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Abstract  
 

The study focused on assessment of groundwater level responses and its spatial and 

temporal variability of the Becho plain using transient state flow following from steady 

state Modeling. Nowadays most of the water for domestic, irrigation and industrial within 

the study area is from the groundwater. Despite of this, the effect of abstraction with 

respect to recharge is not well assessed.  

The groundwater recharge of the study area is  mainly from direct rainfall. WetSpass 

modeling and Base flow separation was employed to estimate the recharge of the study 

area. The groundwater recharge was estimated with WetSpass modeling and Base flow 

separation is 120 mm/year and 85.78 mm/year (10.65% &7.8% of the annual rainfall) 

respectively.  

The finite difference schematization of the modeled area was discretized into a uniform 

squared grid size 400m by 400m, comprising 265 rows and 226 columns. The transient 

model was simulated with MODFLW pm8 for a period of one year for one layer aquifer 

of 500 meter thickness. The initial aquifer parameters ( hydraulic conductivity and initial 

hydraulic heads) were used from the steady state model.  

 

The model was calibrated with trial and error by adjusting hydraulic conductivity and  

groundwater recharge by comparing the observed and simulated values. In 

MODFLOW, average groundwater recharge was simulated 97.72 mm/year which is within 

the range of recharge estimated by WetSpass model and Base flow separation methods. The 

water budget of the transient model shows that the aquifer storage declines from 

148mm/year to 59.8 mm/year. After abstraction of groundwater with 275376 m3day-1 for 

ten years, the groundwater declines with an average 90.87m.  

 
 

 

 

 

 

 

Key Words: Abstraction Rate, Becho Plain, Groundwater recharge, Groundwater Flow Modeling, Groundwater 

Monitoring, Model Calibration, Transient state flow modeling. 
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CHAPTER ONE 

1. Introduction 

1.1. Background  

 

Groundwater is a critical resource in steadily increasing demand of human.  In history of 

water use in the country in general in Addis Ababa in particular, groundwater is one of the 

major resource supplies for domestic, industrial and agricultural consumption. In the 

suburban areas of Addis Ababa; Urbanization, major industries, horticulture-floriculture 

and animal husbandries are extensively established and demand a huge quantity of water. 

Due to this reason, most of the above mentioned industries and agricultures have their own 

boreholes. 

The impact of groundwater extraction must be monitored in the plain for proper 

groundwater management for both quantity and quality. The influence of seasonal variation, 

and the amount of abstraction are among of the factors governing the groundwater level 

response. Unless, the groundwater is abstracted in optimum way the final results would be 

unbalanced supply, which may create unsustainable and unbalance demand and supply of 

water. 

During the past few decades, groundwater flow models have become one of the most 

significant components in hydrogeological assessments and management. Numerical 

models using computer programs for analyzing flow in groundwater systems have played 

an increasingly important role in the evaluation of alternative approaches to groundwater 

development and management.  

Because of extended drought condition, increase in population size and advancement in 

civilizations, the  recharge and  potential of groundwater is decreasing and water demand is 

increasing at an alarming rate. This generalization is true for the Becho plain catchment.  

This research work is to model an aquifer system of Becho plain  transient state following 

steady state by assuming one layer confined /unconfined aquifer system using one year 

monitoring water level data to calibrate the model based on observed head, to analysis 

model sensitivity to different model parameter and different scenario which may be 

happening due to increase groundwater abstraction rate and variable recharge due to 

different factors of the study area. The research is expected to give insight for 
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understanding of the behavior ground water level response of the study area which is very 

essential for future water resources management of the study area. 

 

1.2. Statement of Problem 

In Addis Ababa and the suburban areas of Addis Ababa groundwater usage has increased at 

an alarming rate due to, increase in population size, fast growing of industrialization, large 

scale irrigation project by Ministry of water, irrigation and energy. Government 

organizations as well as several individual companies are occupied in the construction of 

deep boreholes in the country. However there is no well-organized system  to monitor & 

mange groundwater resource. 

There is not well organized system how to manage, monitor and plan to use as compared 

with groundwater investigation. In order to ensure as wise management of groundwater, 

based on prediction is required, its present status should be studied and prediction of the 

future status of the water resource and groundwater level responses related to abstraction 

rate should be properly addressed. 

The effect of abstraction with respect to recharge and water level is not well known. To 

understand the sensitivity of the groundwater system with respect to well abstraction, 

recharge and aquifer storativity it is worthwhile to assess the hydrogeological properties of 

the groundwater flow system using a transient state model for present and future prediction 

and to generate greater public awareness of the issues.  

Broadly, these research works will try to solve problem related to the future use of 

groundwater system especially related to the water level response of the study area. 

1.3. Objective  

1.3.1. General objective  

 

The main objective of the study is to asses variability of groundwater resource and 

groundwater level response of Becho plain with one layer transient state groundwater flow 

modeling following from the steady-state model. 
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1.3.2. Specific objective  

 

 To develop conceptual hydrogeological model of Becho plain, 

 To conduct recharge estimate   and other model input parameters for the plain 

 To simulate one layer transient numerical groundwater flow model of Becho 

plain   

 To make prediction under various abstraction scenarios to illustrate the effect of 

future stresses on the groundwater resource of Becho plain.  

1.4. Research question  

• How to establish a transient model of the study area?  

• Which data are necessary to establish a transient model of the study area   

• How to estimate the aquifer parameters for the transient model?  

• Can a transient state flow model improve our understanding of the effect of  

 future abstractions with respect to recharge?  

• How long does it take before the aquifer is affected by the groundwater abstractions?  

1.5. Literature review and previous work  

1.5.1. Literature review 

 

In the modern world of the science and technology, modeling has emerged as a major 

tool in all branches of science (Igboekwe et al., 2008). Groundwater models are simple 

representation of actual physical processes. According to Anderson and Woessner (1992) 

groundwater flow models can be either transient or steady state and can have one, 

two and three spatial dimension. Steady state simulation cannot capture certain critical 

aspects of the groundwater system. The assessment of possible groundwater 

development scenarios is now possible through transient simulations (Bentley, 2007). 

Lubczynski (2006) advocate that transient models are more reliable in aquifer 

management than steady-state models because they are more constrained by temporal 

(monitoring) data and involve calibration of the storage coefficient, which is critical in 

groundwater storage prediction scenarios.  

According to Lubczynski and Gurwin (2005), there are two types of transient models: 
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partially transient and fully transient models. In partially transient model solutions 

the temporal head variability is only due to the change of aquifer storage driven by 

stresses, e.g. well abstraction, where as the fluxes R and ETg are time invariant, similar 

to steady state solutions. Whereas fully transient models are temporally variable R and 

ETg but it is least explored due to demanding input data requirements. The use of 

time as a fourth dimension makes transient model calibration far more complicated 

than steady state model calibration, particularly when not only storage but also input 

fluxes are temporally variable. The time discretization into stress periods, which largely 

influences the transient model solution, is a critical Modeling step. The advantage of 

dividing into stress periods and time steps is to allow the option of changing some 

parameters or stresses while the simulation progresses. More stress periods add more 

temporal variability in the calibration process, allow for a better fit between calculated 

and measured heads, but also make the calibration task more complicated and more time 

consuming because more stress periods and time steps need more input data and 

require therefore more processing time (Lubczynski and Gurwin, 2005).  

Regarding to model validation and verifications different authors take in different thoughts. In 

order to minimize the unreliability the model has to be tested against a second 

independent set of stress conditions. Alas, it is frequently impossible to validate a model 

because usually just one set of observed data is available which already is explored for 

calibrations. A calibrated but unverified model can even be applied to arrive at predictions as 

long as careful sensitivity analysis of calibrated model is performed (Anderson and Woessner, 

1992).  

The applications of MODFLOW to the description and prediction of the behavior of 

groundwater systems have increased significantly over the last few years. MODFLOW can 

simulate for groundwater flow for confined, unconfined, or a combination of both aquifers, 

flows from external stresses such as flow to wells, aerial recharge, evapotranspiration, flow to 

drains, and flow through riverbeds. MODFLOW is a finite difference model code, developed 

by United States Geological Survey (McDonald and Harbaugh, 1988), to simulate transient 

groundwater flow in three-dimensions in a continuous porous medium under a variety of 

hydrogeological boundaries and stresses (Chiang and Kinzelbach, 1998).  
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1.5.2. Previous work  

 

There have been numerous hydrogeological and groundwater modeling studies conducted 

in the area for the purpose to quantify the groundwater resource, groundwater flow 

dynamics and determine its sustainability at a regional scale. 

The Becho plain irrigation water is mainly to supply by the groundwater f r o m  Becho 

plain and AAWSA is plain to supply groundwater to Addis Ababa from the study area. This 

part of the Area outlier has been subject to geological, hydrogeological and geophysical 

investigations (WWDSE, 2008). The groundwater table lowering  creates a great concern 

and shortage of drinking water is one of the critical issues in the subrubs of Addis Ababa. 

As a result different geological and hydrogeological studies have been conducted by 

different researchers and organizations.  

Several researches and investigations have been undertaking in the study area. 

Those are; 

Alemu Mesele (2017). Groundwater dynamics and aquifer characterization of the shallow 

aquifers of Becho and Koka area. 

 

Behailu Berehanu et al. (2017) focused on inter-basin groundwater transfer and multiple 

approach recharge estimation of the upper Awash aquifer system, Journal of Geoscience and 

Environment Protection. They were found that recharge estimated for the upper Awash river 

basin ranges from 51.5 mm/year to 157 mm/year, and estimated mean annual recharge from 

base flow separation over the upper Awash river basin is 91.25 mm. 

