) n-
monthly mean sunshine hrs (from Meteorological rdj;d\ — Daylight factor (Fixed by latitude andasen and is constant for a given latitude andosgas
- Ry = ST4(O.47- 0.075/¢, )(O.’I.7+ 083n/N); T*-the theoretical blackbody radiation at the terapee of the air (T in Kelvin scale) ;
(Stefan —Boltzmann constant) = 5.67 2Mm?k*, e, — the saturated mean vapor pressure at dew peitgimercury), = e, (RH/100)
e,— the saturated vapor pressure at air temperai)yelRH— Relative Humidity in % - obtained from metelogical record
The Energy for evaporation based on the air hugnatid air temperature, the subscipsignifies inclusion of transpiration effects.
Eat
E, =0351+—% (ea - € ); er-ey is saturation deficit, L~ Mean wind speed (miles/day) at 2m above theasarffrom Meteorological record)
100
The slope of the curve of saturated vapor pressga@st temperature corresponding to the air testpe (g at T, against T). = (e-€)/(T,-Ty)
g The reflective coefficient for incident radiatioosthe Albedo of the basin that depends on thereaifithe surface. The dominant land cover of thdysarea ar¢
mature forest, bushes and shrubs, grasses andatedticrops; and therefore albedo of 0.24 is té&ethe catchment.
Month TempCc & RH € U, T n N n/N Ra fa RI(1-r) T Ro Hr Eat / PET PET
(mm/ (%) (mm/d) | (mile/d) | (Kelvin) (hr/d) | (hr/d) (mm/d) | (n/N) (mm/d) (mm/d) | (mm/ (mm/d) (mm/ | (mm/mont
d) d) d) h)
January 19.4 16.74 59.4p  9.97 98.2f 291.85 8.1 111.60.7 12.8 0.59 16.55 14.75| 289 | 2.80 4.72 242 3.36 100.90
February 2013 | 17.81 56.1p 10.08  102.%6 293.12 g.311.8 0.7 13.9 0.60 16.62 14.9 291 3.30 5.56 2/56.94 3 118.07
March 20.27 | 18.08] 63.30 11.44 90.21 293.42 709 12 660 148 0.57 16.64 14.9 258 373 4.47 260 3[92 17.62
April 19.8 16.25| 70.90] 1151 82.69 292.54 6.7 12[30.54 15.2 0.5 16.59 14.81 220 345 3.81 2la6 3]3399.85
May 1921 | 16.08) 75.1q 12.13 74.64 292.15 75 26 600 15 0.53 16.57 14.66 230 3.65 2.46 29  3[33 9199
Jun 18.62 | 16.15 7850  12.62 75.71 291.62 5/9 1.7 46 4 148 0.45 16.53 14.54 1.8f 3.0 2.1 218 2[8083.90
July 17.73 | 16.08] 812 12.31 71.96 290.85 a4 2.60.35 14.9 0.38 16.49 14.38 15f  2.64 1.72 2]13 2(3470.34
August 17.84 | 15.16] 79.70  12.56 67.66 290.98 4l8 41k 0.39 15 0.4 16.50 14.35 1.66 2.84 1.8] 214 2|54 76.07
Sept 18.47 | 1579 77.8 = 12.4 58.53 291.39 6[1 191504 148 0.47 16.52 14.55 200 325 1.91 213 2[8485.18
Oct 18.61 | 1624 717 11.64 75.14 291.5p 78 118 660 14.2 0.57 16.53 14.61 254 382 2.83 218 3[30 9.09
Nov 18.36 | 16.12] 614 9.89 95.05 291.28 9.p 116 90[7 13.1 0.65 16.52 14.65 3.2 3.20 4.25 23 354 6.1
Dec 18.97 | 16.46] 58.1d 9.56 105.7B 291.98 91 115794 125 0.65 16.56 14.68 326 284 4.97 2j16  3[51105.44
Annual PET (mm/year) of the study area 1162.48
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After substituting relevant values in the below &tpn variables obtained from table 2.2 and
annex 3), resulted, Ea= 035 0.5+1u—02o (ea - ed)

Ea= 333mm/ yr
From Penman formula for open water evaporatiogns E/ H+E)/ / +1
Substituting 2.32mm/yr for/ , 3.19 mm/yr for H and 3.33mm/yr for,gives the kvalue
equal to 2.93 mm/yr. Also runoff Ro was averagednfiRiver flow data which is 60.07mm/yr.
Based on the assumptions recharge was estimatedg wsiter balance equation representing
the catchment: Inflow = Out flowt DS where,DS is change in storage
P = AET + E+ RO + DG + W, which is the general water balance equatidmel, P is
Precipitation, Eis Open water evaporation, RO is runo®G is groundwater recharge and W
is abstraction by groundwater pumping.
The general water balance equation set for thdwosnt in annual bases is as follows:
P = AET + B + RO +DG, where the system is under natural condition
From the annex 2 and figure 3B,is 1145.82mm, AET is 966.31mm, i 2.93 mm, RO is

60.07mm and substituting all these parameters enatiove equation givedG s equal to

+116.51mm.

The final result +125.92mm violates the assumptidnich was given for water balance
equation conducted in annual bases that statechtirege in storage should be zero.

This result because, in the rift floor aquifers fimm large rivers and escarpments bounded by
intermountain grabens, the highland recharge mafepmntially move to the rift within large
regional faults. These large open faults play vergortant role in the indirect recharge that
comes from rivers channel losses and adjacent Oimbe léasin (Ayenew, Demlie and Stefan,
2008) and Figure 3.17 confirms these ideas.

Also, the presence of large springs with high y=ldh as Moshoshe(471/s), Sheshera(52l/s),
Kereso(40I/s), Adiyo(12l/s) flow from Gurage higiinds followed by Bonga transverse fault
system which indicates the inter aquifer connettiietween adjacent basin(Sintayehu
L.,2009).
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Extended periods of river base flow measurememsbeaused to estimate catchment area

groundwater recharge (Shirmohammadi et al, 19&ited Ayenew, 1998).

In estimating recharge for a given catchment fraamebflow the assumption is that the base
flow of a river is equal to the total groundwatecharge of the catchment upstream of the
discharge measuring site (Ayenew, 1998).in thi® @as/ loss upstream of the gauging station

is considered to be negligible.

In the present case four gauging stations were tsegstimate recharge over the entire
upstream catchment and the area to downstrearmeofast gauging station recharge estimated
based on the assumption 10-20% of the annual Haofféhe region is recharge for volcanic

aquifers (Ayenew et al, 2008).
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Summary of long-term annual average base flow amnigse runoff for each gauging stations

described in the following figures:
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Figure 3-5 Base flow separation for up to 365 dafyBilate River at Weira
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Direct Base Flow

Days Flow (cfs) | Runoff(cfs) (cfs) Flow (nf/s) | Direct Runoff(nifs) Base Flow (rfs)
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Figure3-6 Base flow separation for up to 365 déyBilkate River at Alaba near Kulito town
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Figure 3-7 Base flow separations for up to 365 ddyBilate River at BilateTena River
Table 3.2Summary of Computed recharge in the study area
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Gauging Runoff
Station Area Drainage (m3s) Recharge Recharge | Recharge
ID | Name enclosed(m) | area(nr) (m%s) (mly) (mm/yr)
0 | Bilatetena 1813000000, 3773960000 3.9 12.71 3.3BBE 0.11 106.21
1 | Abaya 1863000000 5636960000 102.36
2 | Gudar 79160000 79160000 0.32 0.73 9.222E-09 0.29290.82
3 | Weira 455800000 45580000( 2.05 5.36 1.176E-08 7 0.3 370.85
Alaba kulito | 1426000000 1960960000 2.41 8.29 8209 0.13 133.32

The above table summarizes the area distributioediarge in the catchment with runoff in

computed both water balance approach and bases#paration methods.

In the table for Abaya station there is no defirgadiging station set so that recharge was
estimated based on the assumption 10-20% of theahmainfall of the region is recharge for
volcanic aquifers (Ayenew, Demlie and Stefan, 200B)e recharge value for Weira is
370.85mm/yr, which is comparable with the valuaneasted for the southwestern highlands
recharge my reach as high as 400 mm (Ayenew, Deamlce Stefan, 2008). And also the
average direct recharge in the rift floor of thedst area is 113.96 mm/yr or 10% of the mean
rainfall 1155.23mm. This value is good estimatedarlcanic area (Lulu S. and G/Hiwot A.,
2004).

From the figure 3.6 peak base flow curve indicatdatively high recharge and low runoff,

due to damping effect of Boyo graven, the flow date recharge the area.
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Figure 3-8 Recharge map of the study area

3.2.1.3 Groundwater flow direction

The groundwater level of the area was found byragbhg the static water level from surface
ground elevation. Based on this the ground wategl lmap of the area was developed and the

flow direction was indicated.
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The ground water level map of the study area baloaws that the level of groundwater depth

getting vary from place to place with mostly, deejosvards east of Bilate River.

The flow direction indicator arrows show that theund water flows towards Bilate River in
the northern and western parts even from the sndiog Basin Omo-Gibe and towards Shalla

Lake from the northern part of Alaba special woreda

From, the conceptual flow system based on topoggagtting, in general three flow system is
observed, where topographically undulation of taelement creats local and intermitted flow
system in the area and those part with shallowdrstort flow paths known with local flow

system (Fetter, 2001) and where small permant lakédse upland portions of watersheds are

usually discharge areas for local and intermedigsétems (Ayenew, 2008).

So that from this logical point of view, the preserof small permanent Boyo Lake indicates
the local and intermediate flow systems in the et part of the area. The groundwater flow
system around Alaba and Sankura area are domibgtedermediate flow system (Legesse S,
2009). On the other hand, well depth report of lsadst of Alaba Kulito, the groundwater
comes from deep depth, which in turn indicates dgepndwater flow system.
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Figure 3-9 Groundwater flowedition map of the study area

3.2 .2 Slope
Topographic setting relates to the local and regjioglief situation and gives an idea about the

general direction of groundwater flow and its ieihce on groundwater recharge and

discharge.

Steeper the slope, greater will be the runoff amastlesser is the groundwater recharge.
Digital Elevation model (DEM) is derived using coat information from the topographical

map for estimation of slope in degree.
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The identified slope category varies from 0° t8 88gree in the study area and area classified
in to four classes like 0-2° (gentle), 2-7° (modeya7-13° (high), and 13-39° (steep).

Gentle slope (02 indicates the presence of high groundwater patierdnes where as steep
slope (>13) shows the presence of poor groundwater potermiaés as water runs rapidly off
the surface and does not have sufficient time fitirate the surfacgkeeping other parameters

constant
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3. 2.3 Drainage density map

Drainage density indicates rock permeabitibd infiltration capacity, and therefore recharges
capacity. They are reflection of the rate that ypitmtion infiltrated compared to surface
runoff. Where rocks are highly permeabidiltration to groundwater is high, and less water
transported in rivers as surface water; but whieoks have low permeability there is little
infiltration and more surface water runoff. Low drainage densitherefore related to higher

recharge and highegroundwater potentigM. Thangarajan, 2007). The drainage density is high in

the plateau and escarpment and very low in the rift floor (Ayeh6@8)

Drainage density delineated using 3DEM hydoproogssiodule of SRTM data of the study
area after consecutive processes such as ImpatiBRTM data, filled sinks for undefined
values ,created Flow Direction, Created Flow Acclanon, created Stream network,

generated Stream Order and finally converted Sti®@adher to drainage density.

The stream order values were regrouped to produakamage density map that was
reclassified into four categories i.e., 1(high)2 Imedium) , 2-4 (low), and 2-6 (very low )
density (figure). But some anomalies observed endtder due to the effect of Boyo marshy

area.
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Figure 3-11 Stream order map of the area
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Figure 3-12 Reclassified drg@aensity map
3.2.4 Land use/ Land Cover

Land use is an important characteristic of the fupmcess that affects infiltration, erosion,

and evapotranspiration.

