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ABSRACT 

• .. The investigation of groundwater in Axum area thai emphasize on geochemical Variations on the 

~llIdy are is conducted using hydromctcroiogicai, geological, hydorogcoJgica l, hydochcmica t, and 

geophysica l techniques. 

The study area is found in Tigray region, central zone, which is situated about 1025 km 00l1h of 

Addis Ababa. It is located on UTM coord inates between 154760- 156700N and 458000-

480,OOOE, including AXUIll town and its surrounding areas with a total area l coverage of 425.7 

sq.km. The area is covered by basement complex, Mesozoic fonnations, basah and phonolite & 

trachyte plugs. 

• 
The area has a mean annua l rainfall of 672mm and Illean annual temperature of 19.4°c. Based on 

• 
qua litative borehole data, borehole logs and fi eld observation four types of hydrostratiphic units 

• are found in the study area. These are metamorphic rocks, Siltstone and Sandstone, Basalt and 

II Adwa fonnatioJ1. 

The geochemical study indicates that there is a difference in chemical compositon of waters from 

• different lithologies, especially boreholes that penetrate the basalt and mudstone have high 

chemica l ions resurlting a deteriorate water qua lity on TH, TDS, EC. 

Based on the available geophysical data high values of lotal transverse unit resislance (T) is 

obtained fonn YES 12, YES 9, YES I and YES5 suggesting that a thick with high resisti vity 

material is located in the area where these YES arc taken . 
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High va lues of tota l longi tudinal unit conductance (S) is obtained from VES5, YES I, YES3, 

YES7 and YES 13 indicat ing a deeper basement where as the rest show low values of S 

suggesting the presence of shallow basemen t. 

IV 



• .. TABLE OF CONTENTS 

ACKNOWLEDGEMENTS ............. ......................... ........................................ 1 

ABSTRACT ......... .. ..... .. ...... .. .. ..................... .. ..... .. ...... ..• ................... .. .... .111 

LlSTOFTABLES ..... .. ..................... .•••. .. ................... .. .......... .... •............ .... X 

LIST OF FIGURES ......................................... .. ....•.•.•••. .. ........ ...................... X 

LIST OF MAPS ......... ............ ........... ... •• •. •• ..................................•.•••.••........ XII 

LIST OF ANNEXTURES ................. .•• •• •••• .......................... .....••••• .. .... .••... ..... .lX 

CHAPTER I INTRODUCTION .. .... ... ... .. ....... .. ..•. ••• ••. · ••• ... ··· ....... ... ... .... .... ..... I 

1.1 Background ... .........................•..•.. . ........ . ................. ... ................. 1 

• 1.2 Objectives .................................... . .. ... .... ... .... ..... ... ..................... 2 

1.3 Methodology .... .... .......••. ..• .•...... ............................ ... . . . . .• •........... 2 

• 
1.4 Work Plan ............ .. ...................................... ... .................. ... ... 3 

CHAPTER 2 GENERAL OVERVIEW OF THE STUDY AREA ...... .... .... ... .... .. ..... .. 4 

2.1 Location and areal extent.. ......................... ... ...... ···· ·····-·········· · ····· ... 4 

2.2 Topography ............ ..... ............................ ·· ..•... . ........................... 6 

2.3 Cli.lllate ................. .. ...... ......... ..................... .. . . . .. . -................. 6 
• 

CI·I APTER 3 GEOLOGY .... .. ........... ......... ... .. ....... .. .......... .. ..... ... . .... .......... ... 7 

3. 1 Regiona l Geology ................................. . .... .... . . ............................. 7 

3. 1.1 Precambrian F0n11ations ........... . .. , ... . . . . . .... ................................ 7 

3. 1.2 Paleozoic Fomlations ............................... ..... ........................... 8 

3.1.3 Mesozoic Fonnations ........................ . ...... •.. .. .......................... 8 

v 



3. 1.3. 1 TIle Adigral Fonnation .......................... ............ ........... ... .. 9 

• 
3. 1.3.2 The Antalo Fonmnion ... , ....••• ....... . ......... , _ .... . _ .................. 9 

3. 1.3.3 TheAguiaFormalion ........ ........... .................. . ..•............. 10 

3. 1.3.4 Amba Aradom ............................. ................................ 10 

lit I 3.1.4 Cenozoic Vo lcanic and Sedimentary Rocks ................... . ........... . 11 

3. 1.4 .1 Ashangi Fonnalion . . ................................ . . " . .. ........... .. .. J I 

3. 1.4.2 The Ai ba Basalts ..... .... ....• _ . • _ ....•.•... . ... .. ...... ..... ........... ... 12 

3. 1.4.3 The Alajae Formation.......................... ... ............ ......... . 12 

3. 1.4.4 Tannaber Fomlation ................... .. . .. .. ............................ 12 

3. 1.5 Quaternary sediments ......................... ................. .............. 14 

3.2 Loca l Geology ................................................. ... ............. .••. ......... 15 

• 3.2.1 Basement Complex . ..................... .. ........... ....... .. ...................... 19 

3.2.2 Mesozoic Sedimentary Rocks . .. .... . ..... .. . ..... .. .... ... .. ..... . .... ... .......... 19 

3.2.3 Basalt Rocks ........... .. ....................... .. .............. .. . ... . . ............ . . 2 1 

• 
3.2.4 Trachyte & Phonolite ...................................... ...... ..... .... ........... 22 

3.2.4.1 Trachyte Plugs .................................................................... 23 

3.2.4.2 Phonolite Plugs .......................................................... .. ......... 23 

3.3 Structures ............ ..................... ..................... ........ .. .. .. ............... 24 

• 
CHAI'TER 4 IfYDROMETEOROLOGY ... . ... ........ .... .. .. .... . .... . . . ........ .. . .. ... .. ....... 26 

4.1 General .................................................................. .. ....................... 26 

4.2 Precipi tation ........ ....................................................... . , .. . .... ...... ... .... 26 

4.2. 1 A vaiJability of data ........................................... .. .. . .. .... ................. 27 

4.2.2 Seasonability of Rainfall ............... ... ............ ........ _ . .. .. .... ... ............ 28 

VI 



4.2.3 Avai labi lity of Rainfall ...................................••.. . ....•.••.. •. ...• .. •......... 29 

.. ' 
4.3 Air Tcnlperalure ................... . . ' ................. . , _ ....... .. ... ..... .. . .. .. _ .. _ ......... 30 

4.4 Evapotranspira tion..... ............ .... ................. .. ................................... 31 

C HAPTER 5 HYDROGEOLOGY .... . ........... . .. . .. . .. ........ . . .. .. . .. .. .... ............. . .... 32 

5. 1 Intrododuct ion .... ... .. ........... ........... .... ........... . .. .. ....... ... .............. .. .... 32 

5.2 I-I ydroslrat igraphic units ................ .................. ... ... .. . ... ..... ............ ... .... 32 

5.2. 1 Metanlorphic Rocks ............•......... ............................................... 33 

5.2.2 Adigrat Fonna tion .......................................... ...... ....................... 34 

5.2.2. 1 Siltstone (Mudstone) ............................................................... 34 

5.2.2.2 Sandstone intercalated with siltstone ....... ...................................... 35 

5.2.3 Basalt .................................................................................... 37 

• 5.2.4 Ad\va Fonnation .................................. .... ........ .... ........... , ....... .. . 38 

5.3 Structural effect . ...................................... , ..... .... . .... .... ............ .. ...... .39 

• 5.4 Aqu ifer Hydrau lic Characteristics .................. ................ . ........ .. . ... ......... 40 

• 
5.4.1 Hydraulic Characteristics of the Precambrian Rocks ....... . ................... .41 

5.4.2 Hydraulic Characteristics of the Adigrat Fonnation ......... . ... .. : .. .. .... .. ........ .42 

5.4.2.1 Siltstone (Mudstone) ...... . ........................... ..... .... . .................... .42 

5.4.2.2 Sandstone intercalated with Siltstone ................... . .. .42 

• 
5.4.3 Hydraulic Characteristics of the basalt aquifer .................. ... ....... ..... ... . 42 

5.4.4 Hydraulic Characteristics of the Adwa Fomlati on .......................... .......... 52 

5.5 Behavior of Groundwater ............................. ........................................ 54 

5.5. 1 Grid Dev iat ion Water table Map ...... ... ... ..... ............... ... . ........ . ........... 55 

CHAPTER 6 HYDROGEOC HEMISTRY ....... .......... .. .... .. .... .. .... .. .. .. .......... ......... 59 

• 
VII 



6.1 Introduction ................. _ .......................... ... ... .. . . .... ......... ... .. .. .......... 59 

6.2 Water Sampling Methods ........... .... .. ......................... ... . .... ..... . ........... ,. 62 .. 
6.3 Water Analysis Results .................................... ... . .. . ........................... 62 

6.3. 1 Physico·Chemical Analysis Resul ts ................................. ... .•.... _ ... ....... 62 

6.4 Data Interpretation ........................................... .. ...................... .. ... . 67 

6.4.1 Hydrogen Ion Activity (PH) ...... . ...... ............. ... ... ....... . .. ... .. . . ....... 68 

6.4.2 Total Dissolved Solids (TDS) .. ..... ..... .. .. . . . ... . . . ... .... ... ... ................... 69 

6.4.3 Total Hardness ..... ............... ............ .• •.. •••• .••...•••.. . ........... ....... ... . 71 

6.4.4 Electrical Conducti vity (Ec) ....... . ... .. .. ....... . .. ..... ........................ 72 

6.4.5 Major Cations................................ ... .... .. ..... . . . ... . . ..................... 74 

6.4 .6 Major Anions. ..................... .................................................... . .. 77 

• 6.5 Metasomatism of Groundwater. ...... .. ...................... ... ... .. . ............ .......... 79 

6.5. 1 Index of Base Exchange ........................................... ...... ................. 79 

• 6.5.2 Groundwater Types (Schoeller) ... ............... . ........ . ....... ........... ... .. ....... 81 

• 
6.5.3 Stuyfzand's Classification ofWater. ............ . . . ..... .. .. ..... .. ........... . ....... ... 83 

6.5.3. 1 Stuyfzand 's Main Water Type .......... . ........ . ......... .. .. ...................... 83 

6.5.3.2 Stuyfzand 's Sub Water Type ........ ....... .. ........ . ..•.•....• .. . . .•.. ... ... .... 85 

• 
6.6 \Vater Quality ................................ ........................... ...................... 86 

6.6. 1 Water Quality Cri teria .................................. ...... . _ .. ............... .......... 87 

6.6. 1. 1 Drinking Water Quality..... ........ ................... ...... ...................... 87 

6.6. 1.2 Agricultural Water Quality.... ................. . ................... ........ 87 

6.7 Water supply to differen t consumers..................................... .. ......... 91 

• 
VIII 



6.7.1 Corrossivity Index ....................... . ................................................ 9 1 

6.7.2 Langlier Index .......................... ......................... ......... ........ ........ 92 

6.8 Groundwater Quality Index (GWQI) ...... .. .......... .... ............ ... . ................ 93 

6.9 Microbiological Analysis..... .................. .......... .. ... ..... ...... ...... .......... 93 

CUAPTER - 7 GROUNDWATER GEOI'UYSI CS .......................... ... ... .... ............ 95 

7. 1 Introduction ................. ............... .......... ...................................... . .95 

7.2 Geo-clectrical parameters ................................................ .. ... ...... . ........ 96 

CI·IAPTER- 8 WATER RESOURCE IDENTIFiCATION ...... .... ...... .... .... ...... .... .... 102 

8.1 Introduction ......................•................ •.. ... . ••.•....... .............. .......... 102 

CHAI'TER - 9 CONCLUSION AND RECOMMENDATION ................................. 105 

9. 1 Conclusion .. .... ... ... .................... ...... ....... ........... ........ ......... ........ 105 

9.2 Recomlnendalions .............................................. .. .. ......................... 109 

REFERENCES ..................................... .................. ........... ......... ................. 108 

A EXTURE-I ...................... ............................................. ...................... . 11 2 

ANNEXTURE -2 ... .. ...... ............. ............... ... ....... .... .. .............. .... .................. 11 5 

ANNEXTURE -3 ............................... ............ .. ......... .......... .. ... .................... 122 

ANNEXTURE - 4 .............................. .............................. .... .......................... 123 

IX 



LIST OF FIGURES 

Fig 4.1 Long tcnn mean monthly minfall va riation ... . .......... " ............................ . ........ 27 

Fig 4.2 Temporal variation of annua l sum of rainfa ll on Axum station ............................... 30 

Fig 5.2 Semi logarithmic plot of Draw down versus time of Ew·I ................. ... ... ............ .44 

Fig 5.3 Semi losaritumic plot o f drawdown versus time of E\v~2 ..................... ... ........... .45 

Fig 5.4 Semi logarithmic plot of residual draw down versus ration tit' of EW-2.................. 45 

Fig 5.5 Semi logarithmic plot of drawdown versus time of EW-3 ...................... . .............. .46 

Fig 5.6 Semi logarithmic plot of residual drawdown versus ratio VI' of EW-3 ........•.•.. .. . . ..... 47 

Fig 5.7 Semi logarithmic plot of draw down versus lime, EW·4 .... 48 

Fig 5.8 Semi logarithmic plot of draw down versus time, EW·6 ............. . ..... .... .... . .......... 49 

Fig 5.9 Semi logarithmic plol of residual drawdown versus ratio tit' of EW-6 ..................... .50 

Fig 6. 1 A vcrage values of major ions in different lithologies and streams ........................... 67 

x 



LIST OF TABLES 

Table 4 .1 

Tab le 4.2 

Table 5. 1 

Table 5.2 

mean monthly contributions of the mea n annual rainfalL ........ .. . . .... 28 

Mean monthly Rainfall coefficient ....... ......... ....... ..... . .... . ....... . ........ 29 

Summarized puming lest results of ana lys is fo r 11 reholes ........•....... .. ........ 5 1 

Table 6. 1 Average val ues and range o f major ions from Basement complex .... ........... 63 

Table 6.2 Average values and range of major ions frolll basalt ................................. 64 

Table 6.3 Average values and range of major ions frol11 basalt and mudstone ........ ... .... 64 

Table 6.4 Average values and range of major ions from surface water. .......... ..... .. ... .. . 65 

Table 6.5 Range arTatal di ssolved so lids (TDS mgtl) in different lithologies and streams 69 

Table 6.6 Range and Average Values of Total Hardness ............... . .. .. ............. ....... 71 

Tablc 6.7 Range ofEe in microS/cm in different lithologies and streams ................... 73 

Table 6.8 Wicox 's classification for groundwater ... 73 

Table 6.9 Average values of major cations (mg/I) ....................... . . .... ...... .•........... 75 

XI 



Table 6. 10 Average values of major anions (mgll) ...............................••. ............... 77 

Tab le 6.11 CAl, and CA l! Groll ndwater in thestlldyarea ...............•...................... 80 

Tab le 6.12 Schoeller's Groundwater Type of the study area .................. ••..... ........... 82 

T3ble 6.13 Sturtand 's Groundwater Main Type ....................................... . . ... ...... 83 

Table 6.14 Groundwater types based on Alka linity (A fter Stuyfzand) ............... .. .... 85 

Table 6. 15 Classification of water based on % Nil ............ . . 88 

Table 6. 16 Residual Sodium Carbonate Values of Groundwater .............................. 89 

Table 6. 17 Penneability Index classifica tion ofgroundwater ........... .... ... .. ....•........ 90 

Table 6. 18 Tab le of Incrustation and Corrosion ................................. .. .. .............. 92 

Table 6.19 Tab le of Groundwater Quality Index. .... .. . .•• ... .• .. ... ..... . . . ................ 93 

LIST OF MAPS 

Map 1.1 Location map ofAxum Area ......... •....................... . ......................... .5 

Map 3. 1 Geological Map of the study area .............. . . .................. ... .......... .. ... 17 

Map 3.2 Geological Cross section along AB & CD ............................................. 18 

Map 5. 1 Hydrogeologica l Map ofAxum area.............. ......... . .. . .. ......... ......... 36 

Map 5. 10 Map of Grid Deviation ofwatcr table (G DWT) .................. ...... ............. 56 

XII 



Map 5.11 Contour Map or wa tcr Icvel Above Mcan Sca LeveL ..................... . ••........ 57 

Map 5. 12 Contour Map or watcr Lcvcl Below Ground Lcvel (WL 8GL) ...... .... .. ......... 58 

Map 6.2 Contour map orTDS in the study area ................ ... .............................. 70 

Map 6.3 Contour map of Ee in the study area ................. .. ................ .. .............. 74 

Map 6.4 Contour Map or I BE in the study area ......... .. .............. ........... ............. 80 

Map 6.5 Map or Scoeller's Groundwater type ................................................... 82 

Map 6.6 Map of Stllyftand 's Mainwatcr Type ........... .................. ...................... 84 

Map 6.7 Map ofStuyftand's Subwaler type ........................... . ....•••................... 86 

Map 6.8 Map of pemlcability Index class ....................... ...................... " .•........ 91 

Map 7. 1 Geoelcctrical T of the study arca ........ ... ............................ .. ............ 1 00 

" 
M:Jp 7.2 Longitudinal conductance in the study area ............... .... . ............. .. ....... 101 

Map 8. 1 Locat ion map of new proposcd site ......... ••... ......................... . ........... 104 

XIII 



• 

• 
'I 

'I 

CHAPTER I 

INTRODUCTION 

1.1 Back ground 

For water supply of Axum town a number of studi es had been conducted on Ax um area . 

Preliminary hydrogeologica l reports were given by Gcnnan water Engineering GmbH ( 1973), 

Devecon Engineers and Architects ( 1995), waler supply and sanitation of the city of AXlIll1 by 

Denver people (2002), and others. A detail regional geology of Axurn sheet (NO 37-6) al a scale 

of I :250,000 was given by Ethiopian Geological Survey. 

The !irs! drill ed boreho le in AXlim started in 196 1 with the install ation of three shallow wells and 

one deeper well belonging 10 the hospital. But these boreholes have no documents about their 

depth and lithological logs. 

