
 

 

 

 

ADDIS ABABA UNIVERSITY 

School of earth and planetary sciences 

College of Natural Sciences 

 

 

Geological and Environmental Appraisal for the New Sanitary 
Landfill Site at Chebe Weregenu, North East of 

 Addis Ababa, Ethiopia 
 

 

 
 
 
 

A Thesis 
Submitted to 

 
The School of Graduate Studies  

of Addis Ababa University 
 
 
 
 
 
 

In Partial Fulfillment of the requirements for the Degree of Masters in 

Environmental Geology 

 
 

Netsanet Mengistie 
June, 2012



______________________________________________________________________________ 
MSc Thesis                                                                      Department of Earth Science, Addis Ababa University 

 

 

Addis Ababa University  
School of Earth and Planetary Science  

College of Natural Science 

 
 

Geological and Environmental Appraisal for the New Sanitary 
Landfill Site at Chebe Weregenu, 

North East of Addis Ababa, Ethiopia 
 

 

By 
Netsanet Mengistie 

Environmental Geology Programme 
 

 

Approved by board of Examiner    SIGNATURE 
 
Dr. Seyifu Kebede 

___________________________ 
Chairman  

 

Dr. Asfawossen Asrat            ___________________________ 
Advisor 
 

Dr.Tarun Kumar Raghuvanshi ___________________________ 
CO-Advisor 
 

Dr. Trufat H/Mariam                        ___________________________ 
Examiner 
 
Dr. Worash Getahun                       ___________________________ 
Examiner 
 

 

 

 



______________________________________________________________________________ 
MSc Thesis                                                                      Department of Earth Science, Addis Ababa University 

 

 
 

 
 
 

DECLARATION 

 

 

I hereby declare that the thesis is my original work under the supervision of Dr. Asfawossen 

Asrat and Dr.Tarun Kumar Raghuvanshi, School of Earth sciences, Addis Ababa University 

during the year 2012 as part of Master of Science Program in Environmental Geology. I further 

declare that this work has not been submitted to any other University or institution for the award 

of any degree or diploma and all sources of materials used for the thesis have duly acknowledged. 

 

 

Netsanet Mengistie 

 

Signature_____________________________ 

 

Place and date of submission: School of Graduate Studies, Addis Ababa University 

 

June, 2012 

 

 

 

 



ACKNOWLEDGMENT 

_____________________________________________________________________________________ 

______________________________________________________________________________ 
MSc Thesis                                                I                      Department of Earth Science, Addis Ababa University 

Acknowledgment 

I am deeply indebted to my Advisor Dr. Asfawossen Asrat for his supervision and 

encouragement he has provided me throughout my research. His critical comments, guidance and 

unreserved support added a very great value to this research. 

 
I would like to express my grateful thank to my co‐advisor Dr. Tarun Kumar Raghuvanshi for 

his detailed review and critical comments which added value to the research paper. 

 
Many thanks to my organization, WWDSE which provided me full sponsorship to undertake my 

post graduate study at Addis Ababa University. 

 

My deepest gratitude to Ato Dawit Nerie, WWDSE Corporate Technical Service Center 

Executive Officer for his professional support and encouragement which has given me strength 

right from the inception of the topic to the completion of the research. 

 
I would like to extend my appreciation to Ato Nega Fantahun, Addis Ababa city solid waste 

recycling and disposal project office manager. Ato Tamiru Wendmagegnehu, Ethio-French project 

coordinator. Ato Mekonnen Maschal, Addis Ababa Solid Waste Management Agency research, 

awareness and contract administration team leader, for their support in providing me relevant 

documents and valuable information for the research work. I also thank Dr. Getenet Mewa, 

Geohazard Investigation Core Process Head at Geological Survey of Ethiopia for giving me 

relevant documents on Chebe Weregenu landfill project site. 

 

I express my gratitude to my colleagues at WWDSE laboratory, both management and staff 

members who provided me a valuable cooperation during laboratory works on water, soil 

fertility and soil mechanics. 

 
Finally I thank my family members; my husband Yonas H/Mariam, my children Abraham Yonas 

and Ribika Yonas, their cousin Annan T.Mortensen, my sister Felegehiwot Mengiste and her 

husband Himanot Mebratu, My cousin Addiszemen Bogale, my brothers Abere Mengiste and 

Addisu Mengiste and finally my mother Shashe Eneyew for giving me unreserved and all round 

support.



_____________________________________________________________________________________ 

______________________________________________________________________________ 
MSc Thesis                                                II                      Department of Earth Science, Addis Ababa University 

Table of Contents        Pages 

Acknowledgment --------------------------------------------------------------------------------- I 

Table of Contents  ------------------------------------------------------------------------------------ II 

List of Figures  --------------------------------------------------------------------------------------- III 

List of Tables  ---------------------------------------------------------------------------------------- IV 

List of Plates  ------------------------------------------------------------------------------------------ V 

Abstract  --------------------------------------------------------------------------------------------- VII 

 

      Chapter I: Introduction ----------------------------------------------------------------- 1 

 

 1.1 Background  ------------------------------------------------------------------------------------- 1 

 1.2 Landfill ------------------------------------------------------------------------------------------- 2 

    1.2.1 Types of Landfill --------------------------------------------------------------------------- 3 

 1.3 Clay Liner and Clay Cap for Sanitary Landfill --------------------------------------------- 4 

    1.3.1 Clay Liner or Bottom Liner  -------------------------------------------------------------- 4 

    1.3.2 Clay Cap or Final Cover  ------------------------------------------------------------------ 5 

1.3.3 Basic Theory  ------------------------------------------------------------------------------- 5 

1.3.4. Environmental Law of Ethiopia --------------------------------------------------------- 8 

 1.4 Statement of the Problem  --------------------------------------------------------------------- 9 

 1.5 Scope of the Research  ------------------------------------------------------------------------ 10 

1.6 Objective of the Research  --------------------------------------------------------------------- 10 

   1.6.1 General Objective of the Research  ------------------------------------------------------ 10 

   1.6.2 The Specific Objective of the Research  ------------------------------------------------ 10 

1.7 Methods of the Research  ---------------------------------------------------------------------- 11 

1.8 Significance of the Research  ----------------------------------------------------------------- 14 

 1.9 Limitation of the Present Research  --------------------------------------------------------- 15 

1.10 Structure of the Thesis  ----------------------------------------------------------------------- 15 

 

ChapterII: An Overview of the Study Area----------------------------------------- 17 

 

 2.1 Location ----------------------------------------------------------------------------------------- 17 

 2.2 The Proposed Chebe Landfill Site and the Service Provisional Potential  ------------ 17 

 2.3 Topography and Climate of the Site  -------------------------------------------------------- 18 

 2.4 Geology  ----------------------------------------------------------------------------------------- 21 

    2.4.1 Tertiary Basalts (Tb)  --------------------------------------------------------------------- 21 

    2.4.2 Pyroclastic Rocks (Pyx)  ----------------------------------------------------------------- 22 

    2.4.3 Quaternary Soil ---------------------------------------------------------------------------- 26 

    2.4.4 Structure ------------------------------------------------------------------------------------ 26 

 2.5 Engineering Geology  ------------------------------------------------------------------------- 26 

 2.6 Hydrogeology  ---------------------------------------------------------------------------------- 29 



_____________________________________________________________________________________ 

______________________________________________________________________________ 
MSc Thesis                                                III                      Department of Earth Science, Addis Ababa University 

 

Chapter III: Samples, Tests, Results, Discussions and Interpretations  30 

 

3.1 Samples and Laboratory Tests  --------------------------------------------------------------- 30 

3.1.1 Sampling  ------------------------------------------------------------------------------------ 30 

3.1.2 Laboratory Tests  --------------------------------------------------------------------------- 36 

3.2 Laboratory Test Results, Discussions and Interpretations  ------------------------------- 41 

3.2.1 Laboratory Test Results  ------------------------------------------------------------------ 41 

3.2.2 Discussions and Interpretations ---------------------------------------------------------- 46 

  

Chapter IV: A Review of Feasibility Studies, Gap, Gap Analysis  

                     and Gap Filling  ------------------------------------------------------------ 61 

 

4.1 A Review of Previous Feasibility Studies  -------------------------------------------------- 61 

   4.1.1 Review of Feasibility Study by Geological Survey of Ethiopia, April 2010  ----- 61 

   4.1.2 Review of Feasibility Study by POYRY, October 2011 ----------------------------- 63 

4.1.3 Strength and Gaps of the Feasibility Studies  ------------------------------------------ 64 

4.2 Feasibility Studies, Gap Analysis and Gap Filling  ---------------------------------------- 68 

     

Chapter V: Conclusions and Recommendations  ---------------------------- 73 
5.1 Conclusions  ------------------------------------------------------------------------------------- 73 

5.2 Recommendations  ----------------------------------------------------------------------------- 75 

 

References ----------------------------------------------------------------------------------------- 76 

Annexes ------------------------------------------------------------------------------------------- 78 

 

I. List of Figure Page 

Figure 1.1: Sketch Showing how Leachate and gas migration into the ground ......... ……3 

Figure 1.2: Permeability and drainage characteristics of main soil type  ................... ……6 

Figure 2.1: Chebe Weregenu Sanitary Landfill Project site location  ........................ …..18 

Figure 2.2: Chebe landfill site location and its service provision potential  ............... …..19 

Figure 2.3: Mean Annual Rainfall Chart of Sendafa Station  ..................................... …..20 

Figure 2.4: Mean Annual Rainfall Chart of Addis Ababa Station  ............................. …..21 

Figure 2.5: Detail geological map of Chebe Weregenu .............................................. …..23 

Figure 2.6: Geological cross section of Chebe Weregenu landfill ............................. …..24 

Figure 2.7: Lithostratigraphy of Chebe Weregenu area  ............................................. …..24 

Figure 2.8: Engineering geological map of Chebe landfill site  ................................. …..27 

Figure 2.9: Chebe Weregenu landfill site and prospective well field ......................... …..28 

Figure 3.1: Location of construction raw material for Chebe landfill site ................. …..33 

Figure 3.2: Plastic Index Versus liquid limit chart  .................................................... …..44 

Figure 3.3: Soil classification chart ............................................................................ …..49 



_____________________________________________________________________________________ 

______________________________________________________________________________ 
MSc Thesis                                                IV                      Department of Earth Science, Addis Ababa University 

Figure 3.4: Plot of Clay mineralogy on a Casagrande’s chart .................................... …..54 

Figure 3.5: Water analysis plotted on a piper diagram ............................................... …..57 

Figure 3.6: Soil textural triangle classification chart .................................................. …..58 

Figure 4.1: Test pit No. 8 soil profile from 0-4.5m depth  ......................................... …..72 

 

II. List of Tables Pages 
Table 1.1: Standard range of coefficient of permeability ........................................... …..6 
Table 1.2: Typical Permeability of Various Soils ……………………………………… 6 

Table 1.3: Consistency of clays  ................................................................................. …..8 

Table 2.1: Geographic coordinates of the Chebe Weregenu landfill site ................... …..17 

Table 2.2: Summary of Chebe site condition .............................................................. …..18 

Table 2.3: Maximum and minimum Temperature (
0
C) .............................................. …..20 

Table 2.4: Summary of mean rainfall data of Sendafa station .................................... …..20 

Table 2.5: Summary of mean rainfall data of Addis Ababa station ............................ …..20 

Table 3.1: Soil sample collection point....................................................................... …..30 

Table 3.2: Rock sample collection point..................................................................... …..32 

Table 3.3: Soil sample collection point for clay mineralogy ...................................... …..34 

Table 3.4: Soil sample collection point for soil fertility  ............................................ …..34 

Table 3.5: Water sample collection point ................................................................... …..34 

Table 3.6: Summary of exploration and test performed at Soil Mechanics ............... …..36 

Table 3.7: Summary of tests performed at WWDSE Soil Fertility laboratory ........... …..38 

Table 3.8: Summary of tests performed at WWDSE Water Quality laboratory ........ …..40 

Table 3.9: Summary of rock tests performed at GSE laboratory ................................ …..41 

Table 3.10: Summary of mineralogical test performed at GSE laboratory ................ …..41 

Table 3.11: Summary of Chebe Weregenu landfill site Soil Mechanics test results  . …..42 

Table 3.12: Summary of Clay Mineralogy test results ............................................... …..45 

Table 3.13: Summary of Rock Petrographic analysis ................................................. …..45 

Table 3.14: Laboratory Test Results Soil sample classification and Coefficient of  

       Permeability.. ........................................................................................... …. 46 

Table 3.15: Standard requirements for compacted clay liner ..................................... …..46 

Table 3.16: Compliance analysis table ....................................................................... …..47 

Table 3.17: Natural moisture content of soil sample test results of Chebe................. …..47 

Table 3.18: Laboratory test results Activity of clays  ................................................. …..48 

Table 3.19: Soil Classification according to activity of clays  ................................... …..48 

Table 3.20: Porosity laboratory test data of Chebe Weregenu ................................... …..49 

Table 3.21: Standard requirements of porosity range  ................................................ …..50 

Table 3.22: Laboratory results of Volume Compressibility (Mv), Coefficient of 

                    Consolidation (Cv) and Compression index (Cc) ................................... …..50 



_____________________________________________________________________________________ 

______________________________________________________________________________ 
MSc Thesis                                                V                      Department of Earth Science, Addis Ababa University 

Table 3.23: Oedometer consolidation laboratory test results ...................................... …..52 

Table 3.24: Standard ranges of coefficient of consolidation ...................................... …..52 

Table 3.25: Clay mineralogical test results ................................................................. …..53 

Table 3.26: Chebe Weregenu soil sample LL-PI laboratory test data  ....................... …..54 

Table 3.27: Hydrochemistry data for Chebe Landfill  ................................................ …..56 

Table 3.28: Micronutrient test results of Koshe open landfill  ................................... …..59 

Table 3.29: Micronutrient test results of Chebe sanitary landfill  .............................. …..59 

Table 4.1: Standard requirements, gaps of GSE study and gap filling by the  

                 Present research  ........................................................................................ …..69 

Table 4.2: Standard Requirements, gaps of GSE study and gap filling by the present  

                 Research  .................................................................................................... …..69 

Table 4.3: Site investigation, Gap by Geological Survey and Gap filling by the present  

                 Research ..................................................................................................... …..70 

Table 4.4: Site investigation, gaps of POYRY and gap filling by this research  ........ …..70 
 

III. List of Plates 

Plate 1: Different test pit excavations at Chebe Weregenu landfill site  .................... …..31 

Plate 2: Location of proposed construction material site  ........................................... …..32 

Plate 3: Water sample collection point ....................................................................... …..35 

Plate 4: Some of the laboratory instruments used for the research study  .................. …..37 

Plate 5: Soil fertility of Chebe Weregenu Sanitary Landfill Site ............................... …..39 

Plate 6: Test pits at Chebe site  ................................................................................... …..71 

IV. List of Acronyms 
Abbreviation Full Length 

AAU  Addis Ababa University 

 App                 

 

Apparent 

BS British Standard 

C Cohesion 

Ca Calcium 

CaCO3 Calcium Carbonate 

CC                   

 

Compression Index 

CEC Cation Exchange Capacity 

Cl Chloride 

CLI Clay Liner 

CO3
-2

 Carbonate 

Cv Coefficient of consolidation 

EC Electron Conductivity 

ESP Exchangeable Sodium Percentage 



_____________________________________________________________________________________ 

______________________________________________________________________________ 
MSc Thesis                                                VI                      Department of Earth Science, Addis Ababa University 

eo Void ratio 

ELE Engineering Laboratory Equipment 

F Volume change factor 

GSE Geological Survey of Ethiopia 

HCO3    Bicarbonate 

H2O   Water 

K Coefficient of Permeability 

K Potassium 

KN/m
2          

 Kilo Newton per meter squared 

Kpa Kilo Pascal 

LL Liquid Limit 

m.a.s.l meter above sea level 

meq/l                milli equivalent per litre 

Mg Magnesium 

μS micro Siemens 

ms   Milli Siemens 

 Mv Volume Compressibility 

MDD Maximum Dry Density 

Na Sodium 

NMC Natural Moisture Content 

NTU    Nephelometric Turbidity Unit 

OMC Optimum Moisture Content 

OM OrganicMatter 

ỏe Change in void ratio 

ỏp Change in pressure 

P Phosphorus 

PH Potential hydrogen 

PI Plastic Index 

PL Plastic Limit 

SAR Sodium Absorption Ratio 

SL Shrinkage Limit 

 So Degree of Saturation 

SO4
-2         

 Sulphate 

TP Test Pit 

UCS   Unconfined Compressive Strength 

USCS   Unified Soil Classification System 

UTM Universal Transverse Mar cater 

WHO World Health Organization 

WWDSE Water Works Design and Supervision Enterprise 

Ø Angle of Friction 



ABSTRACT 

_____________________________________________________________________________________ 

______________________________________________________________________________ 
MSc Thesis                                                VII                      Department of Earth Science, Addis Ababa University 

ABSTRACT 

The Addis Ababa City Administration started a project to establish a new sanitary landfill site at 

Chebe Weregenu, which is 26 km from the city center of Addis Ababa. The project feasibility 

studies were already conducted. It is now under design study phase. 

