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Project Objectives

Overall objective
Increase access to safe and sustainable water for the people in 
drought affected regions by: 
1. producing hydrogeological maps at the Woreda level and 
2. recommend drilling sites for developing groundwater



Project Objectives

Specific objectives
1. Create detailed groundwater potential maps for 

each Woreda.
2. Identify two optimal drilling sites per Woreda
3. Recommend the type of drilling methodology(s) 

to be employed
4. Build the capacity for stakeholders to use/apply 

overlay analysis techniques for groundwater 
potential mapping and borehole siting



Project Area
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Background and History

Groundwater feasibility mapping
• Overlay analysis since 2009: India, 

Indonesia 
• Expertise Acacia Water/Aquacon

– UNESCO/UNICEF 2014: Afar and Tigray
– UNICEF: RESET-II (2018-2020)
– WLRC: Kunzila (2020-2021)



Methodology

Inception
May-Jul 2021

Mapping
Jul-Oct 2021

Siting
Oct 2021 - Feb 2022



Phase 1 Planning



Phase 2 Planning



Phase 3 – Field investigations



Capacity building



Risk mitigation
Major areas Principle risks Mitigation measures

Borehole 
Yield

• Unable to meet demand
• Declining yields

• Improved borehole siting
• Improved borehole design

Borehole 
water 
quality

• Anthropogenic quality issue
• Natural quality issues
• Nearby land uses that might impact 

releases, spills or leaks, 

• Siting including protective zones 
• Wellhead drainage works, land use control 
• Proper borehole construction with protection against contaminant 
• Fuel storage and spill control plans for fuels.

Borehole 
functionality

• Operational risks related to borehole 
malfunctions or breakdowns and 
availability of power for pumping

• Risk of damage due to location, poor 
security, and theft.

• Contracting professional firms for borehole construction.
• Training borehole operators by means of capacity training
• Instituting formal O&M procedures.
• Developing Wellhead Protection Programs 

Borehole 
monitoring

• Uncontrolled groundwater abstraction
• Delayed action in case of 

breakdown/failure
• Delayed action in case of pollution
• Non timely mitigation intervention and 

troubeshooting and troubleshooting. 

• A formal monitoring plan in place 
• Monitoring of a range of parameters, such as:

• Condition of equipment 
• Daily pumpage (rate (Q), duration, volume)
• Water levels (static and pumping)
• Water level drawdown
• Water quality



Phase 1 Results

• Socio-economic map 1:1,000,000
• Hydrogeological map 1:1,000,000
• Conceptual hydrogeological model
• Database waterpoints, socio-economy
• Inception report



Socio-economic map

• Based on census 2007
• Updated administrative boundaries and population projections 

from:
• Central Statistic Agency (CSA)
• Regional Bureau of Finance and Economic Development (BoFED)
• UN Office for Coordination of Humanitarian Affairs (OCHA)

• Water point data from:
• Ministry of Water, Irrigation and Electricity (MoWIE, RWB)
• National Wash Inventory (NWI)
• UNICEF Ethiopia (GW4E)
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Hydrogeological	mapping	for	
Climate	Resilient	WASH	in	Ethiopia	–	LOT	1

Sources:
-Central	Statistics	Agency	(CSA)	(2007-2020)
-Regional	Bureau	of	Finance	and	Economic	Development	(BoFED)	(2020)
-United	Nations	Office	for	the	Coordination	of	Humanitarian	Affairs	office	in	Ethiopia	(OCHA)	(2021)
-Openstreetmap	(2021)

Disclaimer:

BDA/ICB/GW01/2021



Hydrogeological map

• Based on:
• Geological maps published/unpublished (1:250,000)
• Fundamental reports describing geology of the area

• Harmonized and described in two morpho-structural domains:
• The western plateau with adjacent escarpment
• Afar Depression

Geology



Hydrogeological map

• Based on:
• data and hydrogeological and hydrochemical maps 

at scale 1:250,000 and their explanatory notes 
published by Geological Survey of Ethiopia

• data and information collected from different sources
• Classification:

• Qualitative parameters (porous, fissured, karstified, ..) 
• Quantitative parameters (highly/moderate/low 

productive aquifers,  aquitards, aquicludes)

Hydrogeology



Aquifer classification





Phase2: Mapping

For every woreda:
• Prepare base layers
• Determine classes, scores and weights
• Initial overlay
• Ground-truthing, water demand update
• Prepare potential maps
• Prepare water demand maps



Phase2: Target area selection

For every woreda:
• Estimate impact of climate change
• Combine potential and demand
• Propose priority areas
• Select target areas



Inventory formats

LOT# Depth (m)
Unique code SWL (m)
Region DWL (m)
Zone Yield (l/s)
Woreda Aquifer/formation
Kebele Site topography
Village Temperature
Easting EC (µS/cm)
Northing TDS (mg/l)
CRS pH
Elevation Collected by
Scheme Type Date
Status Sample taken
Purpose Sample nr

General Parameters
Lab No. Sodium
Client/Project Potassium
Client ID Total Iron
Location Manganese
Reported Date Ammonia
Client Ref Total Hardness 
Date of Collection Calcium
Source of Sample Magnesium
Date received Alkalinity
pH Carbonate
Electrical Conductivity (µS/cm) Bicarbonate

Chloride
Sulphate
Nitrate 
Fluoride

Inventory Water quality



Base layers

• Permeability (primary porosity)
• Lineaments (secondary porosity)
• Recharge
• Slope
• Land use and land cover
• Soil type



Permeability
Source: 

geological map

Procedure:
Group lithology by permeability class

Alternative procedure:
Use classes from hydrogeological map



Recharge
Sources: 

Precipitation data
Evapotranspiration data
Infiltration coefficient

Procedure:
(P-ET) * IC



Lineament density

Sources: 
SRTM
Sentinel-2/Landsat-8

Procedure:
Extraction: LINE module of PCI-
Geomatics*
Density (length per cell) in GIS

*Uses on edge detection algorithm (Canny), filtering and extraction



Lineament proximity

Sources: 
Geological map
Sentinel-2/Landsat-8/Google Earth

Procedure:
Extraction: manually
Proximity: (distance to line) in GIS



Slope

Source: 
SRTM

Procedure:
Standard GIS algorithm



Land use

Source: 
Sentinel-2, ESA

Procedure:
Group land use classes by 
recharge potential



Sources: 
EthioSIS (ATA)
ISRIC (Wageningen University)

Procedure:
Group soil classes by infiltration 
capacity

Soil



Classes and scores



Weights



Secondary layers

• Normalized Differential 
Vegetation Index (NDVI)

• Topographic Wetness 
Index (TWI)

• Drainage density
• Soil moisture



Land use Lineament density

Permeability

Slope

Lineament proximity

Recharge

Suitability

Score HighLow

Soil



Phase 3: Siting

For every Target Area:
• Detailed hydrogeological study (fieldwork)
• Detailed demand assessment (fieldwork)
• Geophysical study (fieldwork)
• Hydrogeological conceptual model
• Hydrogeological map (1,50,000)
• Resilience assessment
• Drilling site map (1:5,000)



Points for discussion

• Administrative boundaries
• Population projections
• Water demand criteria
• Layer selection, resolution
• Classes and scores
• Training schedule/alignment
• Dissemination (Lot 5)
• Security issues
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