The land use/cover map of the area was readilypreeed from Landsat image of the year

2001 by using visual interpretation, supervisedsifecation using ERDAS 9.1 software.
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Classification of land use/cover for analysis waseal based on their character to infiltrate

water in to the ground and to hold water on theugco

various land use/ land cover classes delineatdddas, cultivated land, bare land, grass land,
plantation, shrub land, riparian plantation, woadd, exposed surface, marshy land and water
body (Figure 3.12), because of high population ifgns the area most part is covered by
cultivation land(Sendabo D. 2007).
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Figure 3-13 Land use/ Land cavep of the area
3.2.5. Soil map

Soil properties influence the relationship betweenoff and infiltration rates which in turn
control the degree of permeability, the principattbr in hydrogeology that determines the
groundwater potential.
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Classification of soil types in relation to grourater potential controlling was done based on
FAO soil texture classification (FAO 1997) and thend use/land cover practice of the area,

see figure below.

Figure 3-14Reclassified FAO, 1997 Soil map of the area

3. 2.6. Geomorphology
Geomorphology maps depict landforms relating tougdwater occurrence as welk to

groundwater prospects.
Due to rift effect and different land use condititme study area has complex land form

features, which is manifested by hills, and undotasurfaces.
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Geomorphology units which have been identified delineated from the study area include
hills, valley, flood plain, lake, and mountain; f@aus, and ridge and undulating surfaces. The

distribution and extent of these geomorphic zomewarying from place to place

Figure 3-15 Landscape of the Bilate River Bagith prominent topographical features

3.2.7 Lithology

Groundwater inevitably occurs in geological forroas that require knowledge of how these
earth materials formed and the changes they hame gounderstanding the distribution of

geologic materials of varying hydraulic conductvénd porosity (Fitter, C.W., 1994).
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Higher porosity contributes to higher Groundwaterage and higher permeability contributes

to higher groundwater yields.

In the present study geological map was preparedyuysevious data from different studies,

satellite image interpretation as well as fieldifieation.

The study area comprises of variety of volcanic aoltano-sedimentary rocks that exhibit
different ages and composition of stratigraphicusege categorized based on hydrogeological

point of view (Figure 3.15).

The alluvial sediment is strictly bound to the atrecourses and flood plains. These river channel

deposits are composed of mainly sand and gravekpssig good permeability.

The basalts is exposed in north of Lake Abaya aret scarp ridges is often weathered and
faulted ,following which hot springs emerges shaytihe existence recent volcanic actives in the
area. The basalt in the escarpment area is higbkeh due to the effect of the rift faulting.

Hard highly jointed grey ignimbrite overlies thesh# (Jima volcanic), near Abaya Lake and on
other places exists in a complex mixture of othgoglastic such as tuff, ash and interbedded
with lacustrine deposits along the river beds. §haternary ignimbrite well exposed in the

northern peaks of the area especially in mappatiteround Hosanna town.

Recent acidic volcanic rocks mostly characteristies eastern part of area around Alaba and
Ropi. It is comprises of an enormous accumulatigmo@astic products consists of pumice and
ash and the flows and domes are more massive pamatesidian. Most of mount DugunoFango

and plateau in the northern Alaba woreda, for exenpmade up of a series of superimposed of

flows of pumice and obsidians.

The volcano-sedimentary rocks are pyroclasics &jeftbm a volcanic center or fissure and laid
down in the surrounding lakes and river banks cattipoally variable in sizes ranging from
reworked rounded and surrounded poorly sorted angilar shapes which cause the lower

permeability and tramsmissivity compared to otleelirments.
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The lacustrine sediments are located in topograplaev places, where the rainfall amount is

low, thus recharge comes from high runoff in theagsments.

Figure 3-16 Geological map of the area
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3.2.8 Lineament density

Lineaments are structural lines suchfaslts, which often represent zones of fracturamgl
increased secondary porosity apérmeability, and therefore of enhancgdundwater

occurrence and movement.

In hard rock terrain the storage and movement ofiggdwater is controlled by the secondary
porosity i.e. presence of lineaments and fractureeaments study of the area from remotely
sensed data provides important information on stihse fractures that may control the

movement and storage of the groundwater.

The distribution of the lineaments is observed #ohigh on the escarpment and rift floor
(Figure 3.16). These are normal faults having a MMV orientation. Faults may act either as
pathways for water movement or as flow barriersth&tfoot of some of the fault scarps which
bound the basin there exist springs indicating these faults act as conduits.

The faults in the escarpment areas which comptiseslder undifferentiated rocks of Nazret
Group and Dino Formation down faulted towards ftfidloor resulted in the development of

Boyo plain which is graben.

High density of the faults is observed near Nortlest?Vof Lake Abaya and northern
escarpment .To the eastern escarpments the delesitgases significantly indicating that the
pre-existing fault systems are covered by the sititcanic that persisted in Holocene time
(AG consult, 2004). Those, faults on the floor npagsibly be filled with a weathered glassy

volcanic ash. In such cases the faults could abaasers (Nedaw, 1997).

Most of the lineaments are identified Classifiedoidineament density map in to four
categories, i.e. 0.062 -1.33(high), 0.34 -0.62(meqj 0.12 — 0.34(low), and 0- 0.12 (very
low) in the study area (Figure 3.16)
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Figure 3-17Lineament density map of the area
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4. Results and Discussions

4.1 Data Integration Analysis in GIS Environ ment

To evaluate the different ground water potentiales) essential parameters were considered,
and he maps were prepared for each layidgreses maps were converted to raster data sets
having the same pixel size and different weightagee assigned as per their groundwater
potential controlling capacity within the study ar@nd reclassification of each map was done
based on the weight values produced. Accordinghg value 1 was given for highly
controlling units, 2 for moderately controlling t8)i3 for low controlling units and 4 for poor
controlling reclassified units. Finally the mapsgegrated using GIS software with the purpose
intended to delineate the groundwater potentiasafer the study region.

To account for varying geology (Chernet,1982) alllideposits, volcano —sedimentary rocks,
recent basalts and lacustrine sediments wereraskigighest weightage due to their higher
porosity and impermeability, Ignimbrites of rifoftr, Dino formations of pyroclastic deposits
and Pleistocene basalt were assigned moderate f@uhey mostly well jointed and have
moderate permeability and based on where denseiWdaitjbelt cuts this rock it increases the
degree of jointing of these rocks thereby incregdheir permeability(Figure 3.16)(Chernet,
1982) , low value were assigned for peralkalinedDimrmations less affected by faulting and
fracturing.

Similarly, for hydro-geomorphic units, mountaingjge and plateaus were assigned lowest
values, small valleys and undulating surfaces naidevalue and highest weightage was
assigned to the flood plains. The ridge type stmadthills with low lineament density and
higher drainage density were assigned low values.

For lineament density weightage was assigned ireasing manner for the 0.062 -1.33(high),
0.34 -0.62(medium), 0.12 — 0.34(low), and 0- 0.Xi&ry low) respectively owing to secondary
porosity decreasing accordingly.

The slope degree between 0-2° (high value), 2-Gd@rate value), 7-13° (low value), and 13-
39° (least value) was assigned on account of isarga run off and decreasing infiltration

respectively.
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In the contrary to lineament density, higher drgmalensity value were assigned the lowest
and the lowest drainage density values assignduiesigvalues for decreasing runoff in the
area.

For clayey Soil least value was assigned becausieegbresence of clay-horizons in the area
considerably restricts percolation where as highakte was assigned for fine sandy loam for
their low water holding capacity and high permagabdllow fast percolation(Ayenew, 1998).
Similarly owing to influence the ground water itfdtion and alters the rate of percolation of
precipitation out of land use cover/ land covershdand and riparian vegetation was assigned
highest weightage, degraded forest(exposed sujfaocelsshrub land moderate vales and bare
land the least weightage.

Finally, high precipitation and recharge valuesofagroundwater potential and thus, the
weightage was assigned in increasing order of pitation amount mention in the rain fall
map (Figure 3.1).

All the weighted thematic maps were integrated defined criteria weight using the IDRIS
software and overlay analysis done using ArcGIStwsoke and potential ground water
prospect zones were identified (Figure 4.3).

4.2 Criteria weights and Map Scores

To determine the relative importance or weighteath thematic map with another paired -
comparison matrix was prepared by pair wise corsparbn Satty’s importance scale. These
matrices have the property of consistency knowweassistency ratios (CR). Satty indicates
that the matrices with CR ratings greater thansbduld be re-evaluated. This way it helps to
analyses the matrix to determine the inconsistenayefining the interrelationships. In this
case the consistency value was 0.07 which is aedefffigure 4.1). The weights were
normalized by multiplying with 100 to avoid compigas of computation. These weights were
applied in linear summation equation to obtain diech weight map containing due weights of

all input variables, which was further reclassiftecarrive at groundwater potential map.
The importance matrices and their weights are raead as follows:
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Figure 4-1 Weights of parameters determined using analyticahierarchy principle (AHP) nine
point scales

Table 4.bajred Comparison matrix

Litho | Geom. | Lin Slope| Soil| DrainDen| LULG Rain FaWeight Weight (%)
Litho 1 2 2 5 6 6 7 0.3329 33
Geom. 1/2 1 2 4 5 5 6 0.2458 25
Lin 1/2 1/2 1 1/2 2 2 3 0.1037 10
Slope 1/5 1/4 2 1 2 2 3 0.1031 10
Soil 1/6 1/5 1/2 | 1/2 2 3 4 0.0810 8
Deraind| 1/6 1/5 1/2| 1/2 Yo 1 3 4 0.0638 6
LULC 1/6 1/5 1/2 | 1/2 1/3| 1/3 1 4 0.0460 5
Rain Fa | 1/7 1/6 1/3| 1/3 Ya 1/4 1/4 1 0.0265 3

Consistency ratio 07
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Key

Litho = Lithology Slope = Slope

Geom. = Geomorphology/Land form Soil = Soil

Lin = Lineament density Drain d = Drainage dgns
LULC = Land use/ Land cover Rain Fa = Rainfall

From the table above lithology and geomorphologld hoghest values relative to the other
parameters for the complex spatial and tempordriligion of the volcanic rocks, their
different intricate stratigraphic and structurdht®nships, wide compositional variability, and
different degree of weathering and topographic tposihighly control the groundwater

potential in the area.

In the opposite, however, it is the main sourceecharge; precipitation shows least weightage
because of the extreme variability of daily and thgnprecipitation amounts all over the
catchment area essentially limits the exact assa#sor even prediction of water resource
availability (Stefan and Gerd, 2004) and Figurdsahd 3.2.

After categorization, all the reclassified thematagyers were integrated with one another

through GIS using the weighting overlay analysisoiews.
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Figure 4-2weighted Overlay analysis table to produce Growatdwpotential zone map

The following equation was used for the generabbrthe groundwater potential zone map
(GPZM):

GPZM = 33 * lithology map+25*geomorphology map @*llineament density map + 10*
slope map + 8* soil map+6* drainage density map *+L&nd use/ Land cover map +

3*rainfall map

From the composite layer, the delineation of grausigr prospect zones was made by

grouping the polygons into different prospect zotégh, moderate, low and poor
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4.3 Output/Groundwater potential zoning map

By integration of all the thematic maps, groundwagietential zones were delineated and
classified as: high potential, moderate potenimal, potential and poor potential zones (Figure
4.3). The high potential zones correspond to alluvialngalacustrine sediments, the fracture
valleys, and valley fills, which coincide with th@aw slope and high lineaments density areas.
The low zones mainly comprise structural hills asgarpments which contributes high run-
off. Poor groundwater potential zones are present inntloentain peaks, plateaus and

escarpments with steep cliff, where low fracturecks undifferentiated Dino formation exists

and comprise an area of 54.31 kmz2.

The area having high groundwater potential is attarzed by mountain foots of graven in

Boyo plain in northern part, Ambricho mountain detveam drainage through Dura me town
at Demote Worada and Mirab Badawacho woredas irwestern, at Dendo dame site area
near the foot of mountain Duguno Fango and at itiaity of Lake Anya in the southern part.

It covers an area of 158.04 km2. The eastern poditd some small patches in the northern
and valley escarpment of Bilate River of the stwtga fall under moderate groundwater
potential zone. Moderate groundwater potential gacmver an area of 3175.35km2 .To the
eastern part of the area, through Alaba woredagowndwater potential in high depth has
been observed due to very thick pyroclastic adidaks especially highly permeable pumice
layer that don’t retain water at shallow depths$utply allow percolation of recharging water

to great depth. Low groundwater potential zonescaw area of 2218.82 km2 (see Table 4.2).