In the feasibility studies, one of the main gaps noted was on the permeability of the residual soil, 

1.164x10
-4

 to 2.329x10
-4cm/sec which is below the standard. The standard requirement for sanitary 

landfill should be 1x10
-7

cm/sec or less. The permeability test result in the present research was 

found1.897 X10
-7 to 1.085x10

-8 cm/sec which is within the standard. The other gap was, both 

studies stated that the existing residual soil 0-5 meters is black cotton soil. In the present research, 

based on site investigation and test data the residual soil 0-4.5 meters have different soil profiles, 

black cotton soil and tuff material. 

 
The purpose of this research work is to identify possible gaps in the feasibility studies and to 

conduct geological and environmental appraisal of the Chebe Weregenu Sanitary Landfill 

Project.  

 
Eleven representative soil samples, two rocks and four water samples were collected from the 

site and were tested for the purpose of geological and environmental appraisal of the landfill site 

application. All representative soil sample test results complied with the standard requirements 

of permeability for clay cap and clay liner application. Regarding plasticity, the liquid limit value 

of seven out of ten samples complied with the standard requirement, but three are above the 

standard. The water quality test result was found fit for drinking purpose as per WHO standard. 

The water quality and soil fertility test results are base line data to be used as a reference point 

during the operational phase. 

This research filled the gap of the feasibility studies and further established different findings 

based on the primary data. Those results found within the standard range were presented as 

acceptable values and those test results out of the range were recommended for further 

investigation during the design study. 
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CHAPTER -1  INTRODUCTION 

 

1.1 Background  

The expansion of Addis Ababa, the Capital City of Ethiopia, in all directions and the growing 

population is creating sizeable strain on the environment. This situation requires the need for 

organized and systematic waste management system. It also demands an effective waste 

management practice from house hold level up to an efficient landfill system.  

The only open landfill system in operation for the last 45 years in the capital city is “Koshe”. It 

has been very inefficient and contributing to widespread air, water and soil pollution (Tadesse, 

2004). Due to Koshe reaching peak capacity as well as the pollution problems, the Addis Ababa 

City Government identified different sites and conducted prefeasibility study. Accordingly, 

Chebe Weregenu site was selected. 

Chebe Weregenu is located in the Northeastern part of Addis Ababa, in the Oromia regional state, 

east of Legetafo town. The site is 26 kms from the city center along Ayat road. The selected site 

covers about 136.6 hectares. 

The Addis Ababa City Government entered into agreement with two organizations for the 

feasibility study of Chebe Weregenu Sanitary Landfill Site. Both organizations assessed different 

aspects of the landfill project and came up with a conclusion that the landfill site is feasible for 

sanitary landfill application. 

The project is now moving towards conducting the design work. The design work is already 

awarded to an international consultant, and it is expected to commence in the near future.  

The Chebe Weregenu sanitary landfill project is planned to have a leachate and a gas collection 

system. In addition, there are three transfer stations which are located at separate site to handle 

the waste (Addis Ababa City Administration project office).   

The Chebe Weregenu Sanitary landfill project is the first of its kind in the country. There is no 

prior local experience in project implementation of a modern waste management system and also 
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in the management of the system operation. Thus, the success of this project is the concern of all 

stake holders.  

The first objective of the present research was to identify any possible gaps in the feasibility 

studies. The other objective of the current project is to contribute towards the success of the 

project by studying the geological and environmental context of the New Chebe Weregenu 

Sanitary Landfill Site in order to provide accurate baseline geological data (petrographic, 

mineralogic, geotechnical) as well as environmental data (soil, water, landuse/landcover) which 

will help during the design of the project as well as during operation phase.  

The present research is based on primary and secondary data. The primary data were generated 

by collecting rocks, soil and water samples from the project site and conducting different test 

parameters related to sanitary landfill. Secondary data on various parameters from different 

sources has also procured and utilized. 

As the design of the sanitary landfill project work is yet to be made, it will be a great opportunity 

to consider and refer the output of this research work as an additional input for the design of the 

Chebe Sanitary Landfill. 

This research contains discussion on the site from different perspectives, review of feasibility 

studies and establishing gaps, collection of samples and laboratory tests. Further a discussion of 

the test results including; soil fertility secondary data from Koshe open landfill and filling the 

gaps of the feasibility studies. Finally, the thesis provides conclusions of scientific data and 

recommendations for future action. 

1.2 Landfill 

Landfills are the most important option of municipal solid waste disposal worldwide. Landfill 

covers are designed to isolate waste from the environment by incorporating low-permeability 

barrier layers. The barrier layer minimizes and controls gas escaping from the waste and the 

amount of infiltrating moisture available for leachate generation. The most important 

performance parameter for compacted clay liner is its permeability (Daniel and Benson, 1990). 

 



Chapter- 1                                                                                                                                         INTRODUCTION 

_____________________________________________________________________________________ 

______________________________________________________________________________ 
MSc Thesis                                                - 3 -                      Department of Earth Science, Addis Ababa University 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 1.1 Sketch showing how leachate and gas migrate in to the ground 

 (Source: http://www.igsl.ie/wp-conent/uploads/clay_liners_for _landfill_projets.pdf).  

1.2.1 Types of landfill  

There are two types of landfills; sanitary and open type. The sanitary landfill is properly made 

with impermeable material and completely isolates waste from water while open dump is the 

oldest and most common way to dispose of solid waste. Open dump is problematic regarding 

safety, health and environmental aesthetics (Brunner and Keller, 1972). 

Open Dump Landfill 

Open dump was the most primitive and most widely used means of solid-waste disposal that 

requires a minimum of effort and expense (Brunner and Keller, 1972). 

Sanitary Landfill 

According to (Brunner, 1972 and Keller, 1970), “Sanitary landfill” means a land disposal site 

employing an engineered method of disposing of solid wastes on land in a manner that 

minimizes environmental hazards by spreading the solid wastes in thin layers, compacting the 

solid wastes to the smallest practical volume, and applying compacting cover material at the end 

of each operating day. 

http://www.igsl.ie/wp-conent/uploads/clay_liners_for%20_landfill_projets.pdf
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1.3 Clay Liner and Clay Cap for Sanitary Landfill  

1.3.1 Clay Liner or Bottom Liner 

A bottom liner (or simply liner) is an engineered system to contain and control the pollution of 

the land and water environments surrounding the land disposal operation (Brunner and Keller, 

1970). 

There are three different materials used to construct landfill liner and final cover. These are 

clayey soil, synthetic membranes or other artificially manufactured materials, and amended soil 

or other admixtures. Each type has its own advantage and disadvantage that must be considered 

when choosing a particular liner material. Theoretically leakage through the base of a 

contaminant is unavoidable; however, it can be reduced to practically zero. Usually clay or 

synthetic material is used in lining a landfill. Synthetic materials allow less leakage but are 

difficult to protect from damage, whereas clay liners are not easily damaged. Hence clay is 

preferred as a liner in such landfills (Bagchi, 2004). 

Clay Liners at the bottom of landfill body play a very important part in the whole multi barrier 

system for retaining pollutants. Porosity of clay particles is 40-70% and permeability (K) value 

of clay is less than 1x10
-7

 cm/sec and so the rate of advection transport through clay is very low 

and it is cheap (http://http://www.ejnet.org//landfills/the basics of landfill.htm). 

According to Daniel and Wu (1993), the primary purpose of clay liner is to provide a low 

hydraulic conductivity (1x10
-7

 cm/sec or less) barrier layer, either at the base or in the final cover. 

The criteria for choosing Clay are primarily based on the re-compacted permeability achievable 

under field conditions. A clay that can be compacted to obtain a low permeability (1x10
-7

 cm/sec 

or less) sample when compacted to 90-95% of the maximum Proctor’s dry density when wet or 

optimum moisture is chosen for landfill liner construction (Daniel and Wu,1993). 

Although the detailed requirements for compacted clay liners (CCLs) vary, the following 

parameters usually apply for landfill.  

 Coefficient of permeability (hydraulic conductivity) of 1x10
-7

 cm/s or less 

 Minimum layer thickness of 1m 

http://http/www.ejnet.org/landfills/the%20basics%20of%20landfill.htm
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 Minimum clay content of 10% 

 Minimum Fines (clay & silt) content >30% 

 10%<Plasticity index<65% 

 Liquid limit < 90% 

 Maximum particle size of  75mm    

       (http://www.igsl.ie/wp-content/uploads/clay_liners_for_landfill_projects.pdf) 

1.3.2 Clay Cap or Final Cover  

A landfill cover or cap is an umbrella over the landfill to keep water out (to prevent leach ate 

formation). It is the layer that is placed on the completed surface of the fill. It will generally 

consist of several sloped layers: clay or membrane liner to prevent rain from intruding.  

(http://http://www.ejnet.org//landfills/ the basics of landfill.html) 

1.3.3 Basic Theory 

The Atterberg Limits 

The Atterberg limits provide a means of measuring and describing the plasticity range in 

numerical terms.(K.H. Head Manual of Soil Laboratory Testing, Volume 1, 1984).  

Classification 

Classification is usually accomplished by means of the plasticity chart. This is a graphical plot of 

the liquid limit (LL) as ordinate against plasticity index (PI) as abscissa.  

  
- Low plasticity (CL), liquid limits less than 30. 

- Intermediate plasticity (CI), liquid limits from 30 to 50. 

- High plasticity (CH), liquid limits exceeding 50.  

Permeability 

Permeability involves in all flow of water through soil, such as seepage of dams, the squeezing 

out of water from soil by the application of load, and drainage of sub grade, dams and backfill. 

(K.H. Head   Manual of Soil Laboratory Testing, Volume 2, 1982) 

http://www.igsl.ie/wp-content/uploads/clay_liners_for_landfill_projects.pdf
http://www.ejnet.org/
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In general, clays of high plasticity are likely to have a lower permeability, to be more 

compressible and to consolidate over a longer period of time under load than clays of low 

plasticity (K.H. Head   Manual of Soil Laboratory Testing, Volume 2, 1982). 

 
Table 1.1    Standard range of coefficient of Permeability 

 

Degree of Permeability Range of coefficient of Permeability, K(m/s) 

 High  Greater than 10
-3

 

 Medium 10
-3

-10
-5

 

 Low 10
-5

-10
-7

 

 Very Low 10
-7

-10
-9

 

 Practically impermeable Less than 10
-9

 

 

 
                    Coefficient of permeability m/sec 
          K = 1   10

-1
 10

-2
 10

-3
 10

-4
 10

-5  
10

-6 
10

-7 
10

-8 
10

-9
  10

-10
 10

-11
 10

-12   m/sec
 

Drainage 
characteristics 

  
          GOOD                  Poor         Practically    
                                                           Impervious 

Permeability 
classification 

High         Medium     Low     Very Low  Practically Impermeable 

General  
soil type 

Gravels Fissured &  
                           Weathered clays 
                                    Very finer or                Intact Clays 
                                      silty sands 

 
Fig. 1.2 Permeability and drainage characteristics of main soil types 

 

Table 1.2 Typical permeability of various soils 

 

Group  

Symbol 

 

Description Typical  

Permeability m/sec 

GW Well graded clean gravels, gravel sand mixtures 2.5x10
-4

 

GP Poorly graded clean gravel sand mix 5x10
-4

 

GM Silty gravels, poorly graded gravel-sand silt mix > 5x10
-9

 

GC Clayey gravel, poorly graded gravel –sand-clay mix > 5x10
-10

 

SW Well-graded clean sands, gravely sands > 5x10
-6

 

SP Poorly graded clean sand gravel 5x10
-6

 

SM Silty sands, poorly graded sand-silt mix >2.5x10
-7

 

SM-SC Sand-silt clay mix with slightly plastic fines 1x10
-8

 

SC Clayey sands, poorly graded sand-clay mix 2.5x10
-9

 

ML Inorganic silts and clayey silts 5x10
-8
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ML-CL Mixture of inorganic silt and clay 2.5x10
-9

 

CL Inorganic clays of low to medium plasticity 5x10
-9

 

OL Organic silts and silt clays, low plasticity  >5x10
-9

 

MH Inorganic clayey silts, elastic silts 2.5x10
-9

 

CH Inorganic clays of high plasticity 5x10
-10

 

OH Organic clays and silty clays 1x10
-9

 

                                                                                                                                (Source: NAVFAC, 1971) 

 Note the trend of decreasing permeability with decreasing grain size (Daniel and Benson, 1990). 

 

Shear Strength 

Shear Strength is the resistance of soil to sliding of one mass against another. The shear strength 

of engineering soils has an important role in design, construction and long-term stability of 

structures on, in and with soil materials. Shear strength is possible when an unequal principal 

stress (force) is applied. But if equal force is applied in every direction, there will be no failure. 

The shear strength of cohesive soils is made up of two components: friction and cohesion. 

(Source: K.H. Head Manual of Soil Laboratory Testing Volume 2). 