In I 973 based 0 n the s (udy 0 f G cmmn water Engineering GmbH, six well s were d rill ed 0 n a 

southeastern drainage stream that is on the reaches of the Gebm creek with a di stance of about I 

to 8 Ion frolll the town. Due to poor water quality and quanti ty they were abandoned. Additional 

well s were drilled and insta ll ed in well ri cld No l that is 2 to 5 km south west of til e town in 1992. 

But the demand of the municipality could not be satisried by the 1992-dri ll ed wells. So, 

add itional boreholes sponsored by Tigray State govenunent were drill ed and completed between 

1998 and 2000 at a cost of over 50 million Birr. But these bore holes except A PW·2 all arc 

nonfunctiona l due to very poor water quality. (Note, APW- 2 also has poor water qual ity but it 

has good yield and hence mixed with the other boreholes and distribu ted to the municipality). 

Surrounding the town there are also shallow well s dri lled in deferent lithologies intended fo r rura l 

wa ter supply . 



• 

• 

1.2 Objective 

The general and specific objectives of this work arc listed below 

I.Gene ral 

• To study and prepare a geological map of the area at a scale of 1:50,000 

• Preparation of va rio liS types ofw<l ter quality maps . 

• Sample co llec tion from di ffc rent types of wells drilled in differen t lithologies. 

• Chemical, bacteriologica l analysis of watcrs and discussion. 

2. SpeCifi c 

Sinee no deta il ed investi gations have been done so fa r frolllthe above said general objecti ves, the 

spec ifi c objecti ons can be reached with out difficulty. 

I.Ground water table maps (BGL, G OWf, A MSL); 2. Detennination 0 fmajor c hcmical i OilS, 

bacterial assemblies and preparation of themati c maps; 3 .Utility 0 f ground water; 4 . From the 

chemistry, preparal'ion of: TDS: 2. Ec; 3. pH; 4. !BE (Index of Base Exchange); 5. Watcr type 

(Schoell er, Stuyfazand); 6. RSC (Res idua l Sodium Carbonatc); 7. SAR (Sodium Adsorption 

Ralio) ; 8. PI (Pemlcabi lity Index and Classes); 9. Ground wa ter hardness; 10. Ground waler 

sa linity - sod ium hazard; 11 . Ground watcr facies (S tuyfaza nd); 12. Ground woller quality index 

1.3 Met hodology: 

To achieve the above objectives the fo llowing materials were used. 

• Two topographic maps at a scale of 1 :50,000 

• Aeria l photographs of three strips 15 in number, publishcd in 1994. 

• GPS (Gamlin- X 12) for locat ing watcr sampling points, 10 locate spec ific I il ilologies likes 

geological contacts, fau lls, etc 

2 



• Existi ng meteorologica l, gcophysical, we ll log, pumping test data, water qua lity analysis data . 

• Deep mCler· for measuring static water levels in hand dug wells and shallow wells. 

1.4 Work plan 

For the fu lfi llment of the objectives listed above a schedule is arranged as follows 

'" July 20-29, 2003 literature rev iew and coll ecti on of previous geo logical hydrogeo logical and 

water quali ty data is done. 

• July 30 - August 15 2003 interpretation of aerial photos, ex isting geologica l and 

hydrogeological map is done. 

• August 20 -September 10, 2003: First fieldwork is conducted. During thi s field work a 

geo logical map at a sca le of 1 :50,000 is produced, wells reservoi rs arc al so located in a 

I :50,000 scale map. 

• February 20 up to March 28, 2004 second fi eld work is done 

During this fieldwork hydrogeological map at a sca le o f I :50,000 is Produced, 

• 13 samples fo r total chemical analys is and 12 samples for bacterio logicaVmicrobiological 

analysis arc collected. 

• Gro und water level of ha nd dug well s and shallow well s were measured. 

3 
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C IIAPTE R - 2 

GENERAL OVE RVIEW OF T HE STUDY AREA 

2. t Location and Arc:11 ex tent 

TIle study area is found in Tigray region, cenlra l zone, which is situated about 1025 kill north of 

Addis Ababa. [ t is located on UTM coordinates between 1547650- 156700 Nand 458000· 

480000E, Including Ax um town and it s surrounding areas wi th a total area of 425.7 sq kill. 

Axum town i s loealed 0 n I he n arrow r idgc I hal fOnllS the div ide between two major drainage 

systems, i.e. Tekeze River south of Axulll town and Mereb Ri ver north of the Axum town. 

4 
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2.2 Topography 

The town is s ituated very ncar ad ivide between the watersheds d raining to t he north and those 

drai ning to the south. In fact a seasonal stream that drains the town area rises in the town itself and 

flows to the southeast. This and another stream drain ing to the sou theast both foml the broad vall eys 

and plains in the rringes or the town to th e south .The town is surrounded by mountains and hills in 

the north, east and west directi ons. 

2.3 Climate 

Ai r temperature· Axum is si tuated on the northern part of the Ethiopian central plateau at an 

average elevation of about 2 100 a.m.s.1. The elevati on varies from 1980 m amsl at the Dembeba 

gorge to over 2640 meters at the highest peaks o f the mountain to the north of the town in Dura 

Mekde lawit mountain, 2440 III amsl at Dura Mcdhanialem mountain and Bet Giorgis mountains. 

According to the Ethiopian temperature zoning. Axum lies on the Woina Dega zone. The wannest 

months are between April and June, inclusive with mean maximum temperatures generally between 

28 and 30 °c and mean minimum temperatures between 13 and 15 °e. In the co ldest months, which 

are between December and Febmary inclusively, both Ihe maximum and. minimum temper~lIures are 

3 to 5 °c lower than the warmest months. 

The va ri ati on of temperatures from yea r to year is rather small . The monthly mean values usua lly 

range with in plus or minus 2°c from the long tenn averages 

6 



3. 1 Regional Gcology 

CHAPTEIl-) 

GEOLOGY 

The Tigray region comprises o f wide range of geo logical [cnnat ions. The underl ying rocks of this 

region arc of basement complex. These rocks arc weakl y metamorphosed (Mohr, J 962) and 

extremely folded and foliated. Littl e evidence remains o f an y succeeding Lower P:ll cozoic 

[omlations because erosion rather than depos ition dominated at th is time. During thi s era the surface 

of Ihe Precambrian rocks of the shi eld were reduced to an ex tensive peneplain. After this peri od of 

erosion, detri tal rocks, Penno Triass ic in age, 3S well as limestones and marl s, Mesozoic in age were 

deposited overlie the basement in clear ullconfonni ly. Thi s seri es was later overlapped by Tertiary 

basa lt fl ows. In the south and ex treme north there are ex tensive outcrops o f Tertiary basalts. 

Quaternary sediments arc abundantly found in the western and sOllthem parts of the region 

overl yi ng mostl y basement rocks and Tertiary volcani cs, respecti vely. 

3. t . l l'rcc:1l11brian for rnMiolls 

The rocks are vo lcano-sedimentary success Ions assoc iated with minor ultrnmafi c bodies and 

in trusives ranging from mafic to granitic in composition. Though in many cases strongly folded and 

foliated, they have generall y undergone only weak metamorphism being of green-schi st facies, but 

locall y reaching amphibolite facies. The most conspicuous fo liatio n trend is N-S with deviations to 

NEand SW. 

111e Precambrian intrusive rocks are pre to syn-orogenie intnlsive masses of diorite, lonalite, 

granodiorite and grani tes. 111ese intrusions ranging from sma ll stocks to batholiths do occur 

intruding into the low-grade volcano-sedimentary terrain of the region. In add ition to these, meta-
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ultramafic rocks, late-tectonic granites and post-tectonic granites are also found intruding the 

basement rocks. 

The basement rocks outcrop dominant ly in the western, cen tral and in some parts of east em Tigray. 

3. 1.2 Paleozoic formations 

The Paleozoic rocks of Tigray region were described to be of two types (Dow et. al., 197 J): the 

Enticho sandstone and the Edaga Arbi glacials. 

111e Enticho sandstone ullconfonnably overl ies the folded basement rocks. It is composed of whi le 

fine-grained sandstone cemented by ca lcareous material s. It is well bedded, cross bedded with slump 

structures. At places the sandstone becomes fri ab le medium grained and well sorted. Polymicti c 

conglomerate beds containing we ll- rounded pebbles, cobbles and boulders arc encoun tered. The 

sandstones arc usually rich in scattered erratic of granites and gneisses. 

111e Pa leozoic foonations. in general, outcrop dominantl y in the central. central southern and eastern 

part ofTigray. 

3.1.3 Mesozoic Formations 

The majority of rocks represented by this era arc calcareous and stratigraph icall y fonn the bottom to 

top the four main geological div isions Adigrat Foonation, Antalo Fonnati on, Aguja Fomla lion, and 

Amba Aradom fomalion. These fornlalions arc ex tensively found in the central, eastem and southern 

pariS o f the region. The Mesozoic Formations comprising mostly calcareous rocks arc desc ribed as 

the" Mekelle outl ier ". 

3.1.3.1 The Adigrat Forlll :uioll 

The Adigrat foonation, wh ich varies in thickness from a few meters to 800 meier was origina lly 

named as Adigrat sandstone after Ad igrat lown in the eastem Tigray (B lanford, 1870), 
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uncOnfOml:lbly on thc Precambrian b:lscmcnt and ovcrla in uncom fonnab ly by the Ant:llo fonnation 

(Dow ct. ai. , 1971; Garl and, 1980). In somc pans or thc region this ronnation rests wi th sligh t 

disconronnity on thc late Palcozoie to carl y Mesozoic scdimcntary rocks or Enticho sandstone :lnd 

Edaga Arb i Glaci:lls and is overl ain by Antalo ronnation . 

The Adigrat romlalion lies at the base of the Mcsozoic sequcncc. It outcrops around the m:lrgins or 

thc Mckell e outlier where it has bccn raulted up or where ri vcr incision h:Js exposed it below the 

limestone complex. It also outcrops be low the Teni:Jry basalts in the ex trcme nonh orthc region. 

3.1.3.2. The Anta lo Format ion 

The Antalo ronnation was first namcd by Blanrord ( 1873) at thc type loc:l lity as An talo limcstonc 

in the region, and later descri bed in detai l by Mohr ( 1963), Beyth (1971), Kazmin ( 1972 & 1978), 

Mcrla et. aI. , ( 1973) and Maria ( 1979). 

The Adigrat Fom131ion conromlably passes to Antalo scquence 0 r Jurassic age, which in t urn is 

ovcrl ain by Agula group. The content bctwecn Adigrat sandstonc and Antalo sequcnce is 

transitiona l. These beds arc or 20~30 m or sha le wilh some ca lcarenites and sandslOnes intercalat ion 

(Basc llini el. al. 1997) 

The Antalo Formation is a 750 m thick sequence, whi ch consists predominantl y or rossi lirerous 

yel low I imcstone c onlaining thin beds 0 r III ad :l nd c aicareolls shale, and 0 ccasionally a rcnaceolls 

bands near the top. 

In Mckcllc :lrea, it conromlably overlics the Adigrat F0n11:llion and grades upward inlo Agul:l 

Fon-nation (Garland , 1980). Thc Ill:lrginal parts or the MekeIle outl ier consists or sandy oolitic racies 

suggesting a near shore cnvironmcnt. Whil e in the esc:lrpment black limeslone and shale indicated 

deeper water conditions or deposi tion. 
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3.1.3.3. Agula Formation 

In Tigray region , in the Mckellc ollt lier and around the escarpment gray green and black shale, marl 

and claystone interJ aminalcd with finely cryst<llli nc black limestone contai ning disseminated pyrite 

with some gastropods and brachiopods, previously named as AguJa shale after Agu la village, 

overl ies tbe Antal0 Formation (Arkin c\ aI., 1971, Kasmin , 1975). The sequence, which is 60 to 250 

III thick, contains some thin beds of gypsum and dolomite and a few beds of yellow coquina. Ncar 

Anla lo vi ll age a 200 m thick uni t of a corrclatabl c red and greeni sh s ilty marl occms. TIle AguJa 

Fonnation is of I ale Jurassic age, :l nd i s 0 r p robabJy 0 f l agoona l 0 rigi n representing a regression 

phase of the Jurassic sea. 

TIle A guln F omlation 0 ccurs c xtcnsivc1y i n t he central part 0 f t he Mckelle outlier. TIle unit as a 

whole is highly inLruded and displaced by sills of the Mckcle do lerite. 

3. 1.3.4. Amba Aradom formation 

Amba Aradom Formation, fomlerl y known as the upper sandstone ( Mahadi , 1968; B cyth, I 97 I ; 

Arkin et aI., 197 1; Kazmen, 1972 & 1975) consists of clay, si lt, white to pink cross bedded 

sometimes lateritized sandstones and conglomeratcs acculllulated in a Ouvio-Iacustrine depositional 

env ironment. It is cliff fomling and the thickness reaches almost ISO m. In the region it lies 

unconfonnably on the Jurassic sediments (Mahadi , 1968; Greitzer, 1970; Kazmin, 1975) 

In northern part of the Mekelle outlier, the fomlution consists of claystone and siltstone wi th 

interblended massive, sometimes cross-bedded, white to pink sandstone (A rkin ct. aI. , 1971; Beyt h. 

197 1). The rocks become progressive ly coarser in grain size southwards. Further south, on the 

southern rim of the outl ier, the conglomeratcs and sandstones give way to fine grained sediments as 

the formation gai n thi ckness. In most of the area, the fonnution is laterit ized. 
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The Amba Aradom Fommtion is probably of latc cretaceous age and represents a regressive facies 

of the cretaceous sea (Kazmin, 1975). 

3.1.4. Cenozoic volcanic and sCdimcntary Rocks 

The Terti nry volcanics are composed chiefly of deepl y weathered alka line and transi tional basalt 

flows of Ashangi Formation, Aiba basalts, Alajae Fonnation and Tannabcr Gussa formation . They 

arc well presented in the region and covcr nearly I G % of the total area of the Tigray region (Bureau 

of planning and economic Development, 1998, Atlas of Tigray). They arc outcropp ing 

predominantly i n the westem, n orthem. central and southem parts of Tigray. They foml elevated 

and main mountainous areas with very rugged topography where many higher peaks occur. 

3.1.4.1. Ashangi Formation 

The Ashangi Fonnation represents the earliest fissural flood basa lt vo lcanism on the northwestern 

plateau. The basa lt flows arc severa l hundreds of meters to a kilometer thick of strongly weathered, 

cru shed, tilted basalts, which lie below the major pre-Ol igocene unconfollllity (Zanelti n ct aI. , 

1980). The Ashengi Fonnat ion consists of predominantly mildly alkaline basalts with interbedded 

pyroclastics and rare rhyolites. The fomlation is commonly injected by dolori te si ll s, acidic dykes 

and gabbro-diabase intrusions. 

The upper part of the Ash:mgi Formation is more tufTaccous, contains lacustrine deposits including 

lignite seams, and acid volcanics, and locally ovcrlies the older part of the group with an1,'lllar 

unconfonni ty. Th is fommtion probably has a Paleocene to Miocene age range (ka zmin, 1975). 
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3.1 .4.2. T he Aib:I Basalts 

The Aiba basalts represent the second major pulse of fissural basalt volcanism on the northwestern 

plateau. 

They a fC typica l transi ti onal basa lts, and uncomfon ably overl ie the Ashangi Fonmltion and ~Hlai n a 

thickness of 200 to 600m. The absolute age of the Aiba Basalt range from 34 10 28 Ma plac ing them 

in Oligocene (Zanett in ct aI. , 1980; Knzmin, 1979). 

3. 1.4.3. Alajac Form:ltio ll 

The Ai ba Basalts arc generall y followed by the Alajac Fonnalion, represented by inlcrl ay rcd silic ic 

rocks and transitional basalts. but sometimes only by silicic rocks, mostly slightly pcralku linc 

rhyolites. This [annalion ranges in age between 36- 13 Ma (ka7Jnin, 1979; Zanettin cl aI. , 1980). In 

the region, the Alajac Fonnalion rests conronnably on the Aiba Basalts. 

3.1.4.4 Tarmabcr Formation 

In the northwestem plateau, the fi ssural Alajae volcanism was followed by TamKlber central 

volcanism that buill up large shield vo lcanoes decreasing in age from North to so ul h. The change in 

volcanic regime is matched by a change in lava compos it ion; no longer transi tional basa lts, but 

alkali basalts and basanites (Zaneuin, 1993). 

In the region Tannaber central vo lcanism or Tanllaber FOnl131ion is reprcsented by Tannabcr Gussa 

Fonnation. TI1C name Tamlaber Gussa FOnllaatiol1 was given for the shield volcanoes of the 

nOrlhenl Ethiopia plateaus with an abso lute age ra nge of26 to 16 Ma (KaZlnin, 1979) 
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In add ition to the above mentioned volcanics, stratigraphi call y above them, Inlchyt ic and phonolitic 

plugs and assoc iated lavas occur in the areas around Adwa and Axum. Ti lt ing and up doming o f the 

surround ing rocks is thought to have preceded the viscous emplacement of vertical-sided plugs. 

As a consequence of extensive erosion during Cretaceo lls times, the Tert iary basalts, in general , 

overl ie un-confonnab ly the Jurassic Adigrat F0l111alion. Even in some places Ihey rest direc tly lip on 

the Precambrian basement. The thickness vari es from about IOOm,wcst of Adigrat, to up \0 3000 III 

in the sOllth of Ihe region (around Maychcw). 

In severn1 areas the upper part of the basalt is weathered and ncar Axum th is altera tion th:H must 

have occurred during periods when tropical cl ima tic conditions prevailed resultcd in thi ck laterite 

so il s of more than 10m. However the most common (recent) alteration of the top layer produced the 

black cotton soils (vertisols). 

TIle oldest sediments found in the region are represented by the Danaki l group. The name Danakil 

group (Red Series) was given to the oldest detrital fommtion tha t occur wi thi n the Denakil 

depression (Garland, 1972). The formation consists of severa] hundred mcters of conglomerate, 

sand , sandstone and red, green or mu lt icolored clays, wit h interbedded basaltic lavas and acidic 

intrusions with some marine beds locall y present. 