 

Reys Asfaw (2016) worked on ground water potential evaluation and use trends in upper 

Awash basin, unpublished MSc Thesis, Addis Ababa University. According to his 

investigation the amount of land irrigated using shallow groundwater and the corresponding 

number of shallow groundwater wells used to irrigate is increasing with time. 

 

Daniel Nuramo (2016)  to evaluate the temporal changes of groundwater recharges which 

will be vital information for future sustainable use of the groundwater resource in the Upper 

Awash Basin with particular emphasis to Becho and Koka areas, Central Ethiopia MSc Thesis, 

Addis Ababa University. According to his investigation the mean annual recharge of the 

Becho area using the water balance method was found to be 319.5 mm and using base flow 

separation excel spread sheet program it was found to be 81.4 mm.  
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Andarge Yitbarek et al. (2013) conducted a study on the title of estimating transmissivity 

using empirical and geostatistical methods in the volcanic aquifers of upper Awash river basin, 

explained that transmissivity and specific capacity values are spread over several orders of 

magnitude, revealing the strong heterogeneity of the volcanic aquifer.  

Andarge Yitbarek et al. (2012) conducted a study on the title of Hydrogeological and 

hydrochemical frame work of upper Awash river basin: with special emphasis on inter basins 

groundwater transfer between Blue Nile and Awash river. According to their study the 

different aquifers in the area at different places have different water levels. In the upper 

basaltic aquifer and lower aquifer, the static water level varies from place to place from 

artesian condition to 120 to150 m and 67.5 m below ground surface respectively. 

 

Andarge Yitbarek (2009). Hydrogeological and hydrochemical framework of complex 

volcanic system in the Upper Awash River basin, Central Ethiopia: with special emphasis on 

inter-basins groundwater transfer between Blue Nile and Awash rivers. This work, from 

available data identified two aquifer systems (Upper basalt and Lower basalt aquifers). 

 

Seifu Kebede et.al (2010). Groundwater of the Central Ethiopian Rift: diagnostic trends in 

trace elements, d18O and major elements. 

From geochemical trend, it shows a continuity of groundwater flow from the western 

highlands to the rift valley floor following the regional groundwater flow path. And it 

summarized, regional flows are not evident in the volcanic aquifers of the region because of 

faulting, heterogeneity in permeability and dissection of aquifers, and groundwater levels and 

their development is largely unknown, in the studied region, Central Ethiopian Rift, there is a 

clear regional trend in groundwater flow and geochemistry. The fact that this region falls at 

the intersection between an E–W running fault zone and the NNE–SSW running fault zone 

may be responsible for the flow of groundwater’s from the highlands to the rift floor. 

 

Seifu Kebede et.al (2007). Ground water origin and flow along selected transects in Ethiopian 

rift volcanic aquifer. 

The most important factor that controls the groundwater flow continuity between the high 

rainfall region in the plateau and the rift floor aquifers is the geological architecture of the 

interface zone. 
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TilahunAzagegn (2015), Groundwater Dynamics in the Left Bank Catchments of the Middle 

Blue Nile and the Upper Awash River Basins, Central Ethiopia. 

Characterize the barely known hydrogeological system of the area with emphasis given to 

amount of recharge, aquifer distribution, groundwater flow pattern, hydraulic connection and 

flux between aquifer systems of adjacent basins and the factors that control the groundwater 

dynamics.  

 

TilahunAzagegn (2008), Hydrogeochemical characterization of aquifer systems in Upper 

Awash and adjacent Abay plateau using geochemical modeling and isotope hydrology. From 

geochemical data, stable isotope data and tritium data, the work addressed schematic 

conceptual models for spatial geochemical variations, evolution and recharge area zonation 

for shallow and deep aquifer systems. The regional groundwater flow system of the area is 

controlled by the structural and stratigraphic relationship of rock formations which constitute 

confining beds, traps and aquifer systems in the study area. Recharge area for the aquifer 

systems of a given river basin can either be within the same basin and/or as inter-basin 

groundwater flow from adjacent basins. 

 

Ketema Wogari (2006). Water resource potential evaluation of Holota River Catchment, 

central Oromia, West Shewa. The research found that from direct and indirect investigation of 

the study area, the area revealed that it has enormous potential of surface water and subsurface 

water. The work estimated that the annual recharge to ground water from rainfall is about 24% 

of the mean annual rainfall of the catchment, in other words, the annual recharge to ground 

water is estimated to be about 160Mm3/year 

 

Tenalem Ayenew.et.al (2007). Environmental isotopes and hydrochemical study applied to 

surface water and groundwater interaction in the Awash River basin 

The dominant source of recharge to the rift aquifers comes from shallow groundwater inflow 

from the adjacent highlands. However, the presence of variable groundwater chemistry, depth 

and groundwater occurrence in the region suggests complex groundwater dynamics, often 

governed by the intensity and attitude of the rift faults and the volcanic stratigraphy and its 

relation with the various water bodies. 

 

WWDSE, 2008. Adaa-Becho Groundwater Resource Evaluation for Irrigation. Addis Ababa, 

Ethiopia, Unpublished report 
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Figure 1.1Flow chart of methodological approach 
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CHAPTER TWO 

2. Description of Study Area 

2.1. Location  

The study area is located in the upper Awash River Basin within Oromia Regional State north 

west to south west of Addis Ababa. Geographically the study area is located approximately 

between 370 56’E - 38045’E and 80 23’N - 90 18’N. and  elevation between 1800 and 3559 m 

a.s.l.  

 

Becho Plain is far from 20km to 100 km from Addis Ababa along Addis Ababa-Jima and 

Addis Ababa to Ambo road. The study area is bordered in the north by the east-west trending 

rift escarpment (Ambo fault), in the east, Wechecha Mountain and Melka Kunture horst, while 

in the south, it is bordered by Guraghe highlands and in the west by Weliso highlands.  The 

total area of Becho plain is about 4779km2.  

 

                      Figure 2:2 Location map of the study area. 
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2.2 Geological Characteristics of the study area 

2.2.1. General Geological information  

 

The outline of the regional geological setting as described by Pierre Gouin , (1979 as cited 

in WWDSE,  2008) summarized as: The Ethiopian plateau is underlain at depth by 

Precambrian rocks of the Afro Arabian Shield. The Precambrian basement is covered for 

the most part by glacial and marine sediments of Permian to Paleogene period and Tertiary 

volcanic rocks with related sediments. The Precambrian rocks of Ethiopia is consisting of 

high grade gneiss, metamorphosed volcano sedimentary rocks and associated ultramafic 

bodies and intrusive ranging from mafic to granitic composition. At the end of Precambrian 

era, 600 million years ago, the crystalline basement complex of the present Afro Arabian 

swell had been above sea level for a long time and remained for another 370 million until 

the end of Paleozoic era. Such a long period of erosion and denudation left the earth’s 

surface almost completely peneplained. Crustal motion started in the beginning of 

Mesozoic era, about 225 million years ago. During the late Triassic and early Jurassic 

periods, a regional epirogenic sinking of the crust commenced causing a progressive 

transgression of the ocean from the south east that is, from the Indian Ocean coast of 

present day Somalia in the general direction of Lake Tana in the North-West Ethiopia. This 

downward crystal movement, connected with a sedimentation process, started a cycle of 

marine transgression and recession of Mesozoic sea. Within this large epicontinental sea,  

extensive layers of sediments were deposited to form hundreds of meters of rocks 

consisting of sandstone, shale, gypsum, limestone and other varieties of sedimentary rocks. 

The crustal movement was reversed into the upward motion during the late Jurassic period, 

which brought the crust’s surface up to sea level by marine regression in late Cretaceous 

period.  

The youngest sediments are quaternary age. These include conglomerate, sand clay and 

reef limestone which accumulated in the Afar Depression and the northern end of the main 

rift Valley. Sediments which accumulated in the former Lakes occur in the south end of the 

Afar, in the Main Rift Valley, and in the Omo valley Kazmin, (1972 as cited in Andarge 

Yitbarek , 2009). 
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2.2.2. Site Specific geological characteristics 

 

Site specific geology is simplified from previous, drilled well Lithological logging and 

geophysical logging data. 

Alluvial deposits is consisting of regolith, reddish brown soils, talus and alluvium with maximum 

thickness of about 7 m.  

Centeral volcanics of wechecha is porphyritic in texture with phenocrysts of feldspar up to 

1cm across. Trachytes of Wecheca composed of alkaline pyroxene and rare olivine.  

 

Addis Ababa Ignimbrite is grayish to white color and when welded it exhibits elongated 

rock fragments of various color. It is composed of welded tuff (ignimbrite) and non-welded 

pyroclastic fall (ash and tuff). In the Becho area it is covered by a thin 5 to 7m thick residual 

soil developed from the same rock.  

 

Entoto Becho rhyolite, the rhyolites form isolated cones. Obsidian up to 10 cm across is 

common at the picks of the cones. From the cross cutting relationship, they can be younger 

than the adjacent ignimbrite. The Intoto ridge forms watershed divide of Abay and Awash 

river basins. The ridge forms steep slope towards the Abay basin, and steep to gentle slope 

towards the Awash basin. In fresh hand specimen, it is grayish pink and reddish brown to 

yellowish grey color when weathered. 

Trachyte. The Central Volcanoes units are mainly trachytic lavas exposed at Wochecha, 

Southeastern part of the study area (in Holeta river catchment) forming an elevated ridges or 

mountain picks. It is grayish color fine to medium grained trachyte with subordinate ash falls 

and ignimbrite.  

 

Tarmaber Basalt. The Tarmaber Basalt which is the dominant unit exposed in central part of 

the study area (in both Tributary streams of Muger River catchment and Holota River 

catchment). It is consisting of mainly scoraceous lava flows and at places it is columnar 

olivine bearing basalt as pockets within the scoraceous components. It is highly weathered, 

fractured and pinkish to grayish in color 
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Akaki Basalt (NakB) This unit is outcropped at Dukem area. It is coarse grained porphyritic 

olivine basalt. It is highly vesicular basalt and at places the vesicles were filled by carbonate 

minerals. It is consisting of scoria and spatter cones with associated lava flows. Both the basalt 

and scoria is quarried for construction around Dukem area.  