Consistency of Clay Soils 

Consistency is a term used to indicate the degree of firmness of cohesive soils. The consistency 

of natural cohesive soil deposits is expressed qualitatively by such terms as very soft, soft, stiff, 

very stiff and hard. Consistency of a soil can be expressed in terms of; Atterberg limits of soil 

and unconfined compressive strength of soils. 
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Table 1.3:  Consistency of Clays 

 

Consistency of Clays Undrained shear strength (KN/m
2
) 

Very soft <20 

Soft 20-40 

Soft to firm 40-50 

Firm 50-75 

Firm to stiff 75-100 

Stiff 100-150 

Very stiff >150 

 (Source: K.H.Head Manual of Soil Laboratory Testing, 1982) 

 

Activity of Clays 

 
Skempton (1953) considers that the significant change in the volume of a clay soil during 

shrinking or swelling is a function of plasticity index and the quantity of colloidal clay particles 

present in soil. The clay soil can be classified inactive, normal or active (Skempton, 1953). The 

activity of clay is expressed as; 

 

                                Activity A  =           Plasticity index, Ip                    ........eq. 1.1 

                                                           Percent finer than 2 micron 

The clay soil which has an activity value greater than 1.4 can be considered as belonging to the 

swelling type. 

Specific Gravity 

It is rarely possible to use specific gravity as an index for soils classification. But knowledge of 

the SG is essential in relation to some other soil tests, especially for calculating porosity and 

voids ratio, and is particularly important when compaction and consolidation properties are 

considered. The SG must also be known for the computation of particle size analysis from a 

sedimentation procedure (K.H. Head Manual of Soil Laboratory Testing Volume 2, 1982). 

1.3.4 Environmental Law of Ethiopia 

One of the objectives of the Ethiopian Federal Democratic Republic Constitution (Proclamation 

No, 1/1995) is to ensure the existence of a clean and healthy environment. It provides that all 

persons have the right to a clean and healthy environment. Based on the Constitution and to put 

the political will aiming to environmental protection in concrete form, several 
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laws/proclamations were promulgated in Ethiopia. Five proclamations have been put in force 

since 1997 among which Pollution Control Proclamation-2002 is the one. 

Environmental Pollution Control Proclamation - December 2002 

 

The quality of air, water and soil in Ethiopia is being degraded by urban and industrial 

development. In this perspective, the Ethiopian Government enacted the Environmental 

Protection Control Proclamation No. 300/2002 on. It is a powerful tool to realize implementation 

of the environmental objectives and goals incorporated in the Environmental Policy.  

 

The Proclamation consists of a number of articles on different issues such as: 

• Pollution control, management of hazardous wastes, chemicals and radioactive substances; 

• Pollution control for municipal waste management; 

• Environmental standards; 

• Rights and duties of environmental inspectors and; 

• Penalties. 

Within this context, the Environmental Protection Agency issued provisional Standards for 

industrial pollution control and Guidelines for Ambient Environment Standards for Ethiopia. 

Both being periodically reviewed and updated in the light of additional information and 

knowledge. 

1.4 Statement of the Problem 

Waste Management is a serious concern in Addis Ababa. The only available waste disposal site 

is Koshe open landfill. It is old, not environment friendly and is in the process of close up. The 

new sanitary landfill to be built at Chebe Weregenu is a multimillion-dollar investment, which is 

in dire need to the expanding city and its dwellers. The Chebe Weregenu Sanitary landfill project 

feasibility studies were recently conducted. The project is now under the start up of design phase. 

In the feasibility studies there are two major issues of concern. One concern is; the value of 

permeability of the clay cap and clay liner was below the standard requirement. The other 

concern is the soil profile of the residual soil at the site. The soil at the site contains 0-5 meters of 
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black cotton soil, therefore the recommendation was made to remove all black cotton soil by 

POYRY, 2011 and use Geo synthetic materials to improve the water tightness by GSE, 2010. 

The above points, permeability value and the recommended mitigation measures are gaps of the 

feasibility studies of Chebe Weregenu sanitary land fill site.  

This present research will study and fill the gap and further conduct geological and 

environmental appraisal of Chebe Weregenu sanitary land fill project, based on which it will 

forward recommendations to be considered in the design study phase. 

1.5 Scope of the Research  

The present research focused on the test and analysis of soil for clay cap and clay liner 

application based on eleven representative soil samples taken at a maximum depth of 4.5 meters. 

Other five soil samples were used for mineralogical analysis and two rock samples were taken 

for petrography analysis. In addition, four water samples and three soil samples for soil fertility 

test were taken for base line pollution reference for the operation phase of the landfill site. 

1.6 Objective of the Research 

1.6.1 General Objective of the Research 

The general objective of the present research is to investigate geological and environmental 

context of the new Chebe Weregenu Sanitary Landfill Site. In addition, it was also intended to 

identify and fill gaps in the previously conducted feasibility studies and finally to draw a 

conclusion and forward recommendations. 

1.6.2 The Specific Objective of the Research 

 To identify the geologic, rock/soil/groundwater conditions that may affect the design, 

construction and operation phase of the landfill. To determine the physical and chemical 

characteristics of the soil that is going to be used for the Chebe Weregenu sanitary landfill 

cover and clay liner.    
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 To identify and asses the  physical and chemical characteristics of water and soil to be used 

as a base line and reference point for any pollution that  may occur during the operation 

phase of the sanitary landfill site. 

 

 To identify and fill up gaps noted in two previously conducted feasibility studies on Chebe 

Weregenu sanitary landfill site. 

1.7 Methodology of Research 

The present research work was mainly conducted by generating primary data; however, 

secondary data was also utilized to meet out the objectives of the study. Primary data were 

generated by collecting rock, soil and water samples from the present study area, and tested in 

laboratory following standard specifications. The secondary data used during the present study 

were acquired from geological, hydrogeological, engineering geological maps and koshe open 

landfill soil fertility data. The following systematic research methodology was followed for the 

present study: 

 Systematic literature review was undertaken to develop the conceptual framework for the 

research. 

 Assessment of previous studies on the Chebe Weregenu Sanitary Landfill Project 

 Establishing gaps in the feasibility studies done on Chebe Weregenu Landfill site 

 Conducting  research work with the following details: 

 Site investigation for surface and subsurface conditions 

 Rock, soil and water sample collection from site     

 Sample preparation 

 Rock, soil and water sample tests in the laboratory 

 Test report 

 Compliance analysis against the standards 

 Conclusion and recommendation  

The research work started by assessing three different studies on the Chebe Weregenu Sanitary 

Landfill Project. These are: 
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(i) Prefeasibility study on preliminary Site Selection of New Sanitary Landfill for  

Addis Ababa City and Surrounding Towns conducted by New Landfill Site  

Selection Task Team in October 2009; 

(ii) Feasibility study of Chebe Weregenu Sanitary Landfill Site for the city of Addis  

Ababa conducted by Geological Survey of Ethiopia, Geohazards Investigation  

Core Process in April 2010. 

 

(iii) Federal Republic of Ethiopia, City of Addis Ababa, Addis Ababa Solid Waste  

 Management Project, Phase II Development of the new sanitary landfill in  

       Sendafa conducted by POYRY in February 2011.  

Following the assessment of the studies, the researcher conducted literature review on different 

aspects of landfill system was carried out. 

The detailed research work at site started with field investigation and collection of rock, soil and 

water samples from within the landfill site for clay lining application and from a nearby site 

where construction material is readily available for clay cap, cover application.  

Two rock samples were collected, one from a site about 1.5km away from the landfill site which 

is intended to be used as a clay cap for the landfill application. It is a fresh basalt rock found at a 

depth of 1.2m. The other tuff sample was collected from the surface of the landfill site. These 

rock samples were used to conduct thin section analysis using petrographic microscope. The thin 

section analysis is used to classify the composition and characteristics of rocks. 

Eleven representatives disturbed and eight undisturbed soil samples were collected from eight 

different test pits. Five test pits were dug at four corners of the landfill site, and one test pit dug 

at the center of the landfill site. The five test pits dug at a depth of 2 meters and one test pit dug 

at a depth of 4meters. In addition, two test pits were also dug at 1.5km far from the landfill site at 

a depth of1.2m and 4meters. All samples were collected by manual digging. 

Disturbed soils samples, about 25 kg by weight, were collected from the site. These samples 

were prepared in the laboratory and the testing process started with air-drying. The dried samples 

were further quartered to get the required representative samples. The sample then passed 
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through crushing, grinding and sieving by different sieve sizes based upon different test 

parameter requirements.  

Different soil tests were conducted from disturbed samples for clay liner and clay cap 

applications. These are: particle size grading(hydrometer), Atterberg Limit tests, shrinkage limit, 

free swell, specific gravity, standard and modified proctor test, porosity, permeability, 

unconfined compression strength, clay mineralogy and others. The particle size grading provides 

an excellent initial appraisal of the potential suitability of a soil for the construction of an 

impermeable liner.  In addition it provides quantitative data on the range of sizes of particles and 

the amount of clay present. The Atterberg limit (liquid and plastic limits) provides the most 

useful way of identifying and classifying the fine-grained cohesive soils. The moisture content, 

compaction, permeability and others are engineering parameters of clay liner. 

There are three different methods for collecting undisturbed soil samples.  One is the core cutter 

method, the second is the block sample method (30x30cm or 40x40cm) and the third is the 

Shelby sampling tube method. Because of the situation at site, in this study, the core cutter 

method was used, and accordingly the undisturbed samples were collected using 10x12 cm core 

cutter sampler. Consolidation, swelling pressure, direct shear, unit weight, and moisture content 

tests were conducted on the undisturbed samples. 

Because of the difficulty to collect the undisturbed soil sample from the site, disturbed samples 

were used to conduct unconfined compressive strength. 

Five disturbed soil samples were used to conduct clay mineralogical test using XRD (X- ray 

diffraction).  

For environmental appraisal purpose four water samples and three disturbed soil samples were 

collected from the project site and physical and chemical analysis were conducted in the 

laboratory. From the four water samples, three were spring waters and the other one was ground 

water sample. One groundwater and two spring water samples were collected from adjacent site 

to the landfill area, and one spring water was collected from the landfill site. In addition, 

secondary data of recent soil quality test results of Koshe open landfill sitewas also utilized, for 

comparison purpose, as Koshe open landfill site is the only available open landfill in Addis 
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Ababa, Ethiopia. The Horn of Africa Regional Environment Center and Network conducted the 

test at Water Works Design and Supervision Enterprise Laboratory. 

During the research study various equipment and tools were used for field investigation and in 

the laboratory. For the field work; GPS, Digital Camera, Cone Penetrometer, Geological 

Hammer, Lenses, Core Cutter, Shelby, Shovel, Pickaxe, Sample Bag, Log book and labeling 

marker were used. For the laboratory work, various laboratory equipments for soil and water 

analysis were used. 

Most test results were compared against standard requirements for the construction and operation 

phase of the sanitary landfill site. Finally, conclusions were drawn and recommendations are 

forwarded. 

1.8 Significance of the Research  

The Chebe landfill project is active and it is under design stage. The prefeasibility and feasibility 

phases were already completed. Currently it is under the starting phase of the design study .The 

output of the present  research project work can be an additional reference to the design study 

works to be conducted by the Sanitary Landfill Design Consultant.  

 
The different stakeholders; the Addis Ababa City Administration, Environmental Protection 

Authority, the general public and the Government at Federal and Regional level are beneficiaries 

of the successful project which depends on proper design, construction work and operation of the 

closed landfill. 

- Addis Ababa City Administration as service provider owns an effectively 

operating closed landfill system available to the public. 

 

- EPA will benefit from the creation of an environment friendly system. 
 

- The general public will benefit from clean and green environment protected from 

soil, water and air pollution. Public mind set will be changed from considering 

waste as something unimportant to a high utility material. Therefore, the situation 

will lead to the public to sort out waste at house level. 
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- Government can replicate the successful completion of the new sanitary landfill at 

Chebe Weregenu to other sub cities in Addis and to other regional cities out of 

Addis. 

1.9 Limitations of the present research 

The timing of this research study and that of the project design study of the landfill site 

unfortunately did not match, which could have been an opportunity to get drill based sample data 

which enables to get deep subsurface bed rock conditions and generate primary data. As a result 

the research data is only limited to a maximum depth of 4.5 meters.  

 
From environmental perspective the present research has dealt only with soil and water quality. 

Air quality was not done due to the unavailability of reliable air quality measurement device. 

1.10 Structure of the Thesis 

The present research is conducted by identifying previous studies at Chebe Weregenu Sanitary 

Landfill site and review literature on different aspects related to sanitary landfill suitability. Soil 

and water samples were collected from the landfill site for geotechnical, environmental and 

mineralogical tests, conducted in Water Works Design and Supervision Enterprise Laboratory 

and Geological Survey of Ethiopia Laboratory. This research also includes conclusions and 

recommendations based on the result and standard requirements. The present research is 

organized into five chapters and the structure of thesis is as follows: 

Chapter one comprises the introduction, which include the background of the study, landfill 

review, clay liner and clay cap for sanitary landfill, standard ranges of coefficient of permeability, 

statement of the problem, scope of the research, objective of the study, methodology, 

significance of the research and limitation of the present research. 

Chapter two presents an over view of the study area. It includes the geology, engineering 

geology and hydrogeology of the study area. 

Chapter three presents samples and laboratory tests and also includes results, discussion and 

interpretation. 
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Chapter four presents a review of previous feasibility studies and it also includes gaps, gap 

analysis and gap filling. 

Chapter five presents the overall conclusion made and recommendations given based on the 

present research. 
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CHAPTER– 2 AN OVERVIEW OF THE STUDY AREA 

2.1 Location  

The new sanitary land fill site is located in the Sendafa area, at Chebe Weregenu. (Fig.2.1, Table 

2.1). 

The study area can be accessed through two directions; one route is, through Ayat road, and 

other along Addis Ababa-Dessie road. It is 37.2 Km northeast of Addis, out of which from city 

center to Legetafo it is 20 Km, and from Legetafo to Legedadi Dam is 12.2 Km and from 

Legedadi dam to Chebe Wergenu site is 5Km which is a gravel road, that needs proper road 

construction. However, all the other roads are made of Asphalt. Along the Ayat road, the site is 

around 26 km from the center of Addis Ababa. 

The  site is located at downstream of Legedadi Dam, which provides the water supply to Addis 

Ababa city and is found entirely on an area of water shed free from surface drainage.  

Table 2.1     Geographic coordinates of the Chebe Weregenu Landfill site (UTM-WGS 84) 

 

Site (corner points) 

 

Location 

Chebe Weregenu-1 491612 E: 0999500N 

Chebe Weregenu-2 492294E: 0999500N 

Chebe Weregenu-3 492484E: 0997490N 

Chebe Weregenu-4 491573E:0997494N 

 

2.2     The proposed Chebe landfill site and the service provision potential 

As shown in Fig. 2.2 range of different service zones were identified. The Landfill site can gives 

service reasonably almost to 50% of Addis Ababa residents and the nearby Towns within the 

range of 20 km radius. On the other hand, for the waste generated from each built up area in the 

extreme Northwest and Southwest of Addis Ababa (specifically in Akaki-Kality, Nifas silk-Lafto 

and Kolfe-Keranyo sub cities) the service provider will travel long distance for the round trip.  
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2.3    Topography and Climate of the Site 

Topography 

Table 2.2    Summary of Chebe Weregenu site condition 

Site Name Location of the  project area Landfill Area (hectare) Elevation (m) Land Use 

Chebe 

Weregenu 

491,573-492,484m E and 

997,494-999,500m N * 

136.6 * 2452 to 2476 m Farm land; 

Teff, wheat, lentil,   

(Source: Addis Ababa City Administration Project office) 

 

 

Fig.2.1 Chebe Weregenu Sanitary Landfill Project site location 
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Climate 

There are two major seasonal patterns in the region. The major rainy period is from June to 

September; whereas October to May is the dry period.  