Sediments of the Danakil Group arc outcropping only in the nonheastem pan of the region along the 

escarpments bordering to Afar. TIle Denakil Group lies uncomfortably on the Mesozoic limestone 

and sandstone or directl y on the epi-metamorphic basement that constitute the foot o f the Ethiopian 

escarpment and the Danaki l Alps. 
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3.1 .5 Qua ternary sed iment's. 

The youngest sediments arc of Quaternary age. TIICSC sediments arc outcropping in difTcrcnt pans of 

the region occupying nat lying areas fonning lowlands. 

Undi ffe rentiated alluvial and lacustrine deposi ts. 

These consist of s:lIld, si lt , clay, diatomite, limestone and beach sand. These cont inental depos its 

spread oul in a lluvial plains and arc abundantl y found in Ihe western and southern lowlands 

overlying mostly the low·gradc metamorphic rocks and Tertiary vo lcanic, respectively. 

I-I olocene sedimen ts are undifferentiated alluvial, lacusrinc and beach sediments. These sediments 

are found in the southern parts of the region occupying lowlands along the Raya valley. 111e total 

thickness of these sediments is between 60 and 160m at diffe ren t places. 

Pl eistocene. These are Quatemary undirrerentia ted alluvial , lacustrine and marine sediments. They 

are round in the northem part or the region bordering to Eri trea. These sediments arc consists or 

conglomerate sand clay reer, limestone, marl land gypsum. 

3.2 Local geology 

The study area that has a to tal area exten t or 4 26.8 sq. kill covers the Axum town area and its 

surroundings. It is covered by rour major lithologies. TIle majority part or the study area is covered 

by Teniary basaltic nows that account 61% and a tot31 area or 260.3sq km. The basement complex 

occupies most part of the south ern part and covcrs 13% and 3S.Ssq .km areas of the study area. The 

Mesozoic sed imentary fomla tion mostly covered by tertiary basaltic nows and black cotlon so il 
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developed from weathered basalts. TIle clearly exposed out crop covers t I % of the study area wi th 

46.9 sq km arcas coverage. The trachyte and phonol ite plugs cover the minor portion of the study 

area restricted to north central and nort hwestern part occupying 9% and 7% respecti vely 

A long the streams and small creeks a thin (mosll y less than 3m thi ckness) alluvial sediments that 

• are silty clay to sand are developed. Due to insitu weathering and alteration of top part of basaltic 

nows a black cotton so il that crack during dry season covers most of plateau of the study area above 

the basalt. It is rich in clay and the thickness ranges between 3 to 9 meters . Due to weathering of the 

basement complex , thin cover of so il (regolith) developed above the Ollt crop but in IllOSt pari of thc 

study area the rocks are exposed with no soil cover due to cxtensive eros ion of the soil by nlllning 

watcr. Due to their shallow thickness and limited area extcnt of the unconsolidated sediments of the 

study area, they are not mappable on the scale provided. 

Genera ll y the study area is covercd by four major lithologies namely [rom older to the younger 

formations 

, 
I. Basement complex , 
2. Mesozoic sedimentary rocks 

3. Basaltic rocks 

4. Trachyte and Phonolite plugs 

Their li thology, their di stribution wit h in the study area is given below. 
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3.2. 1 Base ment co mp lex 

The mClnlllorphic rocks of northern Ethiopia including the Axum area belong \0 the Precambri an 

(upper Proterozoic) age ( Kazmin, 1972).Thc rock association in the study area is composed of slate, 

phyllite, ch lorite and scrici ti c schist of low grade metamorphism. It covers 13% of lhe study area. 

" This unit general ly is exposed in the southern part of the study area . 

The dominant outcrop in the study area is slate especia lly exposed on Tabia Zchay and it is 

tec tonically highly affected area. It is also smeared by quartz veins. It has a general Irend of NE·SW 

strike direction. There is also a clear exposure of feldspar sericite schist lhal has a light gray to white 

color and coarse grained-Io medium grained . Thi s out 

crop is exposed in Tabia Dereka kushet kuhi y. Therc is an also minor outcrop of Il1ctapyroelastie, 

metasandstone intercalatcd wi th the slate. 

Generall y t bey fonn rugged topography and 1 ow·lying a reas. I n most p art o ft he study a rea thi s 

outcrop is overlain by the sedimentary fomla tion except in Sinke ri ver i.e. North west of 

Mabbered egoy where's is overlain by basa lt flow. 

3.2.2. Mesozoic Sedimentary rocks 

In the study a rca, the M esozoic s edil11entary succession u nconfommbly a verl ies the Precambrian 

basement rocks but in Dura mountain and near Wukro Ma ry Ihis fornla lion occurs at the top of and 

nanks o f the alkal ine lava that could be due to up doming of the acidic viscous lava. They have 

variable thickness and rock types but are the eastern extension of the Adigrat sandstone. 
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ntis unit occupics 11 % of the study area in the south central, southeastern and minor exposure in 

the northern parts and forms a plain topography. 

The major part of the Mesozoic sed imentary rocks is covered by overl ying Tertiary volcanics. So 

exposure is limited to sOtlthccnt ral and southeastern part of the study area. At places river cut also 

expose it. 

The di stinct features of the sedimentary rocks in the study area arc lateral and vertica l variations 

both in thickness and sediment type. From borehole logs and field observation the thi ckest section in 

the study area is exposed in the southeastern around Mahbere degoy vi llage Ihat attains an average 

thi ckness greater that 80 III and decreascs westward in the J-I ascJo crcek (Tributary of Ham,a creek) 

and ,main a thi ckness below 60m. 

Based on the thickness and dominant sediment type two types of sedimentary formation occurs in 

the study area though they are mapped and named altogether Adigrat sandstone 

I. Siltstone (mudstone?) dominated and intercalated with sandstone 

2. Sandstone dominated and intercalated wilh siltstone. 

The si lt stone (mudstone?) dominated outcrop is exposed south central and southwestern part of the 

study area and the thickness of the whole section is below 60 Ill . nle siltstone (mudstone?) beds are 

so ft , friable, thinly laminated reddish brown or whitish color and fonn gently slopping topography 

where as the sandstone is a cliff forming. 
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To th e southwest o f the study area in 1·lanna creeks this fo nnat ion is interbedded with thin (5Oc m) 

limestone bcd. 

The sandstone-dominated outcrop is exposed in the southeastern part of the study area covers most 

part of Mahbcre Degoyarea. It has an average thickness of 80 Jl1 nnd the sandstone is thickly bedded 

reddish brown a l lower 1':1115, upwards it is cross bedded, we ll sorted and rounded and it is quartz itic 

sandstone. It is interbedded with th in layers of lamina ted silt stone. 

Generally at the base oCthe sc<iimentary fOnllution there is a thin layers of( less than 4m) polymictic 

conglomerate. BUI at the northern part of the study area the conglomerate occur above the 

sa ndstone-siltstone intercalation. 

3.2.3. Basalt rocks 

According 10 Ihe geologica l map of Ethiopia and Somalia (Marla CI. ai , 1973), the Northern T igray 

basaltic rocks belong to Amba Aiba basalts of Oligoccnc to Miocene age. Thi n basaltic flows covcr 

most parI of the study area and thick succession of stratifi ed basal tic unit is developed along the 

ridges that generally run north·sollth direction west of Adet road. TI1C maximum thickness of the 

basalt ic pi le in the study area is 400 m in Fcrasil ridge south west o f the study area . There are also 

isola ted hill s, eg Dereka ridge, I-I ankera ridge; thaI form parts of the stratifi ed volcanic succession o f 

the study area. It occupies 61% o f lhe study area. 

TIle stratified basaltic rock is characterized by textura l and composi tional variati on along with the 

presence o f horizons o f thin red paleo.soi ls with in the succession. TIli s suggests that there has been 

successive lava flows separatcd by considerably time gap. 
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'!lIe basa lt ic rocks rest unconfomlable over the Mesozoic sedimentary strata. Bu t at some places; 

example 3 kill west of Mahbcrcdcgoy village along the Sinkc River the basalti c rock rests over 

angular unconformity on the Precambrian basement rocks. 

In most part of the study area the bas<l1t flow is massive, aphan itic 10 phyric basal! but highly jointed 

and il is enveloped by amygd:l loidaJ and vesicular basalt . The .:II11ygda\oidaJ busalt is filled with 

calci te, silica and some (minor) zeo li ls. In 50111e loca lit ies example on the road \0 Shire the basalt is 

scoraceous with layers of mass ive fractured basalt. In th e upper succession of the layer the massive 

basalt is affected by vertica l and columnar joints. Spheroida l weathering is common in the basa lts of 

the study area. 

Generally the basaltic rock in the st udy area is high ly fractured and extensively weathered though 

the degree and depth of weatheri ng varies from place to place. 

In between layers of the basaltic now there are thin red palieo-soi ls that indicate thcre had been a 

time lag between successive layers of the basalti c nows. 

3.2.4. Trachyte and phonolit e plugs 

[n the study area, stratigraph ic positions and crosscutting relationships show that they are the 

you nges t volcanic rocks in the area overlying the Amba Aiba basa lts. 
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n ley rorm an independently standirll iuegu lar to suh-circular highl y elevated bodies. Their 

evolut ion is related to tilting and up domia&ofthe surroundi ng rocks is thought to have preceded the 

viscous emplacement or vert ical sided pkIp{K.:lzmin, (975). 

3.2.4. t Tr.lchylc plugs 

They occupy the northwestern pa rt, 9%cllllC study area, and occur as independent irregular dome 

sh3ped bodies forming a highly elevated .... 

The fresh outcrop of the rock is rel3tivdylllrd, compact and massive. It is medium to line grained 

li ght gray color irregular, jointing hori2.lllllll exfo liation is common, up on weathering it tends to be 

son, white that is changed to kaolin. 

Generally the outcrop in the study area issiplly weathered, h3rd and comp3ct with irregu lar joints. 

3.2.4.2 Phonolite plugs 

In the study area they appea r as indq:adent, sub circular dome SI13pcd bodies ri sed 3bovc the 

plateau. Occupies 7% in the North centnl Di Northwestern part of the study area. In Dura and Bet 

Georgis Ilnlntains basa lt and s3ndstooedlcdoming of the phonolite to a higher elevation pushes up 

beds. Wide-opcn vert ical joints and cxasiwtspherod iaJ weathering (changed to white to light-red 

colored soil) are the characteristic of the m. They occur as big blocks noated above the basal t 

now due to wide-open joints and sphaociaI weathering departed from the main mass of cliff 

fonning plugs. 
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1lle rock is coarse grained; pale gray to pale green color with unevenly distributed at rounded 

shining mafic minerals and light pinkish to wh ite fel sM: Dnerals. 

Genera lly the rock in the study area is highly dissCded by joints and extens ively walbered. II is 

highly susceptible to weathering and rraeturing when i is exposed to water as it is scm. in the fie ld 

that where the course of water passing through, it is hi~di storted and etched out CIql 

3.3 Structure 

nle nex t di scussion on the stmcture or thc study area is mainly based on aerial phom ifaprctation 

and fie ld investigation in the study area. 

The basement complex of the study area has undergone only slight metamorpllism being of 

greenschist facies. The most prominent foliation trem iu the slate, phyll ite and sdisar: rocks is 

NE·SW d ireclion. This co incides with fol iation t renl oflhe r egional s tnlcture. FllII l erial photo 

interpretation fault lines and lineaments in the basemenl complex have al so a No rth Eastem·South 

Western trend. In the Sinkc Ri ver, northwest of Mahberedegoy the basaltic now that rests on 

angular unconfonnity of over the basement complex rollowa trend that rUllS North easz · South west 

direction. This may be due to Ihe regional structure thlt allow for the basalt to fill the weak zone of 

the basement compclex. 

The dominant faull lines and lineaments in the study area have north west · south C35I orientation 

and arc located along and on the periphery of the trachyte and phonolite plugs. Most p003bly Ihi s 

may be related with the updoming of the viscous lava. Sandstone and basaltic beds at '" trusted to 
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il highcr elcvation due to the up doming of the plugs. Thcre 3re 31so somc fau lts and lineamcnts 

trendi ng in the East-Wcst, I"onh cast - South west and North-South direction. 

The trachyte and phonolite plugs show flow stnJclUrcs, wide and deep linear joints and concentric 

ex foliations. 

The Mesozoic sedi mentary rocks occurring to the south cenlral and southeaster show fracturing and 

join ti ng besidcs their primary sedimentary stnlctures like bedding, cross bedding etc. 

The volcani c rocks (the basaltic rock) especiall y which outcrop sOllth west ofAxum town arc highl y 

fractu red and extensivel y weathered and columnar jointing is common in the upper sllccession of the 

basalt flow. But most o f the frac tures arc fill ed with secondary minerals. 
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lIYDROMETEOROLOGY 

4.1 Genera l. .. 
In the study area the available hydrometeorologica l data arc onl y air temperature and rainfall 

obta ined from National meteorologica l service :lgcncy (NMSA). Due to absence of the other 

hydrometeorotogicat variables and the main target of Ihe study is hydrogeochemistry of the study 

area; on ly a brief explanation is given below based on the available data 

4.2 I)rccipitation. 

It is defined as the total alllount of water fa ll ing from the atmosphere in the form of ra in snow, mist 

etc on the earth. It is measured in fonn of depth of water occurred on horizon tal land surface due to 

precipitati on in a particu lar day, month or year (R. Suresh, 1997) 

From the viewpoint of rainfall climatology, the sl\ldy area lies between the tropical zone and the 

sub-tropica l high-pressure belt. Thus the area is 3ffected al least part of the year by the latitudinal 

oscillation of the inter-tropical convergence zone (tTeZ) 

In the period between October and January, the northeastem con ti nenta l ai r streams have dominant 

influence on climate. TIley are controlled by the extensive North African high-pressure zone. TIli s 

coo l air stream of desert origin produces the dry season. 

In the period between March and May, the (Tel retUnIS to the northem hemisphere. and rainfall 

accomp3nies the fronts entering with equatoria l air. From May on wards the North African high-

pressure consolidates and con trol the northward movement of the ITCl. This produces a small 
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decrease in precipi tatio n. At the beginning of the ma in rai ny senson in June the !TeZ ag.'lin begins 

to move to the north and becomes act ive. The southwestem air streams extend over the area and 

often produce heavy rai ns. 'i11i s weather type lasts un til the northeastern continenta l air st ream is re-

established . 

4.2. 1 j\v:lilability of D:lta . 

Wi th in the study area one meteo rological station is found in AXUIll town. The rainfall data from lhi s 

station is not continuous and it is short period data. About 15 yea rs of precipitation records are 

avai lab le f rom I his s tation. The d ala a rca coll ected 0 II monthly basis 1I sed to see t he pattern and 

variab ility of rainfa ll in the study area. 1lle long term mcan monthl y rainfall va riati on at the study 

area can be seen by plotting Rainfall verses Months of the year. 

FigA.1 Long-term mean monthly rainfall variati on 
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July and August with mean prccipitat ion amount s of 22 mill and 2 11 mill respectively. Their 

combined share of the mean annual precipitation is as high as 65 percent. The mean monthly 
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contribution of the mean annual rainfall is given below (Table 4.1). When missing monthly va lues 

arc substituted by the month ly means the annual precipitation in Axum averages to 672 mill . 

Tab le 4. t Mean Monthly contribut ion of the mean annual rainfall 

MOnlll J .. Ft b Mu Apr 0\1~)' J .. J,' A,. Sri' 0" No\' I)t[ 

Mean r3inf.1I '" " J.J 19.7 J 1.3 267 610 2215 '" '" '6> '92 '0 

nun 

0.97 0.' 2.93 ' .66 J91 '" 33 86 J" lOJ '" 2.86 
% con1ribution '" 

4.2.2 Seasonality of Rainfa ll 

The areal pattern of the seasonality of rainfall in the study area is dctennincd by analY.ling mean 

monthly min fall data fo r the s ia l ion. To compare the mon thly distri bution and to identi fy dry and 

rainy seasons, "rainfall coefficient was employed. l1le rainfall coemcicnt is computed by divid ing 

mean monthly rainfall toone twelve 0 f t he a nnua l III ean r ai nfa l! (UNFAO, I 985 ci ted in Daniel 
ft 

I "'1 ~ Gcmcchu, 1977). 
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Table 4.2 Mean monthl y designation (* D-Dry, R- Rainy) 

Monlhl J .. ,.b !\In ,\pr !\lay J., J.I A., S~I) " .. ~o,· 0« 

,\Iun rainfall 6.l lJ '" Jl J 26.7 61J 221.' 211.2 '" 16J '" IJ 

In "'''' 

Cotrnc1 t nl OSl OJ' 00' 0.12 0<" O.J5 0)6 048 11'<) '06 377 0.29 

1)~511>n~ l ion' 
I) I) I) " I) " " I) 0 

" " I) 

From the above table (Table 4.2), 86. 13% of the mean an nual rainfa ll occurs during the live months 

of rainy period and the remaining 13.87% occurs during the seven months of dry period. 

The small rains are in Apri l and September at the beginning and the end of the rainy scason. TIlcse 

account for 1 1.7 1 % o f the annual rainfa ll and 13.6% of the rains that occur in the rainy period. The 

big ra ins with moderate and very high concentrati on occurs from June to August that account 

74.4 1% of the mean annual rainfall and 86.4% of the big rains occur in June and 87.74% occurs in 

Jul y and August with hi gh concen tration. TIle big rains in these two mont hs accounts 65.29% o f the 

mean annual rainfall. 

4.2.3 Variabil ity of Rai nfa ll . 

From the fig below the precipitation record show annual variation on the study area 
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FigA.2 Temporal varia tion of annllal sum rainf4111 a ll Axum stat ion 

4.3 Air temperature. 

[\ has been observed that in general in Eth iopia the average annual temperature decreases with an 

incrC:1SC in altitude (Tesfaye Chemet, 1989). On basis of Ihi s, ri ve traditional temperature or climatic 

zones arc different iated in a descripti on presented by the Eth iopian Mapping Agency (198 1), in the 

National Atlas of Ethiopian, p 14 . The descript ion taken from the at las is given below and nex t to 

each tradi tional name for the temperature zone, the English equivalent is written in brackets as 

suggested in another source by Danicl Gamechu (1977). 

• .. KuR" (Alpine), 3300m and above. 11le mcan anural tcmpcrature is 10 °c or less. 