  2.3.Fault system  

 

The groundwater in study area is mainly in fracture rock and hence, fractures, faults 

and joints play an important role. With respect to the hydrogeology of the area different 

studies were conducted. 

 According to WWDSE (2008), Tilahun Azagegn (2015) the area is highly affected by 

fracturing and faulting which are aligned NW-SE, E-W, N-S and play an important role in 

the movement and occurrence of  groundwater in the study area. 

Four principal fault systems have been identified in the area by previous.  

North West Fault System 

 

The NW fault system, the oldest fault system have extended history affects all the 

rock type in the western escarpment. They are crustal scale served as a conduit for 

the extensive volcanic formation in the area and their age may go up to early 

Paleozoic, but becomes reactivated latter with the main tectonic event in the region. 

The trend of the Bede Gebaba -Wecheca volcanic belt can be associated with this 

NW fault system.  

East West Fault System 

The EW fault system, which is the upper boundary of the Ethiopian rift margin, is 

running approximately E-W north of the Addis Ababa Ambo road. They are major 

fault on the western plateau part and densely affected the Tarmaber basalt in the area. 

North South Fault System 

The NS fault system is the recent fault system which serves as a conduit for young 

volcanic (Addis Ababa basalt). 
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North East South West Fault System 

 

The NE-SW fault system is common along the MER margin and field relationships 

confirm that this system is younger than the NW-SE and E-W fault systems. 
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Figure 3:2 Simplified (WWDSE,2008) Geological map of the study area
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 2.4 Hydrogeological Characteristics and Aquifer System 

 

The surficial geological mapping units  (WWDSE, 2008) in the Becho groundwater system 

were differentiated at depth based on  previously drilled bore holes, mapping wells, pilot 

production wells and geophysical investigation into aquifers and confining (aquiclude) units 

on the basis of areal extent and general water bearing characteristics. In Becho plain it was 

penetrated two aquifers by drilling of about 550 meters i.e. upper and lower basaltic aquifer, 

while the lower aquifer is confined and the upper is confined and unconfined. The aquifers 

and confining (aquiclude) identified are referred to as hydrogeologic units because the 

differentiation takes into account both the geologic and hydraulic characteristics of the units. 

Four principal hydrogeological units are recognized in Becho plains groundwater system 

(WWDSE,2008).  

 Localized aquiclude 

 Upper basalt aquifer (UBA) 

 Ignimbrite 

 Lower Basalt aquifer (LBA) 

 

1. Localized aquiclude (barriers) 

 

Quaternary Bede Gebaba volcanic unit: Rhyolitic to minor trachytic lavas and pumice and  

Ziqualatrachytes and TertriaryEntoto-Becho Rhyolites and Central Volcanic of  Wechecha, 

Furi, Yerer: prophyritic trachytic lavas. They have very low permeability, except along 

weathered and fractured zones. They act as local barriers. 

 

2. Upper Basalt aquifer 

 

The upper basalt aquifer is composed of weathered, fractured and massive basalt, thickness 

less than 50 meters, recharged locally and in the larger part of the plain it is confined. The 

yield of bore holes in this aquifer highly depends on the intensity of fracturing and faulting. 

Along faults the yield is highly significant while the massive basalt has low yield. The 

transmissivity is highly variable and in most cases it is less than 50m2/day the Electrical 

conductivity of the aquifer varies from 250 µS/cm to 900 µS/cm. The groundwater level depth 

increases from north-south direction. At the northern part the groundwater of the aquifer is 
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shallow (less than 5 meters) and at the central part it varies from 5 to 20 meters deep and to 

the south depth increases progressively to more than 50 meters deep) for shallow well or 

upper aquifer. The groundwater potential of this aquifer is not significant as compared to the 

lower basalt aquifer, however this aquifer can be exploited for the water supply of the rural 

towns and rural settlements wells depth of  up to 150 meters. 

3. Ignimbrite and Trachyte 

Chefe Donsa Pyroclastics, Nazaret unit (Welded ignimbrites) and Addis Ababa ignimbrites of 

low productive along the weathered and fractured zone. Acts as a regional aquiclude which 

separates the upper and lower volcanic aquifer in Becho plain 

 

4. Scoracious Basalt aquifer 

 

The drilling at Becho plain in the lower basalt aquifer showed that the aquifer is composed of 

scoracious basalt and scoria. The water level at the southern part is above the surface of the 

earth and in the central part less than 5 meters. The transmissivity of the aquifer from the 

drilled deep wells shows the transmissivity is greater than 1000 m2/day. 
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Figure 4:2 Simplified (WWDSE ,2008) Hydrogeological map of the study area 
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Chapter Three 

3. Conceptual model development and model input data preparation 

3.1  Groundwater Recharge Estimation 

3.1.1 WetSpass Modeling   

 

WetSpass model is a method for estimating spatially distributed, long-term average 

groundwater recharge developed by Batelaan, O. and De Smedt, F. ,(2001, 2007 as cited in 

Ashiber.G, 2016). It uses long-term average climatic data together with elevation, land 

use/land cover and soil map of an area to simulate average spatial patterns of surface runoff, 

actual evapotranspiration and groundwater recharge in the area. This model is fully integrated 

or embedded in the Arc View (version 3.2) as raster model. Inputs for this model include grids 

of land-use, groundwater depth, precipitation, potential evapotranspiration, wind speed, 

temperature, soil and slope, where by parameters such as land-use and soil types are 

connected to the model as attribute tables of their respective grids, Batelaan, O and 

Woldeamlak, (2007 as cited in Ashiber.G, 2016). 

Input data for WetSpass Model   

 

Recharge is one of the components in the hydrologic cycle and an important issue for 

hydrogeological characterization of aquifer systems. Characterizing recharge is also one of the 

major objectives in hydro-meteorological studies Shaw, (1994). 

Ten stations which can represent the study area were selected and analyzed for all 

metrological parameters.   

In this study, data used for recharge estimation include mean monthly meteorological data up 

to 30 years from 1987 to 2017 and some data downloaded from New_LocClim_1.10. Only 

records with complete measurements were considered for analysis. Soil and land use/land 

cover maps were also used from modified FAO Land use/land cover and soil maps of Ethiopia 

(FAO, 2016). 

The monthly meteorological data, land use land cover, soil, slop & groundwater depth map are 

converted to special grid(ASCII) with ArcGIS for WetSpass modeling. 
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Precipitation 

 

In addition to inter basin transfer rainfall is the additional water source for the plain. The 

precipitation data is from National Meteorological Agency for 30 years starting from 1987 up 

to 2017 from stations have complete set of precipitation records. The total amount of the 

rainfall is very good, and the analyses show that most of the rainfall occur summer, from Jun 

to mid-September. To calculate aerial depth of precipitation of the study area, point 

measurements with complete data found in each stations were averaged by using arithmetic 

mean method (Annex II) the mean annual precipitation has  (1127.11mm).  

 

            Figure 5:3 Meteorological  and Gauge Stations of the study area
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Figure 6:3 Meteorological data graph  representation of the study area. 

 

Mean Annual Temperature of the study area 

 

The mean annual temperature of the study area is about 17.74°C and with a fluctuation of 

4.2°C on December to 29.80°C recorded during the month of May. The mean monthly 

temperature variation at all station is shown in graph on the figure below.  

 

Wind Speed  

 

Rate of evaporation and evapotranspiration has a direct relation to and is strongly affected by 

wind speed. As water vaporizes into the atmosphere, the boundary layer between earth and air 

becomes increasingly more saturated so that the water vapor has to be removed and replaced 

with drier air continuously. This movement of the air and moisture transfer is directly 
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proportional to wind speed and turbulence Shaw, (2005). Monthly and annual means of wind 

speed in the study area were taken from available point data (Annex II). 

 

Sunshine hours  

 
Although evaporation takes place almost without interruption during the day light and the 

night, the process is most active under direct radiation from the sun. Therefore variation in 

sunshine hour is important factor for evapotranspiration. 

 

Potential evapotranspiration (PET) 

 
Potential evapotranspiration describes the water losses that will occur under a given climatic 

condition with no deficiency of water for vegetation. Potential evapotranspiration (PET) is 

among the important input parameters of WetSpass model. 

LocClim was developed to provide an estimate of climatic conditions at locations for which 

no observations are available. The programme provides estimates of Meteorological data with 

potential evapotranspiration. So PET data from New_Loc Clim_1.10  is 997.71mm/year . 

Table 13 Potenitial Evapotranspiration(PET) from previous work of the study area 

 

Author Method PET(mm/year) Average 

Daniel Nuramo,2016 Penman 1071.1 927.45 

 Thornthwaite 783.8 

Abel Abebe,2017 Penman 1012.04 957.2 

 Thornthwaite 902.33 

 

Land use parameter table  

Land-use parameters  table were prepared as; either crop, forest, grass, bare soil and open 

water. Since there is no monthly monitored land use land cove parameters, maps used from 

modified FAO Land use/land cover and soil maps of Ethiopia (FAO, 2016).  

Impacts of LU/LC change on subsurface components of the hydrologic cycle are less well 

recognized, particularly groundwater recharge. In this study, LU/LC map were used to 

calculate distributed recharge map by using WetSpass Model. Land use is an important 

characteristic of the runoff process that affects infiltration, erosion, and evapotranspiration. 



One Layer Transient Groundwater Flow Modeling At Becho Plain 

 

 MSc Thesis                                                                       School of Earth Sciences, AAU ,2019                Page 22 

 

   

Soil attribute table  

The soil attribute table contains soil type of the area, field capacity, permanent wilting point, 

plant available and residual water content of these soils (Annex IV ). 