Temperatures 

 

Maximum and minimum temperature data of 21 years from 1991-2011 was collected from 

National Meteorology Agency, Bole Station. Table 2.3 shows the maximum and minimum 

monthly temperature data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2.2    Chebe landfill site location and its service provision potential (Netsanet Mengistie, 2010) 
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Table 2.3   Max and Min Monthly Temperature (
o 
C) 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Average 

Max 24.1 25.2 25.5 25.0 25.4 23.6 21.2 21.0 22.0 23.1 23.2 23.4 23.5 

Min 9.2 10.0 11.5 12.3 12.4 11.6 11.3 11.7 11.3 10.2 8.6 7.9 10.67 

  Rain Season     

         
  Dry Season     

         

Rainfall 

Rainfall data for 32 years was collected from the National Meteorological Agency. One from 

Sendafa meteorological station and the other from Addis Ababa Bole stations from 1976 to 2010.  

Summary of the mean rainfall (mm/month) data is given in the Table 2.4 and 2.5. 

Table 2.4: Summary of mean rainfall data of Sendafa Station, Year 1976-2007 

Month 

 

Jan Feb Mar April May June July Aug Sept Oct Nov  Dec Total 

Rainfall 

 

20.29 27.53 53.73 75.49 54.61 98.82 328.71 307.46 91.43 23.17 4.71 5.06 1091.01 

 

Table2.5: Summary of mean rainfall data of Addis Ababa Station, Year 1979-2010 

Month 

 

Jan Feb Mar April May June July Aug Sept Oct Nov  Dec Total 

Rainfall 

 

16.2 31.6 65.9 84.2 73.4 116.1 229.8 238.0 126.5 29.7 4.5 6.5 1023.4 

 

From the rainfall data of the stations high rainy seasons are observed in July and August.   
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Fig.2.3    Mean Annual Rainfall Chart of Sendafa Station (in mm) 
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Fig.2.4    Mean Annual Rainfall Chart of Addis Ababa Station 

The charts (Fig. 2.3 and 2.4) clearly show that the area has maximum rainfall in July and August. 

And the minimum rainfall is recorded in November and December. 

2.4 Geology 

According to the Ethiopian Geological Survey Feasibility study of Chebe Weregenu Sanitary 

Landfill Project Site report (GSE, 2010), the area is found in a volcanic terrain composed of 

tertiary basalts and pyroclastic rocks. The geologic formations from the youngest, to the oldest in 

the project area and its immediate surroundings are as follows (Fig.2.5-2.7):  

 

 Tertiary basalts (lower part)  

 Pyroclastic rocks (middle part) 

 Quaternary soil (top most part) 

2.4.1 Tertiary basalts (Tb) 

The Tertiary basalt is exposed a little bit outside the map boundary. This basalt is exposed in the 

northwestern tip of the study area at Gewasa-Yera locality and in the Valley of Akaki River. The 
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basalt is dark grey when fresh and brown when it is weathered. It shows aphanitic texture and is 

mainly massive. The top most part is horizontally layered and grades to massive variety down 

wards. Its composition is dominantly of mafic minerals but scarce amount of olivine and 

scattered pyroxene and plagioclase also occur. At places, scoria flow is intercalated within the 

basalt. The scoria is reddish, weathered and contains rock fragments of scoria and basalt. 

Petrographic study of basalt sample show cryptocrystalline groundmass (23%), crystallites of 

plagioclase (20%), opaque (25%), sanidine (2%), plagioclase (3%), glass (15%), olivine (7%) 

and pyroxene (5%). The texture is fluidal (flow) and at places glass is altered to palagonite. 

Many crystals occur as glassy and remain ultrafine grained. There are scattered olivine, rare 

pyroxene and rare crystals of plagioclase as phenocrysts. The pyroxenes include orthopyroxenes 

and clinopyroxenes (GSE, 2010). 

2.4.2 Pyroclastic rocks (Pyx) 

This unit is exposed in all parts of the study area. It forms flat topography, gentle slope, moderate 

slopes and also cliffs. The cliffs are observed to the west side of the map area, whereAkaki River 

drains. The pyroclasts show slight Easterly tilt. This implies the pyroclasts were deposited on 

subdued or tilted or inclined topography. The pyroclastic deposits include tuffs and ignimbrites 

of various types. Different successions of pyroclasts are logged in the valley of Akaki (Fig. 2.5). 

Unconformities are recognized within the stratigraphic sections at different elevations. 

The tuff includes lapilli tuff, lithic tuff and massive type of tuff. The color of the tuff varies 

according to composition and stratigraphic position and hence, white, light grey, light yellow and 

light brown types exist (Fig.2.7). The lithic tuff shows stratification of deposition at its bottom 

part. Above the lithic tuff there is massive, softer and fractured and weathered tuff, whereas 

below the lithic tuff there is whitish fine and harder tuff with rare rock fragments. Below this tuff 

there is highly vesicular tuff. 
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                                                                                                       Sendafa landfill area                      Geological Cross Section A - B 

Fig.2.5     Detail geological map (1:5,000 scale) of the Chebe-Weregenu proposed landfill site      

                  (map inset – geological map of NE Addis Ababa sub-sheet)  (GSE, 2010). 
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Fig. 2.6   Geological cross section along line A-B. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.7   Lithostratigarphy of Chebe-Weregenu area (modified after GSE, 2010) 
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Rock fragments of tuff, obsidian, weathered pumice and scoria in the range of 1cm to 0.5m in 

diameter are common within the tuffs. At places wood fossils are recognized within the tuffs. 

The top part of the pyroclast is mainly tuff but is intercalated with minor ignimbrite (GSE, 2010). 

The lithic tuff shows stratification of deposition at its bottom part. Above the lithic tuff there is a 

massive, softer and fractured and weathered tuff.  Below the lithic tuff there is whitish fine and 

harder tuff with rare rock fragments. And below this tuff there is vesicular tuff (Fig.2.7). There is 

also a N20E trending lineament or fracture which crosses the tuff. It also shows some caves on it. 

From petrographic study the tuff is light grey to white, slightly weathered, softer and lighter rock. 

Rock fragment is rare or absent. Its major composition is glass or mostly volcanic ash. Sanidine 

is rare (GSE, 2010). 

Lower Ignimbrite 

The lower ignimbrite lies unconformably (which is marked by baked soil) below the whitish 

fine-grained tuff and above the basaltic unit. It forms a gentle slope and flat topography. The 

lower ignimbrite is light to dark grey in color. It is medium to coarse grained hard and compact. 

It contains fiammes of trachyte, weathered pumice (which is yellow in color) and obsidian. It is 

composed of dominant amount of quartz, sanidine, rock fragments of volcanic ash and others 

rocks. At places it is fresh, massive with no fractures (GSE, 2010). 

Upper Ignimbrite 

The upper ignimbrite lies unconformably above the whitish tuff, which is harder and fine-grained 

and in most places it is covered by clay soil. It forms flat topography. It is exposed around the 

confluence of Akaki and Legedadi rivers. This ignimbrite is somewhat different from other 

pyroclast in that it passes to the wider geographic areas, while other underlying pyroclasts don’t 

continue, especially to the North or Northeast or Northwest, but continues to South or Southeast 

(GSE, 2010). 

It is grey, medium to coarse grained, hard containing high amount of lenticular shape fiammes of 

pitchstone, obsidian and trachyte with maximum length of up to 5cm. It is composed of quartz 

and rock fragments of pitchstone, obsidian, trachyte and pumice. Rock fragments dominate it and 

at places its composition is dominated by quartz. At places the top most ignimbrite is observed 
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on a flat topography. It is light grey, fine to medium and also medium to coarse grained and fresh 

containing sanidine and quartz at gentle slope. At places it is highly weathered. There is 

intercalation of lithic tuff within the ignimbrite (GSE, 2010). 

Petrographic study reveals ignimbrite containing 40% glass shards, 12%rock fragments, 36% 

glass, 2% opaque minerals and 10% anorthoclase and sanidine. It shows eutaxitic texture 

(parallel arrangement of glass shards).The major rock fragments are trachytic obsidian and the 

minor rock fragments are pumice. The glass shards are prismatic to folded skeletal fragments of 

glass with various shapes and they are oriented sub-parallel (GSE, 2010). 

2.4.3 Quaternary soil (Q.s) 

The Quaternary soil covers most part of the study area. It is black cotton soil, massive & rests on 

the ignimbrite. At places it has a maximum thickness of more than 2m. It is black cotton soil of 

the plateau. It shows multi-directional deep-rooted desiccation cracks. It is cultivated with Wheat 

and Teff (GSE, 2010). 

2.4.4 Structure 

There are 325NW, 320NW, 30NE and N20E trending lineaments or fractures which crosses the 

tuff (GSE, 2010).During field investigation, there was no visible micro fracture observed in the 

area. 

2.5 Engineering Geology 

The engineering geological map was prepared at a scale of 1:5000 by Geological Survey of 

Ethiopia in the feasibility study of Chebe Weregenu Sanitary Landfill Project Site (GSE, 2010). 

It includes classification of soils and rocks according to their geotechnical properties. Soils are 

classified according to their genesis as residual. Rocks are classified according to their rock mass 

strength values, degree of weathering and joint spacing. 
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Residual soil unit 

Residual soil is an in-situ developed soil from the underlying parent rock by mechanical and 

chemical decomposition (GSE, 2010). Fig.2.8 shows the engineering geological map of the study 

area at1:5,000. 

 

 

Fig.2.8   Engineering geological map of the Chebe-Weregenu landfill site (Source: GSE, 2010) 
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Fig.2.9   Chebe Weregenu Sanitary landfill site and the prospective well field (source: GSE, 2010) 

Rock with medium mass strength (Ignimbrite) 

According to the Ethiopian Geological Survey feasibility study, beneath the residual soil, there is 

Ignimbrite, and as observed in the field it is slightly weathered, moderately jointed, with two 

joint sets. It has vertical and horizontal joint sets. The vertical joint spacing is 50 - 76 cm where 

as the horizontal joint spacing is 30 - 44 cm. Joints are filled with overlying clay soil. The 

ignimbrite has medium mass strength (Rme). 

Construction Raw Materials for Clay Cap application 

An investigation for a quarry site for construction raw material to be used as cap was conducted 

about 1.5 km from the landfill site. The area investigated is 150,000m
2
. In the vicinity of the 

landfill site over 750,000 m
3
 brown clay soil is available for construction material (GSE, 2010). 
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2.6 Hydrogeology 

The Chebe Weregenu Sanitary Landfill Site is found on the plateau top. Streams are drained 

towards Southeast and Southwest starting from the project area (GSE, 2010). The slope is 

moderate in the North, South and West directions whereas gentle towards the East.  

The maximum elevation is 2470m on the top of the plateau and the minimum is 2340m at the 

valley in the southwest. The mean annual precipitation and temperature are 1186 and 16.20c 

respectively (GSE, 2010).The Chebe Landfill site is found within the Lagadadi-Lagatefo well 

field site (Fig. 2.9).  
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CHAPTER 3 – SAMPLES, TESTS, RESULTS, DISCUSSIONS AND   

                                              INTERPRETATIONS  

3.1 samples and laboratory tests 

3.1.1 Sampling 

Soil samples, rock samples and water samples were collected from the landfill Site and from the 

adjacent areas. 

Soil Samples 

Eleven representative disturbed and undisturbed soil samples were collected from Chebe 

Weregenu sanitary landfill Site on November 04, 2011 and February 18, 2012 from the 

coordinates given below.  

Table 3.1 Soil Sample Collection Points 

Test Pit Number Depth (m) Geographic  Coordinate   (UTM) Date Sampled  

TP-1 0.0-1.3 492453E:0999498N Nov 4,2012 

 1.3-2.0 “ “ 

TP-2 1.2-2.0 491843E:0999589N 

 

“ 

TP-3 0.0-2.0 491899E:0998562N “ 

TP-4 0.0-2.0 492460E:0997510N “ 

TP-5 0.0-1.2 491800E:0997398N “ 

 1.2-2.0 “ “ 

TP-6 0.0-1.2 493507E:1000070N “ 

TP-7 0.0-4.0 493519E:1000111N Feb 02,2012 

TP-8 1.87-3.17 491691E:0998769N Feb 18,2012 

 3.17-4.12 “ “ 
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Plate 1- Different test pit excavations at Chebe landfill site 
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Rock Samples 

Two rock samples were collected, one from a location about 1.5km away from the landfill site 

which is intended to be used as a clay cap for the landfill application. It is a fresh olivine basalt 

found at a depth of 1.2m. Another sample, an andesitic tuff, was collected from the surface of the 

landfill site. These rock samples were used to conduct petrographic analysis. 

Table 3.2 Rock Sample Collection Points 

Test Pit Number Depth (m) Geographic  Coordinate  (UTM) Date Sampled  

TP-6 1.20 493507E:1000070N Nov 4,2012 

SER Surface -  

 

 

 

 
Plate 2: Location of proposed construction material site  
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Fig.3.1.The location of construction raw material for the Chebe Weregenu sanitary landfill   (left  

                 the borrow area and right the test pit excavated at 4.0 meter). 

 
 

Borrow Area for Cap application Test pit in borrow area 
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Soil Samples for Mineralogy Test 

From the eleven soil samples, five representative soil samples were analyzed for clay mineralogy 

using XRD, at Geological Survey of Ethiopia Laboratory.  

Table 3.3 Soil Sample Collection Point for Clay Mineralogy 

Test Pit Number Depth (m) Geographic  Coordinate  (UTM) Date Sampled  

TP-1 0.0-1.3 493507E:1000070N Nov 4,2012 

TP-2 1.2-2.0 493507E:1000070N “ 

TP-3 0.0-2.0 493507E:1000070N “ 

TP-5 1.2-2.0 493507E:1000070N “ 

TP-6 0.0-1.20 493507E:1000070N “ 

 

Soil Samples for Fertility  

Three representative samples collected from the Chebe Sanitary Landfill Site for beatifying the 

site after operational phase from the following coordinates. 

Table 3.4 Soil Sample Collection Point for Soil Fertility 

Test Pit Number Depth (m) Geographic  Coordinate  (UTM) Date Sampled  

TP-1 0.0-1.3 493507E:1000070N Nov 4,2012 

TP-3 0.0-2.0 493507E:1000070N “ 

TP-6 0.0-1.20 493507E:1000070N “ 

Water Samples 

Four water samples were collected from the nearby areas of the landfill site. One was ground 

water sample which was collected outside the landfill site. The second sample was collected 

from Bekene spring which is found in Akaki Kele Kebele, close to the landfill site, whereas the 

remaining samples were collected from kawa spring and Nebe spring, outside the landfill site.  