• "Dega" (Temperate), 2300m 10 about 3300m. TIle meall allnual tempcrature is between 10 
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"WEINA DEGA" (subtropical), 1500m, \0 about 2300m. The mcan annual temperature is 

between 15 and 20 °c 

" KOLLA" (Tropical), 500111 to about 1500. Hot temperature abou t 30 0 c 

• "BEREHA" (Dc5eI1), less than 500 m. Very hOllcmpcfalurc 30 to 40°c 

The Axum area is situated on the nonhcm parI of the Ethiopian central plateau at an average 

elevation of about 2100 III a . l11.s. 1. The elevation from 2100 III 31 the town center to over 2400111 at 

the highest peaks of the moull lain to the north o f the town and 1980 III a.m.s.1. at !-Iarma creek, west 

of Dcmbaba Mikael church. 

According to the Ethiopian temperature zonins. AXUIll lies in the woina Dcga Zone. AI Axulll 

station, the Jllea n annua l temperature is 19.4°c, and the yearly average maximum and minimum 

temperature is 27.0 and 11.70c respecti vely. Thc annual range or lemperalUre is 3.4°c. TIle wannest 

months are between December and Febnlary inclus ively. 

The variation oftemperaturc from year 10 year is mtcr small ; the monlhl y mean va lue usua lly ranges 

withi n plus or minus 2°c from the longlcnn averages. 

4.4 E,'apo lranspiration 

In the available data solar radiation and the no . of hrs of bright sunshine in a day are Illissi ng or not 

measured. With the available scanty Illeteorologieal data, an altempl could be made to assess 

approx imately the evapotranspiration using Thomthwaite, Turc and Langbein fonnulae. 
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HYDROGEOLOGY 

5.1 Introduction 

Hydrogeology in general encompasses the link between various geologica l material s with water. In 

its intent, it deals with the movement, chemistry, origin, Slomgc and aqui fer hydraul ic cha racteristics 

of the subsurface material. The groundwa ter body receives rainwater or snowmelt Ihal has 

percolated through the unsaturated zone. The totat storage potential is governed by the thickness and 

exten t of Ihe aquifers and by its poros ity (Feller, 1994). 

A [onnation, part of fannalion or group of [onnations that contains sufficient saturated pcmlcab ility 

materia l to yield signilicant quantity of water 10 well s or springs is ca lled an aq uifer. An aquifer can 

be made up of a single [annalio n or group or rOm13t ions. Some aqu irers may only consist or units or 

varying lithologies and ages. Generall y an aquirer is characteri zed in a given geological stratum on 

its volume in relation to the amount or water that arc being ex tractcd, its porosity in tcrn which 

depends on the nature or the geologica l materia l, the domina nt grain size, degree or sorti ng and 

p3cking. degree or weathering, rracturing and rauiti ng and its readiness to easy movemen t or water 

to wards a welL 

5.2 Hydrostrafigraphic units 

A hydrostratigraphic unit is a body or rock or sed imcnt that has hydrogeologic characterist ics that 

make it distinct rrom surrounding bodies or sediment. One critica l characteristic or 

hydrostrat igraphic units is that their boundaries are not necessary the sa ine as romlJtion boundaries. 

The primary characterist ic that derines a hydrostratigr3phic unit is hydraulic conductivity. TIle 
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boundary of a hydrostratigraphic unit separates a unit with high hyd raulic conducti vity from a unit 

with low hydraulic conduct ivity. Based on qual itati ve borehole data that are scarcc and mainl y 

concentrated on the basa lt , geological log of boreholes and fi eld observation; four types of 

hyd rostrati graphic uni ts are found in the study area . 

I. Metamorphic Rock; 2. Ad igrat Fonll:lIion; 3. Basa lt ; 4. Adwa Fonnation 

5.2.1 Meta morphic Rock 

Solid pieces of fresh metamorphic rock have porosity of less th an 3 percent and 1110S1 commonly 

Icss than I percent. The few pores that are present are small and general ly are not intcrconnected. As 

a result penneabi li ty is so small that they can be regarded as zero in almost all practical problems. 

Appreciab le porosity and penneabili ty however, are developed through fracturing and weathering of 

the rock. Fractures th at are not associated wil h pronounced fau lts produce onl y a small increase in 

the overall porosity of the rocks (Davis and Dewiest, 199 1). 

The weathered layer (rego li th) and fractures arc the main source of ground water in the study area. 

The weathered layer developed on the metamorphic rocks is an imponan t Source of grou ndwater, 

especially for rural waler supply in the study area. 8utthe weathered zone is largely clayey material 

resulting in a low productivi ty aquifer that is indicated by low yield hand dugs and sha llow we ll s. It 

is also seen that most of the weathered materia ls is removed by runoff and the rock is exposed 

barely in most pan of the study area. The main cont rolling factor in the s tudy area is fraclU ring of 

Ihe metamorphic rock. This result a secondary porosi ty and penneabi lilY of the rocks that Illake the 

rock good fo r water supply purpose especia ll y for rural water supply. Frac tures occur more 

frequently near the ground surface but become rare with depth as revealed from boreholes. Fractures 

tcnd to close al depth because of ven ica! and lateral stresses imposed by overburden load . Therefore, 

32 



, 

1 ,1 
, ~ ~ I 

the yield of well s in the fract ured rock reservoir decreases with increasing depth . Differences in well 

yields tend to rence! differences in degree of weathering or fracturing rather than inherent 

differences o f minera logy of fa bric within Ihe rocks. 

5.2.2 Adigrat Formation 

This unit occupies 11 % of th e study area in the south centra l, south castem and minor exposure in 

the northern part , and forms a plain topography. 

TIle di stinct features o f the Adi grat fannation in the study area arc lateral and vert ica l vari ations 

both in thickness and sediment type. Based on the thickness, dominant sediment type, hydraul ic 

property and water quality; two Iypes of sub fonnations occur in the study arca th at :lfC Siltstone 

(mudstone?) interca latcd with sandstone and Sandstone in tercalated with siltstone (mudstone?). 

5.2.2.1 Sil tstone (mudstone?) intercalated with sandstone. 

This out crop is exposed west of Sinke River, and these beds are soft, friable, thinl y laminated 

reddi sh brown or whiti sh co lor and fonn gentl y sloppi ng topography and it is interca lated with 

sandstone that is cliff fomling. 

Most fine-grained deterital rocks have relatively high poros ities but very low pcnneabi lity. Most 

commonly the fine-grained rocks will be barri ers to the movement o f wat er and the rock serve as 

widespread confining bed, but significant amount of movement may take place. Fracturi ng and 

fault ing of these rocks may yie ld a few gallons of water per minute to well s (Davis and Dewi est, 

199 1). 

In the study area most of the boreholes (mainly penetrate this fornlati on) have a very low yield that 

is be low 2 lis yield. 
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Boreholes A), Ala and Ala arc drilled mainly in thi s fonnati on and ha ve a safe yield of 1.25, 2 and 

1.9 lIs respecti vely. These boreholes arc also known for their except ional water quality that is 110t 

potable and useful for domestic purposes. 

5.2.2.2 Sandstone Inte rc~)a t ed wilh Sil tsto ne 

This is a common type of Ad igrat fo rmation Ih at is exposed also out of the sludy area. In the study 

area it is exposed in the sou theastern part and covers most part of Mahbere Degoy area . 11tis 

fonnation comprises sandstone wi th minor lens of si ltstone and basal conglomeratcs .It is fine to 

medium grained, roundcd, we ll sorted and cross-bedded. At places it al so shows deep vertica l joints. 

The assessment of pemleability and productivity of thi s formati on is based on prev ious studies out 

of the study area and field observati on due to unavai lability of both lithologica l logs (mel pumping 

test data in the study area. 

Accordi ngly, this fannation has a moderate pemleability and productivi ty and this is the result of the 

limited intercalation , bedding planes and the deep vertical jointing. Its lack of hi gh degree o f 

permeab il ity and productivi ty is a result a rlhe grain size and degree of cern en tal ion. 
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5.2.3 Basalt 

The basalts of the study area belong to Amba Aiba basa lts of Oligocene to Miocene age. In mOSI 

part of the study area the basalt flow is massive, aphan itic to phyric basalt but highly jointed and 

enveloped by amygdal oidaJ and vesicu lar basalt . [n the study area IllOSI part of the basalt flow is 

covered by unconsolidated sediments that arc formed by the processes of weathering from the 

underl ying basalts. The sed iments arc mainly black cotton so il Ihal is rich in clay, and their 

thickness varies from place to place. This impCn11Cablc clay clogs the fractures and prohibits the 

infi ltration of surface water. 

The porosity of un fractured volcanic rock varies from less than 1% in dense basa lt to more than 85% 

in pumice. Dense massive basaltic flow will have values ranging from 1 to 10 perccnt. Porous, and 

vesicular volcanic rock will have values ranging 10 to 50%. Although Porosity may be quile high , 

the penneabi lity is largely a function of the other primary and secondary structures with in the rock 

(Davis and Dewiest, 199 1). 

Joints caused by cooling, lava tubes, vesicles that intersect, tree molds, fracturcs caused by buckling 

of partl y congealed lava, and voids left between successive flows are somc of thc fcatures that give 

basa lt it s high pcmleability. 

In addition pemleability and porosity may be increased locally in the rock by weathering. Buried 

so il s are common features of layered flows and the soi ls arc less pcmleable than the basalt and foml 

perched water. Sediments interbedded with basalt flows wi ll act 3S a confining bed and storage 

space for water that will greatly increase the avcrngc porosity of tile whole rock 
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The basalts of the study area have developed good pemleability due to primary porosi ty and 

secondary poros ity created by weathering and fracturing. High productive boreholes in the study 

;1rea are located in th is fOmlation though low yield also encountered where the degree of weathering 

and fracturi ng is less and the basalt is massive. 

In the study area the productivity of thc basalt ic aquifers is limited by the faci that they form a 

morphologica lly elevated area and mostl y wa ter divides or rec harge arcas. 

5.2.4 Adwa Formation 

The Adwa fonnat ion comprises of the alkalinc phonolilic and Irachytic composition. They fonn an 

independently standing irregular to sub circular highl y elevated plugs. 

The trachyte is relatively hard, compact and massive with irregular jointing creating a zone of run 

off rather than infi ltration. In the study area it has also low penneability and porosity based on fi eld 

observation. Where as the phonotite is highly dissected by joints extensively weathered and coarse 

grained. It is highly susceptible to weathering and fracturing w hen it is exposcd to the c hemical 

action of wOller as it is seen in the field that the streams arc deeply cut and they arc fM C. The 

phonoli te plugs fonn a zone of infiltration and are recharge area of the well fi elds in the study area. 

Due to the extensive weathering and fracturing the phonolite has a high wa ter transmission capacity 

but with negligible storage capacity. 

In general the Adwa fonnation has negli gib le ground water potentia l duc to the land it fonm, steep 

slopes, small rechnrge area, lack of significant porosity and vel)' low pemlcability of massive 

trachytes. 
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5.3 Structural effect 

Fracturing of ::my rock increases the volume of voids in the parent rock. The vo ids due 10 fractures 

give ri sc to secondary porosity. Fractures (unless filled with cementing materia l) faci lita te the flow 

of the water through the rock. Furthcr morc, compared with a poro us medium, a fractured medium 

Driers relatively less resistance to water movement because Ihe water molecul es arc nOt subj ect to 

barriers with in the fracture. (Sen, 1995) . 

In the study area the water bearing capacity of the crystall ine rocks depends almost entirely all the 

secondary porosity and pcnncabiJity thai develops as a result of fraclUring. 

111e basement complex of the study area has undergone only slight metamorphi sm. From aerial 

photo interpretation fault lines and lineaments in the baselllent complex have North easterl y· 

Southwesterly trend that coincides with regiona l fo liat ion trcnd. 'nlC wcak zone planes created by 

fo liation wi il make water to circulate easily and transmissivity is higher than massive basemen! 

rock. Besides. weathering also incrc3SCS the storativity o f the foliated rock . 

In the Mesozoic sedimentary rock temins of the study area the fracturcs, joints and ka rstie fcatures 

impart an enhanced capabi lity for ground water oceurrcncc and now. 

In the study area the basaltic rock possess fractures ercating a secondary porosity and pcnncabi lity 

that facilitate storage and movement of ground water through thcTll . 

The alkaline plugs of the Adwa FOllTl3tion show now stnLctures, jointing and due to the doming o f 

these plugs numerous fault lines and lineaments are created. nlCSC discontinuities facil itatc the flow 

of water through this fonllation. 
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• 5.4 ACluifer Hydra ulic characteristics 

In evaluating the ground water potential of an area or a basin it is important 10 know the hydraul ic 

parameters of the aquifer of the basin. Hydra ulic Parameters arc physical characteristics of an 

aquifer that contro l ground waler now and storage. 

The transmissivity and storage cocnicicnl s arc especially important because they define the 

hyd raulic characteristics of a water-bearing formation. The coc rficicnl of transmiss ivity ind icates 

how much will move through the formation and the coc rfi cicnl of storage indicates how much waler 

can be removed by pumping or draining. Knowing these parameters of an aquiter will hetp 10 

dclenninc drawdown on the aquifer al various di stances from pumping well s, drawdown in a well at 

any time after pumping starts, interference of wells within the aquifer, to know the long leon yield 

capability of the aquifer, to know the errcct of the proposed pumping scheme on regional water level 

etc. 

To determine the hydraulic characteristics of an aquifer two conunon methods can be applied. These 

arc laboratory testing and field-testing. The field method that is conducted using pumping test, is the 

Illost commonly used and can predict the actua l behavior of an aquifer. 

The principle ofpul1lping test is that if we pump wa ler from a well and measure the di schnrge of the 

well and the drawdown in the well and in the piezometers at known distances from the well , we can 

substitute these measurements into an appropriate well -flow equation and can calcul ate the 

hydrau lic characteristics of the aquifer (kmseman & Dc Ridder, 1983). 

]\'1 ETHODS: To detennine the aquifer hydraul ic characteri stics of the study area pumping test data 

aTC used. A total of II borehole data arc collected and analy-.£cd (annex). Seven boreholes with 

constant di scharge data arc analYled using Cooper and Jacob method and their recovery data is 

anaiY-led using Theis & Jacob method. One borehole (EW1 ) has only constant discharge data. The 
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remaining three boreholes have a variable discharge data and arc analyzed using stepwise pumping 

Cooper & Jacob method. 

All or tile 11 anal yzed data are main ly from the basalt aquifer. In order to charac terize the hydraulic 

characteri st ics of the other lithologies in the study area pumping test results arc taken from 

boreholes drilled in Adwa town nearl y 22 Km from Axum, which have similar geological sett ing as 

the study area. 

In the study area due to the unavailability of the piezometer data , the pumping and recovery analysis 

have been perfonllcd with the pumping borehole data. 

Results and discussions are given below for the diffe rent lithologies in the study area. 

5.4. 1 Hydrau lic characteristics of the Precambrian rocks. 

The Precambrian rocks are outcropping in the south central part of the study area. Ex tent o f 

weathering and fracturing characterize their hydraulic properties. There is no a pumping test data in 

this lithology in the study area. But out of the study area, around Adwa town (which have similar 

geo logical s CUing a s the study a rea and it i s 22 km from Axum) there are 3 boreholes drill ed in 

Precambrian rocks. TIle pumping test data of these wells were analyzed by water well Drill ing 

Agency (1993) who conducted the drilling and pumping test operati ons of the wells. 

Based on water well drilling Agency analysis results are sunm1arized below: 

Name of the well Discharge SWL Draw- Permeabil ity Transmissivi ty Specific Capacity 

V, (m) down (m) (m/day) (mJ/day) (m'/day/m) 

Adwa well No. 1 2.4 10.55 14.51 0.47 7.58 14.29 

Adwa well No.2 0.83 7.83 21 .76 0.33 3.33 3.19 

Adw3 well No.4 2.5 5.37 16.43 0.26 7.32 11.15 

Source: - water well Drilling Agency (1993). 
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Based on the above results the metamorphic rocks arc characterized by very low transmissivity that 

ranges between 3.33 and 14.29 m2/day and low specific capac ity. Also due to structures and 

weathering local aquifers may be created, example well No 3 th at has transmissivity of 56.47 

nhday. 

5.4.2. n ydra ulic characteristics of the Adigrat formation. 

The assessment of permeabi lity and productivity of this fonnation was carried oul based on fie ld 

observation due .to unavailability of both lithological logs :lIld boreholes pumping test data in the 

study area and near by out of the study area. 

Based on the thickness, dominant sedimen t type, hydraulic charactcristic two types of sub 

fommtions occurs in the study area 

1. Sil tstone (mudstone?) intercalated with sandstone 

2. Sandstone intercalated with siltstone (mudstone?) 

5.4.2 .1 Siltstone (mudstone?) sub-fo rmation 

The siltstone (mudstone?) are fine grained and have relatively hi gh poros ity but very low 

permeabi lity, and act as a barricr for ground water movement. They a Iso act as a confin ing bed 

sa ndwiching the sandstone. It is also characterized by a low yield well s mostly less than 2 lIs that 

drilled in this fonnation . 

5.4.2.2 Sandstone interca lated with siltstone 

According to previous studies and the author field observation, thi s fonnation has a moderate 

pemlcability and productivity due to the limited siltstone intercalation, bedding planes and the deep 

vertica l jointing .lts lack of high degree of penne3bility and productivity is as a resul t of the grain 

size and degree of cementation. 
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5.4.2 J-I yd r:lIIli c characteristics of th e basalt aquifer 

This rock covers most part of the study area .A number of boreholes 3rc drill ed in this rock and 11 

boreholes with pumping lest data arc collected and analyzed. inc boreholes with conslanl 

discharge data nre analyzed using Cooper and Jacob method and thei r recovery daw i s analyzed 

using Theis & Jacob method. The remain ing three boreholes hove only a variable di scharge d:1I 3 1'lnd 

are analYlcd llsing a stepwise pumpi ng Cooper & Jacob method . 