Land use/land cover, soil texture and precipitation are the three controlling factors affecting 

the water balance of Watershed hydrology (Fetter, 2001). In this study, a soil Textural 

classification is used to estimate spatially distributed groundwater recharge. Soil properties 

influence the relationship between runoff and rainfall since soils have differing rates of 

infiltration. 

Rainy Days per month parameter table  

The rainy days characteristics parameter table contains three month for each corresponding 

frequency of rain per day. Values in these tables are modified based on average stations 

Meteorological data. Parameters of these tables (Annex IV). 

 

Grid maps  

 

Topography, slope, land-use, soil, evapotranspiration, rain, wind, temperature and 

groundwater level maps were prepared. Hence, the topographic grid map, which is used to 

characterize the horizontal hydrological characteristics of the land surface and the slope data 

layer, describes the maximum change in elevations were derived from SRTM using Global 

Mapper 17. 

Actual evapotranspiration 

Actual evapotranspiration account the field condition, it depends on the availability of water. 

It is the sum total of evaporation of the water intercepted mainly by vegetation, direct 

evaporation from the soil surface, Lake, seas and all water body, transpiration of plants. The 

evapotranspiration is highly affected by sunshine, wind and humidity. The highest 

evapotranspiration is observed on March and May when there is high sunshine hours and wind 

speed, implying that those meteorological parameters are important factors to 

evapotranspiration.  
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The Turc method is used to estimate the evapotranspiration of the study area to compare with 

WetSpass model result and the result is attached on Table2:3. 
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Where P = the annual precipitation in mm 

       ETA=Annual actual evapotranspiration. 

J = 300 + 25*T + 0.05 * T
3 

T = Annual average temperature (0C) 

 

  

 

              Table 2:3 Actual evapotranspiration(AET) of the study area 

 

Stations 

Average Annual 

precipitation(mm) 

Average Annual 

Temperature(ᵒc) AET(mm/year) 

Ambo 977.50 17.66 585.3 

Akaki 927.00 18.58 572.22 

Asgori 1037.50 17.84 606.73 

Alem Gena 1042.10 17.69 609.42 

Holeta 1060.12 17.40 609.26 

Ginchi 1125.55 17.44 635.90 

Sebeta 1318.51 18.48 716.58 

Tulubolo 1144.60 17.23 635.89 

Wolelkomi 1097.90 17.44 623.81 

Woliso 1203.60 17.80 668.67 

Average  AET using Turc method 626.37 

Average AET of the study area from WetSpass Model                         655.61 

 

3.1.1.1 WetSpass model Results 

 

The WetSpass model produces seasonal and annual hydrological parameters like grid maps of 

groundwater recharge, actual evapotranspiration, surface runoff, interception loss, evaporation, 

etc. Annual groundwater recharge, annual actual evapotranspiration and annual surface runoff 

are the main outputs of the WetSpass model. A brief description of this output is given 

below:- 
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Annual evapotranspiration  

 

Evapotranspiration is the process which returns water to the atmosphere and therefore 

completes the hydrologic cycle and, it includes evaporation from open water, vegetation and 

ground surface. Also transpiration, which is the removal of water from the soil by plant roots, 

transport of the water through the plant into the leaf as well as evaporation of the water from 

the leaf’s interior in to the atmosphere.  

The annual evapotranspiration is calculated by WetSpass as a sum of evaporation from bare 

soil, transpiration of the vegetated cover, interception loss by vegetation and evaporations of 

open water body.  

 

About 655.61mm of water is lost through evapotranspiration from the study area. This 

accounts for 58.17% of the study area annual precipitation.  

According to the WetSpass simulated results of monthly evapotranspiration, its value ranges 

from 14.91 to 110.81 mm in the study area. The output of annual evapotranspiration grid map 

is displayed in (figure 8:3). precipitation and land-use/land-cover are the main controlling factors 

of evapotranspiration. 

 

Surface runoff  

 

The surface runoff of the study area shows variation with land-use, soil type, slope, 

topography, precipitation and the other meteorological parameters (figure 7:3).  

The amount of Surface runoff in the study area is 359.33mm which ranges monthly  from 1.17 

to 99.61 mm. The value represents 31.88% of the total annual precipitations of the study area.   

Groundwater Recharge 

 
Groundwater recharge is a key component in any model of groundwater flow and its accurate 

quantification is crucial to proper management and protection of groundwater resources. In 

this study, spatially distributed groundwater recharge estimated by using WetSpass modeling 

is 120mm annually which is 10.65% of total annual precipitations. 
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Table 3:3 Water balance between WetSpass result with rainfall 

 

TimeStep AET Runoff Recharge Stations Rain fall(mm/year) 

1 14.91 1.17 3.50 Akaki 1038.63 

2 26.79 4.17 5.71 Alem Gena 1042.10 

3 42.02 19.47 3.30 Holeta 1060.12 

4 61.26 14.74 12.14 Ginchi 1125.55 

5 56.32 26.94 3.61 Sebeta 1318.51 

6 100.26 48.83 0.13 Wolelkomi 1158.80 

7 102.89 99.61 41.11 Tulubolo 1149.74 

8 108.12 98.76 41.20 Suluta 1123.46 

9 90.04 40.82 0.56 Input for the model 1127.11 

10 25.46 2.91 5.32 AET% 58.17 

11 13.43 1.71 2.21 Runoff% 31.88 

12 14.11 1.51 1.21 Recharge% 10.65 

Total 655.61 359.33 120.00 Error% 0.69 

WetSpass Model output       1134.95 
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   Figure 7:3 Annual Recharge and Runoff of the study area in mm WetSpass Model
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    Figure 8:3 Annual Rain fall and Actual Evapotranspiration of the study area in mm 
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3.1.2  Base Flow separation  

 

Base-flow separation methods were employed to place the base flow component of current 

flow at a number of currently operated and discontinued stream flow gauging- station 

locations. Stream gain-loss measurements were drawn and were used to identify and quantify 

gaining and losing stream reaches both spatially and temporally. These measurements provide 

further understanding of ground-water/surface-water interactions. 

Base flow has been utilized as an approximation to recharge with the recognition that it is 

probably less than the amount recharging the groundwater system (Daniel, 1996). Daily river 

discharge records of over 30 to 7 years from 3 stations were used for the analysis.  

The separation of surface runoff and base flow has been made using a computer code river 

analysis package(RAP) (version 3.0.3) time series analysis. Base flow results from the two 

computer codes become similar for the attenuation coefficient of 0.95 for RAP instead of 

default value 0.975. 

The weighted mean base flows, representative of the study area, were obtained from the base 

flows of the gauged streams weighted with their respective catchment areas. Estimated mean 

annual recharge from base flow separation over the Awash melka kunture, Holeta, Tejie at 

Asgori are 82.83mm, 132mm and 39.65mm respectively. Sample base flow separation graphs 

using RAP for Awash River at Melka Kunture and Holeta at Holeta station is also given (Figure 

9:3 and 10:3). 
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Figure 9:3 . Hydrograph analysis for Awash River at Melka Kunture using River Analysis Package. 

 

 

Figure 10:3 Hydrograph analysis for Awash River at Holeta using River Analysis. 

Table 4:3 Summary groundwater  recharge determined by different authors 

Author Recharge(mm/year) Methods Area 

Daniel Nuramo(2016) 81.4 BFS Becho 

Daniel Nuramo(2016) 319.5 WBM Becho 

WWDSE(2008) 142 WBM Melka Kuture 

WWDSE 2007 32.4 WBM Melka Kuture 

Andarge Yitbarek (2009) 18.4 BFS Melka Kuture 

WWDSE(2016) 82.5 WBM Melka Kuture 

This Study 
120 WetSpass 

Becho 
85.78 BFS 
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WetSpass Model consider more parameters and for this study the meteorological and land 

use land cover map input data are up to 2018 updated data, so the recharge value estimated 

by WestSpass method is used for the model input.   

3.2. Pumping Test Analysis  

 

The principle of pumping test is that if we pump water from a well and measure the discharge 

of the well and the drawdown in the well and in piezometers at known distance from the well, 

we can substitute these measurements into an appropriate well flow equation and are these 

able to evaluate the hydraulic characteristics of the aquifer, Kruseman and de Ridder, (1991 as 

cited Gebrehaweria Gebrekirstos Teferi ,2009) such as transmissivity and well performance 

characteristics. In the analysis of these parameters such as transmissivity and hydraulic 

conductivity the acquisition of accurate hydrogeological field data with carefully monitored 

pumping test data is crucial.  

 Pumping test data was collected for tests carried out during the drilling of wells. The pumping 

test data includes drawdown test, constant rate test and recovery of single well pumping test. 

The majority of the test was conducted to evaluate an aquifer through constant pumping 

test and results show that there is high range of transmissivity that varies from very low 

values (17.85 m2day-1) to high values (2080 m2day-1) Annex I..  

The static water level data of the deep wells shows it is above the level at which the 

groundwater was struck during drilling of the deep wells. This can be evidence to consider the 

aquifer as confined, semi confined aquifer of deep wells and unconfined system of shallow 

wells. Previous works of geophysical and deep wells drilling indicates that the groundwater in 

the study area is mostly confined for deep wells because of the alternating layers of tuff, 

Ignimbrite, trachyte and due to tectonics and fractures. The work of WWDSE (2008) confirms 

that, the groundwater of most deep wells in study area is mainly confined to semi-confined 

aquifer.  

In the study area  pumping test data are obtained only for twenty six wells from water 

works design and supervision enterprise (WWDSE). Distance drawdown pumping test was 

not conducted on the study area hence, interpretations o f  specific capacity and aquifer 

storativity of these wells were not made.  