NE-SW falut system highly control the permeabibifiythe rocks in the basin apart from other
parameters,in which most of springs, marsh landk drmainage lines following these weak
zones that would favor groundwater flow. But, ilmm&ocases this geological structure serve as
a barrier for groundwater flow result for dry weits the vicinity of productive wells in the

area.
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Figure 4-Froundwater potential map with Woredas in the wtga
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Table 4.2 Area coverage of each Groutewaotential zone

No Groundwater potential zone Area Coverage(knf)
1 High 158.04
2 Moderate 3175.35
3 Low 2218.82
4 Poor 54.31

4.4 Results Validation

It was found that the zonation of groundwater pto#éiy integrated GIS and remote sensing

techniques was in close agreement with the availpbint source inventory data (Figure 4.4)

On the other hand, special cases were observdwiAlicho wirer (the northern escarpment)
where unexpectedly moderate potential pixels eXisis may be happened when the rift faults
in the area have caused variable degrees of depktt on rock formations coming to lateral
contact to different rock types which have highnpeability and as a result the lacustrine
sediments and/or pyroclastic deposits on the lafbrf extended to the escarpment (Chernet,
1982). From my fieldwork experience this is alsafaoned by the presence of relatively high
discharge wells and springs in the area, even thotlng result in the specific escarpment is
still exaggerated. It is because of the fact #flaial deposits in the project area occurs mainly
along the river channels containing clay and silicbarse sand and gravel, have high water
storing and transmitting capacity. This part ofisegugets recharge in addition to precipitation is
supposed to be the confluence part of seasonahsdrand the main Bilate River stream, which is
originating in the surrounding mountains, and seetions of fracture systems give rise to have
locally moderate to high permeability and produttivBut this violates the previous study,
despite the occurrence of permeable rocks andreigfiarge rates in some highlands adjacent
to steep escarpments; the groundwater reservavisile to the fast release of the recharged

water to the rift plains through large open fafRemile et al., 2008).
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The point water sources data with high density lamoavnish color in Figure 4.4 indicates the
shallow wells fitted with hand pumps where shallgrwundwater exists. From my field work

experience in the area they highly concentratdigb groundwater potential zones especially
in the alluvial and lacustrine sediments. On theephand yellowish color symbols show that
deep bore holes with motorized unit. The othersspmengs and hand dug wells. From the
point water sources distribution, in general theugidwater to the west is in shallow depth and

to the east depth of groundwater level increasing.

In the figure, those points in the legend with oedbr are dry wells and in the vicinity of the
dry wells, there are productive wells (legend valuwath discharge) present indicating that
geological structure control in the area as has ldentified in lineament map (Figure 3.16).

No wells are exist in the poor potential zone alsggests good confirmation of the result.

The numbers on the map attributes the dischargeiaimo liter per second. It can be clearly
observed that in the eastern side bore holes foulmv potential zones have less discharge (2
to 4 I/sec.) than boreholes in the moderate zoads (L0 I/sec). These values concide with
aquifer classification in the hydrogeological mafpEthiopia in, which estimated optimum
yield (litre/second) classified as 1.8 -68.4 I/shigh potential, 0.45 — 9.9 I/sec. moderate
potential and 0.045 — 4.5l/sec low potential agsife
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Figure 4--4 Distribution of boreholes and springthwdischarge in groundwater potential zone
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Figure 4-5Hydrogeological map of the study area

The hydrogeological map compiled using geoldgicap, lineament map and water point

source data. Most of the information on the map mastioned in the previous part.
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The aquifer classes are categorized under extersjuéers with fracture permeability of
volcanic rocks such as basalts, ignimbrites, rhyedo trachytes and alluvial and lacustrine

sediments.

In the figure above just to north of Lake Abaya tnexalluvial deposits, boreholes in fractured
recent basalt in the Bilate military camp fallstie moderate zone in spite of they would be
expected to categorize in high potential zone flymrogeological point of view, may be due
to the weathering of basalt with time tends to fbemation of secondary minerals that
subsequently fill up the primary pores within tliek mass that with time water —transmitting

capacity decreases.

The older basalts (Jima volcanic of Pleistoceng, dged to be kindly weathered and have their
secondary openings filled by clay minerals that ehalestroyed their water —transmitting
capacities (Zeka”l, 1995).

4.5 Limitations

The groundwater potential zone of this study wasstrocted with available site specific
hydrologic data, hydrogeologic and physiographitadd the study area and satellite imagery.
The point discharge data would not actually deteenthe exact potential yield of wells may

be due to improper pumping test analysis and ucaleacity pumps used.

Single step in the process of integrating inputpeters may come with uncertainties ranging
from data acquisition to model calibration to résusualization, as far as | am concerned,
currently lack effective methods to handle and camicate these uncertainties step by step

until final results.

The majority of the GIS data sets are currentlyrespnted in vector format, which is
convenient due to strong efficiency but can beidiff to manipulate analytically. The

processes involved in vectorization as well razgion manifests error in a given GIS system.
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5. Conclusion and Recommendation
5.1 Conclusions

The study has resulted the groundwater potentiak zoap for the Bilate River catchment
which identified and delineated in four categonesnely high, moderate, low and poor

Most of the high potential areas represented byvall plains, lacustrine sediments, the
fracture valleys, and valley fills, which coincideith the low slope and high lineaments
density areas and in contrary zones with poor giauater potential lie in the mountain ranges
where undifferentiated peralkaline Dino formatiobsidian and pitch stone exist.

It can be concluded that Integrated GIS and remetsing techniques are very efficient and
useful, time and cost effective tool for the id&a#tion/delineation of groundwater potential

Zones.

Paired Comparison matrix analysis indicates thiapalameters are significant but the most
effective parameters in the area are: litho logggrgorphology, lineament density, drainage
density and slope.

Most of area, around 57% zoned under moderatenfiat@nd the next high coverage of the

area is low potential zone where as only 1% cotregoor potential zone .

5.2 Recommendations

In the light of the findings obtained and conclisiaeached the following recommendations
are forwarded.

The present study was based on logical conditions raasoning, the same method can be
used with appropriate modifications where occureeaied distribution of groundwater is more

complex.

The groundwater potential map along with other thgenmaps forms serve as resource

information database which can be updated from tortene by adding new information.
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For further validation field geophysical investigats on the potential well drilling sites are
recommended.

Detail hydrochemistry analysis study in the areguim®s due attention to determine
hydrodynamic conditions of a basin.

Filed data indicates that water supply in the gtadea highly dependent on groundwater
sources thus groundwater modeling study is recomdegbrto determine the sustainable

exploitations of this resource
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Appendicse

Groundwater Potential Evaluation Based on Integda® S and Remote sensing Techngiues, in Bilate Ratehment,

Annex 1 Arthemetically estimated mean monthly rainfall

Mean Mdnly Rainfall In the study Area

Geo.coordinate
Station Easting | Northing | Duration Jan | Feb | Mar Apr May Jun Jul Aug Sep Oct Nov | Dec | Annual
Bilito 419244 | 793807 1981-1990 18.18 80/58 64.8686.3| 106.03 52.88 64.88 76.28 94.38 6922 4(.363%5. 899.33
HumboTebela 364209 740462 1990 -2009 34.57 31.81.5560133.76| 149.97 122.27 152.38 153|84 95.1 10RAG79| 41.44 1124.68
BilateTena 403593 765578 1973 -2009 32,81 34.52 .0304124.05] 106.24 865 111}]1 10158 8823 93.68523421.16| 928.42
Maykote 385923| 770924 1991 -2009 35/68 46.81 94.8637.66| 222.8] 150.0f 231.66 223/99 115.88 13]1.31.7 |687.56] 1544.§
Worancha 397966 771325 1995-2009 36.46 42.33 7013%.06| 146.61 125.1p 109|3 116.,51 12517 147.84876147.61] 1164.01
Abaya 385923| 728369 1979-1989 19]79 33.26 39.43€.27§ 103.1] 92.97 85.94 67.45 42.97 38.8 28.6 26.9%68.59
Bensa Daye 395023 741091 1998 - 2009 29.12 2R.53.4338116.85 138.58 103.383 95.29 111{23 11155 1555B656| 40.18 1037.2p
Bilate Agri State 384920 730000 1973-2004 29.52.68| 51.26] 97.13 86.6P 82.07 9784 73127 59.89 8uB2.68| 257 743.39
Areka 356419| 781248 1988 -2003 42/19 67.02 1053856.31| 190.4 162.89 217.22 218[/7 186.93 126.23993030.06] 1595.06
Bilate 396852| 746143 1971 -2004 28,52 34.88 49.984.18| 92.46 84.74 99,3 75.89 62[72 7889 32.4433. 766.86
Boditi School 372888| 768077 1976 - 2007 32|09 &7.903.37| 164.33 158.33 125.16 149,69 139.95 10P.8B.92| 43.42 38.06 1196.09
Durame 383915 796617 1978 - 2007 26|54 55.23 9p.446.8| 146.8) 102.683 132.97 155.p4 13239 93.97 202R76| 1143.23
Fonko 386038| 844026 1986 - 2007 31|57 52.08 12pMeR.22| 135.07 124.44 164.05 188.2 152 9§.26 12.1%387 1275.87
Hosana 373677 834025 1978 -2007 32,47 $3.8 104144.84| 136.56 12141 151.25 18138 14546 77.914518.26.4| 1191.6}
Angacha 374532 812196 1987 - 2005 4p.5 59.2 119.11.51 159.8) 133.1 1836 1957 187.5 11p.9 51.7 P29M63.9
Aje 429170 | 806475 1972 - 1991 23.6 422 7.1 86.937.4) 88.5| 131.5 119.f 116{8 62.4 12.3 11 906.4
Shone 384986/ 789446 1978 -2007 58.28 81.71 136.6896.1| 182.96 138.68 184.65 21231 19159 116.56994643.19] 1589.61
Alaba Kulito 399846| 807264 1985 - 2007 35.3 56/218.38| 152.16 120.1Y 89.17 112.y3 135 114.61 77.963722 23.3| 1037.34
Imdiber 382484| 899111 1980 -2007 25/01 27.53 71.989.16] 96.22 167.79 230.23 2145 118/98 71.87 1p.ZB87| 1133.43
Gunchire 371439] 889928 1988 - 2007 29,52 38.14 0695.101.93] 124.78 194.38 258.84 236|62 172.52 7BDY¥.89| 18.11] 1362.86
Wulberg 403587| 857638 1978 -20Q07 30|35 53.82 B0A.833.52| 149.93 154.39 212.32 187/81 163.05 74.55021 12.8| 1289.44
Mean
Precipitation(mm) 31.68| 47.2] 85.6 139.29 137.0122.93] 157.7 156.21 124{4 91.p5 33|82 27.82 PB55.
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Groundwater Potential Evaluation Based on Integda® S and Remote sensing Techngiues, in Bilate Ratehment,

Annex Thornthwaite soil water balance of the area

AET for cultivated land, Moderately deep rooted crgs (corn and cereals) and fine sandy loam

texture,
Water capacity root zone of 150mm
Para Jan Feb Mar Apr May Jun Jul Aug Sep| Oct Nov Dec| Year
mete
r
P 156.2 91.5

31.68 47.21 85.6 139.3 137.07 1229 157.7 1| 124.4 5 33.82| 27.82 1155.23
PET | 100.9] 118.07| 117.62Z 99.8b 99.91 83.80 7034 76.07 85.18.0[9106.12| 105.4 1162.48

0 9 4
P —|-69.22 -70.86) -32.02 3944 37.16 39,03 8731 80.B9.22 -1 -72.30 - -7.25
PET 7.54 77.62
AP -226.7| -297.53 . 0 0 0 0 0 0 - -79.83 - -
WL 330.54 7.54 157.5] 1099.56
Sm 33.11 20.63 16.62 56.06 93.22 132.3 150 150 1502. 1486.51| 52.54| 1083.66
72
Su | -26.27 -12.48 -4.01 3944 37.16 3903 17,75 0 0 -566.21 -| -6.84
7.28 33.97
AET | 51.11 59.69 89.61 99.85 9991 83.9 7034 76.85.18| 98.8/ 90.03| 61.79 966.31
3
SM 49.79 58.38  28.01 D D 0 0 0 0 0.26 16{09 43.6596.18
D
S 0 0 0 0 0 0 69.56 80.14 39.22 0 0 (188.92
TAR 6.04 3.02 1.5 0.7% 0.38 0 69.56 114.96.68| 48.3] 24.17| 12.01 377.37
) 2 4
RO 3 15 0.75 0.38 0.1p 0 34.Y8 5746 4834 24.12.09 6| 188.66
I
D 3 15 0.75 0.3§ 0.19 D 34798 57.46 48[34 24.12.09 6| 188.66
I
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Groundwater Potential Evaluation Based on Integda® S and Remote sensing Techngiues, in Bilate Ratehment,