Six of the pumping lest data arc collected from Nata Tadcssc's PhD thesis, 1998 and the remaining 

five arc obtained from Water Well Dri lling Agency (1993 & 1998). nle next di sclission gives the 

hydraulic c haracteristi cs 0 f t he basa lt aqu ife r and the ana lysis resuhs arc given for representative 

boreholes. 

EW- I 

A continuous pumping test was conducted for 42 hrs with a constant discharge of 2 Vs. After thc 

continuolls pumping test a maximum draw down of 7.77m was measured. Usi ng Cooper & Jacob 

method the transmissivity value is 2.36x I 0.2 m2/min. 

In thi s borehole there is no apprec iab le draw down, (Fig. 5.2). l3ut between 60 min · 120 min 

pumping duration the rate of draw down is increased this may be the cone of depression intercept 

relatively lower hydraulic fonnalion. Between 120 min and 2520 mi n, the rate of drawdown is 

decreased thi s recharge boundary may be the extent of Ihe aquifer thickness. Remark: the pumping 

duration is onl y 42 hrs and the actual potential of Ihe we ll is nol delen.nincd from Ihis data . 
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Fig. 5.2 Semi logouilhmic 1.101 tlrowtlown ve rsus lim e of EW.1 

Pumping test was conducted ror 41 hrs or duration wi th a constant di scharge or 2 lis and a recovery 

was measured after the contin uous test for about 52 hrs. Aner continuous pumping test a maximum 

dra\vdown o f 28.35 m is measured. Using Cooper and Jaeob method a transmissivity vulue of 

1.86x 1 0-2 m2/min is obta ined (Fi g. 5.3). From the recovery daw using the 111eis and Jacob recovery 

method Ihe transmissivity value is 1.85x 10-2 m2/min. Using Han lush's method (for leaky aquifers, 

with no aqui tard storage) a transmissivity value of 1.94x I 0-
2 

nl lmin is obtained. 

In thi s borehole there is no appreciable drawdown measurcd. Only between 15 min and 45 mi n and 

between 660 min and 840 there is a sli ght increase in the drawdowll rate that may be att ributed to 

the cone of depression intercepts relatively a lower hyd raulic conductivity laycr as compared wi th 

the main aquifer. The recharge boundary is may be from the ncar by non-functional small dal11_ 

TIle recovery o f th is borehole is very slow only 85% of the total drawdown is recovered with in 52 

hrs. 
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Fig. 5.4 Semi logarithmic plot of residual drowdown versus 
ratio ti t' a t the pumping borehole. 

A continuous pumping test was conducted for 72 hours and recovery was measured for additional 14 

hrs with a constant discharge of 2.5 Vs (Annex lUre 2A). Arter cont inuous pumping a ma.'(imulll 

drawdown of 42.69 m was measured. Using Cooper-Jacob mcthod thc transmissivity volue is 
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.66x I O·s 1ll2/S (Fig. 5.5) and from the recovery data using Theis- Jacob recovery method Ihe 

transmissivity val ue is 5.92x 1 0.5 m2/s (Fig. 5.6). 

In th is borehole the cone of depress ion had intercepted three impervious boundari es and IwO 

recharge barrier at differen t depths and different interval of lime wi thin the 72 hrs of pumping 

period (Fi g. 5.5). The impervious boundaries show an increased rate of druwdown caused by the 

cone of depression reaching a barrier which is assumed to be un fractured formAti on or a fault thai 

acl as a barrier. This situation is created when the conc of depression reached a low hydraulic 

conductivity fannalion as compared with the aquifer. The recharge boundaries arc characterized by 

a decreased drawdown rate. As there arc no surface Woller bodies ncar thi s borehole. the reduced 

drawdowns are caused by in increased hydraulic conductivity and lor aquifer thickness. 
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Fig. 5.5 Semi logarithm" plot of drowdown versus time of EW-3 

The recovery o f this borehole is very fast. The borehole recovered 99.85 % of the total drawdown 

withi n 14 hrs. 
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As seen from the r esidual drawdown versus t imcgrnph ( fig 56), /," " h 2 •• I n creep! I S greater I an , 

suggesting Ihat t here is ::I source of recharge resu lting in :I full recovery in s honer I imc I han I he 

corresponding lime of draw down. 
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Fig. 5.6 Semi klgarilhmic pklt of resleiJal drowdown versus ratio Vt' 
at !he pumpi"l;l borehole 

In thi s borehole a continuous pumping test for 72 hours and a recovery lest was conducted for 

additional 72 hours (Appendix) .The rate or discharge is kcpt constant at 9. 14 Us. ,\ Oer a continuous 

pumping ror 72 hours a maximum drawdown or 16. 15 m was measured . From (he drawdown time 

plot using Cooper and Jacob method the transmissivity va lue is 2.98xlO'" m~/s (Fi g.. 5.7). From the 

recovery data llsing Theis and Jacob rcro"ery method a Inlmnissivity value or 2.2xI0·) ml /s is 

obtai ned (Fig 5.8). 

As shown in fig 5.7, the Cooper and Jacob analysis shows (hat rrom 120 to 10 0 min the rate or 

drawdown is increased. This is caused by the conc or depression reach 3 barrier boundary that may 
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be caused by a low hydraulic conductivity [annal ian. The rale of drawdown decreased significantl y 

from 1080 to 2280 min of test, suggesting that a recharge barrier had been intercepted. As [here is 

no s urface water ncaf the borehole the decreased drawdown rale may be due to a high hydraulic 

conducti vity fonna lion and lor the aquifer thickness . 
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Fig. 5.7 Semi klgarilhmt plot of drowdown versus time,EW-4 

In thi s borehole the recovery is slow and incomplete .The borchole rccovered onl y 5.94% of the 

total drawdown in the 72 hrs of the recovery time. 111is is due to limited potcntia lity of the aquifer. 

EW·6 

A continuous pumping test was conductcd for 72 Ius and l rccovery was Tllcl surcd for addi tiollli 24 

hrs. The discharge is kept constant at 3.40 Vs, (Annexturc 2A). Using the Cooper and Jacob mcthod 

a transmissivi ty value of 1.12x I 0-4 1112/s is calculated. BlScd on the recovery dlla using Theis-Jacob 

Recovery method, the transmissivity value is 1.85x I 0-4 l1121s. 
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In this borehole the cone of depress ion had intercepted two imperviolls boundaries. The fi rst 

boundary is slope between 360 to 2280 min of the test. The 2nd boundlry (impcnneable) is belween 

2280 to 4320 min of the test. These boundaries may be due to a fault. which act as a barrier. 
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Fiq. 5.8 Semi Iogarithmk: plot of drowdown versus time of EW-6 

TIle recovery is fas t. It recovered 98.03% of the total drawdown with in 24 hours. Also Ihe tit' 

intercept is greater than I 
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Fig. 5.9 5eml logar ilhmc plot of reskJual drowdown versus ratio 
Vt' at !he currono borehole EW-6 

Airporl well No 2 

In thi s borehole a continuous pumping test was conducted for 42 hours with a constan t di scharge of 

3 115. Recovery data is also measured after the constant di scharge test for 41 hours. A maximum 

drawdown of 7 1.95 m was attained from the continuous pumpi ng test. Us ing ooper and Jacob 

method thc tra nsmissivity valuc is 1.57:< I O·l m2/min rrom thc corllinllous pumping lest and from the 

rccovery dala using Theis and Jacob recovery mClhod the transimissivilY valuc is l.4x \03 m
2
/min. 

Duri ng the continuous pumping durat ion the cone of deprcssion intcrcepts two impcmlcable 

boundaries and two recharge boundaries. The time between 70 mi nutes up to 180 min and in 

betwcen 360 minute up to 540 the ratc of draw down is increased that IS when the cone of 

depression intercept an impenlleable boundaries that may be non-rractured basalt and lor 

impemlcab lc fau lt that has a low hydraulic conductivity. TIle pumping duration bctwecn 180 minute 

up to 360 minute and i n between 540 III inutes up to 2460 t he nile 0 f d rawdown is reduced that 

happen when the cone of depression intercept rec harge boundary. As there is no surface water ncaT 
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this bore-ho le the decline in water level may be duc to d If ' eve opmcnt 0 a secondary porosity thai 

increase the hydraulic conducti vi ty and lor Ihe extenl of II " .• I ' k 1 ... aqUlI cr I lie ness. 

In thi s borehole Ihe recovery is slow and 85°;' of drawdo"'n ,', r"cov"r"d ... ...... during the 41 hours 

recovery duration. 

Table 5. 1 Summarized results of analyses for I I boreholes 

Bore hole Depth Disch:lrgc SWL (Ill) Draw do\\'u Tra IIslIIissi vi I)' 

name (m) lis (Ill) Ill! Id:IY 

EW-[ 73 2 ' .I>l 1.1 33.98 

EW-2 100 2 19.29 9.06 26.18 

EW-J 66 2.5 2.42 42.12 7.48 

EW-4 14 9.14 165 16.15 25.74 

EW-6 102 3.4 1.75 31.55 9,67 

EW·8 "I 4.96 9.26 81.47 5.616 

EW-9 88 11 .03 3.82 21.16 59.70 

Airport w2 110 3 10.6 71.95 2.26 

AplV ·2 68 8 4.54 19.06 IOJ.S4 

f\ pW.) 56 21 7.91 21.71 109,44 

Apw-5 92 3.8 8.05 '8.91 24.34 

Based on the above sununarizcd results and field observations the basalt of the study area also 

characteri zed by moderate penneability and high potential aquifers of thc area due 10 primary and 

secondary porosity, very low penneability and low potcntial aqui fers 31so encountered in the arca 

due to lac k of secondary structures mass ive natu re of the basa lt. 

TIle transit ivi ty values range between 2.26 and 109.44 nhd with 3n average value of37 nb day and 

many high yield boreholes are located in this formation .The variation in the yield of Ihe boreholes 
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in this fannalion is mainly due to secondary structures, the size of the catchment area and in lesser 

extent in the variation of the basalti c composit ion. 

The productivity of the basalti c aquifers is limited by the fac t that they fOOl' highly elevated 

topography that makes them water divides and recharge areas 

5.4.4 Hydraulic cha racteristi cs of the Adwa formatioll . 

The next d iscussions based onl y on fie ld observation as there arc no pumping lest dala . n,e Adwa 

fomultion comprises of the alka line phonol ites and trachyte compositon. 

The trachyte is relatively hard, compact and massive with irregular joi rll ing crealing a zone of run 

ofT rather than infiltration. In addition they arc water divides as they fo rm irregularly shaped 

mountains. 

Due to the nature of thi s fonna tion and its morphological appearance it is characteri zcd as a very 

low penncability and a very low aquifer potential of the study area. 

The phonolite is highly dissected by joints, extensively weathered frac tured and unstable when 

exposed to water. This fonnat ion also appears as subcircular plugs fonn ing a zone of infihration and 

recharge area for the well fi elds I and 2. Due to the extensive weathering and frnelllring the 

phonolite has a high penneability but due to the morphologica l appearance they have negli gible 

storage capacity. 

Based on the above discussions on hydraulic characteristics of the aquifers &. borehole log dala the 

difTerent lithologies of the study area are categorized in to three main groups. 

\. Moderate Penneable aq uifers 

• Highly weathered and fractUTed vesicular basalt 

• Phonolite 
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... Ii 2. Low permeable aquifers 

• Slightl y to mOderately weathered and fractured aphani tic to phyric basalt 

• Sandstone 

3. Very Low permeable aquifers 

• The metamorphic roc ks 

• Siltstone (mudstone) 

• Massive, Poorly weathered aphanitic basalt 

• Trach}1c 

J. Moderate pcnneable aquifers 

Highly weathered and fractured vesicular basalt, which is characterized by relative ly high pOlenl ial 

aquifer for groundwater development. It is also highly affected by lineaments Ihal produce good 

secondary porosity and permeability. Boreholes drilled in this group of aquifer may have a safe 

yield grealer than 4 115 . 

Phonol ite th at is highly di ssected by joints and extensively weathered, due to lhe morphological 

nppcarancc groundwater development is vcry limitcd. [t is a zone of infiltration and rcchargc nre3 

for the underlyi ng aquifers . 

2. Low pemleable aq uifers 

111is group includes sl ightly to moderately weathered and fractured lphanitic to phyric basalt and 

sandstone intercalated with si ltstone. 

The sandstone has moderate pemleabili ty but due to lack of l:lrge ca tchment :lTeas in the study area 

and it also fonns a plain topography development of ground waler limited. Boreholes drilled in this 

group of aquifer have a safe yields betwecn 2 and" Us. 

52 



• 

, 

.. 

3. Very Low Pcmleable Aq ui fers. 

Th is group includes the metamorphic rock, siltstone (mudstone), l1lassive and poorly weathered 

aphani ti c basalt and trachyte. 

They are characterized by very low yield boreholes commonly below 2 lis. At localities the 

meta morphic rock due to fracturing may give yields gre:Her than 2 lIs bu t it is loca lized in small 

area. 

TIle massive poorly weathered aphanitic basalt is peculiar as it fonns a chain ridges and isolated 

elevated highs in the study area. 

111e siltstone (mudstone?) due 10 local fractures secondary porosity and pcmlcabi lily may be 

developed but genera ll y the yield is below 2 lIs 

111C trachyte is the least pernlcable fonnalion in the study area in addition lhe land 11 forms. 

The hydrogeological map is produced based on the above di scussion and it is main ly dependent on 

field observation and hydraulic characteristics or the different lithologies occurred in the study area. 

5.5 Beha\' ior of gro undwater 

Watcr levels systematically measured in large diameter dug wells arc con\'enientl y by lllenllS or 

groundwater contour maps. Most rrequently u sed a re w aler I able contour maps with rererence to 

below ground level (SGL) map 5. 12, above mean sea level (AMSL) map 5.11 or waler level change 

maps. Davis and DeW iest ( 1996) mentioned I hat Ihe water 1 e\'cI contour maps can be p rcc isely 

classified as piezometric or potentiometeric maps if the detai ls or the aq uifer geometry arc known. 

These maps can summarize (i) the state, saturated th ickness of aquifer, gradien t. dircction of 

movement and the behavior of groundwater and (ii) the nature or inflow into and out flow from the 

groundwater system. 
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Rcprcscnt:l tion o f watcr tablc by thc conventional maps (watcr tablc contours). showing thc 

elevation of water level above MSL or below ground level, is more generali zed in nature, not 

capable of proj ec ting out the prominen t natures of the dynamics of groundwa ter flow and li ab le to 

subjective crrors (Biswas and Ch:ltlerjee, 1967). 

Saha and Chakravorthy ( 1963) opined that the grid deviation method of represent ing geological d:lla 

10 be more conveni ent, objective, infonmllive and projccts out more sharpl y the regionol trend by 

eliminating the loca l interference (Bisw3s and Chatterjce, op c it,). Due to th is advantage. the grid 

dcviation water table map has been prepared and used in thi s study. 

5.5.1 GIUD DEVIATION WATE R TABLE MAl' : 

The preparation of the Grid Deviation Water Table Map, as givcn by Biswas and hallerjee (1967) 

is as follows: 

i) Monthly water levels m easured below the measuring points (DGL) h ave b een recalcul ated 10 

water level altitudes above MSL. 

ii) An average elevation 0 r water table (X l) for each observation well h as bccn computed after 

calculating the month ly avcrages of water levels. 

iii) An average value (X) of all the avcrage elevations of water tabl es computed in step (ii) has been 

determi ned for the basi n. This is ca lled the basin average, 

IV) The dev iation Di= (X i ~X) from the basin average water leve l altitude and the average elevation 

of water levels ofindividllal observation wells have been dete0l1ined. 

v) TI d 
. d d . . Its rrom an obiective contouring of the deviations of c3ch of the 1e eSlre eV lallon map resu J 

observation wells of the basin. 
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Annex 2 B gives the grid dev iation water levels and Map5. IO, depicts the grid deviation WIlie r table 

map. 11 coul d be observed that the entire watershed is characterized by a pos itive and a negative 

horizon separated by a zero level of grid dev iation water level. ll1e positi ve zone, fo rmi ng the area 

of recharge I ies in t he upstream arca of I he catchments, w here as the negative zone fOfming I he 

di scharge area, is located in the lowe r rcaches of the c:ltchmcnL The wide spacing of the contours 

and their di sposition are suggesti ve of a nat and genlle gradient of the waler table and comparati vely 

higb pCnllcabi lity of the lithology when compared to the areas where closely spaced COlitours occur . 
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Th 1 1· obtained by subtracting w:lIcr 1 evcl below ground I cvcl c water level a bove mean sea eve I S 

. M 5 11 it shows similar trend as grid deviation rrom topographic height of the well. As shown In ap . 

water level. 
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The water level below ground level (WL BGL) simply shows Ihe level o f water below [he ground 

surface irrespecti ve of topographic height. As it is shown in map 5. 12 [he contour map only reflect 

the topographic differcnce where the well are located. Thai is wells loc:lIcd al elevated arca havc 

dipper water level below the ground surface than wells located at lower area . 
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CUAPTER-6 

UYDROGEOCHEMISTllY 

6.1 Introdu ction 

Water is vita l fo r the existence of life and is essent ial directly to almost all acti vi ties of hUIllBn tl nd 

animals' ki nd. The qua lity of water is as importance as its available qual ity. 

Ground water geochemistry is an interdisc iplinary sc ience concerned with lhe chemistry of waler in 

the subsurface environment. The chemical composi tion of groundwater is the combined results of 

the composition of water that enters Ihe groundwater reservoir and reactions with minerals present 

in t he rock t hal III ay modi fy t he water composition. A part from n BlUra] processes as controlling 

factors on ground water quality, human activity also innucnccs the groundwater chemistry (A ppcio 

& Pastma, 1994). 

Groundwater geochemistry has a potential use for traci ng the origins and the history or water. Water 

a compositions change through reactions with the environment and water quality may yicld 

information about the environments through which the water has circulated (Aprclo & Postma, 

1994). 

Dissolved constituents in the water provides clues on its geologic history, its innuence on soi l or 

rock masses through which is h3s passed, the presence of hidden ore deposits, and its mode of origin 

within the hydrologic cycle (Freeze and Cherry, 1979). 