The pumping test data can be used as initial values in the model and can be optimized 

in model calibration. The pumping test analysis here can represent most part of the study 

area. 
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                 Figure 11:3  Transmissivity  map of the study area 

 

              Figure 12:3  Hydraulic Conductivity map of the study area 
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3.3 Groundwater level records  

 

The groundwater level in Ethiopia is not well monitored because of  lack awareness about 

monitoring, observation pipe problem, accessibility to the wells and budget problem. Most 

wells were constructed without observation pipe, even wells constructed with observation 

pipe the measuring ceased during well development and wellhead construction. 

Groundwater level monitoring data used for this modeling were recorded with data 

logger for one year used during calibration for drawdown curve and during scenario 

development. 

 

 

 Figure 13:3 Monthly groundwater levels for monitored  wells (data logger result) 
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3.4. Conceptual model development of the study area 

3.4.1.Conceptual model boundaries  

 

(Anderson and Woessner, 1992) states that a conceptual model is a pictorial representation 

of the groundwater flow system, frequently in the form of a block diagram or a cross 

section. It is a simplified but valid representation of field situation. the development of a 

conceptual model is “synonymous with site characterization” so that the conceptual model is 

an integration of relevant local and regional hydrogeologic information using simplifying 

assumptions and qualitative interpretations of site-specific.  

 

To build a conceptual model the concept of hydrographic unit will be apply. This concept 

implies that units having similar hydro-geological properties may be combined into a single 

hydrostratigraphic unit or a geological formation may be subdivided in to aquifers and 

confining units depending on their hydrogeological characteristics (Anderson and Woessner, 

1992). In general more valid data is needed for construction of a model. The extent of the 

aquifer location and boundaries, the flow of water into and out of the aquifer (recharge and 

discharge zones), hydrostratigraphic unit, area of interconnection for surface water and 

groundwater are the most important data for the conceptual model.  

The conceptual model of the study area is developed by making use of existing well and 

geophysical log data, hydrostratigraphic, geological map and geological cross section and topo 

sheet and DEM extracted from ASTER images of previous reports.  

The study area groundwater basin is found at the margin of the western part of the Ethiopian 

Rift valley. The recharge condition, groundwater flow and aquifer parameters in the study area 

is highly governed by volcanic unit, the tectonic condition and the hydraulic properties of the 

different volcanic units that outcrops in the Plain. 

Review of previous studies, analysis of available hydrogeological data, geological mapping, 

isotope hydrological study, drilling of mapping, pilot & production wells and also water 

quality monitoring along the different part of the plain along the transects, mainly north west-

south east direction, which is the major groundwater flow direction has revealed the general 

aquifers configurations of the plain and the recharge and discharge mechanism and aquifers 

properties.. Here the general hydrogeological map and the main groundwater flow paths are 

given in figure15:3. 
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The groundwater flow concentrates in the plain and the potential is significant. The drilled 

wells together with vertical electrical sounding and currently under drilling wells depth greater 

than 550 meters enabled to draw hydrogeological x-sections in different direction mainly 

along the groundwater flow direction and perpendicular to the flow direction to understand the 

three dimensional configuration of the groundwater system. 
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Figure 14:3 Simplified (WWDSE, 2008) Hydrogeological map of the study area 
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Figure 15:4 Hydrogeological  Cross section along North West-South East (AB)
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Figure 16:4 Hydrogeological  Cross section along North-South(C-D) 

 



One Layer Transient Groundwater Flow Modeling At Becho Plain 

 

 MSc Thesis                                                                       School of Earth Sciences, AAU ,2019                Page 38 

 

3.4.2 Hydrogeological investigations (WWDSE, 2008) 

 

Table  5:3 Lithologic and hydrogeologic characteristics units of  study area  groundwater system 

( WWDSE,2008). 

 

 

Hydro-geologic 

Unit  

 

 

Unit 

Label 

Estimated 

average 

thickness in 

meters 

 

 

Lithologic and hydrologic characteristics 

Localized 

aquiclude 

(barriers) 

LA 

Most 

probably 

volcanic 

centers 

Quaternary Bede Gebaba volcanic unit: Rhyolitic 

to minor trachytic lavas and pumice and  

Ziqualatrachytes and TertriaryEntoto-Becho 

Rhyolites and Central Volcanic of  Wechecha, 

Furi, Yerer: prophyritic trachytic lavas. They 

have very low permeability, except along 

weathered and fractured zones. They act as local 

barriers. 

Upper Basalt 

Aquifers 
UBA 

50 to 300 

[100] 

In most part of Becho groundwater system it is 

confined except at some part , where it is slightly 

confined. The geological formation is highly 

variable from place to place i.e. massive basalts, 

scoraceous basalt and scoria. The basalts when it 

is faulted and fractured the yield of bore holes 

increases. The static water level varies from 

place to place from 5 to 20 meters. The 

transmissivity of this aquifer is less than 

50m2/day.  

Upper 

Confining unit 
UC 

60 to 150 

[120] 

Chefe Donsa Pyroclastics, Nazaret unit (Welded 

ignimbrites) and Addis Ababa ignimbrites of low 

productive along the weathered and fractured 

zone. Acts as a regional aquiclude which 

separates the upper and lower volcanic aquifer in 

Becho plain  

Lower basalt 

aquifer  
LBA 

Below 300 

m 

Lower Basalt aquifer (LBA) is composed of 

tertiary Tarmaber basalt composed of dominantly 

scoraceous basalt and Amba Aiba basalt. Static 

water level mostly artesian condition to a depth 

of above the water struck depth. Regional aquifer 

transmissivity 100 -1700 m2/day. Highly 

permeable. 

 

 The drilling at Becho plain showed that the lower aquifer is confined. For example 

at Asgori water strike at 255 meters and the water level raised to 4.2m, at Melka 

Kunture water strike at 192 meters and the well became artesian and at Teji water strike 
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at 300 meter and water level raised to 9.40 meters at STH-TW4 water strike at 152m 

and the water level raised to 5.4m, STH-TW6,STH-TW9 and STH-TW10 the water 

strike below 174m and the well is artesian. These results show the confinement of 

this aquifer varies from 190 meters to  260meters. The large part of the plain 

groundwater depth (Piezometric level) varies from artesian to 10 meters deep, 

especially the northern, central and southeastern part of the plain. In general the 

Piezometric level of the lower aquifer is shallow less than 30meters. 

 The transmissivity determined from mapping, test and production wells clearly shows, 

the larger penetration of the lower aquifer have higher transmissivity (Annex I).  As 

can be seen from the Annex the more depth penetration the higher the transmissivity 

and permeability and few depth penetration the lower the value. The transmissivity 

map of the study area showed that most of the area lower aquifer has an average 

transmissivity of about 407.94 m2/day (WWDSE2008). 

 

 According to attempts made to schematize regional groundwater dynamics by 

constructing regional cross sections along a line running along groundwater flow path 

(North West– South East) and North-South directions, two main aquifer, upper and 

lower basalt exists in Becho plain (figure 15:3 and 16:3). Water level of boreholes 

that penetrated the lower aquifer of Becho plain is less than 10 meter and in most 

case it is artesian. However, water level of boreholes that penetrated upper basalt is 

relatively deep. 

 

 The groundwater flow directions are from all direction to the center of the plain and 

the main groundwater flow direction is from North, North West to South East 

direction (figure 14:3).  Almost all part of Becho plain is potential for groundwater 

resources development. 

 The current evaluation of Becho plain groundwater system showed that almost all part 

of the plain main aquifer has high transmissivity, and the electrical conductivity is 

within 260 -1943 µS/cm (WWDSE,2008) and the groundwater Piezometric level is 

generally shallow and less than 30 meters in most of the areas. 
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Chapter Four 

4.Result ad Discussion  

4.1 Numerical groundwater flow modeling of the study area  

            4.1.1.  Introduction 

The groundwater flow equations that comprise the groundwater flow model of this study were 

solved using the model code MODFLOW-2000 that is based on the finite-difference method. 

The groundwater flow model was set up as a one-layered, local and transient-state condition. 

The design of the example was to simulate groundwater flow of the aquifer, and thereby 

compute the dispersion of water table elevations and groundwater fluxes to manage the 

groundwater system in the sub basin. 

    4.1.1.1 Model geometry 

 

As discussed in the conceptual model development section, the model domain is defined 

based on the surface topography and local physical boundaries. 

 

Horizontal extent 

 

The horizontal extent of the model domain is 64 by 74 km bounded by 382800 to 473200 m 

UTM East 926000 to 1032000 m UTM north. The irregular shape of the study area reduces 

the model domain to an area of about 4736 square kilometers. 

 

Vertical extent 

 

As depicted in the conceptual model, a simplified one layer model was employed to map the 

geologic materials in the work region. In groundwater modeling, the number of model layers, 

which are considered in the discretized domain, depends on the hydrogeological stratification 

of the system. In many model approaches hydrogeological layers of a real world system can 

be simulated by a single model layer. Established along the geologic and geophysical logs and 

well completion data a layer with a constant average thickness of 550 meters is considered to 
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model for the study area aquifer system. The top and bottom elevations of the aquifer system 

are set based on the lithologic logs and the DEM extracted from the 30 by 30 ASTER image. 

4.1.1.2 Model design 

 

The most important activities of model design include the design of spatial domain, selection 

of initial conditions and setting the boundary conditions. 

 

Discretization 

 

In numerical models, the continuous natural phenomenon is replaced by a discretized domain, 

the so called grid. Grid size depends on hydraulic gradient, degree of aquifer heterogeneity, 

size of the model area, level of detail required and availability of data. Selecting the size of the 

nodal spacing is a critical step in grid design (Anderson & Woessner, 1992). A grid with a 

smaller number of nods is preferred in order to minimize data handling, computer storage and 

computation time. The finite-difference model grid must be regular spacing, in order to 

facilitate data input from DEM, ArcGIS in  ASCII & SURFER files; certain cells may 

represent areas outside the modeled area (which can have any shape), Such cells are 

considered inactive cells. 