Mean monthly floof Bilate River @ Bilate Tena (MCM)
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
1970 - - - 2391 - 8.73 77.92495.143 | 110.276 70.529 - - 386.512
1971 2.766 | 2.149]| 3.162 6.585 11.034 115,539 54.0881.803 | 119.884 30.975 22562 5.781 419.B26
1973 3.15 1558 1.3 3.243 17.81p 14.686 32.712 167.3 136.581] 74.411| 16.809 4.462 374.04
1974 2.136 | 1.747| 9.594 5846 8.426 8.277 27.638 4528.| 75.633 | 34.729| 9.279 2.18 243.94
1975 1443 | 1.668| 5.615 17.31 12.7743 14.508 71.078.31¢ | 142.342 51.203] 0.28 0 416.93
1976 0 0 0.281| 0.54 5.186 0.534 7.99¢ 41.048 48.8%.664 10.578 | 2.434] 124.01
1977 8.343 | 13.643 7.942 18.8P6 27.286 42.032 139.0205.324| 247.507 197.616 136.981 19.429 1064.01
1978 3.708 | 5.792] 21.236 10.642 14.453 20.371 97.27%0.168| 262.516 184.012 19.414 10.943 900/53
1979 14.126 42.921 28.43 28.8f4 39.0%54 36.376 46.5502.032| 113.879 72.467 20.239 4.313 5498
1980 2.497 | 3.406| 6.028 17.665 62.461 114.587 47.594 - - - 2.064| 256.3(
1981 1.47 2.031| 79442 74916 21431 13.6p7 40.436.522 | 166.29| 76.775 3.794 1468 518.24
1983 3.026 | 6.335] 29.169 82.116 111.409 116848 285.6206.556] 297.184 191.144 39.213 4.49 1143.11
1984 2563 | 1.634| 1.613 1.688 15.714 18.667 42.57B.559 | 125.948 23.523] 4.948 3.858 341.29
1985 4202 | 1.385| 2.79 42.885 88.767 - - 6.684 | 63.32 - - - 290.08
1986 2.673 | 9.304| 29.114 56.796 104.206 150,77 834.366.254] 374.715 255.203 203.771 18.43 192pH.62
1987 5418 | 2.781] 7.077 41.1%5 55.61 127.815 122|48(B911 | 42.437| 99.286] 36.272 3.582 594.p5
1989 2.195| 24136 6.921 48.546 31.485 20.065 27.45R.671 | 107.609 - - - 311.0f7
1990 - - - - - - - - 44983 | 40.417| 17.598 14.198 117.20
1991 8.145 | 12.637 38.132 16.194 43.732 50.023 84.1560.295 | 49.877| 16.668 18.865 17.648 366.B9
1992 49.857 32.40y 31.457 27.1p5 27.149 50.701 785.1 85.427 | 148.549 148.648 - - 646.48
1998 - - - - 26.175 18.271  296| 122.226| 62.672| 58.771 17.76p 8.183 343[0
1999 6.325 | 4.054| 10.648 7.431 10.742 16.2p6 38.1KWO.738 | 57.404| 122.484 25.221 8.043 346.p1
2000 5.558 | 4.113] 3.774 13,581 35.894 14502 20.958.306 | 35.852| 55.596] 19.702 12.938 262.81
2001 9.325 | 6.804| 23.529 14.155 26.421 26.29 35.988.135 | 47.117| 33.313] 12.776 7.986 276.82
2002 6.982 | 10.012 27.195 18.4p8 14.977 14268 45.yB2.557 | 26.091| 14.282 9.769 14.251 204.p7
2003 17.046 11.96]1 12.63 25.7p4 15.128 19.223 80.6%28.662 | 36.947| - - - 187.96
2004 - - 9.286| 27.112 19.09F 20.365 64.6067.505 | 46.952| 50.191] 9.795 8.002 319.91
2005 9.488 | 7.67 14.307 38.613 67.889 21.4B4 50.834.462 | 50.436| 33.722| 18.216 8.765 385.88
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Groundwater Potential Evaluation Based on Integda® S and Remote sensing Techngiues, in Bilate Ratehment,

Mean monthly flow
(MCM) 7.19 8.76 16.43 | 25.76 | 35.17 |41.32 |61.84 |92.89 |112.66 |80.95 | 30.63 | 7.98 521.58

Annex 3Mean monthly flow of Bilate River at Bilate Tena
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Groundwater Potential Evaluation Based on Integda®S and Remote sensing Techngiues, in Bilate Ratehment,

Annex 4 Water Point Inventory data

Depth SWL Water
No | Woreda Kebele Source Easting(m) | Northing(m) | Elev.m) | (m) (m.a.s.l) | Yield(m/s) | elev(m)
1 Alaba U/Tuga DBH 407942 819799 1985 286.5 2547 5 2 1680.3
2 Alaba Kulufo DBH 407117 822518 1912 220 177.1 4 1734.87
3 Alaba Besheno DBH 414866 824656 1999 300 266.65 .83 1 1732.35
4 Alaba Eleloga DBH 397150 818125 1812 195 139 3 7316
5 Alaba 1st Choroqo DBH 400933 810493 1793 1835 4.18 6 1688.85
6 Alaba Qulito DBH 399055 808866 1772 154 85.1 5.1 1686.9
7 Alaba Qulito DBH 398725 808936 1786 147 81.95 4.1 1704.05
8 Alaba Qulito DBH 398840 807421 1789 144 94 4.1 6516
Alaba town, health
9 Alaba cent DBH 399403 808431 154 5.6
10 Alaba Alaba town, kera DBH 398453 808456 141 4 9 8.3 1678
11 Alaba Alaba town,water off DBH 399542 807414 441 86 7 1692
12 | Alaba Choroko DBH 401016 810693 183.5 104 6 8916
13 Alaba Alem tena DBH 402079 814106 230 3.5
14 | Alaba Kerenso DBH 397653 801799 180 105 8 1665
15 Alaba Elo- luka DBH 398696 817387 195 139 6 06L7
16 Alaba Kulifo shedger DBH 406989 822810 220 7.17 3.5 1712
17 | Alaba Bercho kulifo DBH 408578 826654 270 B32. 1751
18 | Alaba Bonesha kore DBH 403600 828065 236 155.6 4.5 1749
Alem gebeya ,
19 | Alaba bonesha DBH 410022 836292 152 105 1695
20 Alaba Gendela, damboya DBH 393153 816091 193] 27 1 1813
21 Alaba Second mekala,alaha  DBH 405856 803711 2 26 | 196.5 3 1596
22 | Alaba Ashoka DBH 404229 800161 217 158.4 4 0216
23 | Alaba Guba felka DBH 410860 803207 362 268 2 5971
24 Alaba Gutancho DBH 403500 831782 220 177 6.25 1778
25 | Alaba Lower linda DBH 404591 811234 219 167 8 3. 1662
26 Alaba Hamata DBH 404600 811234 220 0.5
27 Alaba Debeso DBH 415328 805148 324 294 3 1599
28 Alaba Yaye shuwako DBH 418721 805131 360 273 8 2 1530
29 | Alaba Upper Linda well#2 | DBH 404282 809022 253 | 192.25 5.2 1610
30 Alaba Besheno DBH 415292 824381 320 267 4.5 7221
31 Alaba Gofessa DBH 414388 809236 328 242.1 4 6221
32 | Alaba Ajo huliko DBH 426056 837671 180 65.5 37.
33 Alaba Bedene DBH 402302 821036 220 124.3 9.8 6921
34 Dalocha Simbita DBH 414417 835857 117 28.8 7.3 1909.6
Upper tuka not true
35 Dalocha data DBH 409800 814100 285 2011.6
36 Dalocha Teffo DBH 418064 812454 317 2p49.
37 Dalocha Ambericho Gimba DBH 396810 847700 150 | 98.75 1966.25
38 Sankura Getem Gurbaye DBH 405258 840627 186 8 12 1815
39 Sankura Bercho Kulfo DBH 408565 826559 270 .a82 1727.4
40 Sankura Gutancho DBH 403494 831512 210 152.12 1779.88
41 Sankura Kore (Bonesha Korg) DBH 403664 827808 236 155 1753
42 Sankura Hergedina Mazoria DBH 403963 823095 0 18 | 110.75 1730.25
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Groundwater Potential Evaluation Based on Integda®S and Remote sensing Techngiues, in Bilate Ratehment,

Annex5 Water Point Inventory da

43 Shashego Alage DBH 399094 827908 119 83 1816
44 Shashego Bonesha Wanchikgta DBH 397867 830788 86 17 1883
45 Shashego Doisha Hule DBH 402651 835554 158 .2118 1850.8
46 Demboya Damboya 01 DBH 383279 810877 300 228.4 1940.6
47 Demboya Hego DBH 382198 808182 284 181.4 2738%
48 Sankura Gumbi Feten DBH 410487 833037 204 5P42. 1742.48
49 Doyo Gena Doyo Gena Town DBH 363355 811819 0 20 | 352 2263.8
50 Lemo Hosaina town DBH 375262 836761 200 132.5 2129.5
51 Lemo Kalisha DBH 375410 831143 189 130.8 9242
52 Lemo Lisana DBH 381012 831847 157 89.21 X6
53 Lemo Fonko DBH 385674 845578 139 74 2176
54 Lemo Fonko SW 386196 845921 149 111 2122
55 Shashego Hirko Fofo SW 384391 820769 57 12.3 1917.7
56 Shashego Hirko Fofo SW 385457 821190 48 4.2 1902.8
57 Shashego Afto Uterancho SwW 388219 823653 54 5 4. 1903.5
Golicho
58 Shashego Boyo(well#4) SW 390701 824093 50 7 1898
59 Shashego Doisha Ambericho SW 396945 840676 46 | 21 1911
60 Shashego Doisha Ambericho SW 396955 841151 46 | 18 1909
61 Shashego Doisha Amberich SW 396864 841786 46 8 1 1929
62 Shashego Doisha town SW 396971 839360 39 10 1915
63 Shashego Doisha town SW 396970 839035 40 11 1907
64 Shashego Doisha Ambericho SW 398048 840493 42 | 14 1909
65 Shashego Beche Gola SW 397275 834657 35 8 05 19
66 Shashego Beche Gola SW 397509 836214 33 9 07 19
67 Demboya Hamancho SW 380496 811701 53 10.8 56.21
68 Demboya Hamancho SW 381496 811675 79 67 2092
1st Angecha &
69 Angecha Ke'lama SW 375034 813821 81 45 2145
70 Angecha Hobicho Miliso SW 375819 819808 51 21 2062
1st Angecha &
71 Angecha Ke'lama SW 376894 819378 75 57 1991
72 Angecha Hobicho Miliso SW 375639 819314 65 49 2041
73 Doyo Gena Wunijela SW 373029 825466 63 19 8821
74 Angecha Bucha SW 377705 814550 70 42 2118
75 | Lemo Bobicho SwW 372170 837610 63 39 2231
76 | Lemo Bobicho SwW 373265 839600 62 33 2276
77 Lemo Ana Limu SW 386220 838319 60 30 2351
78 Lemo Hankgela Senfe SW 386916 846061 56 32.5 2120.5
79 Lemo Kidigisa SW 374864 838210 81 34 2256
80 Lemo Kidigisa SW 374955 841764 58 32 2287
81 Lemo Kidigisa SW 374588 842898 75 52 2295
82 | Lemo Kidigisa SW 374048 843353 62 43 2290
83 Lemo Kidigisa SW 373555 839631 69 34 2272
84 Lemo Lefto Lenka SW 387776 848148 78 52.15 2058.85
85 | Lemo Lembuda Sw 372018 842250 52.2 19 2313
86 Lemo Lembuda SW 370709 841682 63 30 2352
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Annex 6Water Point Inventory data

87 Lemo Lembuda SW 369964 841754 79 59.8 2358.2

88 Lemo Lisana Sena SW 380237 836029 51 22.5 29.31

89 Dulacha Belela SwW 395542 846076 78.5 1

90 Lemo Mento Akebela SW 396229 845563 33 7 4197

91 Lemo Mento Akebela SW 393338 844757 725 2

92 Lemo Mento Akebela SwW 394759 845030 62 40 5319

93 Lemo Sheshe Gimba SW 393674 851433 70 45.8 004.2

94 Lemo Mesena Bako SW 367819 826806 80 60.8 78.20

95 Lemo Tachignaw Ambichg  SW 377016 833345 84 69 2148

96 Lemo Tachignaw Ambichg  SW 377604 829973 74 552. 2082.5

97 Misha Was Gebeta SW 366318 843654 96 62 2400

98 | Lemo Sheshe Gimba SW 390733 850293 70 1.35 998.85

99 | Lemo Denfa SwW 393752 848772 80 58.06 1981.94

100 | Lemo Hongolame SW 374090 838472 51 24.2 2327

101 | Lemo Harbucho SW 377863 843078 63 42.09 8.220

102 | Lemo Guder fofate SW 377908 840303 70 34.24 2269.75

103 | Lemo Dakaye SwW 376000 844016 81 58.8 2286.2

104 | Lemo Belela SW 392282 849451 63 19.19 Ba90.