Th PI 
. 1 I . I b' 1 . 1 d hygienic pronl'rties of groundwater detcmllne lIS usefulness 

C lyslea. C lemlca, 10 oglea , an ,.-

, . 1 ,'ndustry and domestic usc. Furthcnnorc, groundwater 
lor human purposes, !lamely agncu ture, 
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properties give important indi cat ions of the nature of 3quifcrs, and supply vahmble IIlfonnation 

about the origin , now veloc ity, and direction of groundwater now, Modem geochemical prospecting 

tcchniq ues in which substances arc carried by ground waler arc used for detecting concealed mineral 

ores and deposits of o il and natural gas (George Mathhcss, 1982). 

Solutes contained in natural water represent the effcc t of a series of antecedent chemica l reactions 

thaI have dissolved materi al from another phase, have ailcrcd previously dissolved components, or 

have el iminated them from solution by precipitation or to her processes. The chemical processes nrc 

innucnced strongly by biologic activity in some environments and by a grea t m,lIly processes of a 

physical nature (Hem, 1985). 

Once precipitation reaches the ground, it reacts with soil . rock, and organic debris, dissolving still 

more chemical s naturally aside from any pollution generated by human activities, TI1C type and 

concentra tion of salts in water depend on the processes Ihat havc affected Ihe water since it has fall 

as n rai n or snow. 

Among the factors delennin ing the level of trace and major clements arc the con tent of solute in the 

ini tial ra in, the ex tent of reaction with role and soil, loss of constituents by precipitation absorption, 

gain of constituents by di ssolut ion on exchange, and loss of water because of evapor:uion. 

tfilnspiration or reaction with minefill s. 

. r I cd . ernl ions. The type and Groundwater is not pure waler because it usuall y contants ( ISSO v nun 

concent ration of these di sso lved minerals can affeci the usefulness of groundwater for v3riOUS 
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purposes. The main purpose of water quality anal ysis is to determine the usefulness of the water for 

intended purpose. 

In the h ydrochemical i nvestigation 0 f the s ludy a rca a total no 0 f 1 3 w aler sumples for p hysico­

chemica l analysis and 12 water samples fo r bacteriological analys is nrc taken frolll town hand dug 

well s, shallow wells fitted with hand pump and motorized boreholes. In addition to the above wa ter 

quality ana lysis results, previous data arc obtained from Water Well Drilling Agency, Gcnnan 

Water Engineering (GMBH) and Dcvccon Engineers and Architects. 

The ma in objective of the hydrochemical study is to demonstrate the relationship of geology wilh 

watcr chemistry. In addition water chemistry and quality data eva luated with regard to the suitability 

or the groundwater for drinking and irrigation purpose. For this purpose the different water anal ysis 

result are categorized in to four groups, based on frol11 where the water samples are taken. 111esc arc: 

I. Water analys is results from boreholes that penetratc mainly on thc basement complex that 

arc MP, HP and SWI. 

2. Water analysis result s rrom boreholes that penetrate mainly the basalt. nlOse arc 

EW l, EWS, EW4, APWS, SW2, SW), SW4, SW5, SIV6, A6, AS, A4, Hospital well 

and May Edaga well. 

3. Watcr analysis results rrom boreholes that penetrate the basalt and mudstone ( illslone1). 

This group includes APWI , APW2, APW3. A2a, A 1 a, and EW2 

4. Water ana lysis results rrom streams and a spring. This group includes Gebnl Creek, 

Hanna Creek, Hatela Creek and May Shum spring. 

Because or the geomorphology they from in the study area the phonolite and trachyte plugs. they 

have no any well development and the physico· chemical analysis result is impossible to obtain. 

60 



6.2. W:ltcr S:unl}ling Methods. 

A tolal o f 25 water samples were coll ected for p hysico-chcmical a n31ysis a nd for bacteriological 

3nalysis frol11 domestic water well s within the study arca. 

For physio-chcmical analysis the samples were ana lyzcd in the Watcr Laboratory of Walcr Works 

Dcsign & Supervision Enterprise and for bacteriological anal ysis in the Centrnl L:lbor:1tory Service 

of Addis Ababa Water and Sewcrage Authori ty. 

The chemical anal ysis result for major ions is checked for the 3ccuracy of the laboratory result s by 

using the cquation of Electro Neutrality (E.N) conditions since the sum 0 f positi ve a nel negative 

charges in the water must balance: 

Electro Neutrality (E.N. , %) = (Sum cations + Sum anions) I (Sum cation - SUIll anions) 

Whcre ca tions and unions are expressed as meq/l. 

Differences in E.N. up to 5% are acceptable (Appe]o & Postma, 1994) and 311 of thc chemica l 

anal yses arc below the acceptab le limit. 

6.3 W:ltcr analysis results. 

6.3.1 Physico -chemica l analysis results. 

Thc resulting phys ical and chemical properties of groundwater is mostl y rela ted to its relationship 

with I he III edia through which the water passed and its residence lime. In addition to lhe naluml 

factors a I~ ajor change i n the constituents 0 f g roundwater i s r esulted f rom I he :I eti"t)' of human 

. cd t correlate thc geology and water composition 
bClllgs. Analyses of groundwatcr samplcs afC us 0 

. . ' .' betwcen surr3ce and ground water bodies . 
and to Infer the relationship or mteractlon eX isting 
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The major chemistry of groundwater from d iffcrcll( I ilhologics ilnd for comparison purpose frolll 

surface water is summarized in table 6. 1. 6.2. 6.3 and 6.4. 

Table 6. 1 Average values and range of concentration of major ions in mgtl from b3scmcnt complex 

Ell ement Range Average 

pH 7.01·7.41 7.16 

No> 16·46 31.66 

K+ 0.4-3.7 1.60 

C, 64,7· lOS 81.5 

Mg 16,3·20.9 81.5 

HCOl ' 291.0 ·)60 19.2 

NOl ' 5.3·34.3 JJJ.8 

CI' 12.5·25,\ 17.9 

SO~· 8.96·36.90 19.93 
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Table 6.2 Average values and range of concentration in mgtl of major ions from basalt. 

Element Ra nge Ave rage . 
pH 6.9 -7.44 7.19 

N,+ 28 - 86 53 

K ' 0.4 - 5.8 3.5 

Ca"' 24 ·542 .8 78. 11 

Mg-' 5.1 - 42 .8 22.06 

!-ICOl ' 323 - 488 ]93.8 1 

NOl ' 2.6. 11.3 30.59 

cr 9.7 - 88 34.89 

SO, . 0.26 - 45 14.65 

Si02 45 -9.5 67.43 

.Table 6.3 Average values and range of concentrat ion of major ions from S;lsnlt and l1ludslonc 

Element Range Average 

PH 6.5 - 7.59 7.058 

N, + 28.4 · 250 179.96 

K+ 2.84·42.1 \9.15 

c7+ \49-677.4 308.73 

Mg2+ 14.6-264 .6 126.92 

HeOl ' 869-3465.2 1769.72 

NOl ' 0.066-5.3 1.1 

cr 5- 120 64.12 

SO.-- 5.3- 100.75 44.27 

Si02 48.2-148 77.().l 
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Table 6.4 Average values and range of conccnlrnlion of maJ'or "0 IS . ..n r. I' I III Ill& , IrOm sunnet water, 

n angr A,'tragr 

'''1 pH 7.8 . 8.4 8.0 

Na' Gl - 1\9 84.87 

K 4 · 4.3 4. [ 

Ca·' 32 - ]5 33.57 

Mg" 20-49 32.4 

HCO,' 258.6 - 537 362.87 

NO,' 0.5 . 3.0 1.83 

cr 20.6 - 62 38.87 

SO. I · 18·22 20.)3 

SiOl 16 -65.5 34.83 

Most of w:lter samples taken in the study afC tastc!ess, odorl ess and colorlcss. '111e on ly excretions 

, 
arc water samples taken frolll the basa lts and mudstone penetrated boreholes. APWI and A PW3 

have objecti onable odor and taste. EW2 have salty taste but odorless and l::Islele5s. The taste of 

water is mostly controlled by concentration of ions in the water. The objectionable taste of these 

boreholes is Illost probably associated with their high amount of concentration of Ions. The 

objeclionable odor also associated with high .lOlounl of gas in Ihose boreholes. 

The pH of most ground water results from the balance belween dissolved carbon dioxide gus, 

carbonate and bicarbonate in the water (Driscoll , 1991 ) 
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The hydrogen-ion acti vi ty in an aqueous solution is con trol led by i ntcrrelnted c hemicBI rC:lclions 

that produce or consume hydrogen ions (Hem, 1985). 

Certain properti es of water, especially pH, arc so closely related to the environment of water they 

arc likely be altered by sampling and storage, and a meaningful value can be obtained onl y in the 

fictd. Most of the water analysis results in the study area give pH va lues measured in laboratory Ihnt 

may not give an actual value of the pH of the ground water. But they may give general infomlDlion 

how the pH value may range in the study area. 

In the water anal ysis results the pH value of water samples from the bastment complex range 

between 7.0 1 and 7.41 , whi le from the basalt and basalt + mudstone Ihe pi-I ranges frolll 6.9 up 10 

7.44 and 6.5 up to 7.59 respectively. Water sample results from the surface waler have pJl value 

between 7.8~8 .4. According to David el.a!., (1966) this range ean be categorized under moder-ucly 

high pH values, that commonly associated with water high in bicarbonate. 

In the ana lysis resu lts the dominant cations and anions are the sa me fom the boreholes penctrating 

different lithologies though they vary in amount. The dominant cations in the boreholes 3TC Cn • I a· 

Mg . K in decreas ing order. Ana lysis results from the streams have different dominant cation than 

the boreholes but have similarity in an ions. The dominant cations arc a· Co· Mg· K in decreasing 

order. 

Analys is results from boreholes that penetrate the basalt u nd mudstone h ave a n exceptional h 19b 

value of all cations and anions except nitrate wi th an average value of 1.1 mWl· The analysis results 
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I' from other lithologies and even from streams have more 1 . 'I or e55 sum ar values of ca tions and amons 

(Fig6. 1). 
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Fig. 6.1 Averaqa vaUes of map' b1s n different 1l1to1og1es an,j streams. 

6.4 Data Interpretation 

The physica l. chemical and biological propert ies of grolLndw3tcr determine its usefulness for human 

purposes, namely agriculture, industry, and domestic usc. Furthcnnorc, groundw<llcr propert ies give 

importan t indicati ons of the nature of aquifers, and suppl y valuable inform:ltion about the origin, 

flow ve locity: and direction of groundw:ltcr flow (Matlhcss, 1982). 

In the study area the chemical properties of groundwater is dominantly influenced by gcology 

through which the water has passed and in lesser extend by the acti vity of man. Though there IS no 

difference in dominant cations and anions, the main difference in the chemical data obtained from 

different lithologies is the amount of cations ~lI1d an ions. 
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When water passes through different aquifers the chemical propcny or Ih . . I I c mllm waler C lange 

depending on the chemical composition of the aquifers, predominant geochemical reactions laking 

piace between the water and the aquifer, the residence time of the waler in the difTerent aquifers, that 

is governed main ly on the pcmlcabi lity and porosity of the aquifer, and the pressure crc:lloo by 

overburden . 

6.4.1 Hydrogen iOIl activity (pH) 

The pH of an aqueous system is a measure of the ac id-base equi librium achieved by various 

dissolved compound and in 1110s1 natural waler it is controll ed by the cnrbon di /t ide - blcarbonau: -

carbonate equilibrium system. 

The hydrogen - ion activity in an aqueous solution is controlled by interrelated chemica l reactions 

that produce or consume hydrogen ion. The dissociation equilibrium for water is always applicable 

to any aqueous solution, but many other equilibria and many non-equi librium reactions Ihal occur in 

natural water among solute, solid and gaseous, or other liquid spec ies also involve hydrogen ions, 

111e pH of natural water is a useful index of Ihe status of equilibrium reactions in which the \yotcr 

particip:ltes (Hem, 197 1). 

In the study area the pH values of Ihe chemical analysis results are obtained from laborotory pi I 

measurement that may not represent the actual values. The average pH va lues in different lithologies 

and the streams have more 0 r less s imilar values t hat range between 7 and . The ranges 0 f p II 

values are mostl y associated with the high bicarbonate contents of Ihe w3ter. The pH of water from 

the basa lt + mudstone would have pH va lues higher than the measured values as Ihey ha\c high 

bicarbonate concentration. This could be associated either with the incorrect 13bor3tory pll 
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measurement as they are not field measurements or there are other sources th at produce hydrogen 

ion other than the C0 2 - HCO) - COJ equilibrium. 

6.4.2. Toln l dissolved solids (TDS). 

Due to rock water interact ion and the residence time of groundwater in the aquifer, increase in TDS 

and major ions nomlally occur. Freeze and Chcny (1979) noticed that shallow groundwllter 11\ 

recharge areas is lower in TDS that the water in the di scharge areas. n le 10lal COnCCnll1ll10n of 

dissolved mineral s in a water is a general indication of its sui tability for the intended usc. The 

principal ions contributing to lola I dissolved solids (TDS) arc carbonate, bicarbom:lle, chloride, 

sulfate, nitrate, sodium, calcium, and magnesium. In the study area the main cOlltributing nnioll for 

TDS is bicarbonate. 

The water sample analysis results show that there is similarity in the alllount ofTDS frolllthe basalt. 

Basement complex and strea~s but hi gh amount of TDS is measured from water samples collected 

frol11lhe boreho les thaI penetrate the basalt and mudstone formation. 

The average values and range ofTDS from differel1 t lilhologies and streams is given below 

Table 6.5 Range of Total di ssolved solids (mgll) in dirrcrenllithologics 3nd stre3ms 

Media Range Average 

Basalt 493 - 854.7 631 

Metamorphic Rock 428· 615 541 

Basalt + i'",' udslOnes 1250.3 - 4747.2 2514.6 

Streams. 470 - 824 588.4 
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Spatial dislribution ofTDS in the study area is shown in Map 6.2 
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The high TDS val ues from the analysis results from the boreholes Ihll1 penetrate the basal! Dnd 

mudstone is due to rock _ water interaction when the water enler different fonnalions and III the 

mudstone due to low permeability the residence lime of the water is vcry long thtH allow the water 

to interact with the mudstone resulting in high TDS values. 
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Accord ing to their tota l dissolved solids concentration the waler in Ihe study area can be c:uegorizcd 

in to fresh water (TDS less 1000mgll) and brackish water (TO valucs bin 1000 and 10,000 m&') . 

In the study area the water from the basalt, metamorphic and streams have TDS values less Ihnn 

1000 mgt!, so categorized under fresh water the water from basalt _ mudstone have TO vnlues 

greater than 1000 bUI below 10, 000, categorized under brackish watcr. 

6.4.3 Tolall-Iard ness. 

Because most of the effect observed with soap results from the presence of calcium nne! mag.nesium. 

hardness is generally defined in tenn of these constituents. 11le other ions thaI might precipi tote sonp 

include H + a nd a II polyvalent metal cations, but they are present mostly in insignifican t alllo unt s 

(Hem, 197 1). 

The major sources of cations in the study area are attributable to the presence of calciulll Bne! 

magnes ium bearings minera ls in volcanic, metamorphic and Illudstone. 11le range tlnd avernge 

values of total hardness in different litholigies and streams arc given below. 

Table 6.6 Ranges and average values of tota l hardness (as CaCOJ, Illgll) 

i\ led ia Range A\'cragc 

l)a5alt 157.5-453.6 309 

MctJmorphic Rock 245.7-329.7 36l 

Basalt + Mudstones 700-2350 1195 

Strcams 32-200 135 
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[n genera l the streams have lower average total hardness va lues than the groundwater. Th is IS due to 

rapid movement of the water in the stream that causes short time contact with the geology than the 

groundwater. 

The average tota l hardness values from the basal! and metamorphic rocks show slnlllarilY wi th 

average va lucs of 309 and 365 respectively, but high amourll of 10lal hardness is oblaincd from 

water snmp[cs coll ccted from the boreholes that penetrate the bnsalt and mudstone. 

Thi s may be attributed 10 long residence time of the water in the mudstone that allow to have 

enough time to interact with the mudstone. 

Durfer and Becker (1964) defined range of hardness concentration In milligmm per Iller and 

proposed thc following classification. 

Hard ness range, CaCoJ Descript ion 

0-60 Son 

61 · 120 Moderately Bard 

t 2 t· t80 Hard 

Greater than 180 Very hard 

In the study area, the hardness val ues of the groundwater from the difTerent lidholglcs arc greater 

. . d ' hard water and hence no thematic map than 180 1llJ/1 accordingly they are categorlzmg un er \ery 

could be made. 

6.4.4 Elec tri cal Conductivity (E.c) 

. de ce of mineraliZlllion, which IS Icmpcrnturc Specific electrical conducti vity is the IIldcx of the gr 

dependent. 
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The presence of charged ionic species In sol " k h U Ion rna cs I c solution conductive. As ion 

concentrations increase, conductance of the solution inc rease; therefore, the conductance 

measurement provides an identification of ion concentration (Hem, 1971). 

There is a strong correlation between lola I dissolved solids and specific conductance. 

The runge and average values of Ec in dcrrcrclll lilho\ogics and streams arc shown below. 

Table 6.7 Ranges and average orEe in IlS/cm 

Media Range A,'cr:lge 

Basalt 577-1023 80' 

},'!ctamorphic Rocks 490-692 614 

1J3sah + Mudstone 2325-5972 3)79 

Streams 516-913 675 

As can be seen from table 6.7, the average electrical conductivity values from the bllsalt. 

metamorphic and 5 treams s how similar r esults, \II here as high " alues of e lectri cal conductivity is 

measured from water samples collected from boreholes that penetrate the basa lt and mudstone 

fonnations. 

Wilcox (1955) proposed the following classification of water based on electrical conductivity. 

Table 6.8 Wilcox's classification for groundwater. 