The size of the nodal spacing in horizontal dimension is a function of the expected curvature 

in the water table or potentiometric surfaces. By making simplifications and assumptions 

about the actual field condition, the model area is discretized to one layer with a regular grid 

of 400m by 400m, 265 rows by 226 columns. 
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  Figure 17:4 Model Area Discretization 

        4.1.1.3 Boundary Conditions 

 

Boundary conditions are mathematical statement, specify the dependent variable (head) or the 

derivative of the dependent variable (flux) at the boundary of the problem domain (Anderson 

and Woessner, 1992). The boundary condition can be physical boundaries formed by an 

impermeable body of rock, faults, outcrops, large water bodies or result of hydrological 

condition of groundwater divides or stream lines. 

The two types of boundary conditions, namely defined no-flow and Specified flux 

(Neumann) were considered for this model. Boundary conditions used in the model are 

discussed in the following subdivisions. 
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 No-Flow Boundaries and Specified flux Boundaries 

 

Model boundaries that overlap with watershed boundaries were defined as no flow boundaries. 

Geologic or hydrologic barriers to ground-water flow, the contact between permeable and 

nearly impermeable bedrock  were simulated using no-flow boundaries. For example, the no-

flow boundaries in the west of the model domain coincide with western boundaries of the 

Weliso highlands boundaries. Correspondingly, the no-flow boundary in the East  Furi & 

Wechecha Mountain & Melka Kunture horst, in the south bordered by Guraghe highlands. 

The boundary in the North of the model area is  E-W trending rift escarpment (Ambo fault). 

Known or estimated hydrologic fluxes, such as recharge and well discharge, are represented 

using specified-flux boundaries. 

 

 General-Head Boundaries (GHB) 

 

The General-Head Boundary (GHB) package is used to simulate head-dependent flow 

boundaries, where flow into or out of a GHB-cell from an external source is provided in 

proportion to the difference between the head in the cell and the head assigned to the external 

source. 

Boundaries of the model that could neither are assigned as no-flow or constant head were 

defined as GHBs, which permitted groundwater flux interactions with neighboring aquifers. 

GHBs require the assignment of two parameters; a conductance value and head value 

representing a distant constant-head boundary.  

The General-Head Boundary Package requires the following information for each General-

Head grid cell: 

The Conductance value (C) for the scenarios illustrated in the preceding figure may be 

calculated using the following formula: 

                                                            Cb = K x L 

Whereas, where L is the length of the general-head boundary within a cell (LxW),K is the 

average hydraulic conductivity of the aquifer material separating the external source/sink from 

the model grid. 
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4.1.2 Model Input Parameters 

 

Simulation of groundwater flow and fluxes requires specifying aquifer system properties and 

stresses. Aquifer system properties can vary considerably both horizontally and vertically and 

thus, cannot be precisely represented in a numerical model. The initial aquifer system 

properties of the study area were conceptually modeled from different groundwater literatures 

and deep water well drilling  log and Geophysical data  and analysis of pumping test 

    4.1.2.1 Top and Bottom of layer 

Layer top or surface elevations were extracted from DEM of 30m spatial resolution. Layer 

bottom elevations were obtained by subtracting aquifer thickness from layer top elevations. 

Aquifer thickness of 500m is considered, except along the boundaries where ridges with high 

elevation are found. Elevated zones were simulated by giving relatively higher thicknesses at 

the cells in order to avoid drying of cells during simulations.  

   4.1.2.2 Initial and Prescribed Hydraulic Head 

 

MODFLOW requires initial hydraulic heads at the beginning of a flow simulation. Initial 

hydraulic heads at constant head cells are used as specified head values of those cells and 

remain constant throughout the flow simulation. For transient flow simulations, the initial 

heads must be the actual values, since they are used to account for the storage terms. The real 

value of 45 wells water level elevation (groundwater level depth ASCII ) map was given as an 

initial heads for active cells. 

4.1.2.3 Hydraulic Conductivity 

 

Groundwater flow within the model layer was assumed to be horizontal. Hydraulic 

conductivity is property that, in conjunction with the horizontal hydraulic gradient, control 

horizontal flow of groundwater. Hydraulic conductivity is a measure of the water transmitting 

properties of aquifer material. The hydraulic conductivity of the study area was estimated 

from pumping  test data of 30 boreholes drilled in the study area. The horizontal hydraulic 

conductivity was applied to each active model cells from ASCII map produced by ArcGIS 

based on the hydraulic conductivity value of Annex I & Figure 12:3. 
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  4.1.2.4 River Package 

 

The River Package is used to simulate the flow of water between an aquifer and an overlying 

(or underlying) source reservoir which is usually a river or lake. It allows water to flow from 

the aquifer to the source reservoir, thereby removing water from the model by seepage to 

gaining stream reaches. Water can also flow out of the stream into the aquifer but the seepage 

out of the stream is independent of the stream discharge. Thus, a losing reach of stream could 

recharge the aquifer with more water than is being carried in the stream.  

Based on at some place  site measurement and estimation, river bed sediment thickness has 

been assumed to vary between 0.15 to 0.45m and river widths range from 2 to 30m. River 

length in a cell has been roughly considered to be equal to the side of the cell size (400m), 

since tracing and measuring the river length in a cell is difficult. Hydraulic conductivity of 

river bed sediments was not characterized and measured in the field, instead the hydraulic 

conductivity of the underlying formation has been considered. The hydraulic conductance of 

the river bed sediments has been calculated using the relation:           CRIV=Kr *L*W/M 

The RIV package uses the river bed conductance (CRIV) to account for the length(L) and 

width(W) of the river channel in the cell, the thickness of the river bed sediments(M), and 

their hydraulic conductivity(Kr). 

4.1.2.5 Groundwater recharge  

 

The groundwater recharge process of the study area is highly controlled by topography, 

geology and structure which directly infiltrated water towards the discharge area. The 

groundwater recharge was estimated using WetSpass Model method which is 120 mm 

year-1 and with RAP 3.0.3 time series analysis which is 85.78 mm year-1.  The recharge map 

in ASCII form was applied to the top most active cell using the recharge package of 

MODFLOW shown on Figure 7:3. 

4.1.2.6  Ground Water Abstraction 

 

The estimated groundwater pumping rates were assigned to the model is about 194,693.19 

m3/day. Ground water pumping for the model was simulated using well package of the 

MODFLOW depending on the geographic coordinates of the wells in ASCII form prepared 

by ArcGIS. 
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4.1.3 Steady-State Model 

 

Steady-state flow condition exists when inflow is equal to the out stream and aquifer storage 

does not survive. The steady state model of Becho plain is developed and calibrated and 

used as an input for Transient state flow model. The steady-state model was set up as one 

layer, two dimensional with confined/unconfined transmissivity =variable. 

 4.1.3.1 Steady State Model Calibration 

 

Calibration verifies that the simulation is reproducing field measured heads and flows 

(Anderson and Woessner1992). It engages regulation and modification of parameter structure 

and values to provide the best match between measured and calculated hydraulic heads and 

flows. The steady- state model was calibrated without pumping and with pumping 

scenario. Static water level records during pumping test were used to calibrate the 

steady-state model.  

Hydraulic heads for steady-state conditions are sensitive to the hydraulic conductivity of the 

aquifer system, aquifer thickness and  recharge. The model was calibrated through trial and 

error by varying the recharge and hydraulic conductivity were made within sensible ranges 

based on field hydrogeological observations and comparing the calculated and observed 

heads.  

Criteria used to evaluate the simulation result with measured data. 

  Comparing measured water levels or drawdown in the well with scatter plot;  

 Comparing simulated water level contours with observed water level contours; 

  Comparing the simulated water budget and input data.  

The calibration result is presented in graphical form and tables. The scatter plot simulated 

Vs. observed heads are indicated in Figure 18:4.  
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Figure 18:4 Observed Vs Calculated head scatter plot of steady state model  
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                                     Observed Head Map 

 

 
                                         Simulated Head Map 

Figure 19:4 Comparison Of Observed and Simulated Hydraulic Head map
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Statistical comparison between the simulated and measured values of hydraulic heads (table 

6:4) was done to quantitatively asses the calibration match. The mean error (ME), the mean 

absolute error (MAE) and root mean square error (RMSE) provide ways to determine the 

overall goodness-of-fit between the simulated and the measured hydraulic heads.  

1. The mean error (ME) is the mean difference between measured/observed heads (hm) and 

simulated/calculated heads (hs).  ME=1/n Σ (hm-hs) 

2.The mean absolute error is the mean of the absolute values of the differences between 

measured heads and simulated heads.  MAE=1/n Σ| (hm-hs)| 

3.The root mean square error is the square root of the averages of the squared differences 

between measured heads and simulated heads. 