105 | Lemo Site 2 SwW 393752 848772 87 47.6 2080.4

106 | Lemo Duna SW 393198 847668 72 45.7 1997.3

107 | Misha Santo SwW 368628 844459 2510 80 47.6 1.5 462.2

108 | Misha Moristo SW 369702 850791 2615 70 37.7 15 2577.3

109 | Misha Moristo/Keleda Sw 369899 849837 2581 57 6.63 2 2564.35

110 | Shashego Shemo Boyo SW 388671 831746 40 3 897 1

111 | Shashego Ajacho Boyo SW 390717 833370 45 19 1893

112 | Shashego Biramora Kemo SW 394420 835135 43 16 1907

113 | Shashego Biramora Kemo SW 395080 838470 43 5 14 1910.5

114 | Shashego Doisha Belaye SwW 395080 838486 43 18 1906

115 | Shashego Doisha Belaye SwW 395640 840360 40 4 17 1912.6

116 | Shashego Mololicho SW 384741 825452 7.5 3 9071

117 | Shashego Suta HDW 386645 827094 7 0.95 .0508

118 | Shashego Golocho Boyo HDW 389402 825311 6 1 1899

119 | Shashego Golocho Boyo HDW 389143 825973 6 1 1900

120 | Shashego Urbecha HDW 383047 823021 7 4 1900

121 | Shashego Afto Uterancho HDW 387722 823762 9 5 3 1903.5

122 | Shashego Golocho Boyo HDW 390993 825079 11 5 1895

123 | Shashego Golocho Boyo HDW 391993 824075 11 5 1896
Sheyembe

124 | Shashego Wanchikota HDW 398360 832630 14 12 1887
Sheyembe

125 | Shashego Wanchikota HDW 398731 833527 16 13 1895
Sheyembe

126 | Shashego Wanchikota HDW 398731 833827 16 14 1894

127 | Demboya Geremba HDW 379751 811243 7 5.45 26.88

128 | Kedida Gemila Kerchicho HDW 380878 804315 22 17 2088

129 | Kedida Gemila Durame 08 HDW 380093 803146 24 | 8 2089

130 | Angecha Bondena HDW 372223 809187 18 9 2375
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Annex 7Water Point Inventory data

Angecha
131 Bondena HDW 372310 809436 15.5 13 2367
132 | Angecha Kerekicho HDW 373319 813523 10 5 5222
133 | Angecha Gede Genet HDW 374897 823305 13 9 1252
134 | Angecha Shino Funomura HDW 373156 818544 24 4 1 2165
135 | Angecha Shino Funomura HDW 373271 816411 14 0 1 2168
136 | Angecha Shino Funomura HDW 373478 815926 13 7 2171
137 | Doyo Gena Wunijela HDW 373029 825466 16 8 1992
138 | Doyo Gena Dinika HDW 372753 821990 13.5 7 2171
139 | Doyo Gena Murasa Woiramo HDW 367437 818615 3 2 13 2260
140 | Shashego Mololicho HDW 386013 828572 8 4 9118
141 | Lemo Dubanco HDW 376580 839387 8 4 2320
142 | Shashego Jello Adancho HDW 383037 820444 8 4 1915
143 | Shashego AlageGimbichul DBH(dry| 40008 823627 158 dry
144 | Shashego alageGimbichu2 DBH(4.5) 400009 823627 220 121.5 4.5
Hossana #5 380313 837958 1325 8.8
145 DBH
Lisana 381014 831845 89.21 6
146 DBH
Kalisha 375411 836136 130.8 8.8
147 DBH
148 Bedene Sw 420171 828642 124.3 9.8
Lemo Belela 392282 849451 19.19 1.01
149 SW
L/Hongolam 374090 838472 24.2 0.81
150 SW
Alaba Feleka 410787 802987 267.9 2.2
151 DBH
152 Lemo Duna Sw 393198 847668 457 0.861
Alaba 405856 863711 196.5 3
153 DBH
154 Shurmo DBH 377288 845381 110 5
Lera T/WI/S 379554 854853 26.1 5
155 DBH
Hule Gutancho 405281 831914 118.2 6.25
156 DBH
Bonosha Kore 403664 827808 155.7 4.5
157 DBH
Kidigisa 373907 842115 411 6
158 | Lemo SW
Harbucho 377863 843078 42.08 0.56
159 SW
Bilate Military 8A 396010 746208 1480 89 50 33
160 | caump DBH 1430
Bilate Military 6D 396682 746187 1289 120 39.45 3
161 | caump DBH 1249.55
Bilate Military 3G 397000 747120 1288 105 36.1 45
162 | caump DBH 1251.9
Bilate Military 2F 397254 747404 1291 56 311 3
163 | caump DBH 1259.9
Bilate Military 10J 396709 747013 1292 120 63.83 5
164 | caump DBH 1228.17
Bilate Military 4H 396970 746838 1287 108 41.67
165 | caump DBH 4 1245.33
Bilate Military 7B 396327 746522 1288 118 56.53
166 | caump DBH 5 1231.47
Bilate Military 1l 397113 747744 1303 71
167 | caump DBH 3.5
168 | Dugna Fango Dimtu Hot Sprin 403731 766422
Hote
169 | Dugna Fango Dimtu spring 403731 766422
170 | Dugna Fango Tobacco Monopol Hot Spring 399510 53493
171 | Dugna Fango Tobacco Monopol Hot Spring 399550 533%3
172 | Humbo Chokare Hot spring 379351 733461
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Annex 8Water Point Inventory data

Humbo

173 Chokare Hot Spring| 380409 734555
174 | Humbo Chokare gglr(ijng 382492 732186
175 | Dugna Fango Dimtu HDW 403892 766001
176 | Dugna Fango Fango Bijo HDW 399676 760140
177 | Dugna Fango Fango Bijo HDW 398894 759329
178 | Humbo Abaya gurucho HDW 382735 730116
179 | Humbo Abaya gurucho HDW 382772 729903
180 | Humbo Abaya gurucho SW 382063 730688
181 | Dugna Fango Bilate camp DBH 397117 747746
182 | Dugna Fango Bilate camp DBH 397106 747116
183 | Dugna Fango Bilate camp DBH 396327 746534
184 | Dugna Fango Bilate camp DBH 396710 747017

Swamp
185 | Dugna Fango Chokare area 379351 733461
186 | shashego AlageGimbichu DBH1(dry) 401266 825552 158 dry
187 | Shashego AlageGimbichu DBH 400009 823627 220| 121.5 4.5
188 | Alaba Lendal DBH1(dry) 406258 808275 300(dry) dry
189 | Alaba Andegna Ansha DBH 408839 809169 2807
190 | Boricha Konsore Warke DBH 6,53'51" 3821'39" 032 94.7 4.4
191 | Boricha Konsore Arke DBH 430042 763598 105
192 | Boricha Konsore Arke DBH 429410 762471
193 | Boricha Buko DBH 192 73.44 5
194 | Boricha Konsore Fulassa DBH(dry 426996 764411 300(dry) dry
195 | Boricha Karbo DBH 653000 382319 126 47.5 5
196 | Loke Abaya Desse DBH 424178 742349 141 0.5 5 6.
197 | MisrakBedawacho TikareAnbase DBH 393594 792394 | 1995 208 144.7 3.5 1850.3
198 | MisrakBedawacho Langano DBH 394073 788126 169y 216 6
199 | MisrakBedawacho Lenda DBH 394730 797026 1708 8 19 4.76
200 | MisrakBedawachg *iChefa DBH 392085 797026 223 3.8
201 | MisrakBedawachg Mehal Korga DBH 391020 784849 7481 2.05
202 | MisrakBedawacho Kenchera DBH 385956 790273 195D 216(pp) 2.1
203 | MisrakBedawacho Edo DBH 395463 795334 1749 225 | 219(pp) 3.7
204 | MisrakBedawacho Bentawosenl DBH(dry) 387786 5884 1945 dry
205 | MisrakBedawacho bentawosen2 DBH(6.25) 388614 5313 1900 241 134.2 6.25
206 | MisrakBedawacho 2nd Keranso DBH 399425 799873 180 8
207 | MisrakBedawachg Buligita SW 380634 786789 36 0.3
208 | MisrakBedawachg Buligita SW 381961 786716 52
209 | MisrakBedawachg Buligita SW 381764 787391 36
210 | MisrakBedawachg Buligita SW 381565 787237 90
211 | MisrakBedawachg Buligita SW 382586 788368 45
212 | MisrakBedawacho GereBuligita SW 380306 788159 42
213 | MisrakBedawachg Mehal Jariso SW 379041 788734 25
214 | MisrakBedawachg Mehal Jariso SwW 378371 787874 24
215 | MisrakBedawachg Mehal Jariso SwW 379031 785739 32
216 | MisrakBedawachg Mehal Jariso SwW 376764 788278 58
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217 | MisrakBedawachg Mehal Jariso SW 380069 787867 55

218 | MisrakBedawachg wera Gere SwW 382973 790060 94

219 | MisrakBedawacho wera Gere SwW 381660 790659 60

220 | MisrakBedawachg wera Gere SwW 382506 791771 40

221 | MisrakBedawacho Jarso Kutube SW 379315 789657 26

222 | MisrakBedawacho Jarso Kutube SW 380234 790115 32

223 | MisrakBedawachg Jarso Kutube SW 380214 790977 40

224 | MisrakBedawacho Jarso Kutube SW 378120 791278 45

225 | MisrakBedawachg Jarso Kutube SW 378300 789270 33

226 | MisrakBedawacho Jarso Kutube SW 379757 788731 42

227 | MisrakBedawachg Jarso Kutube SW 379491 790456 43

228 | MisrakBedawacho Jarso Kutube SW 379252 791380 40

229 | MisrakBedawacho Jarso Hadena SW 377564 786493 40

230 | MisrakBedawacho Jarso Hadena SW 375703 786101 26

231 | MisrakBedawacho Ajeba Elala SW 379133 791833 28

232 | MisrakBedawachg Mehal Jariso SwW 379363 788029 33

233 | MisrakBedawacho WeramoBonkoya DBH 397539 778956 48 4.9

234 | MisrakBedawacho Woldiya DBH 394325 786370 181 3.8

235 | MisrakBedawacho Bentwosan DBH 388614 795312 241 134.5 6.41

236 | MisrakBedawachg shone02 DBH 383897 788723 182 5

237 | MisrakBedawacho Shone Mazoira DBH 384779 794200 | 2011 244 6.5

238 | MisrakBedawacho Weyra Lalo DBH 384162 791779 138 15

239 | MisrakBedawacho GereBulgita DBH 381190 789256 101 3.17

240 | MisrakBedawacho Weyra Boshera DBH 382199 793158 235 5

241 | MisrakBedawachg Gegera DBH 398664 796357 214| 169 7

242 | MisrakBedawacho LaloGarbe DBH 384252 787785 45 1

243 | MisrakBedawachg ShoneOl DBH 384319 788244 178 5

244 | MisrakBedawachg Abuka DBH 391860 788696 4

245 | MisrakBedawachg Jerso Hadena DBH 378471 786550 108 2

246 | MisrakBedawacho Ajba Borara DBH 380260 795426 199 3.5

247 | MisrakBedawachg Adilo town(1) DBH 387565 796586 | 249 174.3 6.4

248 | MisrakBedawacho KorgaBashilo DBH 391348 783053 | 1745 248 100.37 6.2 1644.63
249 | Kedida Gemila Bezena Benara DBH 376110 796780 | 9501 206 59.36 10 1890.64
250 | Kedida Gemila Geshgola DBH 386453 796989 1930 36 2 181.4 33 1748.6
251 | Kedida Gemila Jore DBH 381095 797145 2021 296 | 64.76 6.45 1856.25
252 | Kedida Gemila Tezaagera DBH 380757 803110 2097 194 88.4 7 2008.6
253 | Kedida Gemila Holegaba DBH 392567 804863 135 | 64.4 6 -64.4
254 | Kedida Gemila Durame town 01 DBH 377591 799521 | 2024 240 3 2024
255 | Kedida Gemila Abonsa DBH 381286 796728 2014 260 | 159.02 6.67 1854.98
256 | Kedida Gemila Bezena Benara SW 376551 799047 80