Table 3.5 Water Sample Collection Points 

Test Pit Number Geographic  Coordinate  (UTM) Date Sampled  

Kawa Spring 

 

493525E:1000354N Feb 18,2012 

Nebe Spring 493017E:1000497N “ 

Ground Water 493020E:1000513N 12/03/2010 

Bekene Spring 490570E:0997563N 12/03/2010 
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Plate3:  Water Sample collection from Chebe Weregenu Sanitary Landfill site 

Kawa Spring Nebe Spring 

Ground Water  

Bekene Spring 
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3.1.2 Laboratory Tests 

Soil Mechanics Laboratory Tests 

Table 3.6 Summary of exploration and tests performed 

Type of exploration (test) 

 

Quantity Remarks 

Test pit excavation to a maximum depth of 4.5 meters 2 1 within the landfill site and the other 1.5km far 

from the landfill site, for landfill cap 

application. 

Test pit excavation to a maximum depth of 2 meters 6  

Undisturbed soil sampling 8 10x12 cm core cutter sampling device 

Disturbed soil sampling 11 Maximum of 25 kg representative samples 

Laboratory tests performed   

Grain Size Analysis (hydrometer + wet sieve) 11  

 

(10 hydrometer and 1 sieve analysis) 

Atterberg Limit 10 Conducted from disturbed 

Linear Shrinkage 8 Conducted from disturbed 

Specific Gravity 11 Conducted from disturbed 

Free Swell 7 Conducted from disturbed 

Porosity 6 Conducted from undisturbed samples 

Natural Moisture Content 9 “ 

Unit Weight 7 “ 

Dispersion (by Pinhole Method) 6 Conducted from disturbed 

Compaction 6 Five standard and 1 modified. 

Consolidation 8 Conducted from Undisturbed samples. 

Permeability  9 Conducted from disturbed samples. 

Shear Strength 

Direct Shear 

 

 

- Unconfined Comprehensive Strength(UCS) for soil 

 

6 

 

 

6 

 

Conducted 5 from undisturbed samples & 1 

from disturbed sample. 

Conducted from disturbed samples. 

In situ Test 

- Pocket Penetrometer 

 

6 
 

Swelling Pressure 1  
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Plate 4: Some of laboratory test instruments used during the research study 

Hydrometer test Undisturbed sample collected by core cutter 

 

Atterberg Limit test 

 

Consolidation Test 

 

Triaxial Machine 

 

Direct Shear 

Machine 
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Soil Fertility Test 

Physical and chemical characteristics of soil test were conducted in Water Works Design and 

Supervision Enterprise Laboratory. This was mainly for two reasons. One is to assess possibility 

of improving the aesthetics of the Sanitary Landfill site after the top cover of each portion of the 

landfill and the other is to use the data as a base line data.  

Table 3.7 Summary of tests performed at WWDSE Soil Fertility Laboratory 

Laboratory tests performed 

 

Sample Type Quantity Date Sampled Date Tested 

 
PH Disturbed 3 Nov 4, 2012 Feb 29,2012 

EC  3   

Gypsum  3   

Exc. Bases Na,K,Ca,Mg  3   

CEC  3   

OC  3   

N  3   

Available Phosphorous  3   

Available Potasium  3   

CaCO3  3   

ESP %  3   

Gypsum  3   

Soluble Salts  3   

Micro Nutrients; Cu, Fe, Mn, Zn  3   

Boron  3   
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Surface cracks formed during drying of swelling clays, Feb, 2012                  

 
Barely plantation observed on field investigation, November 04, 2011 

Plate 5: Soil Fertility of Chebe Weregenu Sanitary Landfill Site   

 

Teff plantation observed during field investigation, Nov 04, 2011 
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Water Quality Tests 

Water quality test was conducted from environmental perspective, in order to establish a 

reference point for the operation phase of the sanitary landfill system. 

Table 3.8 Summary of tests performed at WWDSE Water Quality Laboratory 

Laboratory tests performed 

 

Sample Type Quantity Date Sampled Date Tested 

Conducted 

PH Water 4 Feb 02, 2012 Feb 13, 2012 

Turbidity  4   

Color  4   

Total Solid  4   

Total Dissolved Solid  4   

EC  4   

N  4   

Av.P  4   

Av.K  4   

CaCo3  4   

FC  4   

Soluble Salts  4   

Total Hardness, Ca& Mg  4   

Potassium & Sodium  4   

Iron  4   

Manganese  4   

Chloride  4   

Sulphate  4   

Nitrate  4   

Alkalinity, CO3 & HCO3  4   

Fluoride  4   

Phosphate  4   

Ammonia  4   

Aluminium  1   

Zinc  1   

Copper  1   

Chromium  1   

Silica  1   

Molibidium  1   

Lead  1   

Nickel  1   

Organic Carbon  1   
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Rock Tests 

Table 3.9 Summary of Rock tests performed at Geological Survey of Ethiopia Laboratory 

Laboratory tests performed 

 

Sample Type Quantity Date Sampled Date Tested 

Thin Section Analysis Rock 2 Nov 4, 2012 27/12/2011 

 

Soil, Mineralogical Tests 

Table 3.10 Summary Mineralogy of tests performed at Geological Survey Laboratory 

Laboratory tests performed 

 

Sample Type Quantity Date Sampled Date Tested 

Clay Mineralogy(X-RD) Disturbed Soil 5 Nov 4, 2012 03/02/2012 

3.2 Laboratory Test Results, Discussions and Interpretations 

Introduction 

In this chapter all laboratory test results are discussed. In addition, the Chebe Weregenu Sanitary 

Landfill Site is appraised from mineralogical, geotechnical and environmental aspects based on 

laboratory test results. Finally test results were compared against standard requirements and 

interpreted accordingly.  

3.2.1 Laboratory Test Results 

The following are summary of laboratory test results of soil, water and rock samples from Chebe 

Weregenu sanitary landfill site. (For details please refer annex) 

 

 

.
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Table 3.11 Summaries of Chebe Weregenu Sanitary Landfill Project Site Soil Mechanics Laboratory Test Results, November 11, 2011 

Parameters 

TP-1 

(0.0-1.3)m 

TP-1 

(1.3-2.0)m 

TP-2 

(1.2-2.0)m 

TP-3 

(0.0-2.0)m 

TP-4 

(0.0-2.0)m 

TP-5 

(0.0-1.2)m 

TP-5 

(1.2-2.0)m 

TP-6 

(0.0-1.2)m 

Atterberg Limit  

Liquid limit % 

Plastic Limit % 

Plasticity Index % 

 

91.70 

45.55 

46.15 

 

105.28 

42.31 

62.97 

 

78.30 

44.50 

33.80 

 

106.30 

41.98 

64.32 

 

95.32 

45.71 

49.61 

 

75.10 

34.01 

41.09 

 

62.63 

39.21 

23.42 

 

65.62 

34.59 

31.03 

Linear Shrinkage Limit (%) 21.57 23.86 

 

16.79 

 

21.82 

 

22.54 

 

21.14 

 

11.5 

 

15.29 

 Specific Gravity 2.71 2.40 2.40 2.75 2.61 2.33 2.52 2.72 

Free Swell (%) 120.0 150.0 89.0 155.0 147.5 144.0 - 85.0 

Porosity (%) - 52 54 53 54 - 56 59 

Grain Size Analysis 

Clay % 

Silt % 

Sand % 

Gravel % 

 

57.85 

37.97 

4.18 

- 

 

70.05 

27.05 

2.90 

- 

 

50.08 

38.88 

11.04 

- 

 

94.70 

4.80 

0.50 

- 

 

77.35 

20.75 

1.90 

- 

 

55.50 

40.44 

4.06 

- 

 

19.25 

42.59 

38.16 

- 

 

29.50 

42.60 

10.95 

16.95 

Natural Moisture Content (%) - 37.72 

 

51.93 36.34 

 

43.99 

 

37.87 

 

54.84 31.35 

Unit Weight (gm/cc) - 1.68 1.46 1.76 1.64 - 1.58 1.64 

Dispersion (by Pinhole Method) ND2 - ND3 ND1 ND1 - ND1 ND1 

Compaction Test 

MDD gm/cc                                       

OMC % 

 

1.164 

40.25 

 

1.084 

46.60 

 

1.070 

44.50 

 

1.154 

41.54 

 

- 

- 

 

- 

- 

 

1.082 

47.00 

 

1.292 

34.00 

 Consolidation Cc 

 

 

 

 

 

 

 

 

- 

0.200 0.439 0.245 0.265 - 0.140 0.185 

Permeability (cm/sec) 9.07 X10
-8

 3.496 X10
-8

 3.30X10
-8

 2.839X10
-8

 1.085X10
-8

 - 1.897X10
-7

 1.257X10
-6

 

Direct Shear 

C((Kpa) 

Ø (
0
) 

 

- 

- 

 

71.00 

13.22 

 

56.66 

15.10 

 

- 

- 

 

- 

- 

 

- 

- 

 

62.30 

17.44 

 

61.66 

17.74 

Unconfined Compression Strength (Kpa) - 387.21 505.56 588.61 - - 391.76 355.71 

Swelling Pressure (%) - 415.76 - - - - - - 
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     Summaries of Chebe Soil Laboratory Test Results, November 11, 2011, Cont’d…. 

 

 Parameters 

 

TP-7  

(3.30-4.0)m 

TP-8 

(1.87-3.17)m 

TP-8  

(3.17-4.50)m 

Grain Size Analysis 

Clay % 

Silt % 

Sand % 

Gravel % 

 

63.85 

32.79 

3.36 

- 

 

11.75 

50.99 

37.26 

- 

 

5.50 

47.46 

47.04 

- 

Atterberg Limit  

Liquid limit % 

Plastic Limit % 

Plasticity Index % 

 

76.63 

38.70 

37.93 

 

69.00 

55.42 

13.58 

 

- 

- 

- 

Specific Gravity 

 

2.73 

 

2.61 

 

2.59  

Water Absorption (%) 

- 59.64 59.24 

 

Natural Moisture Content (%) 

40.31 - 

 

63.33 

 

Unit Weight (gm/cc) 

- - 1.35 

Compaction Test 

MDD gm/cc                                       

OMC % 

 

1.255 

35.50 

 

- 

- 

 

- 

- 

Oedeometer Consolidation Cc 

 

 

0.285 

- 

-  

0.510 

Permeability (cm/sec) 6.99 X10
-8

 - 7.76 X10
-7

 

Direct Shear 

C((Kpa) 

 (
0
) 

 

48.33 

14.30 

 

- 

- 

 

114.0 

13.76 

Unconfined Compression Strength (Kpa) 

 

457.63 

 

- 

 

- 
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Fig. 3.2 Plastic Index versus Liquid Limit Chart 
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Table 3.12 Summary of Clay mineralogical test results 

Test Pit No. 

 

Depth (m) Identified Minerals Identified 

Minerals (%) 

Remarks 

TP-1 0.0-1.30 Muscovite 73.2  

  Dickite 26.8 - 

TP-2 1.20-2.0 

 

Muscovite - The dominant part of the 

sample is non crystalline 

(amorphous) 

Tp-3 0.0-2.0 Quartz 81.6  

  Dickite 18.4 - 

TP-5 

 

1.20-2.0 Magnetite 12.4  

  Muscovite 64.4  

  Kaolinite 23.2 - 

TP-6* 0.0-1.20 Albite 63.9  

  Hematite 13.0  

  Quartz 13.9  

  Dickite 9.1 - 

 

*Remark: The % proportions of identified minerals do not add up 100. This might be human error during reporting. 

 

Table 3.13 Summary of rock Petrographic analysis 

Test Pit 

No. 

 

Depth (m) Rock Name Mineral Modal (%) Texture 

TP-6 1.20 Olivine Basalt Plagioclase 36 Lath 

   Pyroxene 

Opaque 

Olivine  

Volcanic glass 

Calcite 

Biotite 

34 

10 

8 

8 

3 

1 

Anhedral 

Fine-anhedral 

Euhedral 

- 

Anhedral 

Platy 

 

SER Surface 

 

Andesitic Tuff Microlite Plagioclase 

Pyroxene 

Rock fragment 

Opaque 

Volcanic glass 

 

 

 

 

40 

20 

20 

10 

10 

Microlitic 

Anhedral 

- 

Fine-anhedral 

- 
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3.2.2. Discussion and Interpretation 

(i) Geotechnics Engineering parameters of clay liner 

Classification of Soil, Liquid Limit and Coefficient of Permeability 

Test results, standard requirements and compliance analysis are given here under.  

Table 3.14: Laboratory test results of soil sample classification and Coefficient of Permeability 

Parameters TP-1 

(0.0-1.3m) 

TP-1 

(1.3-2m) 

TP-2 

(1.2-2m) 

TP-3 

(0.0-2m) 

TP-4 

(0.0-2m) 

 

Clay content (%) 57.85 70.05 50.08 94.70 77.35  

Fines clay & silt content)% 95.82 97.10 88.96 99.50 98.12  

Liquid Limit (%) 91.70 105.28 78.30 106.30 95.32  

Plasticity index (%) 46.15 62.97 33.80 64.32 49.61  

Coefficient of Permeability   K (cm/sec) 9.07X10
-8

 3.496X10
-8

 3.30X10
-8

 2.839X10
-8

 1.085X10
-8

  

      

Laboratory test result of soil classification and coefficient of permeability, cont’d…. 

 

Parameters TP-5 

(0.0-1.2m) 

TP-5 

(1.2-2m) 

TP-6 

(0.0-1.2m) 

TP-7 

(3.5-4m) 

TP-8 

(1.87-3.2m) 

TP-8 

(3.17-4m) 

Clay content (%) 51.50 19.25 29.50 63.85 11.75 5.50 

Fines  clay & silt content)% 95.94 61.84 72.10 96.64 62.74 52.96 

Liquid Limit (%) 75.10 62.63 65.62 76.63 69.0 - 

Plasticity index (%) 41.09 23.42 31.03 37.93 13.58 - 

Coefficient of Permeability   K (cm/sec) - 1.897 X10
-7

 1.257 X10
-6

 6.99 X10
-8

 - 7.76 X10
-7

 

 

Table 3.15: Standard requirements for Compacted Clay Liner 

Minimum Clay Content % 10% 

Minimum fines (clay & silt)content  % >30% 

Liquid Limit % <90 % 

Plasticity Index % >10% and <65% 

Coefficient of permeability K (m/sec) 1X10-9 m/sec or less 

Maximum particle size (mm) 75mm 

Source : (http://www.igsl.ie/wp-content/uploads/clay_liners_for_landfill_projects.pdf) 

 

 

 

 

http://www.igsl.ie/wp-content/uploads/clay_liners_for_landfill_projects.pdf
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Table 3.16 Compliance analysis table 

 

Parameters Test Pit No. Depth (m) Compliance with the 

Standard Requirements 
Remarks 

Liquid Limit 

(LL) 

TP-1 

TP-2 

TP-5 

TP-5 

TP-6 

TP-7 

TP-8 

TP-1 

TP-3 

TP-4 

 

 

0.0-1.3 

1.2-2.0 

0.0-1.2 

1.2-2.0 

0.0-1.2 

3.5-4.0 

    1.87-3.17 

1.3-2.0 

0.0-2.0 

0.0-2.0 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

 

Coefficient of 

Permeability 

All nine test pits, please 

refer table 5.8 

Please refer table 5.8 Yes  

      

 The permeability test result of the Chebe Weregenu Sanitary Landfill Site for the cap and 

the liner material are all incompliance with the standard requirements given in table 3.19 

above. 