RMS= {1/n Σ (hm-hs )2 }0.5 

 

Table 6:4 Simulated Head (meter) with ObservedHeads (meter)  

 

Wells Used for Calibration 

No. Well ID Simulated  observed  (hm-hs) |(hm-hs)| (hm-hs )2  

1 BPW1 2072.174 2065 -7.17 7.17 51.47 

2 BPW4 2068.242 2058 -10.24 10.24 104.90 

3 BPW5 2066.67 2056 -10.67 10.67 113.85 

4 BPW6 2066.231 2065 -1.23 1.23 1.52 

5 BPW12 1993.955 1989 -4.95 4.95 24.55 

6 BPW20 2042.013 2063 20.99 20.99 440.45 

7 BTW1 2081.629 2077 -4.63 4.63 21.43 

8 BTW2 2077.332 2062 -15.33 15.33 235.07 

9 BTW4 2095.037 2090 -5.04 5.04 25.37 

10 STTW2 2042.063 2039 -3.06 3.06 9.38 

11 STTW3 2042.262 2047 4.74 4.74 22.45 

12 STHTW4 2054.333 2064 9.67 9.67 93.45 

13 STHTW6 2062.961 2064 1.04 1.04 1.08 

14 AMW2 2495.546 2493 -2.55 -2.55 6.48 

15 AMW3 2067.289 2064 -3.29 3.29 10.82 

16 AMW14 2041.716 2064 22.28 12.12 146.92 

17 AMW26 2087.766 2105 17.23 17.23 297.01 

18 BTW5 2088.703 2082 -6.70 6.70 44.93 

19 STHTW9 2057.263 2056 -1.26 1.26 1.60 

        ME=0.53 MAE=7.14 RMS=9.26 
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4.1.4 Transient state model 
 

In the transient state model the groundwater heads are a mapping of time. This applies to 

problems such as influencing the change in head around a pumping well or growth of the 

groundwater mound beneath a recharge basin Fetter, (2001 as cited in Gebrehawria 

Gebrekirstos Teferie,2009). A transient simulation typically begins with steady state 

initial conditions. Transient simulations produce a set of heads for each time step. 

Transient model can be partially transient or fully transient.  

The fully transient model is the most reliable but also the least explored probably due to 

demanding input data (Gebrehawria Gebrekirstos Teferie 2009). This survey has been 

conducted using two deep wells of one year water level data that has been recorded with data 

logger and recharge estimated by WetSpass model with twelve month and with abstraction 

scenarios.  

4.1.4.1 Specific Storage and Specific Yield 

 

For transient flow simulations, MODFLOW requires dimensionless storage terms for the 

model.  In a confined layer, the storage term is given by storativity or confined storage 

coefficient (= specific storage [L-1] *layer thickness [L]) and in unconfined aquifer the storage 

term is given as specific yield. The storativity is a function of the compressibility of the water 

and the elastic property of the soil matrix. The specific storage or specific storativity is 

defined as the volume fraction of water that a unit column of aquifer releases from storage 

under a unit decline in hydraulic head.  since group or distance drawdown pumping test were 

not conducted specific storage and specific yield values used within the range of the specified 

aquifers for different aquifer type.  

4.1.4.2 Hydraulic conductivity  

 

When the transient model was run for the first time, the hydraulic conductivity value was 

continued unchanged as calibrated in the steady state model. Withal, the hydraulic 

conductivity was also set during the calibration of the transient state model. 
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4.1.4.3 Time discretization  

 

Time discretization into stress periods and discretization into time steps is an important 

step in transient modeling as it strongly influences the numerical results Fresilassie, (2002 

as cited in Gebrehawaria Gebrekistos Teferie, 2009). The stress period in MODFLOW is 

the blocks of time of variable lengths used in simulations of each time step. Stress period 

and time steps should not be too large to miss important changes in hydraulic heads, has 

also they should not be too small either, as this may be result in too detailed calculations 

and the model solution will take a long time (Magombedze, 2002). The length of stress 

period was chosen after analysis of recorded water levels, rainfall and groundwater 

recharge. By taking into consideration the water level record, the period from July 2016 to 

August 2017 was divided into 12 stress period of e ach stress period also divided into 

one month length time step.  

4.1.4.5  Transient state model calibration  

 

Calibration is achieved by obtaining a lot of parameters, boundary conditions and stresses that 

produce simulated heads and fluxes that match the field measured values within pre-proven 

range of error (Anderson and Woessner, 1992). Calibration can be carried out by manual 

trial and error or by automatic parameter estimation like PEST and the model must be 

run several times in order to obtain the most optimal solution. Because of many 

uncertainties to calibrate the model trial and error was applied.  

 

Although the model appeared to perform well at steady-state, most practical applications 

of modeling in groundwater management are dynamic, involving a decision over time. 

The transient calibration was conducted based on the groundwater level information of two 

piezometer wells. The transient state model calibration was performed by trial and error 

adjustment of recharge (R) and Hydraulic Conductivity (K). The adjustment of recharge 

was based on between recharge obtained from WetSpass model and base flow separation 

using River Analysis Package 3.0.3 time series analysis.  

 

The purpose of transient state model calibration was not solely to obtain the lowest root mean 

squared error of the divergence between the calculated and observed heads, but also to induce 

a good fit to the pattern of ascent and decline of groundwater levels as measured in the 

piezometer wells. The final calibrated and measured groundwater heads are described in 
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(Figure20:4) and drawdown graph  is indicated in Figure 21:4.  

 

Figure 20:4 Average Observed and Simulated head of transient state model 

 

 

Figure 21:4 Observed and Simulated Groundwater drawdown of transient state model 
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Figure 22:4 Scatter plot of Observed and Simulated Groundwater heads of transient state model 

 

  Figure 23:4 Location of observation wells  
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4.2 Discussions 

4.2.1. Introduction  

 

Predictive Modeling facilitates assessment of the response of the aquifer to different stress 

conditions and provides a predictive tool for the management of the resources in terms of 

temporal and spatial distribution of abstraction. Scenarios are an important tool for 

decision making in situation of high uncertainty. They can assist in evaluation of 

different possible future circumstances and their implications for decision making in 

the present. Due to increase abstraction of groundwater and less recharge in the Becho 

Aquifer, the water table is declining and partial shortage of water has occurred. To 

predict the aquifer response for different stress conditions two scenarios were developed.  

4.2.2 Water Budget 

4.2.2.1 Steady state model water budget 

Groundwater recharge  

The groundwater recharge was estimated using WetSpass Model method which is 120 

mm year-1 and with base flow separation is 85.78mm/year.  The recharge obtained after 

model optimizing is 80 mm year-1. The difference between inflow and outflow in this study 

may be due to under estimation of recharge or it might  be during calibration process. 

Groundwater discharge  

In general groundwater abstractions from deep wells are the main groundwater discharge. 

Groundwater is also discharged from the study area is through, seepage as spring into 

Awash River and swamps and groundwater flow through the south eastern outlet. On 

average 194,693.19 m3day-1 groundwater is abstracted from the study area daily. 

Groundwater outflow through the south eastern outlet at (Meleka Kunture) outlet by a 

saturated aquifer depending on the hydraulic gradient in the plain under natural 

condition is about 638,384.96 m3day-1.  

 

Groundwater of the study area was quantified on the basis of the steady-state calibrated 

model output for non-pumping scenario.  The water budget components include 

recharge which is the only inflow and outflow to the river, a head dependent outflow 
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through the South-East boundary and well abstraction (for the pumping scenario) which 

are outflow components.  

The calibrated model can be applied to derive components of the groundwater budget or 

estimate the response of the regional system to new stresses such as alternative groundwater 

management strategies. Water resource managers can use that information to make informed 

decisions to plan for future groundwater development. 

Table 7:4 Simulation Water Budget Result  

THE UNIT OF THE FLOWS IS [m^3/day] 

Flow Term IN OUT IN-OUT 

Wells 0.0000E+00 0.0000E+00 0.0000E+00 

Recharge 1.2645404E+06 0.0000E+00 1.2645404E+06 

RIVER LEAKAGE 6.6931900E+05 1.6736581E+06 -1.0043391E+06 

HEAD DEP BOUNDS 6.0669648E+04 3.1929388E+05 -2.5862423E+05 

Sum 1.9945290E+06 1.9929519E+06 1.5771080E+03 

DISCREPANCY [%] 0.07 

  
 

4.2.2.2 Transient state model water balance  

 

The water balance o f  Becho aquifer was evaluated from the transient state model of 

MODFLOW groundwater flows such as recharge, groundwater storage, groundwater 

abstraction, base flow to river (river package), groundwater outflow at the downstream 

end of the catchment was assigned as general head boundary. The increase of groundwater 

abstraction from the aquifer, results in a decrease of the hydraulic gradient. As a result 

the flow of water to rivers and through the outlet was declining. The water budget 

generated by the transient state is shown in Table 8:4.  
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   Table 8:4 Water budget generated by transient state modeling    

 

 

4.2.3. Model Sensitivity Analysis 

4.2.3.1 Steady State Model Sensitivity Analysis 

 

The model is considered sensitive to parameter when a change of parameter value changes the 

distribution of the simulated hydraulic head. When the model is sensitive to an input 

parameter, the value of that parameter within the model is more accurately determined during 

model calibration because small changes to the parameter value cause large change in 

hydraulic head.  

The determination of sensitivity analysis is to quantify the uncertainties in the calibrated 

model caused by uncertainty in the estimates of aquifer parameters, stresses and boundary 

conditions (Anderson and Woessner, 1992). During simulation when the impression of single 

parameter was being examined, the other parameters were maintained in the steady state 
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calibrated value and each parameter was changed uniform over the modeled area. The 

magnitude of changes in heads or fluxes from the calibrated solution was applied as a criterion 

of the sensitivity of the model to that particular parameter. Sensitivity analysis was done using 

recharge and hydraulic conductivities. 

A aggregate of more than thirty  model runs has been gained by changing the hydraulic 

conductivity & recharge by the specified percent and the root mean squared head changes 

from the calibrated value are presented in Table9:4 & Figure24:4. 

 Table 9:4 Sensitivity Analysis of the Effect of selected parameters on the RMS Value of Water Level 

 

parameters change in %      Recharge Hydraulic Conductivity 

-30 26.09 31.62 

-25 22.4 25.12 

-20 18.97 19.65 

0 0 0 

20 16.9 16.73 

25 20.11 18.91 

30 23.46 21.02 

 

Figure 24:4 Sensitivity Analysis of the Effect of selected parameters on the RMS Value of Water 

Level 
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4.2.3.2 Transient state model Sensitivity analysis  

 

The sensitivity analysis was performed by systematically changing aquifer and hydrologic 

parameters from the optimized values and evaluating the change on the model result. 