257 | Kedida Gemila Bezena Benara SW 376146 798074 61

258 | Kedida Gemila Bezena Benara SW 374439 797989 67

259 | Kedida Gemila Bezena Benara SW 375682 795895 76

260 | Kedida Gemila Bezena Benara SW 375255 798792 60

261 | Kedida Gemila Bezena Benara SW 376146 798074 61
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262 | Kedida Gemila Bezena Benara SW 375949 796876 93

263 | Kedida Gemila Zeto shodora SW 378486 797440 6 3

264 | Kedida Gemila Zeto shodora SW 376769 799938 9 2

265 | Kedida Gemila Zeto shodora SW 376435 800282 9 3

266 | Kedida Gemila Zeto shodora SW 376712 799723 5 4

267 | Kedida Gemila Jore SwW 382027 796902 70

268 | Kedida Gemila Jore SW 381051 798320 87

269 | Kedida Gemila Jore SW 381148 797496 69

270 | Kedida Gemila Jore SW 381052 798184 67

271 | Kedida Gemila Teza Agara SW 380782 803447 87

272 | Kedida Gemila Teza Agara SW 381193 801058 62

273 | Kedida Gemila Teza Agara SW 380675 800579 27

274 | Kedida Gemila Abonsa SW 381255 797016 75

275 | Kedida Gemila Abonsa SwW 381207 797250 75

276 | Kedida Gemila Kerchicho SwW 380782 803447 87

277 | Kedida Gemila Kerchicho SwW 381357 803718 75

278 | Kedida Gemila Kerchicho SwW 381504 803861 60

279 | Kedida Gemila Azedobo Sw 374384 800016 85

280 | Kedida Gemila Azedobo SW 374119 797760 23

281 | Kedida Gemila Azedobo SW 373437 799290 52

282 | Kedida Gemila Azedobo SwW 373979 800309 32

283 | Kedida Gemila Azedobo Sw 374224 799364 58

284 | Kedida Gemila Azedobo SW 373955 798669 58

285 | Kedida Gemila Azedobo SP 374912 800887 46 0.
286 | Damboya Yebu DBH 382467 807036 251 134(dp) 8 5.
287 | Damboya Hego DBH 382300 808390 330 5.2
288 | Damboya Gendela DBH 393248 816298 162 4.16
289 | Damboya Geyota Gerba DBH 382734 809716 223 2.2
290 | Damboya Geyota Gerba DBH(dry 383176 810121 21(By) dry
291 | Damboya Damboya 01 DBH 383373 811086 300 5 4.
292 | Damboya Hamancho SW 379075 811684 93

293 | Damboya Hamancho SW 380524 811854 52

294 | Damboya Hamancho SW 380588 811909 51

295 | Damboya Hamancho SW(dry) 379761 814615 8p(dry dry
296 | Damboya Kotatombola SW 377693 813633 74

297 | Damboya Kotatombola SW 378183 812833 84

298 | Damboya Kotatombola SW 378654 813128 93

299 | Damboya Kotatombola SW 379737 816570 82

300 | Damboya Kotatombola SW 379901 817191 82

301 | Damboya Geyota Ambarcho SW 378541 809842 48

302 | Damboya Geyota Ambarcho SW 378588 809173 57

303 | Damboya Geyota Ambarcho SW 378798 810180 a7

304 | Damboya Geyota Ambarcho SW 378671 809598 42

305 | Damboya Bonga SW 381565 806666 75

306 | Damboya Bonga DBH 381658 806656 260 6
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307 Damboya Kazala SP 384801 810392 2
308 Megere DBH 390455 818850 154 69.5 8.15
309 | Damboya Wondo SP 389913 812661 0.45
310 | Damboya Hego SP 384497 810257 1
311 | Damboya Geyota Gerba SP 383563 813743 5 0.1
312 | Angecha Boldana SW 371130 807684 56

313 | Angecha JebaDodoba SW 372261 816489 58

314 | Angecha JebaDodoba SW 371151 814431 43

315 | Angecha JebaDodoba SW 372300 815712 40

316 | Angecha Kelama SW 377334 820786 48

317 | Angecha Kelama SW 376429 818246 40.6

318 | Angecha Kelama SW 376988 819581 75

319 | Angecha Kelama SW 375127 814029 82

320 | Angecha Hobicho Miliso SW 375732 819521 65

321 | Angecha Hobicho Miliso SW 377751 821246 52.2

322 | Angecha GerbaFanideda SW 370568 807579 29

323 | Angecha Bucha SW 378525 814573 82

324 | Angecha Bucha SW 379278 818279 55 25
325 | Angecha Bucha SW 378986 817908 69.6 2
326 | Angecha Bucha SW 377308 814434 52

327 | Angecha Bucha SW 378877 815464 58 15
328 | Angecha Bucha SW 379070 817634 87

329 | Angecha Gubana Hambricho SW 376890 815537 57

330 | Angecha Gubana Hambrichg SW 376974 815574 70

331 | Angecha Mesena SW 370474 811916 49

332 | Angecha mesena SW 371564 812878 40.6]

333 | Angecha Gede Genet SW 374651 822101 74.9

334 | Angecha Gede Genet SW 375495 824560 52.2

335 | Angecha Gede Genet SW 375928 822518 65

336 | Angecha GedeloGawada SW 369876 813318 37

337 | Angecha Angecha town 01 DBH 374655 813261 176 | 114.8 6

338 | Angecha Adanicho SW 379975 819616 40

339 | Angecha GedeloGawada SP 369227 809856 5 01
340 | Angecha Mesena SP 371389 811380 0.5
341 | MirabBedawacho| Denenma 01 SwW 372572 786931

342 | MirabBedawacho SIBEYA Sw 376506 791344 10 0.5

343 | MirabBedawacho WOBERA sw 374230 790000 80 0.5

344 | MirabBedawacho Wobera W 375075 791106 36 0.29
345 | MirabBedawacho Wobera Sw 375189 790297 42 0.37
346 | MirabBedawacho Wobera Sw 734188 791175 36 0.2

347 | MirabBedawacho Jimezoria SW 377115 789454 0.28
348 | MirabBedawacho Jimezoria Sw 376030 790172 32 0.3

349 | MirabBedawacho J/mezoria Sw 377708 791178 62 0.34
350 | MirabBedawacho Deda SwW 373553 787508 02

351 | MirabBedawacho Deda SW 373145 786946 0.33
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) DANEMA 373770 791107 0.4
352 | MirabBedawacho SW
) Danema 373671 791006 0.33
353 | MirabBedawacho SW
354 . Danema 373637 791019 0.31
MirabBedawacho SW
355 | MirabBedawacho Danema Sw 372476 390930 0.39
) Danema p..A 372576 786935 36
356 | MirabBedawacho SW
357 | MirabBedawacho Yabukuna SwW 378422 785167
358 | MirabBedawacho Wada 0.1 SW 367304 789720 85
) SIBEYA 377533 792770 63.7 32
359 | MirabBedawacho SW
. Denema 01 7922310 373451
360 | MirabBedawacho SW
361 | MirabBedawacho Haworra SwW 787963 361577 87.78 30
362 | MirabBedawacho Elfata SW 796072 374812 77.42 43.28
363 | MirabBedawacho Deda SwW 786209 372671 88.39 43.28
364 | MirabBedawacho Wobera SwW 790396 374812 39 10
365 | MirabBedawacho J/onjojo SW 787461 375601 34.75 11.6
J/Mazoria 789300 375864
366 | Damote Woyde SW
765347 58 15
367 | Damote Woyde Degaga Lenda # 1 SW 385499
386234 84
368 | Damote Woyde . Degaga Lenda #2 SW 766466 15
385763 48.3
369 | Humbo Degaga Lenda # 3 SW 765970 2
366523 52
370 | Humbo Bosa Wancha # 1 SW 749235 4
360257 86
371 | Silte Sochora Osa # 1 SW 747272 15
. . 377124 62
372 | Arekit Bilalo SW 853173
373 | Alicho Abzana 1 SP 404565 876288 0.2
374 | Alicho Abzana 2 SP 403938 875818 0.08
375 | Alicho Adazer Shebel SP 398782 870084 0.2
376 | Alicho Adazr Abecho SP 396392 872666
377 | Alicho Adazr Abecho SP 396490 872948
378 | Alicho Adazr Abecho SP 396978 873520 0.2
379 | Alicho Adazr Abecho SP 387231 873699 0.2
380 | Alicho Adazr Abecho SP 399491 873888
381 | Alicho Adyo SP 410512 892705 8.5
382 | Alicho Adyo SW 412614 893420 85
383 | Alicho Adyo SW 415439 893524
384 | Alicho Adyo SP 416932 893830 0.24
385 | Alicho Edo SP 413607 885208 0.9
386 | Alicho Edo SP 415063 885946 0.1
387 | Alicho Enfigne SP 413936 889327 0.3
388 | Alicho Enfigne SP 414680 889115 0.02
389 | Alicho Ficharie SP 413911 887138 0.01
390 | Alicho Gedrat SP 404365 879600 0.08
391 | Alicho Gedrat SP 404370 879622
392 | Alicho Gedrat SP 413096 884896 0.23
393 | Alicho Gugso SP 416712 897332 0.5
394 | Alicho Gugso SP 415619 896057 0.7
395 | Alicho Gugso SP 416098 896637 0.03
396 | Alicho Kereso SP 416310 891997
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397 | Alicho Ketucha SP 404823 772485 15
398 | Alicho Lemlem 1 SP 403572 870737 0.08
399 | Alicho Lemlem 3 DBH 400527 871244 205
400 | Alicho Shomo SP
401 | Alicho Shomo SP 399797 877333 0.3
402 | Alicho Shomo SP 400116 878092
403 | Alicho Shomo SP 400850 875056
404 | Alicho Shomo SP 401689 879096 0.08
405 | Alicho Shomo SP 401841 879186 0.15
406 | Alicho Tanzhie SP 407286 883579 1.5
407 | Alicho Tanzhie SP 408619 884800 15
Shelemat &
408 | Alicho Kechamo SP 410126 882068 4
409 | Azernet Berbere AMB GIMBA SP 410126 882068 62
410 | Azernet Berbere AMB GIMBA Sw 397083 845948 62
411 | Azernet Berbere AMB GIMBA SW 394760 845028 33
412 | Azernet Berbere AMB GIMBA SW 396231 845566 115
413 | Azernet Berbere ANFAR DBH 396954 847896
414 | Azernet Berbere BILALO SP 380911 860490
415 | Azernet Berbere DEBELA SP 384872 860458 20
416 | Azernet Berbere DUNA SP 378234 850665 20.0
417 | Azernet Berbere JERAMOSENBOYE SP 381765 855095
418 | Azernet Berbere JIRO SP 380787 857805 4 0.0
419 | Azernet Berbere JIRO HDW 383374 852924
420 | Azernet Berbere JIRO HDW 383585 854385
421 | Azernet Berbere JIRO HDW 384107 854058
KECHA
422 | Azernet Berbere | CHUMETA SP 384494 853175 0.64
KECHA
423 | Azernet Berbere | CHUMETA SP 375492 856381
424 | Azernet Berbere MEHALMUGO DBH 376060 855761
425 | Azernet Berbere MEHALMUGO SP 383913 867417 0.05
426 | Azernet Berbere MEHALMUGO SP 383899 866296 0.5
427 | Azernet Berbere MEHALMUGO SP 384603 867659 18 0.22
428 | Azernet Berbere MUGO HDW 384396 867050 30
429 | Azernet Berbere MUGO SwW 388145 866706 30
430 | Azernet Berbere MUGOTERARA SwW 388421 866629
431 | Azernet Berbere MUGOTERARA SP 386575 864700 2.24
432 | Azernet Berbere MUGOTERARA SP 386828 866628 1.14
433 | Azernet Berbere WESTMUGO SP 387134 865523 0.42
434 | Azernet Berbere Dulancho SP 381678 867980 0.7
435 | Azernet Berbere School/Lera SW 393308 847913 0.2
436 | Azernet Berbere |  Shebel DBH 379627 855979 3.3
437 | Azernet Berbere Lera town SW 377942 856306 0.2
438 | Dalocha Berchet SP 413015 871489 0.12
439 | Dalocha Burka SP 414532 863503 16
440 | Dalocha Chanche & Magor SP 402668 856377 2
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Dalocha Bedget