Ec Range (~S/cm) Quality 

< 250 Excellent 

250 - 750 Good 

750 - 2000 pcnnissiblc 

2000 - 3000 Doubtrul 

> 3000 Unsuituble 



, 

• 

Accordingly majority of samples from thc basalt, Metamorphic and Streams be long to 7S()"2000 

pS/cm and cover the majority of the study area. The samples from thc boreholes Ihat penetrute the 

basalt and mudstone belong to 2000-3000 ~S/cm but A] has Ec va lue of 5972 )ISlcm. The 

distribution of electrical conductivity within the study area is shown in IllAp 6.3, and show si lluinr 

[rend as TDS map of the study area. 
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6.4.5 Major Cations 

Chemical analysis of water samples collected from the d ' ffi 1' 1 I . 1 crent 1110 Ogles and s treams revealed 

thai calcium, sodium and magnesium are the dominant cations. 

In lhe an alysis results the dominant cations are the same frolll borel ole ,I d ' ~ 1 S 131 penClrIlIC Ill e re ll t 

iitnologics. Analysis results from boreholes that penetrate the basalt :lIld Illudstone have hig.h values 

of all t he major c ations t han from t he basah a ndm ctamorphic rocks T he . " fl ' . vana Ion 0 I Ie mllJor 

cations from different lithologies and streams is shown in table 6.9 

Table 6.9 Average values of major cati ons 

[ Iemen l Basalt Metamorphic Basalt +!\'Iudslone Strc:II IIS 

C, 78.1 1 81.5 ]08.78 33.57 

N, 53 31.67 ' 80 84.87 

Mg 22.06 19.2 126.92 32.4 

TIle major sources of calcium and sodi um arc the mi nerals that constitutc basic and acidic volcanic 

rocks. Hem (197 1) stated that spec ies containing sodium and calciulll are more arc less suscepti ble 

and upon wea thering yield the metal cations and silica in solution. 

Calcium is an essential constituent of many igneous rock minerals. espCt: inll y of the chain sil icates 

pyroxene and amphibole and the feldspars. The plagioclase fe ldspar group of minerols represents 

mixture in various proportions of the end members albite. I a AI SiJ 0, and anonhitc. Co Ah SI! 

os. Calc ium also occurs in other sil icate minerals that are produced in llleumlOrphism. Some calclUlll 

is, therefore, to be expected in water Ihal has been in contact with igneous and metamorphic rock. 
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The concentration generally is low, however, main ly because the Ta lC of decomposition of most 

igneous-rock minerals is slow (Hem, 1971). The decomposition of anonhile can be rcprcscmed 35 

ea Ah Si2 OJ + H20 + 2H"+- + Ab Sh Os (OH) 4 + C32* 

Ground water in sil icate terrain often contains less thal1 100 mg/1 of calcium (rvl ntlhcss. 19 I). In the 

study area Illost of the waler sample results show values less than 100 mw1 

Water Sample analysis results from the basalt and Illudstone show a higher va lue wit h nn avcrugc 

value of 308.79 mg/I of calcium. This indicates that there is a source of ca lcium olher Ihall Ihe 

wC:l1hcring of si licates. The mudstone is deposited under salt water and dOli ' , transmit water easi ly. 

some of the solutes may remain in the pore space for long periods creating a higher concenlration of 

dissolved so lids. This may contribute to the high amount of calciulll in the boreholes thai penetmte 

the basalt and mudstone. 

Sodium is a major constituent of igneous rocks in wh ich main ly occurs in plagioc lase. the soda-lime 

feldspJr with the sodium-rich end member as albite. 

The decomposition of plagioclase feldspar results increases of sodium in naluml waler. 

The water analysis results from the basalt and metamorphic rock show lower amount of sodiulll than 

frOIll the boreholes that penetrate the basalt and mudstone. This may be due to low permeability of 

the mudstone that enriches sodium in the mudstone and panly because of the sorpti\'e bonding of 

. . d t n result of ion e.'tchange with Ca sodIum to clay minerals. Besides sodIUm c:m enter grOUlI wa cr as 

In igneous rock, magnesium is typically a Itlnjor constituent of the dark-colored ferromagnesian 

. . . S eh as chlorite and serpent ine occurs l1unera ls. In altered rocks, magnesian lllllleral specIes II 
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The alteration of magnesian ol ivine (Forstcritc) to serpentinite can be wrincn as 5MSl SIO, .. 811 ' + 

2H20 + M~(OHh 5i40lO + 4 Mg 2+ + H4 SiO •. 

The concentrat ion of Mg 2~ in natural water is generally less than 50 mgfl (Todd, \980). In the study 

area hi gh concentration of magnesium is obtained from the boreholes thaI pcnclmlc the basalt and 

mudstone. This may be attributed to the low pemlcability of the mudstone enriching in Mg as the 

other major cations. 

Davis and De Wiest (1966) attribute the low concentration of Mg2• to slow dissolution of 

magnesium bearing minerals and greater abundance and solubility of calciulll. 

In the study area due to slow dissolution of magnesium bearing minerals, the amount of Mg 2' in lhe 

water analysis results are low as compared to the corresponding amounlS of calcium and sodium 

6.4.6 Major Anions 

Chemical ana lys is of water samples collected from the d ifferent I ilhologics and s trcams revealed 

that bicarbonate is the dominant anion followed by chloride, sulplHlIc and nitrale. 

The variation of the dominant anions from differenllilhologies and streams is shown in table 6. 10 

Table 6. 10 Average values of major anions (mwl) 

Element Basalt i\'l etamorphic Basalt Stream 

+mudstonc 

HeOI 393.81 33.8 1769.72 362.87 

C1 19.93 64.12 38.87 
34.89 

SOi" 18.35 44.27 20 JJ 
14.65 

NO) 
30.59 \7.9 l.l 1..3 
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The average bicarbonate ions are highest from the boreholes Ihnt pcnetr.lIe the bas:tlt and mudstone. 

The analysis results from basalt metnmorphic and streams show similar 3veroge bicarbonate vnlues. 

The origlll of carbonate cot ions, undissolved H ~COl. disso lved carbon dioxide ( (h) and 

bicarbonate (HCOl) ions in ground wntcr and from the cn rbon dioxide in the atmosphere. co rbon 

dioxide in the so il , and solution of carbonates rocks (Davis and De Wiest, 1966). 

Higher Heal values from the boreholes that penetrate the bas;!lt and Illudstone ind icate that thert IS 

additional source of carbon dioxide source other than the atmospheric and soil carbon dioxide. The 

add itional source of carbon dioxide can be assoc iated with mainly the presence of organic mailer 

incorporated within the mudstone 

The presence of sulfate in natural water can bc attributed to the oxidation of sulfide mineral s and 

may occur in certain igneous rock minerals of the fcldspathoid group. In the study nrea the 

concentration of sulphate is low though it shows relatively higher value from Ihe boreholes Ihat 

penetrate the basalt and mudstone. 

Chloride in natural water comes from fcldspathoid sodali tc and apatite as minor sources III igneous 

rocks and the main source in sedimentary rocks are c\'apor:lIes (Hem. 1912). In the study o.rca the 

amount of chloride from difTerent lithologies is low though it shows rcl:lIivcly higher values frol11 

the boreholes that penetrate the basalt and mudstone. 

. f on as compared to the other anions. Itrale IS the 
Nurate in the study area is found in low COllcentra I 

• C It and its higher 1 e\'cI of conccntrutlon m 
end produc t of oxidation of nitrogen in the e n\'lronlll I 



ground water often an indication of pollution from either sewage or agricultural fertilizer. n Ul it 

docsn't have any connection with the type of litho logy. Relatively higher values of IlItnlle rmd 

mcasured from the basalt is mainly atlribulcd to agricultural acti vity in the area. 

From the chemica l analysis result of the di fferent Sources in Ihe study area shows vnrinblc values. 

TIle chemica l compositions of the analyzed samples from the boreholes that penetrate the basalt 

mudstone arc above the WHO standard in TDS. Due to th is reason most of the wells are abandoned . 

The analyzed results from basalt and metamorph ic rocks arc in the acceptable limit with the 

excerpt ion of nitrate in hand dug wells located in Axum town and May Edega well. 

6.5. Metasomatism of Groundwater 

Ground water quality changes from the point of its entry to the point ex it in the water bearing 

fo m13tian chia ro-alkaline indices (Index of Base exchange IBE, Schoell er. 1967) throw morc light 

on th is phenomenon. 

6.5.1 Index of Base exchange 

Two indices were proposed by Schoeller (19650). They arc CAli and CA ll (Chiaro alkaline Index I 

and 2). CAl I = CI- (Na + K)/ Cl and CAh = CI - (Na +K)/ (504 +HCOJ +NOJ) where ail Ionic "alues 

. h b (Na+K) in waler with (Ca+Mg) of rocks are expressed as epm. \Vhen there IS exc ange etwccn 

both CA li and CAI
2 

are negative. If the exchange is between (Ca + Mg) of rocks both CA l, and 

C . b (C +M") of w:Hcr with ( a +K) of the rock both All are negative. If the exchange IS etwecn a eo 

CAli and CAh are posit ive. 
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These indices depend 0 n t he residence time 0 (w aler i n I he (onnation a nd hence t he negative or 

positive symbol. In typically weathered geological situations the rcch:lrgc area is characterized by 

positive CA ll and CAh 

Table 6. 11 CA l. and CAI2 of Groundwater in the study area 

CAl, & CAl, No. Of Samples % Arca5<,.km 

Negative 21 80.77 277.8 

POsi li ve 5 \9.23 3.7 

16.67 Percent of the groundwater have positive and 3.33 percell! of lhe ground waters ha\'c 

negative values as evidenced by table 6.11 . Map 6.5 clearly shoWS that D. 111ajonty of the study are:! 

has negative CAl i, or CAb indicating a comparatively long residence lime ofwalcr 10 the rocks. 
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6.5.2 Groundwater Types 

Schoel ler (1967) pointed out that the first and fore-most waters arc those in which 

yCO, > ySO, Type I 

As [he residence time increases there is a change to 

ySO, > yCI Type II 

with a still more increase in residence lime the chemistry changes to 

y CI > SO, > y CO, Type III 

and in the fi nal stage the ionic concentrations reach a stage where 

y CI > Y S04 > yCO) and 

(Na + K) > Mg > Ca Type IV 

Where y is the epm concentration of the different iOlls. 
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Map 65 

Sehoellel's wate, type In til' IUd s yarea 
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Table 6. 12 Schoeller's Groundwater types of the study area. 

Groundwater No of Samples % Area SCI. Km. 

II 3 11.54 ISO 

III 23 88.46 l l8 

From Table 6.11 and Map 6.5 it is cleaf that type III predomin:l!c ( 8.46%) 23 samples out of 26 

confirming a comparatively long residence time ofw31cr in Ihe rocks. 
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6.5.3. Stuyfzand's class ification of water 

Sluyfzand (1989) in her classification fannulated 8 ma in types, II types, 27 sub-types and 3 classes 

(Annexure 3) 

Theoretically she formulated a max imum number of water types tOlali ng to 7128. She funhcr. 

ex plained t ha t many water I ypes do not ex ist in nature, which roollce the 10Ial number to II few 

hundreds. 

6.5.3.1 Stuy(z3nd's Main water type 

Based on cpm chlorine concentration 8 main types of water ha ve bccn identilied by sluyfl nnd 

(Op.Cit) (Table 6. \3) 

Table 6. J 3 Groundwater main type of the study area. 

Main type Code Chlorine No of % Area $<1· 

ppm Samples kill 

vo,", G < 5 13 50 11 9.17 

oligohalinc 

I 
II _ . 

Oligohalinc 5·]0 12 46,15 282.9.1 g 

Fresh F 30- 150 1 1.85 27.88 

Fresh-brackish f 150·300 

Ilracksish n 300- 10] 

Salt S 104 -2,,104 

I/yperhalinc H >2xl04 
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It could be seen rrom the above Table 6.13 that fresh water types predominate followed by 

oligohaline and fresh brackish. 

Map6~ 

Stuyfazand 's Main Water Type in the study ar .. 

l e!)e nll 

• Main W,lIe, 
'Ylle f 

• "'.lll1 w,llel 
type F 

• M,lill WOlle, 

'YIlt !) 

• AnMTWlI 

. thei r areal distribution in the study are3. Map 6.6 shows the different main water types and 
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6.5.3.2 Water Types 

SlUyfzand (OP.Cit,) based on epm alkalinity classified h . I e waters In 10 eleven sub-types [fable 

6.1 4). 

Table 6. 14 Groundwater types. based on alkalinity (after Sluyfzand) 

No. Type name Epm Code No of % 

Alkalinity samples 

·1 Very low <V, . 

Olow V, - I 0 

I Mod·lolV 1-2 I 

2 f.lod 2-4 2 2 7.69 

J Mod·high 4-8 3 19 70.07 

, High 8-16 4 2 7.69 

S Very high 16-32 5 2 7.69 

6 Ext high 32-64 6 1 1.8S 

7 Ex t. high 64-128 7 

8 Ex t. high 128-256 8 

9 Ex t high >256 9 

[( is clearly seen from the above Table 6. 14 that 70.07% of the groundwatcr of the study arca 

belongs to moderate to high alkaline type followed by equal proportion of moderatc, high and ,"cry 

high alkaline waters. 
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Map 6.7 concentrates on Stuyfzand's water type based on alkalinity. The 1ll3p is subdivided mto 6 

types and the quali ty of water is with reference to alblinity in the upstream arca is modcnllcly high 

where as at the confluence downstream it is of extensively high. 

6.6 Water Quality 

In specifying the quality characteristic of waler chemical , physica l nnd biological lm.ll)'scs are 

nOnnall y required. 
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6.6. 1 Water qua lity criteria 

The quality required of a ground water supply depends on its purpose thus d' d ° kO , nee s lor nn mg Waler, 

industrial water and irrigation water vary widely (Todd) 

6.6. 1.1 Drinki ng water qua lity 

Water that is to be used for drinking must have high standards of physical , chemica l and biological 

puri ty. 

Drinking water standards are based on two criteria; the presence of objcctionable laste, odor or color 

and the presence of substances with adverse physical effects (Davis and Dc Wiest, 1966). 

From the chemical analysis result of the different sources in the study area shows variable values. 

The chemical composition of the analyzed samples from the boreholes that pcnelTnle the basalt 

mudstone arc above the WHO standard in TDS. Due 10 this reason most of the wells are abandoned. 

TIle analyzed results from basalt and metamorphic rocks arc in the acceptable li mit wi th the 

excerption of nitrate in hand dug wells located in AXUI1l tOWJl and May Edcga wei\. 

6.6. 1.2 Agricultural water quality 

Waler for agricultural needs demands salinity and sodium hazard to be low so Ihat crop yields arc 

good. % Na, R.S.C., SAR and PI are the same of the chemical parameters, which were coined for 

different uses. They are as follows. 

Sodium Adsorption Ratio (SAR): Water quality problems in irrigat ion include sahlllty and lo'( icity. 

When sodium-rich water is applied to soi l, some of the sodium is takcn up by clay: the clay glVcs up 

86 



calcium and magnes ium in exchange. This exchange alters the physical charactenstics of soil and 

can lead to growth retardation (Tenalem & Tamiru" 2001). 

The errect of Sodium could be calculates by the sodium Adsorption Ratio (SAR) usmg the following 

relation. 
No 

SAR = ~ (Co + Mg) 

TIle three ions are expressed in milliequi valents. 

Development of excessive sodium in soi l will result from irrigation water that has high SAR Values 

(18 or above). Values below 10 indicate little danger of sodium haza rd. In the study Mea all of the 

chemical analys is results show SAR values below 10. So Sodiulll h:l7.ard is minimum in the study 

area. 

Considering the sodium hazard il is also possible 10 classify water for irrigation Deeord ing to the 

following fonllula and EC values of water. 

% Na = (N' + K) 100 

(Ca + Mg + Na) 

Table 6.15 Class ification of water based on % Na 

Water class Ec in ~S/cm 

Excellent Less than 250 

Good 250·750 

Pcmlissible 750-2250 

Doubtfu l 22 104000 

Unsuitable Greater than 4000 
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< 20 

20-40 

40·60 

60-80 
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Based on the percentage sodium water class a Contour map is produced. From the Map II is clearly 

sccn that the chemical analysis results of % Na in the study area is below 20 :md belongs to ,,'OOd 

water class for irrigation. 

Residual sodium carbonate (RSC) 

Eaton (1950) indicated that if waters which arc used for irrigat ion contai n excess COj -t II OJ thon 

the equivalent Ca+Mg, then there wi ll be a residue of NaHCOl when cvapor!l lioll Illkes place and 

there wil l be an increase of sail pH. 

RSC = C0 3+ HCO)-2 (Ca+Mg), all ions expressed in Cplll. 

Table 6 .16, Res idual Sodium Carbonate values of Ground waler. 

RSC Quality 

< 1.25 Safe 

1.25 - 2. 5 Marginal 

> 2.5 Not suitable 

The study area is occupied by groundwater having RSC < 1.25 (100010), so it is safe quality for all 

irrigalional uti li ties. 

I)crmcability Index (PI) 

Pemlcabili ly Index was given by Doncen (1947) as 

PI :: 100 (Na + HCOJ) I (Ca + Mg +Na), using epm ionic values. Using pc:rnlC3bihIY Index 

1" t could be dClcmlined ns cl:tSs I. 11 or 111 
and total epm concentration the irrigation water qua I Y 
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respectively (Annexture 3). Higher thc PI I Owcr will b c t he pcnncability 0 fl hc soi ls II nd hcnce 

greater drainage problems i.e. unfit for irrigation. 

Tablc 6. J 7, Pcnneability Index Classi fication of Groundwater. 

Donccn's class Quality No. or samplcs % A rca sq. kill 

I Good 20 76.92 

" Moderate 6 23.07 

-III Unfit 

From the above Table 6.16 and Map 6.8, it could be seen thaI Doncen's penncability IIldcx class I 

prcdomi nate (76.92%) indicating high pemlcablc horizons when used for irrigation. 
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Map 6B 

Perneability Index Class ofth. study are. 
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6.7 Water supply to different consumers 

6.7. 1 Corrosivety Ratio (CR) 

Legend 

D Cl.1$s l 

I C1.\$s lI 

• ~T ... 

A ratio for evaluating the corrosive tendency of waters towards nlclallic pipes was proposed by 

RYlJ1cr (1944) and was used by Badrinath ct. aJ., (1984) in India to evaluate the suoonnulIlli nvcr 

Water to be transported by metal pipes. 