Groundwater recharge and hydraulic conductivity were each varied separately to assess 

the impact on the model output. To observe the change of the groundwater table by 

changing  these parameters, put an observation well at the centre of the study area 

assuming that the change in groundwater table in the observation well represents the 

average change in the study area. Since the plain has one outlet, flat topography, 

geometrically simple, uniform recharge, the change of groundwater table in the 

observation well can give an estimation of the plain. 

The parameter values were changed from the average simulated values by 20%, 35% and 

50% to compare the change in hydraulic gradient in the observation well located at centre 

of the study area. A small change of hydraulic conductivity and recharge from the 

simulated average values has influence on the water table. Change of hydraulic 

conductivity by 50% from the simulated values the water tables changes in magnitude with 

average values 1.97 meter and indicated in (Figure 25:4) and the sensitivity analysis graph 

for the aquifer parameters are indicated in Figure26:4. The sensitivity result indicates 

that the transient modeling is very well capable of producing accurate storage values.  

 

 Figure 25:4 Groundwater depth result by changing recharge and  hydraulic conductivity by 

50% 
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 Figure 26:4 Sensitivity analysis of recharge and hydraulic conductivity  

4.2.4. Scenario development  

 

 The calibrated groundwater flow model can be used to simulate the potential effect of 

alternative water management plans on hydraulic head and groundwater movement in the 

study area. It can also be used as a tool to evaluate and compare the responses of an aquifer 

system to potential future stresses. 

It should be noted that the results of the scenarios depend on future land use, population 

growth, weather conditions, hydrologic stresses etc, and may not be used as a predictive tool 

to generate absolute amounts in the future, but used primarily to test the groundwater level 

response. In general, the results of the scenarios or their accuracy depend on the validity of the 

assumptions behind the scenarios. Moreover, errors introduced due to limitations associated 

with the model also affect the results of the scenarios and should be taken into considerations 

during interpretation and application of results. 

These observed changes simply represented regional effects of the proposed groundwater 

withdrawals. In fact, water levels in individual pumped wells are likely lowered depending on 

local aquifer properties, well construction and well location relative to surface water bodies. In 

this scenario development high drawdown is recorded wells located around high elevation 

with abstraction rate 194,693.19m3/day. Water level changes in individual wells can be 

exaggerated or diminished relative to the regional representative value. From the lower 

simulation results, one can observe that the construction of new groundwater around the 

highland will cause high drawdown.  
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4.2.4.1 Steady state model scenario 

 

 Table 10:5 parameters  response to increased groundwater withdrawal 
 

Groundwater withdrawal from calibrated  steady 

state value, in % Average Head change (m)  

20 28.7 

35 31.69 

50 34.74 

4.2.4.2 Transient state model scenario 

 

Transient model calibration was used to evaluate the aquifer response to different stress 

conditions like groundwater abstractions and recharge with the objective of predicting 

water table drawdown. Two scenarios are used to evaluate the aquifer response to 

different times, recharge and for future abstraction of the aquifer in the catchment.  

 Scenario one: effect of abstraction for five and ten years  

 Scenario two: effect of adding new wells  

The assumptions applied for the simulation of the different scenarios are:  

 Groundwater heads and flux values of the calibrated transient state  model  

are considered as initial condition for each scenarios,  

 Groundwater recharge is equal to as in the simulation period in transient state model  

 Pumping rate will be average abstraction rate of each well  

 The average drawdown in observation wells would be the average drawdown of the 

water table in the study area.  

Scenario one  
 

In the Becho plain groundwater is abstracted with more than fifteen operational wells 

but abstraction data is not well monitored. To predict the groundwater level for the next 

five and ten years of period with continuous abstractions groundwater from the 

existing wells and assuming that abstraction data will be well monitored. Depending 

on the distribution of pumping wells two observation wells are put to observe the 

drawdown for five and ten years of abstractions. After pumping for these years with 

an abstraction rate of 194,693.19 m3day-1 (with the same recharge to the periods of 

transient model simulations) the groundwater table declines on average 30.77 and 60.05 

meters respectively. Observation well one (AABH1) placed in the centre of the plain, 

shows higher drawdown.  



One Layer Transient Groundwater Flow Modeling At Becho Plain 

 

 MSc Thesis                                                                       School of Earth Sciences, AAU ,2019                Page 61 

 

The results of each observation well are indicated in the Table 11:4 and Figure 27:4 below.  

 Table 11:6 Groundwater heads after 5 and10 years continuous abstraction for the existing wells 
 

  Groundwater head Drawdown (m) 

ID X Y Initial 

After 5 

years 

After 10 

years 

After 5 

years 

After 10 

years 

AABH2 447217 978521 2048 2027.812 2012.645 19.84 35.01 

AABH1 431871 978993 2056 2014.292 1970.909 41.71 85.09 

  Average Drawdown(m) 30.77 60.05 

Scenario two  
 

In the Becho plain new wells are being drilled. Scenario two was simulated to observe 

the drawdown of groundwater table for the coming five and ten years with abstraction 

groundwater by existing wells and adding of some planned new wells. Pumping 275376 

m3day-1 shows that the drawdown reaches 46.17 m after five years and 90.87 meter after 

ten year.  

Table 12:6 Groundwater head after 5 and 10 years with additional wells 
 

  Groundwater head after additional wells drilled Drawdown (m) 

ID X Y Initial 

After 5 

years 

After 10 

years 

After 5 

years 

After 10 

years 

AABH2 447217 978521 2048 2019.835 1996.69 27.82 50.96 

AABH1 431871 978993 2056 1991.481 1925.225 64.52 130.78 

  Average Drawdown(m) 46.17 90.87 
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Figure 27:6 Groundwater head conditions after different scenarios development
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Chapter Five 

5. Conclusion and Recommendation 

The objective of this study was to assess the groundwater resources and groundwater level 

response using transient state modeling follow from steady state model. The transient state 

modeling was developed from steady state by data integration of different sources with 

spatial and temporal variable water level. Based on the results obtained the following 

comments are made.  

5.1. Conclusion  

The objectives of developing a transient groundwater model and calibrating this model by 

comparing the simulated with observed groundwater heads have been achieved. The study 

answered the research question of developing a groundwater level responses of the aquifer. 

For this study the transient groundwater model, the spatio-temporal data includes 

groundwater level, groundwater abstraction, groundwater flow to rivers and groundwater 

base flow. All the groundwater fluxes were found reliable in the calibration of the 

transient state model. 

 

Even though, the data logger data is not showing high drawdown because of current low 

abstraction rate, the transient simulation shows there is a local drawdown in the plain. 

It seems necessary to  minimize operation time and manage the study area properly to 

minimize local pressure drops. Otherwise groundwater abstraction will lead to 

groundwater mining. Long period drought will cause a serious decline of groundwater 

levels and possible unrecoverable collapse of groundwater reserves locally.  

Decline of groundwater levels is caused by increased groundwater abstractions with 

less recharge. Both steady and transient state model shows that due to increase pumping 

of groundwater, there is a local drawdown of water table in the plain. To reduce this 

drawdown, abstract with only existing well with full recovery time.  On the other hand 

groundwater pumping wi th  additional wells abstracting 275416 m3/day from the aquifer 

shows an average drawdown of 90.87 m with transient state after ten years and the 

groundwater level in the plain then becomes decline with present recharge amount.  

 
The results of the models show that important water balance components are 

groundwater recharge and groundwater abstraction from pumping wells.  
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5.2. Recommendation  

 

Both steady a n d  transient Modeling of the Becho aquifer has been formulated and the 

model was calibrated aligned with actual monitoring data. Finally, for future studies the 

following recommendations have been made.  

 Groundwater monitoring data is vital in calibration of transient model and to 

understand the aquifer response with abstraction and recharge. For better 

prediction of the aquifer it is important to establish baseline data for new 

drilled wells, new and existing abstraction rate and that has to be easily 

available for researchers. 

 Monitor wells with good measuring instruments to avoid data failure. Pump 

wells with full recovery time and apply all possible management Measures 

 The Government, Institutions and stakeholders must give great attention for 

groundwater monitoring. 

 Existing wells are mainly situated in the Central part of the plain which 

creates a local drop in groundwater level. It is necessary to stop drilling of 

new wells in this area.  

  For better prediction of the groundwater sustainability it is advisable to 

start groundwater modeling more than  one layer model.  

 The transient model is limited only to one layer aquifer for 550 m 

thickness. Complete modeling of the aquifer dividing the shallow and 

deep aquifer would provide better prediction of aquifer response to 

recharge and abstraction. It would be therefore helpful for future studies 

if a hydrogeological database is established which can provide the required 

data for research and groundwater managers and users.  

  Distance drawdown and group pumping tests shall be conducted during 

pumping test to determine aquifer storativity, to determine effect of one 

well over the other. 

 For better assessment of the groundwater monitoring by automatic level 

recorders has to be implemented. Continuous recording of abstraction rate 

and water level with SCADA system and professional follow up is also 

necessary.  

 The government  should prepare a policy to use the aquifer in a sustainable 

manner. Unless we may face groundwater mining. 
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Annexes 
Annex I Hydraulic Conductivity(K) and Transmissivity (m2/day) 
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 Annex II Meteorology Data 
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Annex  III Estimated Abstraction 
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Annex IV RainyDays and Soil 

 
 

Annex V Total dissolved solid, Electrical Conductivity  
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Photo1: Measuring River width, bed thickness and sand/sediment  

  

  
 

 

  

Gauge Station at the outlet 
Awash River on March 6,2019 