441 | Dalocha 9 DBH 418241 860616 150 3
442 | Dalocha Enkate Agame DBH 417916 849306 90 4
443 | Dalocha Fuce Achray PSS 412044 872036
444 | Dalocha Fuge & Acheraye | DBH 406964 863386 4.16
445 | Dalocha Germama Gale SW 414303 866934 90
446 | Dalocha Gole Chebe DBH 436155 862997 140
447 | Dalocha Hulbarag DBH 402994 855506 70 2.42
448 | Dalocha Hulbarag PSP 403414 855821 0.2
449 | Dalocha Kure Kolessa DBH 411926 869329 177 3
450 | Dalocha Nadugne Lola DBH 415507 853618 150 3
451 | Dalocha Obiso Wacho SW 400558 865973 1
452 | Dalocha Obiso Wacho SW 401079 853126 1
453 | Dalocha Obiso Wacho SW 402593 855078 79
454 | Dalocha Wana Dange DBH 405941 836341
455 | Dalocha Dalocha DBH 408661 826762 6
456 | Sankura Bercho Kulufo DBH 405353 840834
457 | Sankura Getem Gurbade DBH 408148 837902 4
458 | Sankura Getem Gurbe DBH 403591 831718 180
459 | Sankura Gutancho DBH 409718 843082 280
460 | Sankura Gutencho DBH 411822 840735
461 | Sankura Jajabicho lemlem DBH 407573 831161 5 17
462 | Sankura Kemo DBH 403750 828026 177
463 | Sankura Kore DBH 410567 833247 250
464 | Sankura Kulufo Shadger DBH 404057 823306
465 | Sankura Menzo Gumbe DBH 409686 836778 265
466 | Sankura Regdina DBH 610457 773866 130
467 | Sankura Zeko Dololo DBH 610457 773866 150
468 | Sankura DBH 610457 773866 2.66
469 | Sankura DBH 610457 773866 3
470 | Ezha Weyra Ber DBH 408996 891141 142 20.8 5|4

Merab Wada 0.1 SW 367304 789720
471 | Bedawacho

Merab SIBEYA SW 377533 79277(
472 | Bedawacho

Merab Denema 01 SW 7922310 373451
473 | Bedawacho

Merab Haworra SW 787963 361577
474 | Bedawacho

Merab Elfata SW 796072 374812
475 | Bedawacho

Merab Deda SW 786209 37267|L
476 | Bedawacho

Merab Wobera SW 7903964 374812
477 | Bedawacho

Merab J/onjojo SW 787461 37560
478 | Bedawacho

Merab J/Mazoria SW 789300 37586¢4
479 | Bedawacho

Merab SIBEYA HDW 376506 791344 10 0.5
480 | Bedawacho

Merab WOBERA SW 374230 79000 80 0.5
481 | Bedawacho

Merab Wobera SW 375074 791106 36 0.29
482 | Bedawacho
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Merab Wobera Sw 375189 790297 42 0.37
483 | Bedawacho

Merab Wobera Sw 734184 791175 36 0.2
484 | Bedawacho

Merab J/mezoria SW 377114 789454 0.28
485 | Bedawacho

Merab J/mezoria SW 37603 790172 32 0.3
486 | Bedawacho

Merab J/mezoria SW 37770 791178 62 0.34
487 | Bedawacho

Merab Deda SW 373553 787508 0.212
488 | Bedawacho

Merab Deda SW 373145 78694p
489 | Bedawacho

Merab DANEMA Sw 373770 791107 0.27
490 | Bedawacho

Merab Danema SW 373671 791006
491 | Bedawacho

Merab Danema SW 373637 791019 0.2
492 | Bedawacho

Merab Danema SW 372474 390930 0.33
493 | Bedawacho

Merab Danema p..A SW 372576 786935 0.4
494 | Bedawacho

Merab Yabukuna SW 378422 785167 0.33
495 | Bedawacho

Duguna damot
496 | Duguno Fango shinka SW 396250 771096 1992
497 | Duguno Fango Fango damot HDW 407766 765014 1471
498 | Duguno Fango Fango damot HDW 403628 764314 1477
499 | Duguno Fango Fango damot HDW 403450 763577 1466
500 | Duguno Fango Fango damot HDW 403850 765094 1468
501 | Duguno Fango Fango damot HDW 403850 765468 1477
502 | Duguno Fango Fango damot DBH 396972 766432 1858
503 | Duguno Fango Dugna waraga lasho| SP 394018 768181 1774
504 | Duguno Fango Edo boloso DBH 388759 775373 1684 111
505 | Duguno Fango Fango bijo SW 398988 759542 1404
506 | Duguno Fango Fango bijo HDW 399504 758649 1039
507 | Duguno Fango Fango bijo HDW 399774 760348 1415
508 | Duguno Fango Anka SP 389500 765044 1540 2.6
509 | Duguno Fango Dimtu SW 403371 766398 1498 12
510 | Duguno Fango Dimtu SP 403833 766632 1483
511 | Duguno Fango Dimtu SW 403489 776796 1496 15
512 | Duguno Fango Dimtu SW 403426 966286 1495 18.75
513 | Duguno Fango Dimtu SW 403407 766283 1496
514 | Duguno Fango Bilate Eta HDW 400277 758499 1396
515 | Duguno Fango Bilate Eta DBH 402115 759468 1417
516 | Duguno Fango Fango wumno SP 395935 769447 1943
517 | Duguno Fango Fango offa SP 395626 767318 1808 0.5
518 | Duguno Fango Bizate charicho SP 399596 753706 1344
519 | Alaba Adilo town DBH 386918 796877 1715
Alaba town, health

520 | Alaba cent DBH 399403 808431 1786
521 | Alaba Alaba town, kera DBH 398443 808456 1772 419
522 | Alaba Alaba town,water of DBH 399542 8074{14 787 86
523 | Alaba Choroko DBH 401016 810693 17Pp3 104 6
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524 | Alaba Alem tena DBH 40207p 814106 1792 B.5

525 | Alaba Kerenso DBH 3976583 801799 1770 105

526 | Alaba Elo- luka DBH 39869 817387 1845 139 6

527 | Alaba Kulifo shedger DBH 406989 822810 1889 7.17 3.5

528 | Alaba Bercho kulifo DBH 408578 826654 1934 68P.

529 | Alaba Bonesha kore DBH 403600 828065 1905 155.6 4.5
Alem gebeya ,

530 | Alaba bonesha DBH 410022 836292 1800 105

531 | Alaba Gendela, damboya DBH 3931p3 816091 1940 27 |1

532 | Alaba Second mekala,alaha DBH 405856 803711 3179 196.5 3

533 | Alaba Ashoka DBH 404229 800161 1760 15B.4 4

534 | Alaba Guba felka DBH 410860 803207 1865 268 2

535 | Alaba Gutancho DBH 403500 831782 1955 177

536 | Alaba Lower linda DBH 404591 811234 18p9 167 0.5

537 | Alaba Hamata DBH 404600 811234 1823

538 | Alaba Debeso DBH 415228 804986 1893 294

539 | Alaba Yaye shuwako DBH 418721 805131 1890 P73

540 | Alaba Upper Linda well#2 DBH 404282 8090p2 1402 192.3

541 | Alaba Besheno DBH 415292 8243B1 1989 P67

542 | Alaba Gofessa DBH 414388 809236 1865 P43

543 | Alaba Ajo huliko DBH 426056 83767]L 655 1.3

544 | Alaba Bedene DBH 402302 821086 124.3 9.8

545 | Alaba Simbita DBH 414417 835857 28.8 V.3
Upper tuka not true

546 | Alaba data DBH 409800 814100 1960

547 | Alaba Teffo DBH 418064 812454 1836

548 | DamoteGale Ketena 2 HDW 375130 654001 2104

549 | DamoteGale Ketena 2 HDW 3750242 656010 2106

550 | DamoteGale Ketena 3 HDW 3756290 704502 1886 0.75

551 | DamoteGale Ketena 3 HDW 3755953 704170 1861 0.5

552 | DamoteGale Ketena 4 SwW 375647 704853 1887

553 | DamoteGale Ketena 3 HDW 3756035 704358 1869

554 | DamoteGale Ketena 3 HDW 3756641 704361 1881

555 | DamoteGale Ketena 3 HDW 3754938 700834 1877 0.4

556 | DamoteGale Ketena 2 HDW 3754887 700846 1880

557 | DamoteGale Ketena 2 HDW 3754868 700847 1884 0.4

558 | DamoteGale Shamuwa Bilbawe | SSP 37525688 | 658957 1952 0.17

559 | DamoteGale Shibbo SSP 3754010 | 700032 1825 1

560 | DamoteGale Ketena 2 HDW 3755364 702078 1879

561 | DamoteGale Ketena 3 HDW 3755399 702095 1872

562 | DamoteGale Ketena 3 DBH 3755388 702112 1875 1.4

563 | DamoteGale Ketena 4 HDW 3749704 6580308 1997 0.75

564 | DamoteGale Ketena 4 SW 3756870 703865 1871

565 | DamoteGale Ketena 4 SwW 3756547 702181 1865

566 | DamoteGale Ketena 5 DBH 3756950 704459 1882 7

567 | DamoteGale Ketena 2 HDW 3750475 658066 1981 0.15
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568 | DamoteGale DBH 3753863 657752 1907

569 | DamoteGale Huletgana Wacho SP 3754097 6574721 1844 0.375
570 | DamoteGale Billobuwa SP 3752318 7005901 2005

571 | DamoteGale DBH 3756073 700062 1878 0.7
572 | DamoteGale Billbbuwa SP 3757202 700500 1703 5
573 | DamoteGale Woshesha SP 3743405 654609 2280 1
574 | DamoteGale Wanche DBH 3754182 65933 1905 1,25
575 | DamoteGale Gata Kayo SW 3753390 658955 1921 0.5
576 | DamoteGale Ade Shakisho SW 3753665 659402 1908

577 | DamoteGale SwW 3754089 651842 1923

578 | DamoteGale Woch chano SP 3785099 6589582 2005 0.3
579 | DamoteGale Zamoca SP 3754830 659630 1808 0.18
580 | DamoteGale Sasa Naa SP 3752695 656500 1879 0.8
581 | DamoteGale Cheroo Minche SP 3752308 656465 1898 0.3
582 | DamoteGale Washa SP 3750459 656260 2069 0.04
583 | DamoteGale Endale SP 3750940 655227 1988 1
584 | DamoteGale Bolo 2 SP 3751743 656234 1920

585 | DamoteGale Mazoriya HDW 3750596 655959 2096

586 | DamoteGale Bolo SP 3751743 656234 1920

587 | DamoteGale Plultuwa SP 3756332 657304 1740 40
588 | DamoteGale Burguto SP 3758473 706301 1876