 

Natural Moisture content 

 
Table 3.17: Natural Moisture Content of soil sample laboratory test data  

Parameters 

 

TP-1 

(0.0-1.30m) 

TP-1 

(1.3-2.0m) 

TP-2 

(1.2-2.0m) 

TP-3 

(0.0-2.0m) 

TP-4 

(0.0-2.0m) 

   

Natural Moisture Content (%) 

 

- 37.72 51.93 36.34 43.99    

 

Natural Moisture Content of soil sample laboratory test data, contd… 

Parameters 

 

TP-5 

(0.0-1.20m) 

TP-5 

(1.2-2.0m) 

TP-6 

(0.0-1.20m) 

TP-7 

(4.0m) 

TP-8 

(4.5m) 

   

Natural Moisture 

Content (%) 

 

 

37.87 

 

54.84 

 

31.35 

 

40.31 

 

63.33 

   

 

The moisture content test results of samples TP-2 (1.20-2.0m), TP-5(1.2-2.0m) are very high and 

the moisture content of TP-8(4.5m) is also very high compared to the other eight samples. This 

may be due to the type of materials; because all three samples are found from highly weathered, 

lightweight yellowish to grayish tuff materials. It has the possibility of absorbing water through 

pores.  
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Activity of Clays 

 
Table 3.18: Laboratory test results of Activity of clays   

 

Parameters TP-1 

(0.0-1.30m) 

TP-1 

(1.3-2.0m) 

TP-2 

(1.20-2.0m) 

TP-3 

(0.0-2.0m) 

TP-4 

(0.0-2.0m) 

Plasticity index (%) 46.15 62.97 33.80 64.32 49.61 

Percent finer than 2 microns 57.85 70.05 50.08 94.70 77.35 

Activity % 0.80 0.90 0.67 0.68 0.64 

 

 

Laboratory test results of Activity of clays cont’d… 

 

Parameters TP-5 

(0.0-1.20m) 

TP-5 

(1.2-2.0m) 

TP-6 

(0.0-1.20m) 

TP-7 

(3.5-4.0m) 

TP-8 

(1.87-3.17m) 

Plasticity index (%) 41.09 23.42 31.03 37.93 13.58 

Percent finer than 2 microns 51.50 19.25 29.50 63.85 11.75 

Activity % 0.80 1.21 1.05 0.59 1.16 

 

Table 3.19 Soil classification according to activity of clays 

 
A 

 

Soil type 

< 0.75 Inactive 

0.75-1.40 Normal 

> 1.40 Active 
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   Fig.3.3 Soil classification chart (Skempton, 1953). 

 

 Based on the soil classification chart (Skempton, 1953) indicated on figure 3.3 and  

activity classification table 3.23, all the soil test results fall in normal and inactive soil 

groups. This shows that the soil is not the type that swells. 

 Porosity  

Table 3.20: Porosity laboratory test data  

Parameters 

 

TP-1 

(0.0-1.30m) 

TP-1 

(2.0m) 

TP-2 

(2.0m) 

TP-3 

(2.0m) 

TP-4 

(2.0m) 

   

Porosity (%) 

 

- 52 54 53 54    

Porosity laboratory test data , cont’d… 

Parameters 

 

TP-5 

(0.0-1.2m) 

TP-5 

(2.0m) 

TP-6 

(1.2m) 

TP-7 

(4.0m) 

TP-8 

(4.5m) 

 

Porosity (%) 

 

- 56 59 - -  
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Table 3.21: Standard requirements of porosity range 

Well sorted sand or gravel  25-50% 

Sand and gravel, mixed 20-35% 

Glacial till 10-20% 

Silt 35-50% 

Clay 33-60% 

Source: C.W. FETTER, JR University of Wisconsin-Oshkosh, Applied Hydrogeology p-64 

 The porosity test results of Chebe Weregenu site is from 52% up to 59%. These results 

comply with the standard requirements of porosity which is 40-70%. 

Oedometer Consolidation 

Table 3.22: Results of Volume Compressibility (Mv), Coefficient of Consolidation (CV) and Cc 

Pressure 

kN/m
2
 

TP-1 (2.0m) 

 

TP-2 (2.0m) 

 

TP-3 (2.0m) 

 

 

                                                                  Coefficient 

 

Mv 

(m
2
/MN) 

Cv 

(m
2
/year) 

Cc 

 

Mv 

(m2/MN) 

Cv 

(m
2
/year) 

Cc 

 

Mv 

(m
2
/MN) 

Cv 

(m
2
/year) 

Cc 

 

   

50 

 

0.000 0.000 

0.200 

0.000 0.000 

0.439 

0.000 0.000 

0.245 

 

  

 

100 

 

0.000 0.000 0.232 1.445 0.000 0.000   

200 

 

0.000 0.000 0.182 4.403 0.000 0.000   

400 

 

0.077 1.639 0.163 1.984 0.079 1.217   

800 

 

0.065 0.803 0.177 1.562 0.073 0.847   

1600 

 

0.048 0.607 0.119 0.348 0.052 0.192   
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Results of Volume Compressibility (Mv), Coefficient of Consolidation (CV) and Cc,   cont’d... 

Pressure 

kN/m
2
 

TP-4 (2.0m) 

 

TP-5 (2.0m) 

 

TP-6 (1.20m) 

 

 

                                                                  Coefficient 

 

Mv 

(m
2
/MN) 

Cv 

(m
2
/year) 

Cc 

 

Mv 

(m
2
/MN) 

Cv 

(m
2
/year) 

Cc 

 

Mv 

(m
2
/MN) 

Cv 

(m
2
/year) 

Cc 

 

   

50 

 

0.000 0.000 

0.265 

0.252 1.067 

0.140 

0.251 3.153 

0.185 

 

  

 

100 

 

0.229 3.941 0.250 2.271 0.249 2.481   

200 

 

0.225 1.544 0.247 5.802 0.243 1.065   

400 

 

0.137 0.525 0.083 1.410 0.178 1.709   

800 

 

0.100 0.321 0.063 3.165 0.102 0.819   

1600 

 

0.066 0.086 0.048 0.955 0.057 0.507   

 

Results of Volume Compressibility (Mv), Coefficient of Consolidation (CV) and Cc   cont’d… 

Pressure 

kN/m
2
 

TP-7(4.0m) 

 

TP-8 (4.10m) 

 

  

                                                                  Coefficient 

 

Mv 

(m
2
/MN) 

Cv 

(m
2
/year) 

Cc 

 

Mv 

(m2/MN) 

Cv 

(m
2
/year) 

Cc 

 

      

50 

 

0.000 0.000 

0.285 

0.523 1.626 

0.510 

- - 

- 

 

  

 

100 

 

0.245 0.703 0.516 1.248 - -   

200 

 

0.242 2.505 0.505 2.916 - -   

400 

 

0.130 2.977 0.249 2.246 - -   

800 

 

0.104 0.696 0.134 0.921 - -   

1600 

 

0.104 0.692 0.118 0.587 - -   
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Table 3.23: Oedometer Consolidation Laboratory test results 

Parameters 

 

TP-1 

(2.0m) 

TP-2 

(2.0m) 

TP-3 

(2.0m) 

TP-4 

(2.0m) 

TP-5 

(2.0m) 

   

Oedometer Consolidation (CC) 

 

0.200 0.439 0.245 0.265 0.140    

 

Oedometer Consolidation Laboratory test results cont’d… 

Parameters 

 

TP-6 

(1.20m) 

TP-7 

(4.0m) 

TP-8 

(4.10m) 

   

Oedometer Consolidation 

(CC) 

 

0.185 - 0.510    

 

Standard ranges of values of Coefficient of Consolidation and Compression Index.  

 

Table 3.24: Standard range of Coefficient of consolidation 

 

Soil type 

Plasticity 

Index range 

Coefficient of consolidation 

Cv (m
2
/year) 

undisturbed         remolded 

Compression 

Index 

Cc 

Clays-montmorillonite    

  Up to 2.6 

         High plasticity Greater than  

      25      

    0.1-1.0 

                     About 25-50% 

 

         Medium plasticity    25-5     1-10            of undisturbed     0.8-0.2 

          Low plasticity 15 or less    10-100            values  

Silts  Above 100  

         Source: British Standard, Manual of Soil Laboratory Testing volume2 P683, ELE     

 
 The consolidation test results of the Chebe Weregenu Sanitary Landfill site is given in 

Table 3.27. As per values of coefficient of consolidation and compression index given in 

Table 3.28, the soil type falls within the high plasticity range. This is also true of the 

classification test results. However, the (Cv) of samples TP-2(2.0m), TP-5(2.0m), TP-

6(1.20m) and TP-8(4.10m) are out of the range which are more than 1m
2
/year  against  

25-50% of 0.1-1m
2
/year. The soil type also falls in the medium plasticity range. However 

on the classification test results these sample found high plasticity. On the other hand the 

compression index (Cc) is found within the range. 
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(ii)  Mineralogy 

Thin section for rock samples 

Table 3.25 Clay mineralogical test results 

Test Pit No. 

 

Depth (m) Identified Minerals Identified Minerals 

(%) 

Remarks 

TP-1 0.0-1.30 Muscovite 73.2  

  Dickite 26.8 - 

Tp-3 0.0-2.0 Quartz 81.6  

  Dickite 18.4 - 

 

 According to the test result of XRD given above, the mineral identification of TP-1(0.0-

1.30m) was found to be muscovite 73.2% and duckite26.8%. However, the soil appears 

dark black, dry, firm to stiff, highly plastic expansive (black cotton) soil. The laboratory 

test results also show a highly plastic soil. 

 The mineral identification of TP-3(0-2.0m) shows quartz 81.6% and dickite 18.4%. The 

soil description during field investigation was light grayish, wet soft and highly to 

extremely plastic expansive clay. The laboratory test result also shows that the soil has 

high plasticity and low permeability. In addition the in situ unconfined compresive 

strength value measured in the field shows an average of 375Kpa, indicating a soil has 

with high strength. Therefore, the laboratory result 81.6 % of quartz is difficult to accept. 

 

Identification of clay minerals using Casagrande’s PI-LL Chart 
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Fig.3.4 Plot of clay minerals on Casagrande’s chart (Chleborad, 2005). 

 
Table 3.26 Soil sample LL-PI laboratory test data 

ChebeWeregenu Sanitary Landfill Site Soil Data 

 

 

Symbol Test Pit No. Depth(m) LL % PI % Clay Mineral Group 

 TP-1 0.0-1.30 91.70 46.15 Kaolinate 

 TP-1 1.30-2.0 105.28 62.97 Illite group 

 TP-2 1.20-2.0 78.30 33.80 Kaolinate 

 TP-3 0.0-2.00 106.30 64.32 Illite group 

 TP-4 0.0-2.00 95.32 49.61 Kaolinate 

 TP-5 0.0-1.20 75.10 41.09 Illite group 

 TP-5 1.20-2.0 62.63 23.42 Kaolinate 

 TP-6 0.0-1.20 65.62 31.03 Marginal between Illite and Kaolinate 

 TP-7 3.50-4.0 76.63 37.93 Marginal between Illite and Kaolinate 

 TP-8 1.87-3.13 69.00 13.58 Halloysites 

 

 The laboratory soil test results of Chebe Weregenu Sanitary Landfill Site, which was 

presented above were plotted on a Casagrande LL-PI Chart in figure 3.4 in order to 

identify the clay mineral types. Accordingly, the clay mineral group respective ranges 

were given in the table and figure above. Details of the clay mineral group are given in 

table 3.30 above. 

 

 

 

90 100 
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(iii)  Environmental aspect  

 

Water Analysis 

 

The water quality laboratory test results of Chebe Weregenu Sanitary Landfill Site are given in 

table 3.12 and 3.13.The hydrochemistry data for one groundwater and three spring water samples 

in the landfill area and water analyses plotted on a piper diagram are given below. Cation 

percentages in mg/l plotted on the left triangle, and anion percentages in mg/l plotted on the right 

triangle. 
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Table 3.27 Hydrochemistry data  

 

Sample 

ID 

Source Na K Ca Mg HCO3- Cl- SO4- PH 

mg/l meq/l % mg/l meq/l % mg/l meq/l % mg/l meq/l % mg/l meq/l % mg/l meq/l % mg/l meq/l %  

A Ground 

water 

13.5 0.587 15.17 2.50 0.064 1.65 53.20 2.65 68.49 6.90 0.568 14.68 230.6 3.78 99.21 1.00 0.028 0.740 0.090 0.002 0.05 7.50 

B Kawa 

Spring 

12.0 0.522 12.46 1.90 0.048 1.14 56 2.79 66.57 10.08 0.83 19.80 220.21 3.61 92.00 10.92 0.31 7.90 0.19 0.002 0.051 7.19 

C Bekene 

Spring 

13.5 0.587 21.18 7.10 0.181 6.53 38.00 1.89 68.21 1.38 0.113 4.080 148.6 2.436 98.78 1.00 0.282 1.143 0.09 0.076 0.08 6.84 

D Nebe 

Spring 

20.0 1.54 32.22 4.70 0.120 2.51 56 2.79 58.36 8.16 0.33 6.90 236.44 3.87 92.41 10.92 0.31 7.40 0.76 0.0079 0.19 7.17 

 

 

Total Sum of Cation 

Concentration in meq/l 

% of  

each Cation 

 Total Sum of Anion 

Concentration in meq/l 

% of 

each Anion 

Sample ID SUM of Cation Na+K Ca Mg  Sample ID SUM of Anion HCO3 Cl SO4 

A 3.869 16.82 68.49 14.68  A 3.810 99.21 0.74 0.050 

B 4.190 13.60 66.57 19.80  B 3.922 92.00 7.90 0.051 

C 2.771 27.71 68.21 4.080  C 2.466 98.78 1.14 0.080 

D 4.780 34.73 58.36 6.90  D 4.188 92.41 7.40 0.190 
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Figure 3.5: Water analysis of four samples plotted on a piper diagram 
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Groundwater sample, Nebe spring and Bekene spring water sample have shown Ca-Na/HCO3 

water type, where as Kawa spring show Ca-Mg/HCO3 type (see figure 3.5). 

 The water sample test results are within the WHO Standard which is fit for drinking purpose. The 

data is thus advised to be kept as a base line reference data for any variation that can be recorded 

regularly in the course of the operational life of the Chebe Weregenu Sanitary Landfill Site.  

 

Soil Fertility  

 

The soil fertility physical and chemical test analysis of Chebe Weregenu Sanitary Landfill site 

was given on table 3.14 and 3.15.  The following textural classification chart was plotted in order 

to identify soil textures. 

 

Figure 3.6 Soil Textural Triangle Classification Chart 

Source: http://soils.usda.gov/technical/manual/print_version/complete.html 

http://soils.usda.gov/technical/manual/print_version/complete.html
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The green triangle in the textural triangle chart shows the result of soil texture presented in annex 

2.Whereas the red circle shows the soil texture test result presented in annex 2.1, which was 

conducted by the researcher during undergraduate studies in 2010. 

 Based on the soil fertility classification test results, the Chebe Weregenu Sanitary Landfill Site 

soil texture result was classified in clay category except TP-4(1.28-1.78m), which falls in clay 

loam category. In general the overall textural classes are clay. 

Koshe Open Landfill Soil Fertility Data 

 

Secondary data on physical and chemical characteristics of soil from Koshe open landfill site was 

collected from WWDSE Laboratory. The client was Horn of Africa Regional Environmental 

Center and Network. The sample was collected on October, 2011. This secondary data was used 

to compare and to look into possible worst-case pollution scenario for the new Chebe Weregenu 

Sanitary Landfill Site. 

Table 3.28 Micronutrient test results of Koshe Open Landfill (Source: WWDSE Laboratory). 

Sample No.           

Depth (m) 1 5 10 15 20 25 30 35 40 45 

Cu(mg/kg soil) 0.36 3.72 6.73 3.74 6.49 6.23 3.49 2.53 3.64 4.68 

Fe (mg/kg soil) 72.53 30.40 26.18 60.81 39.20 30.7 35.25 46.35 46.40 46.30 

Mn (mg/kg soil) 84.73 80.93 74.95 45.72 69.64 72.40 105.83 92.87 92.50 92.00 

Zn (mg/kg soil) 155.3 156.5 154.7 155.7 154.4 156.0 155.10 54.49 54.51 54.50 

Boron 6.33 2.62 4.49 10.38 13.28 9.57 12.07 5.67 5.72 5.67 

 
Table 3.29 Micronutrient test results of Chebe Weregenu Sanitary Landfill Project 

Sample No. TP-1 TP-3 TP-6 

Depth (m) 0.0-1.3 0.0-2.0 0.0-1.2 

Cu(mg/kg soil) 1.62 1.15 0.79 

Fe (mg/kg soil) 15.16 30.77 6.85 

Mn (mg/kg soil) 10.13 7.50 0.26 

Zn (mg/kg soil) 4.30 1.52 2.47 

Boron 0.30 0.06 0.33 

 

The Koshe open landfill site has serving for the last 45 years and is still operational. The soil 

micronutrients at Koshe conducted up to 45 meters deep by Horn of Africa registered high value 

as indicated in table 3.32. This may be due to the possibility of leachate migration through the soil. 

On the other hand the soil micronutrient for the new Sanitary landfill project site at Chebe 

Weregenu conducted up to two meters deep by the researcher registered very low value as 

indicated in table 3.33. 
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 The comparison of the two tables 3.32 and 3.33 demonstrate extreme pollution scenarios. This 

may happen on the new sanitary landfill if it is not properly designed, or constructed during the 

project phase or poorly managed during operation.  

As indicated in the Environmental Law of Ethiopia, all persons have the right to clean and healthy 

environment. However, the data of Koshe clearly demonstrates the high pollution and the 

negative impact on the society. The Chebe Weregenu sanitary landfill project can learn from 

Koshe and use the extreme scenarios and in particular the base line data to ensure clean and 

healthy environment during the project and operational life of the sanitary landfill. 
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CHAPTER – 4 A REVIEW OF FEASIBILITY STUDIES, GAP, GAP 

                                          ANALYSIS AND GAP FILLING 

 

4.1 A review of previous feasibility studies  

Introduction 

In the present research two feasibility study documents on Chebe Sanitary Landfill project are 

presented. These are feasibility studies conducted by Geological Survey of Ethiopia (GSE, 2010) 

and by POYRY, 2011. The feasibility studies were reviewed and some gaps on the studies were 

identified.   

4.1.1 Review of Feasibility study by Geological Survey of Ethiopia April, 2010 

The main objective of this study was to carry out the feasibility study for Chebe Weregenu Site to 

achieve the following specific targets. 

- To map lithologic boundaries within the landfill site and subsurface structural 

features; 

- To delineate aquifer beds and determine depth to ground water table, flow 

directions of the ground water and permeability of the top part of the geologic 

sections; 

- Explore construction raw material in nearby localities.  

In the field investigation the above mentioned study was conducted from geological, engineering 

geological, hydrogeological and geophysical point of view.  

From geological point of view, a geologic map of the project area was made which shows 

Tertiary basalt, pyroclastic rocks and Quaternary soil. 

From engineering geology point of view, the engineering geology map of the site was done. 

Different laboratory soil tests were conducted using three undisturbed soil samples and five 

disturbed soil samples from five test pits, each having a depth of Five meters. The Chebe 

Weregenu sanitary land fill site is entirely covered by residual soil mainly black cotton soil. The 

permeability value of the residual soil covering the landfill site ranges from 1.164x10
-4

 to 



Chapter - 4 A REVIEW OF FEASIBILITY STUDIES, GAP, GAP ANALYSIS AND GAP FILLING 

______________________________________________________________________________ 

 

______________________________________________________________________________ 
MSc Thesis                                                - 62 -                      Department of Earth Science, Addis Ababa University 

2.329x10
-4

, which indicates the soil is semi-pervious. The liquid limit value of the residual soil 

varies from 57 to 100%, which indicates the soil has high plasticity.  

From hydrogeology point of view, permeability classifications were conducted, water quality 

analysis and anticipated impact on the environment was conducted. The findings indicate that the 

water is fit for drinking purpose. With respect to the impact on the environment, the residual soil 

and the pyroclastic deposits (tuff and ignimbrites) are permeable and can transmit leachate and 

bacteria to the nearby boreholes and springs. 

From geophysical point of view, the study applied electrical resistivity and magnetic method for 

the surface and subsurface. The finding indicated that the groundwater table at the site is 

estimated to be as deep as 60 meters. This suggests that the probability of interaction of waste 

disposal with groundwater is relatively less, which also means the groundwater could be safe 

from pollution. 

Finally concluded that the Chebe Weregenu site is fit for sanitary landfill application based on: 

 Site flatness, presence of no crossing stream and no significant geological structures 

(faults, major joints and structures). 

 From the analysis of resistivity sounding data interpretation, the local geology underlying 

the area is represented by three geo-electric layers with distinct resistivity values: the 

upper part shows 1-7meters thick black cotton soil with a low resistivity of 6 to 15Ω-m, 

the intermediate layer shows 25meters thick weathered tuff with a   resistivity values of 

24-34 Ω-m and the bottom layer which is weathered ignimbrite with a resistivity of 55-

102 Ω-m. 

 From the hydro-geological point of view, the lithologic units in the area are found to be 

low to moderately permeable.  

 From test pit excavation and geophysical investigation the thickness of the residual soil in 

the area is 1 to 7m, which indicates that there is sufficient thickness of soil to protect 

leakages of leachate underground. The residual soil is generally impervious.  
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 Brown clay deposit with an average thickness of 30 meters at a distance of about 1.5 km 

northeast of the landfill site. It has an estimated reserve of 750,000 m
3
 with a permeability 

value of 1.97x10
-4

 cm/sec which is indicated as semi-pervious. 

The recommendations made from the above mentioned study are; 

 

 It is proposed that compaction of the residual soil should be made. Besides, proper 

implementation of artificial synthetic membrane lining and dyking during construction to 

improve the water tightness of the surface (cap) material is also proposed. 

 It is also recommended to regularly monitor the groundwater chemistry and use the 

present hydrochemistry data as the base line. 

4.1.2 Review of Feasibility Study by POYRY October, 2011 

The objective of this study was to provide a comprehensive overview of the constraints 

surrounding the development of a new sanitary landfill in Sendafa. This study also identifies and 

defines potential adverse effects to human health and to the environment caused by the 

construction and operation of a new landfill, and recommends adequate measures to avoid or 

mitigate these effects. 

The study used secondary data from GSE, 2010, regarding physical characteristics like geological, 

hydro geological, hydrological and water provision.   

The above mentioned study discusses natural environment, anthropogenic environment, airport 

management and bird aircraft strike, legal provisions and permitting requirements and social 

aspects. 

Finally, the above mentioned study concluded following physical characteristics; 

Extensive technical investigations were carried out over the area, including electrical resistivity 

sounding, boreholes and test pit excavations. Results show three geo-electric layers with distinct 

responses. The top layer is made of residual soil, has a permeability ranging from 1.164x10
-4

 to 

2.329x10
-4 

cm/sec, which indicates the soil is semi-pervious and does not provide adequate 

hydrogeological protection. The underlying formation consists of a thick layer of welded 

ignimbrites that are completely impervious and confine the lower basalt aquifer found relatively 
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deep (60 meters below surface) with a head of 50 to 100 meters. In this perspective, the 

contamination of the main aquifer by surface water or leachate is impossible. However, attention 

must be paid to the surface aquifers often used by local communities for agricultural purposes or 

as water holes for cattle. Thus, flooding and geotechnical instability are not considered as a high 

risk. 

 No major geological structures (faults, major joints and fractures) are detected within and 

in the immediate surroundings of the landfill site. 

 Hydrogeologically, the area around the landfill is not seen as suitable for well field 

development. 

 The aquifer is entirely confined. 

Therefore, finally it was concluded that the area is adequate for the development of a landfill”. 

 

4.1.3     Strength and Gaps of the Feasibility studies 

An assessment was made on the feasibility studies of Chebe Weregenu Sanitary landfill site. 

Accordingly, the strength and the gaps of the respective studies are given below. 

(i) Feasibility study by Geological Survey of Ethiopia 

Strength of the study 

The field investigation was done in four major areas: geology, engineering geology, 

hydrogeology and in geophysics. In addition, geological, engineering geological and 

hydrogeological maps were made. Soil and water samples were taken and analyzed. Further 

borrow area was investigated for construction raw material. Surface and subsurface conditions of 

the area were also assessed. Finally conclude that Chebe Weregenu sanitary landfill site is 

feasible for sanitary landfill application. 
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Gaps of the study 

From engineering geological point of view, as stated by GSE, 2010 the Chebe Weregenu sanitary 

landfill site is entirely covered by residual soil mainly black cotton soil. Test pits excavated 

within the area revealed that the top 1-5 meters is underlain by black cotton soil. Below the black 

cotton soil there is tuff, which is silty clay size in composition. The total thickness of black cotton 

soil and tuff is 7 meter. The liquid limit value of the residual soil varies from 57 to 100%, which 

indicates the soil has high plasticity. 

 

In addition GSE (2010) indicated that the permeability value of this black cotton soil changes 

from 1.16x10
-4

 cm/sec to 2.32x10
-4

 cm/sec, which indicates the soil is semi-permeable. In order to 

improve the water tightness of the residual soil proper compaction is necessary during 

construction of the landfill. The thickness of the residual soil (1-7 meters) is sufficient to protect 

leakage of leachates underground. From geophysical investigation result the groundwater level is 

inferred to be over 100 meters deep. This means risk of groundwater pollution is minimum. 

 

Moreover the liquid limit value of cs1 and cs2 samples (construction raw materials to be used as a 

cap) from the brown clay soil have values of 57-87%. This value indicates the soil is of high 

plasticity and compressibility, which could be due to rainy season during the field work. From 

general practice, brown clay is ideal used as blanket material. 

 

“The permeability test result of sample ctp1 (cb1) is 1.97x10
-4

cm/sec. The soil suggested to be 

used as construction material is slightly permeable.” 

 

From hydrogeology point of view, under anticipated landfill impacts on the environment (GSE, 

2010) stated that, 

 

The residual soil and the pyroclastic deposits (tuff and ignimbrites) are permeable and can 

transmit leachate and bacteria to the nearby boreholes and springs. 
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(GSE, 2010) indicated that, 

The thickness of the residual soil according to the results of test pit excavation and 

geophysical investigation is 1 to 7m, which means there is sufficient thickness of soil to 

protect leakages of leachates underground. The residual soil is mainly silty clay soil which 

is generally impervious. 

In addition, the permeability of the brown clay soil is 1.97x10
-4

cm/sec which 

indicates it is semi-pervious. From general practice, brown clay soil is water 

tight.  

 (GSE, 2010) accordingly recommended that; 

 

Proper implementation of artificial synthetic membrane lining and dyking are 

recommended during construction in order to improve the water tightness of the surface 

(cap) material. 

The following are the summary of the gaps. 

Based on standard requirement for clay cap and clay liner application, the permeability 

value is given from 1x10
-7

cm/sec or less. But what was given by GSE was 1.164x10
-4

 to 

2.329x10
-4

. These values of permeability do not meet the requirement for sanitary landfill 

site application.  

 

The value given on plasticity is 57 to 100 %, which is high plasticity. On the other hand 

the permeability value given was1.164x10
-4

 to 2.329x10
-4

which is semi pervious. As per 

British standard Manual of Soil Laboratory Testing, clays of high plasticity are likely to 

have a lower permeability, which is a contradiction.  

 

The residual soil 1-5meters is black cotton soil as given by GSE study. Black cotton soil is 

a highly plastic material and impermeable on the other hand GSE also stated that the 

residual soil is permeable and transmit leachate. This is a contradiction. 

  

The liquid limit value of the construction cap is value of 57-87% which indicates that the 

soil is highly plastic and compressible. On the other hand the permeability value is slightly 
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permeable. These two statements are contradictory. Moreover the study recommended 

artificial synthetic membrane lining. This is contradictory. 

(ii)    Feasibility Study by POYRY February, 2011 

Strength of the study 

This study has looked in to the Airport Management and Bird-Aircraft Strike Hazard (BHSH). 

The standard requirement of a landfill being 13km away from the airport and the need to avoid 

any bird strike is well discussed. Landfills often attract birds, and when located near airports, it 

results in Bird-Aircraft Strike Hazard (BASH). Collisions with birds are a severe threat to the 

safety of the aviation industry. The study assessed the nature of the risk and proposed adequate 

preventive measures, which is necessary.  

Gaps of the study 

From the geological survey feasibility study reports for which this study referred regarding 

physical characteristics concerns stated that, 0-5meters black cotton soil and from 5-7meter found 

tuff and the total 0-7meters were concluded that it is a residual soil. The test report stated that the 

residual soil in the landfill area is highly plastic. On the other hand the permeability result given 

was 1.164x10
-4

 to 2.329x10
-4

cm/sec. Naturally a black cotton soil has high plasticity and has low 

permeability, which has a permeability result of less than 10
-7

cm/sec based on British standard. 

As can be seen the permeability value and the plasticity values are contradictory. The POYRY 

study might have retested and clarified the contradiction. 

 

Further on the residual soil recommended that, black cotton soil forming the top layer is not 

suitable for any structural work. Therefore, soil will be cleared and stockpiled for reuse as 

temporary and final cover. 

 

The POYRY feasibility study accepted the physical characteristics of residual soil from the 

feasibility study conducted by GSE in 2010 as final. It did not put any effort to check the GSE 

study. On the whole, the POYRY feasibility study did not substantiate the feasibility of the site, 

for sanitary landfill application both from the geotechnical and environmental aspects based on 
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primary data. Given the gaps of GSE study indicated above, POYRY’s adoption of GSE 

feasibility study also demonstrated a gap.  