589 | DamoteGale Obe jage SP 3747895 658175 1957 2.5
590 | DamoteGale Alatta SP 3746760 658414 2047 0.13
591 | DamoteGale Koyesha SP 3747009 657895 2064 0.27
592 | DamoteGale Grossa shida SP 3745793 658295 1962 0.125
593 | DamoteGale Ganga SP 370122 664374 2065 1
594 | DamoteGale Oge Sade SP 3750112 654664 2650 0,16
595 | DamoteGale Magadiya SP 3747475 656710 2104 0.21
596 | DamoteGale Atta SP 3747141 656578 2230 0.005
597 | DamoteGale HDW 3751490 655138 2006 0.14
598 | DamoteGale Guya SP 3750447 654845 2028 0.08
599 | DamoteGale Guya SP 3700447 654845 2028 0.08
600 | DamoteGale SP 3750834 654834 2038

601 | DamoteGale SP 3750834 | 654834 2038 0.7
602 | DamoteGale Bolla Wancharo SP 3745915 656179 2195 0.33
603 | DamoteGale Tukaya Shafa SP 37403814 | 656150 2001 2.6
604 | DamoteGale Gido konassa SP 3746585 656713 2146 0.33
605 | DamoteGale SP 3744065 | 656324 2229

606 | DamoteGale HDW 3754181 659129 1904

607 | DamoteGale Mocho SP 3754074 659977 1842 0.3
608 | DamoteGale Bilbo SP 3754020 | 600033 1826 1
609 | DamoteGale HDW 3753346 659435 1917 0.5
610 | DamoteGale Yelayagenaw offa SW 3753041 658844 1932

611 | DamoteGale Zagere SP 3748123 658945 1937 0.2
612 | DamoteGale Wafiga SP 37455781 | 658477 1913 4
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613 | DamoteGale Ullulo SP 3745351 653219 1950 0.125
614 | DamoteGale SP 3746018 656019 2002 0.7
615 | DamoteGale Hanselo SP 3748545 657463 1992 1.25
616 | DamoteGale Babelle SP 3749628 657462 1992 1.25
617 | DamoteGale Chunechuge SP 374998 658180 1977 0.5
618 | DamoteGale Hgaza SP 3748574 657453 1997 1.25
619 | DamoteGale Amchena SP 3747933 657178 2114 0.5
620 | DamoteGale Bugge SP 374998 658290 1978 0.33
621 | DamoteGale Woshareshe SP 3749300 655566 2098 1
622 | DamoteGale Godda SP 3749566 | 656631 2031 0.5
623 | DamoteGale Wokkle SP 3748937 6500594 2122 0.12
624 | DamoteGale Uppha SP 3749792 3749792 2009 2
625 | DamoteGale SW 3749129 | 657116 2030 0.4
626 | Damote Fulassa | Santo town HDW 374211 776534 1946 0.20
627 | Damote Fulassa | Santo town HDW 374128 776672 1950 0.20
628 | Damote Fulassa | Santo town SwW 373715 776295 1948 0.2
629 | Damote Fulassa | Santo town HDW 374967 776180 1947 0.2
630 | Damote Fulassa | Santo town HDW 374135 776316 1944 0.3
631 | Damote Fulassa | Santo town HDW 374323 777587 1941 0.03
632 | Damote Fulassa | Santo town HDW 374166 776117 1941 0.2
633 | Damote Fulassa | Santo town HDW 373819 776855 1946 0.2
634 | Damote Fulassa | Adeshanto HDW 374871 778279 1946 0.3
635 | Damote Fulassa | Adeshanto HDW 374007 777914 1943 0.2
636 | Damote Fulassa | Adeshanto HDW 374095 778081 1940 15
637 | Damote Fulassa | Gamekebicho HDW 372024 781665 1920 1.5
638 | Damote Fulassa | Gamekebicho HDW 371833 784200 1909 0.2
639 | Damote Fulassa | Gamekebicho HDW 372053 783494 1904

640 | Damote Fulassa | Lera SW 375364 782810 1925 0.3
641 | Damote Fulassa | Lera HDW 375223 783965 1934 0.5
642 | Damote Fulassa | Lera HDW 375337 784394 1916 0.1
643 | Damote Fulassa | Lera HDW 375422 783979 1919

644 | Damote Fulassa | Lera HDW 375354 783120 1931 1
645 | Damote Fulassa Waribiru SwW 373193 773482 1967

646 | Damote Fulassa Waribiru SwW 371655 773185 1965 0.3
647 | Damote Fulassa Waribiru SwW 373128 772479 1966

648 | Damote Fulassa Waritebalaka SW 575820 774310 1934 3
649 | Damote Fulassa | Tontomementa SwW 373546 782304 1924 0.4
650 | Damote Fulassa | Tontomementa HDW 372006 781159 1985 2
651 | Damote Fulassa | Tontomementa SW 374326 780043 1928 0.2
652 | Damote Fulassa | Tontomementa SW 372026 781152 1906

653 | Damote Fulassa | Tontomementa SwW 374233 781443 1934 0.3
654 | Damote Fulassa | Tontomementa SW 373645 782303 1909 3
655 | Damote Fulassa | Tontomementa SW 373491 784816 1916 3
656 | Damote Fulassa | Tontomementa SwW 374332 782434 1923 2
657 | Damote Fulassa | Tontomementa SwW 372683 781791 1901 3
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658 | Damote Fulassa | Tontomementa SW 373692 780483 1920

659 | Damote Fulassa Golo shanfo SW 372587 775961 1944 0.5
660 | Damote Fulassa Golo shanfo HDW 373159 776660 1944 0.1
661 | Damote Fulassa Golo shanfo SwW 373503 774882 1951 0.3
662 | Damote Fulassa Golo shanfo HDW 373877 775206 1954 1
663 | Damote Fulassa | Ollola HDW 367308 774285 1935 0.3
664 | Damote Fulassa | Ollola HDW 367686 773805 1936 0.5
665 | Damote Fulassa | Zamine Welisho SW 372323 770566 1945 4
666 | Damote Fulassa | Zamine Welisho SW 372088 778161 1925

667 | Damote Fulassa | Zamine Welisho HDW 372227 777566 1925 1
668 | Damote Fulassa | Zamine Welisho SP 372801 778388 1934 0.2
669 | Damote Fulassa | Zamine Welisho SP 372300 779498 1910 0.3
670 | Damote Fulassa | Zamine Welisho SP 370595 778376 1900

671 | Damote Fulassa | Lamarada SwW 381025 783006 1860 3
672 | Damote Fulassa | Lamarada HDW 379865 781401 1888 1
673 | Damote Fulassa | Lamarada HDW 379874 781406 1891 1
674 | Damote Fulassa | Lamarada HDW 377253 782275 1912 0.32
675 | Damote Fulassa | Hilenakorke HDW 375640 780082 1956 1
676 | Damote Fulassa | Hilenakorke HDW 375815 784033 1934 0.2
677 | Damote Fulassa | Hilenakorke HDW 375542 781080 1950 0.5
678 | Damote Fulassa | Siyara mahe SW 374015 773060 1962 1
679 | Damote Fulassa | Siyara mahe SW 374659 775438 1959 3
680 | Damote Fulassa | Siyara mahe SW 373855 772637 1952 0.02
681 | Damote Fulassa | Siyara mahe HDW 374080 774944 1930 2
682 | Damote Fulassa | Siyara mahe SW 374053 774219 1963 3
683 | Damote Fulassa | Bibiso HDW 367920 773207 1933 0.1
684 | Damote Fulassa | Bibiso HDW 369352 773402 1987

685 | Damote Fulassa | Bibiso DBH 371061 772739 1963

686 | Damote Fulassa | Bibiso SwW 371464 771936 1985 0.2
687 | Damote Fulassa | Abeta ulto DBH 378485 777498 1906 5
688 | Damote Fulassa | Abota ulto HDW 376628 776947 1939 1
689 | Damote Fulassa | Abota ulto SwW 377153 777348 1924

690 | Damote Fulassa | Galachashuke HDW 369640 778560 1948 0.5
691 | Damote Fulassa | Busha HDW 379281 783988 1915 0.5
692 | Damote Fulassa | Busha HDW 379268 783974 1910 0.54
693 | Damote Fulassa | Busha HDW 378137 783997 1906 0.2
694 | Damote Fulassa | Gudicho HDW 368064 782436 1858 1
695 | Damote Fulassa | Gudicho HDW 369748 781581 1890 3
696 | Damote Fulassa | Gudicho HDW 367323 781937 1870 2
697 | Damote Fulassa | Wasedo HDW 373846 783705 1910 2
698 | Damote Fulassa | Wasedo HDW 373519 787315 1911 2
699 | Damote Fulassa | Galebuse DBH 382169 783513 1886

700 | Damote Fulassa | Galebuse HDW 382016 783009 1880 0.3
701 | Damote Fulassa | Galebuse SwW 382810 785570 1905 0.5
702 | Damote Fulassa | Galebuse SwW 382812 785575 1902
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Annex14 Water Point Inventory data

Damote Fulassa

703 Galebuse SW 381685 784985 1896 0.3
704 | Damote Fulassa | Galebuse HDW 381653 783650 1888 0.001
705 | Damote Fulassa | Galebuse SwW 381662 783650 1885

706 | Damote Fulassa | Galebuse SwW 381875 785809 1903 0.5
707 | Damote Fulassa | Galebuse SW 380707 783136 1902 0.5
708 | Damote Fulassa | Galebuse SwW 380707 784238 1881 0.3
709 | Damote Fulassa | Galebuse HDW 381653 783708 1888 0.3
710 | Damote Fulassa | Galebuse SW 380282 784238 1870

711 | Damote Fulassa | Waribiru suke SW 370553 776670 1928 0.3
712 | Damote Fulassa | Waribiru suke HDW 371304 775684 1954 0.2
713 | Damote Fulassa | Waribiru suke HDW 370723 774365 1935 0.2
714 | Damote Fulassa | Waribiru suke HDW 370757 775209 1939 0.1
715 | Damote Fulassa | Waribiru suke HDW 371630 774269 1956 0.2
716 | Damote Fulassa | Waribiru suke HDW 370907 774639 1954 5
717 | Damotewoyde Tebella SP 380817 763788 1689 6

718 | Damotewoyde Deep well DBH 376303 756589 1766 2.78
719 | Damotewoyde Offe spring SP 379498 758219 2035 1

720 | Damotewoyde Chalia'a spring SP 378114 765505 1826 25
721 | Damotewoyde Bilbo SP 380813 763788 1689 -

722 | Damotewoyde Meka Spring SP 380883 763566 1686 25
723 | Damotewoyde Tebella SP 380813 763788 1689 6

724 | Damotewoyde Gagado Tera HDW 375100 763007 1706 -

725 | Damotewoyde Talas Spring SP 377068 761284 1889 0.8
726 | Damotewoyde Kindo SP 375803 761257 1952 25
727 | Damotewoyde Ambe - Bedessa SP 378919 761287 1756 0.086
728 | Damotewoyde Guppale SP 373199 763715 2001 25
729 | Damotewoyde Daza Dawana HDW 374034 767839 2012 -

730 | Damotewoyde Badalla Godda SP 376950 763394 1910 0.11
731 | Damotewoyde Bila hanjalo HDW 383271 765926 1769 -

732 | Damotewoyde Eyob Tega HDW 383,605 765,948 1759 -

733 | Damotewoyde Deep well DBH 378589 767377 1893 -

734 | Damotewoyde Adamo Spring SP 383941 769294 1767 2

735 | Damotewoyde Deep well DBH 376303 756589 1766 -

736 | Damotewoyde Wofeshe SP 371710 759397 1801 30
737 | Damotewoyde Deep well DBH 376303 756589 1766 -

738 | Damotewoyde Ashe SP 376376 760154 1887 0.8
739 | Damotewoyde Fuche SP 375981 759757 1910 1.03
740 | Damotewoyde hand pump SW 385857 766179 1702 -

741 | Damotewoyde hand pump SW 386324 766674 1737 -

742 | Damotewoyde hand pump SW 385592 765549 1699 -

743 | Damotewoyde Angino Anjulo HDW 385303 765059 1719 -

744 | Damotewoyde Tantu Moroce HDW 385081 765186 1639 -

745 | Damotewoyde Barana alito HDW 386028 764672 1713 -

746 | Damotewoyde tomas Turo HDW 375549 765870 1702 -

747 | Damotewoyde Morka Godato HDW 385543 765575 1696 -
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