 

4.2     Feasibility studies gap, gap analysis and gap filling 

 
Introduction  

 

In this chapter the gaps filled by the present research study on the gap identified in the feasibility 

studies conducted by Geological Survey of Ethiopia and another study conducted by POYRY is 

presented in the following table. 
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Table 4.1Standard requirements, Gaps of Geological Survey and Gap filling by the present research 

 

S.N. Described by Geological 

Survey of Ethiopia 

 

 

Current Site Investigation Standard Requirements for landfill 

application as per given in table 5.9 

Gap/Variation Gap Filling  

1. Chebe landfill Liner 

permeability value ranges 

from 1.16x10
-4

 cm/sec to 

2.32x10
-4

 cm/sec. 

Chebe landfill Liner permeability 

value ranges from 7.76X10
-7

 cm/sec to 

1.085X10
-8

 cm/sec. (please refer table 

3.18) 

The standard permeability 

requirement for sanitary landfill Liner 

is < 1X10
-7

cm/sec. 

The permeability 

value given by the 

Geological survey is 

below standard 

requirement 

The permeability value 

given by the researcher 

meets the standard 

requirement 

2. Chebe landfill Cap 

permeability value  

1.97x10
-4

cm/sec. 

Chebe landfill Cap permeability value 

ranges from 1.257X10
-6

 cm/sec to 

6.99X10
-8

 cm/sec. 

(Please refer table 3.18) 

The standard permeability 

requirement for sanitary landfill  Cap 

is < 1X10
-7

cm/sec. 

The permeability 

value given by the 

Geological survey is 

below standard 

requirement 

The average value of the 

permeability of the two 

pits about 10mts apart 

each other an average 

value of 4.12X10
-7

cm/sec. 

 
Table 4.2 Standard requirements, Gaps of Geological Survey and Gap filling by the present research 

 

S.N. Site investigation by 

Geological Survey, the 

National Consultant  

Current Site Investigation Standard Requirements for 

landfill application as per 

British Standard given in 

Figure 1.2 

Gap Filling  Remarks 

1. Artificial synthetic 

membrane lining and 

dyking are 

recommended during 

construction in order to 

improve the water 

tightness of the cap 

material. 

 

The existing average soil 

permeability value,  4.12X10
-7

 

cm/sec does not allow leakage  

The permeability classification 

lies impermeable and the 

drainage characteristic lies 

practically impervious. 

By applying a proper 

compaction the 

available cap material 

is suitable and may not 

allow leakage into the 

landfill. The synthetic 

membrane may be 

very expensive and 

redundant given the 

permeability value. 

Synthetic materials 

allow less leakage but 

are difficult to protect 

from damage, whereas 

clay liners are not 

easily damaged. 

Hence clay is 

preferred as a liner in 

such landfills. 
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Table 4.3 Site investigation, Gap by Geological Survey and Gap filling by the present research 

S.N. Site investigation by 

Geological Survey, the 

National Consultant  

Current Site Investigation Gap/Variation Gap Filling  Remarks 

1. As per the test pit 

excavation of the Chebe 

landfill site, the top 1-

5meters is entirely covered 

by Black Cotton Soil. 

Six test pits were excavated within the 

landfill site. The soil profiles show; 

black cotton and tuff materials.  For 

details please refer photos given 

below and soil description given on 

annex-5 

Based on actual site condition 

from excavated test pits the soil 

profile is not uniform. 

Based on excavated test 

pits, confirmed that there 

are not only black cotton 

soil 1-5m.But different 

soil profiles, black cotton 

and tuff materials with 

different colors within a 

test pit. 

_ 

 
Table 4.4 Sit investigation, Gap by POYRY and Gap filling by the present research 

S.N. Site investigation by POYRY, 

the International Consultant  

Current Site Investigation Gap/Variation Gap Filling Remarks 

1. 

 

 

 

 

 

 

 

 

 

2. 

No site investigation was 

conducted by POYRY at all. 

Referred Geological Survey 

Study and accepted 1-5meters 

black cotton soil. 

 

 

 

 

The top black cotton soil is not 

suitable for any structural work 

and hence recommended 

clearing all black cotton soil 

and stockpiled for reuse as 

temporary and final cover. 

 

Six different test pits were 

excavated within the landfill site. 

The soil profiles show; black 

cotton and tuff materials.  For 

details please refer photos given 

below in plate 6 and soil 

description given on annex -5 

 

 

 1-5 meters is not at all black 

cotton soil based on pit 

excavation.(Please refer photos) 

Based on actual site condition 

from excavated test pits the soil 

profile is not uniform. 

 

POYRY didn’t do any site 

investigation to check and prove 

the GSE study. 

 

 

Cutting and removing 1-5 meters 

depth of black cotton soil with an 

area of 136.6 hectare might be 

very expensive. 

Based on excavated test 

pits, confirmed that 

there are not only black 

cotton soil 1-5m. But 

different soil profiles, 

black cotton and tuff 

materials with different 

colors within a test pit. 

 

The tuff material can be 

reinforced by applying 

proper compaction. 

Feasibility study of a high 

investment project should 

be based on a proper site 

investigation, test and 

techno economic analysis 

 

 

 

 

Feasibility study of a high 

investment project should 

be based on a proper site 

investigation, test and 

techno economic analysis. 

 

3. No site investigation was 

conducted by POYRY 

regarding air, water and soil as 

a base line for future reference 

on the environmental aspects. 

Conducted site investigation and 

collected soil and water samples 

from Chebe landfill site and 

conducted laboratory tests from 

environmental point of view. 

POYRY did not do site 

investigation. 

Established base line 

data on soil and water 

From environmental 

point of view. 

Feasibility study of a high 

investment project should 

be based on a proper site 

investigation, test and 

techno economic analysis 
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 Plate 6: Different test pits at site 
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Fig.4.1Test Pit No. 8 profile from 0 - 4.5m 
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CHAPTER – 5  CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions  

 From hydrogeological perspective, the lithologic units in the landfill site are found to be 

very low permeability which is an average of 1x10
-8

cm/sec. This value meets the 

standard requirement for sanitary landfill application, < 1x10
-7

cm/sec. Based on the 

geophysical data, the groundwater table in the site is estimated to below 60 meters. The 

very low permeability and the deep groundwater table indicate that the possibility of 

pollution of groundwater is minimal. 

 

 Permeability is the main gap in the feasibility studies which is a very basic parameter for 

the selection criteria of the Chebe Weregenu sanitary landfill site when clay liner and 

clay cap are considered. The correct permeability of the site, which was determined in 

this study,  meets the standard requirement and as a result filled the gap noted in the 

feasibility studies 

 When analysed from a geotechnical investigation perspective, the laboratory soil test 

results of Chebe Weregenu sanitary landfill site; minimum clay content, minimum fines, 

plasticity Index, coefficient of permeability, and maximum particle sizes comply with the 

requirements for compacted Clay Liner. The liquid limit value of the seven tests out of 

the ten test pits also comply with the landfill standard requirement. However, two test pit 

results do not comply with the standard requirements. 

 In addition in this research study further geotechnical parameters which  are very basic 

for foundation structure like strength test, consolidation test, porosity, shrinkage limit, 

compaction test, unit weight, specific gravity, natural moisture content, water absorption, 

swelling and free swell are checked against British standard. Based on the standard 

requirements most of them comply with the standard. However some of the plasticity, 

water absorption and moisture content test results are high, some of the shear strength 

value also very low. These parameters require further retest during design phase by 

taking more samples at different depths. 
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 From environmental point of view, the water quality analysis test result of Chebe 

Weregenu Sanitary Landfill Site, which is fit for drinking water based on WHO standard 

can be used as a reference point for future variance analysis during the operation phase of 

the landfill site. Koshe current soil data can also be used as a worst-case scenario for 

future pollution measurement and monitoring.  

 From the physical and chemical characteristics of the clay cap cover, the landfill can be 

beautified and be used for recreational purpose upon completion of the landfill. 

 The Chebe Weregenu landfill site can serve economically those residents of Addis Ababa 

and surrounding towns with in the radius of 20km. For those residents far away the site 

may not be economically feasible. It may require further selection of additional sites 

based on prefeasibility and feasibility studies. 
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5.2 Recommendations 

As the Chebe Weregenu Sanitary Landfill project is just at the start up of the design phase, it is 

highly recommended that; 

 Those sanitary landfill requirements found fit in this research to be further checked and 

reconfirmed based on more representatives and with drill based samples. 

 

 Those parameters found out of the range of the standard requirement to be checked again 

with more samples and borehole data. If the same no conformance to standard 

requirements exists, take mitigation measures by generating alternative design solutions 

and select that best fit technical and economical requirements. 

 

 Use different laboratories for testing to avoid or minimize man made errors. 

 

 A design review should be conducted at every stage of the work involving an 

independent and qualified consultant or a team of multidisciplinary professionals with 

geologist, engineering geologist, environmentalist and others related to the landfill 

project. 

 Investigate regularly the water quality from locations adjacent to the landfill site and 

establish variance in the operation life of the landfill to determine leachate contamination 

into the ground water. 

 

 Use the fertility of the clay cover (landfill cover) to beautify the sanitary landfill with 

shallow root plants after completion. 

 

 Look into the study of an additional sanitary landfill site for those residents of Addis 

Ababa 20 kilometers away from Chebe Weregenu. 
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Annex 1: Standard Procedures and Summary of Test Results for Soil Mechanics
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Annex 1.1 Atterberg Limit Graphs of Chebe 
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ANNEX-1.2   Hydrometer Graphs 
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ANNEX-1.3 Compaction Graphs 
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ANNEX-1.4: Direct Shear Graphs
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ANNEX-1.5: Consolidation Graphs 
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ANNEX -2 Water Quality and Soil Fertility Test Results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

______________________________________________________________________________ 
MSc Thesis                                                - 131 -                      Department of Earth Science, Addis Ababa 

University 

 



 

______________________________________________________________________________ 
MSc Thesis                                                132                      Department of Earth Science, Addis Ababa University 

 

 

 



 

______________________________________________________________________________ 
MSc Thesis                                                133                      Department of Earth Science, Addis Ababa University 

 



 

______________________________________________________________________________ 
MSc Thesis                                                134                      Department of Earth Science, Addis Ababa University 

ANNEX-3: Mineralogical Test Results
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ANNEX-4 :Koshe Secondary Soil Data 
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ANNEX-4: Site permit and land lease certificate of Chebe Weregenu Landfill 
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ANNEX – 5 Soil Description during site investigation 

 

TP-1(0.0-1.3m):  dark black, dry, firm to stiff, highly plastic expansive (black cotton) clay, highly 

cracked is about 10 centimeters observed after one week pit excavation. The in situ unconfined 

compression strength measured was 375 Kpa. 

 

TP-1(1.30-2.0m): Light grayish wet, highly to extremely plastic expansive clay. The in situ 

unconfined compression strength measured was 300 Kpa. 

 

TP-2(0.0-1.2m): Dark black, dry, firm to stiff, highly plastic expansive (black cotton) clay. Grain 

roots have penetrated up to 0.5 meters. The in situ UCS value measured 375 Kpa.  

 

TP-2(1.20-2.0m): pinkish light brown (variegated) tuff with mottling and muscovite minerals and 

very wet. The in situ unconfined compression strength (UCS) measured in the pit was 350Kpa. 

 

TP-3(0.0-2.0m): Light grayish wet soft highly to extremely plastic expansive clay. The in situ 

UCS value measured was 250 Kpa. 

 

TP-4 (0.0-2.0m): Light grayish wet soft highly to extremely plastic expansive clay. The in situ 

UCS value measured was 250 Kpa. 

 

TP-5(0-1.2m) is similar to TP-2(0-1.2m). TP-5(1.20-2.0m) was found pinkish light brown soft, 

friable, light weight with mottling and wet. The in situ UCS value measured was 325 Kpa. 

 

TP-5(1.2-2.0m): Pinkish, light brown soft, friable, light weight with mottling and wet.  

 

TP-7(0.0-4.0m): Reddish brown, stiff homogeneous residual silty clay, moist with no grass root 

penetration.  

 

TP-8(0-1.87m): dark black dry, firm (black cotton) clay with no grass root penetration. The crack 

width is about 10 centimeters measured after one week of pit excavation. Thein situ UCS value 

measured was 375 Kpa.  

 

TP-8 (1.87-3.17m) light yellowish, soft, tuff (Lapilli), very light weight, friable, amorphous and 

very wet. Thein situ UCS value measure was 350 Kpa. 

 

TP-8 (3.17-4.07m): light grayish, soft lapilli tuff; very light weight, friable, amorphous and very 

high moisture content was observed during extraction of undisturbed sample at 4meter. Thein situ 

UCS value measured was Refusal (> 450Kpa).  
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ANNEX – 6: Definitions 

MOISTURE CONTENT (w) The mass of water which can be removed from the soil by heating 

at 105
0
C, expressed as a percentage of the dry mass. This also referred to as Water Content. 

NATURAL MOISTURE CONTENT The moisture content of natural undisturbed soil in situ. 

LIQUID LIMIT (LL) The moisture content at which soil passes from the plastic to the liquid 

state, as determined by the liquid limit test. 

PLASTIC LIMIT (PL) The moisture content at which a soil passes from the plastic state to the 

solid state, and becomes too dry to be in a plastic condition, as determined by the plastic limit test. 

PLASTIC INDEX (PI): The numerical difference between liquid limit and plastic limit. 

SHRINKAGE LIMITS (SL) The moisture content at which a soil on being dried ceases to 

shrink. 

PARTICLE SIZE ANALYSIS expresses quantitatively the proportions by mass of the various 

sizes of particles present in the soil. 

PARTICLE SIZE is usually given in terms of the equivalent particle diameter. 

GRAVEL: Particles from 60mm to 2mm. 

SAND:  Particles from 2mm to 0.06mm. 

SILT: Particles from 0.06mm to 0.002mm.   

CLAY:  Particles (clay minerals) smaller than 0.002mm (2μm). 

FINES: are particles which pass a 63μm sieve. 

 

COMPACTION   The process of packing soil particles more closely together, usually by 

mechanical means, thus increases the dry density of the soil. 

 

OPTIMUM MOISTURE CONTENT (OMC) The moisture content of a soil at which a 

specified amount of compaction will produce the maximum dry density. 

 

MAXIMUM DRY DENSITY (MDD) The dry density obtained using a specified amount of 

compaction at the optimum moisture content.  

 

SPECIFIC GRAVITY is a number representing the ratio of the weight of a mineral to the 

weight of an equal volume of water. 
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PERMEABILITY   The rate at which a fluid (usually water) under pressure can diffuse through 

the voids of soil. 

SHEAR STRENGTH The maximum shear resistance which a soil can offer under defined 

conditions of effective pressure and drainage.  

UNCONFINED COMPRESSION STRENGTH (qu) The compressive strength at failure of a 

specimen subjected to unconfined compression. 

CONSOLIDATION The process whereby soil particles are packed more closely together over a 

period of time under the application of continued pressure. It is accompanied by drainage of water 

from the pore space between solid particles.  

 (Source: H. Head   Manual of Soil Laboratory Testing Volume 1: Soil Classification and         

Compaction Tests. ELE International Ltd.) 

 

SPECIFIC GRAVITY; it is a number representing the ratio of the weight of a mineral to the 

weight of an equal volume of water. 

 

 

 

 