90 



I 

" 

Corrosively Ratio ~ (0.028 CI + 0.02 1 SO,)I 0.02 (HCO +CO) All · . J 1 . lome va lues nre expressed In 

cpm concentrat ion. Water with less than I corrosivity ratio could be t cd b II rnnsport y meta Ie pipes. 

where 3S waters with CR greater than I corrode the mClal pipes and hence non-<:orrosi\c P 

have lob c u sed ins uch a reas. A 11 0 f 1 he water 5 ample results from I he 5 ludy arcn have 

Waters in this area could be transported by meta l pipes safely. 

6.7.2 Langlier index 

R <I 

This is an index computed from the chemical analysis data (TOS, temperature of waler, 10lal 

h:lfdncss and 10lal alkal inity). 

pHs ~ 9.3 + (A+ B) - (C+D) 

LI ~ pH - pHs 

A, B, C and 0 arc values based on the concentration of TDS, temp of water, 213 (Tolnl h:udness) 

and total alkalini ty and LI is the Langiicr index .. The LI can be either positive or ncgnli\'c or l.cro liS 

case may be. If LI is positive there will be incrustation of CaCO); negative means corrosion and 

zero means chemical balance and no problems. 

The study area the groundwater have incrustation (61.54% or the sample tesled). 

Table 6. 18 • Table of incrustation and corrosion of the study area 

L1 No of Samples % Remarks 

POSi tive I. 61.54 incMtlltlon 

2<,. I 3.85 No problems 

Negative 8 30.76 CorrosIon 

Not delennincd 1 3.85 

26 100.00 

-
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6.8 Groundwater Quality index (GWQI): 

1l1is may be defined as a rating reflecting the compo ' . n 
slle In lienee of overall quality of:l number of 

individual quality characteristics. The procedural del '\ . . 
315 arc given 10 anllcxturcs orlhis Ihesls. 

Table 6. 19 Groundwater Quality Index 

Pollution Status No. of Samples % 

<50 Severe I 3.85 

50·80 Moderale 5 19,23 

80·95 Slight 5 19.23 

>95 Pemlissible J9 73.08 

Total 26 100 

The above table clearl y points out the pollution status or the groundwater of Axum. chemically there 

is sti ll life in these waters. 

6.9 Microbi ologica l analysis : 

Si nce the tourist town ofAxum has no underground drainage an dClcnding all line financial status of 

the owners the septic tank utility or pit utility is practiced 10 release the sewage waste. Ince the 

property is limited in areal extent the drinking water weJ1s arc adjacent to the sewage waste lanks 

and (here is quite a sure chance of seepage to the deepcr watcr sources. Groundwater samples have 

been collec ted and subjected to the Microbial Analysis 10 assess the colironns and E. coli 10 the 

samples. (Annexures) 
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Except the hand pump well in the extreme south of the study area all the well s tapping the shallow, 

deep water table and the surface lakes are highl y polluted by sewage waste. 

TIle water has to be thoroughly boi led, cooled and filtered through microporous fillers before 

drinking. 
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CHAPTER _7 

GROUNDWATER GEOPIIYISCS 

7.1 INTROD UCTION 

Geophysics refers (0 the study of the earth with special reference 10 ils physical properties. SlnlClu re 

and composition. TIle geophysical prospecting techniques arc based on various fundomcllIai 

principles of physics like low of gravitational attraction, magnetics, optics, refraction and reflcction, 

those elements of electrici ty and theory of electromagnetism. Geophysica l methodologies hove been 

in wide practice for the detenn ination of lithology, depth of waler bea ring horizons and quality of 

groundwater etc. As time passed on using sophisticated instnU11cnlalion, intensive geophysical 

studies for gaining knowledge about the geometry of the waler beaming hanlOns carne III to 

existence. 

Any groundwater investigation is considered to be incomplete without the applicnti n of 

geophysical methods for the assessment of water resources potential. 

Taking advantage of the contrast in the physical property between dry. non-water bearing fonmllion 

and Water saturated formation electrical resistively surveys have become indispensable tools for , 

hydrogeologists . A dry fonnat ion in compari son to the water bearing fonnation has a substantially 

high electrical res istively. Thus, resistively method helps in fumi shing infomlalion reg:lrding Ihe 

d . h ' d th 10 bedrock existence 0 f fi ssures, cpth to waler tab le thickness of water b eanng onzon, ep , , 

, . . ed ' eo;ons slructural and slnnigrnphlc lractures and fault zones, ex istence of aqUIfers In s Imentary r Co" ' 

conditions, salt water-freshwater interfaces and permeability of the aquifer. 
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TIIC rcsistivi ty method is used in the study of horizontal and vertical variations in the elettrical 

propenies of the ground, and in the detection of three-dimensional bodies of ::mornn lous elec:tricnl 

conducti vity. 

Best result s arc obtained generally from a combination of horizontal profiling and clcclncal 

sounding data. Electrical sounding is the process by which depth invcstigations nrc made nnd 

horizontal profi ling is the method by which lateral variation in resisli"ity arc detected. 

7.2 Geo--clcctricaJ parameters 

A geoelectric layer is described by two fundamental parameters- its resistivity Plllnd its thickness h. 

where the subscript i ind icates the position of the layer in the sectioll (i - I for the uppcnnost layer). 

Other geoelectric parameters arc derived from its resistivity and thi ckness. These arc 

I.Longi tudinal un it conductance, S = hi! pi, mlOrn i.e mhos 

2.Trallsverse unit resistance, Ti = hipi, 0 m
2 

l Longitudinal resistivity, pL = hilSi, mlmhos i.e. , n.m 

4.Transverse res isti vity, pI = Tilhi , Om2/m i.e., n .m 

5.Ani sotropy, A = ...J(ptlpL) , dimensionless. 

Th d ry goo-electric parametc~ arc pJrtlcularly 
For an isotropic layer pt=pL and A = \. ese secon a 

. . I t' eet ions consisting of sc\'crollnyc~ 
Illlportant when they are used to descnbe geo-e ee Ie s 

I) For n layers, the total longitudinal unit conductance is 

s~ L(hilpi) ~h,ip, + h,ip, + ........... + h.,lp, 

II) The total transverse unit resistance is 

T ~ I: (hipi) 
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1II) The average longitudinal resistivity is 

IV) The average transverse resistivity is 

pI ~ T/H 

V) and the anisotropy is 

l. ~ pt/ pL ~ '{rilh, 

111e parameters S,T, pL, pt, and 1 are derived from consideration of a column of unit square cross _ 

sectional area (I x I meter) cut out of a group 0 fl ayers 0 f infinite lateral extent. If current f1o"s 

vertically onl y though the column, then the layers in the column will behave ns resistors coTIIlccted 

in series, and the total resistance of the column of unit cross -seclioll31 3re3 will be: 

R ~ RI + R1 + R3 + ........... +Rn, 

~ E(pihi) - T 

The symbol T is used instead of R to indicate that the resistance is measured in a direction 

transverse to the bedding and also because the dimensions of this "unit resistance" nrc usually 

expressed in olun_m2 instead of ohms. 

If the curren t flows 
. I I will behave 3S resistors paralledl to the bedding, the layers In \IC co umn 

connected in para ll el and the conductance will be 

S = IIR = llRl + l1R2+ ......... + IlRn 

Th . . Ill/ohm- m/ohlll-11I = 1I0hm • mho. It IS 
C dLll1ensions of the longitudinal umt conductance arc 

. . . . . . _ . h · whcre a i i s the conductivity (inverse of 
Interesllng to note that t he quant ity S I = h 1/ a I - a I I 
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resistivity) , is analogous to transmissibility Ti = kibi used in grOll d h _. 1 .. n · WI1ICr )'uro ogy, where kl IS 

the hydraulic conductivity of the ilh layer and bi is its thickness. 

The parameters T and S were named the "Dar Zarrouk" parameters by Maillet (19~7), 

Variations in 'S' from the YES to the other have been used in Ii qualitative sense to indicate chonges 

in the Iota 1 thickness of low res isti vity materials (Zohdy, 1969; Henril . 1975; WOl1 hingtoll, 1977: 

G31in, 1979). large 'S' values are ind icative of deeper basement and smail'S' values nrc lIIchcalivc 

of shallow basement. It has also been reported (Henrie!, 1975; Galin. 1979) that high'S' va lues nre 

indicative of low aquifer transmissibility. 

TIlis has been interpreted by either a qualitative or a quantitative manner. Qua nt itat ivc interprctutlon 

attempts to develop a correlation between T and aquifer transmissibi lity (Scarascia , 1976). 

This property has been used to indicate the varying thickness of high resistivity mntenals :mdf or 

variat ions in their transverse resistance(Zohdy et al. 1974). Incrcasing T val ues arc indicative: of an 

increase in the thickness of the high resistivity materials. It has been noticed (MII17.ner, \983) lIu!! 

increas ing Ts' have coincided with high transmissibility's of aquifers. 

TIle coefficient of anisotropy is usually greater Ihan 1.00 but docs not often exceed 2.00 (Zohdy CI 

al. , 1974). It can be used as a measure of finding aut lhe extent of anisotrapisll1 prevailing In an arC3 

of interest. It accounts 1.02.1 .10 fo r alluvium, 1.05·1.15 fa r sandstoncs and shales. 1.40·2.2 for 

rd d m action of rocks increasc the 
slales and 2.0-2-8 fo r graphitic siates. As the ha ness [Ill co P 

coefficient of anisotropy also increase .(KeJler and Frischknecht 1996). 

Results: 
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Gcocleclricai T (" M2): Shanna ( l982) pointed out that in sedimenta ry terra in of India (liaryana 

state) area with T> 2000 proved to be potential lones. Malzer (1983) observed th31 increasing values 

ofT coincides with high hydrogeological transmissibility. 

T va lues of the present study area varies between 8.63-7763, 1. Both locations not covered In the 

map due to quite a lot of area is not studied gcophysicall y. The consultants Dcvccon Engineers and 

Architects chose the sites at random adjacent to the Axum-Gondar road :lIld the rcsuhs arc shown 

below. 

I.I ~ .. 7.1 

('0111011%" IIhp of To IN Tnnn''''~ R",m,,,,, , .. (TI in 11 .. &It\.ty ~, .. 

U G( NO 

_.' 

d ' Ih outh cast of thi s Illap ilnd increases from As M3P 7.2 clearly show high T value arc locate In C 5 

. yards south where the basalt tlnckncs 
north to south indicating that the resistive layer Increases to\ 

. h b It in the center of map area. Increases and become more fresher than t e asa 
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1tbp 7.2 

" LOng;.mllitl)'l1 Comluct:uu:t> (lnhO .~) lllll\" 5hltlr :II'"'' 

t 

S(.,I, 
I ." • • . ., l .n ... 

Map 7.2 also show that high values of longitudinal conductance (S) is located in central and north 

eastern part 0 f t he map indicating that t he basement (aquiclude) is loealed a tad ccpcr depth. A I 

these localities the basalt is highly fractured and weathered overtying the mudstone. 111csc localities 

are also where high yield but deteriorated water quali ty boreholes (APWI , JWW2, APW3) arc 

located. The eastern and northwestern parts of this map have shallower basement as the b3sal t or lhis 

area is less weathered and aphanatic ridge forming basalt. 
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CIIAPTER-8 

W ATER RESOURCE IDENTIFICATION 

8.1 INTRODUCTION 

Axum is situated in a water divide between the Tckczc River and Mcrcb River. This area IS also 

characteri zed low amount of annual precipitation (672 nun/year), high amount of nll1 off, low 

amount of infi ltration and lack of large catchment area resulting limited groundwater development. 

However, due to structural effect and extensive weathering a substantial amount of water nmy be 

obtained. The basalt is the main aqui fer of the area due to the primary structures of the basalt and 

secondary structures created due to fracturing and weathering of the basalt. 

In the study area apart from lack of good potential area for groundwater dcvclopmcnl lhcrc is also (l 

waler quality problem. As it is said in the hydrogeochemistry part boreholes that penetrate the basnlt 

and the mudstone (siltstone) area known for their deteriorated water quality though they may have 

relatively good quant ity of waler. In most of the boreholes dri lled for water suppl y ofAxum, brood 

yield well s arc known for their deteriorated water quality and low yields that penetrate ma inl y the 

basalt have excellent water quality but this may nol be always IniC. 

As can be seen from geological cross section in page 18 the mudstonc (si ltstone) appears below the 

basalt and covers the almost all party of the study area except where the phonolites and trachyte 

I 
. k . r 'ted as it is covered by bas3ltic flows. 

p ugs appears. But surface exposure of thiS roc IS very 11m 

Th 
. . I t dy arc:) is the ex tensive covemge of the 

e mam problem in development of groundwater In I 1C S u 

d I t 's responsible for delerionued WDler 
mudstone (siltstone) almost in all part of the stu yarea t 13 I 

quality though it may give a good yield duri ng drill ing . 

. S' k R'ver there is an angulnr dlscomfomlllY that 
In the study area, northwest of MahbereDegoy III III e 1 

. I In this area (map 8 1) the basalt is highly 
IS the basalt lies immediately above the basement camp ex. . 
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fr3Clu red and weathered and the basaltic flow follow an en echelon twe of structure and ilS it lies 

immediately above the basement that may suggest that the basalt may be recent and appear 

following the weak zonc. In this area the water quality will be portab le for drinking Wil ler os there IS 

no mudstone below the basalt . In addition to locate potential areas and to detect the structures In 

detail a system<l tic geophysical survey should be conducted before any development is undertaken. 

As it can be seen from the hydrogeochemistry part the water s'lInpics from the s[rerUllS hllve good 

water quality and they have a lower amount of ions as compared to the ground water. Surface water 

development is recommended if the groundwater potential is limited ill the proposed are3. 
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Mop 8.1 

LOfotiOIl 11'101' of N 1 0.'" .w 1'1"0110.,.<1 ,it. 
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CHAPTER-9 

CONCLUSION AND RECOMMENDATIONS 

9.1 Conclusions: The following conclusions arc arrived at fromlhc fo regoing discussions. 

1. The town Axum is located at a surface water divide of two major rives, IhBI aTC Tekclc 

and Mercb. Hence not much of ground waler being recharged and clYnilnble wlthm the 

limits of the town. 

2. The drainage network indicates that the surface drainage densi ty is low hence the 

subfomlations are recharged by Gebru and Hanna creeks resulting il 1>OIcnlilll areas for 

groundwater (though the q uality may be d ctcrioralcd) a nd (I rtificial recharge slruclures 

could be erected. 

3. The basa ltic aquifers are the most exploited due to a belief quality and qtmnllty 

groundwater when compared with the other lithologies. The transmissivi ty "alues range 

between 2.26 _ 109.44 m2/d with an average transmissivity value of 37 m
2
/d 

4. The trachytes plugs in the area are zone of run off rathcr than infiltration whcre as lhe 

phonolites are highly fracturcd and weathered creating a zone of recharge for 

groundwater. The mudstone & Bascment complex arc regional aquicludes with very 

limited potential for groundwater development. 

d d' t ry fomla lion !lrc chaJ1)clcri zed by 
5. Boreholes that penetrate the basalt an se tmen a 

' I' 1 th ther boreholes may be due 10 rnctasomaltSI1l of 
deteriorated water qua tty 11an e 0 

d and may be the presencc of a source of 
ground water i n the low pcnncable mu slone 

hydrocarbon with in this fonnation. 
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There arc also floats of lacustrine deposits mainly calcium co bo t d 1 r r na c nn t lC presence 0 

a thin limestone bed above the mudstone may suggest that there was a palco lake: before 

the basalt flow cover the area. Thus dissolusion may resuh rnincl1Iiizcd water. 

6. Water qual ity is excellent for agricultural use due to the low values ofSAR and RS 

7. Oonneen PI class I predominates suggesting that soils have a good drainage and there 

will be no water logging problems when used for irrigation. 

8. A large number of samples of groundwater have had along residence time and becomes 

chemically enriched due IBE to Type 1II watcr of Schoeller thai is No > Mg > tl . 

9. Slllyfzand 's scheme also suggests that groundwater oCthe area is moderately good, 

10. A large majority of waters belong to Tcmprary hardness, which could be removed by 

strong boi li ng, cooling and filt ration through microporous fi lters. 

II . Sali nity ~ Sodium hazard is moderate- but could be used for salt tolerant crop cull ivalion. 

12. Majority of the ground water samples belong to Ca-HCOJ facies. 

13. Based on Langlier Index groundwaters of this area capable of incrustation of sn its and 

not C oITosive. A nd hence any m atenal p ipe can be used for transportation of water to 

consumer points. 

14. Bascd on GWQI chemically the groundwater still has usable life by consumers not 

highly deteriorated. 

15. Microbialy the area is highly polluted by E. colli indicting human sewage pollution. 
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9.2 Recommendation 

1. Meteorological data collecting observatory network not enough and has 10 be upgraded 

2. Geomorphological analysis of the terrian has to be thoroughly done 10 locale places of 

recharge of groundwater. 

3. Location of geophysical sites randomly has to be replaccd by systcmatic survey in :Ircns 

where small drainage density is low and car marked for future groundwatcr exploitation 

4. Underground drainage, proper arrangement of discharge of human waste hus 10 be 

arranged in the town. 

5. For detail study of the hydrochemical variation of chemical ions isotopic daln should be 

collected especially from the boreholes that penctnHc the basalt nnd mudstone. 

6. Public utility facility should be located where necessary. 

7. Public systems like community shower, houses and toilets do nOI cover the most needy 

parts of the town as explained by some members ofAxum town to Denver group. 

8. New boreholes should be placed where the bnsa lt is thick, the sedimentary fonnnt ion 

may be the main reason for the deteriorated water quali ty. 
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11 0 



ANNEXTURE1A 

Monthly Precipi tation (mm) at Axum 

Year J F M A M J J A S 0 N D Sum Sum' 
196 1 -• - - 15 7 58 291 246 172 5 794 843 . · 
1963 0 0 7' 46 49 58 249 203 11 26 31 0 680 680 
1964 · 0 17 0 21 70 438 200 21 17 0 2 786 792 
1965 5 0 22 14 0 15 183 309 36 19 27 10 641 64 1 
1966 27 0 22 0 2 60 176 110 90 30 6 0 524 524 
1967 0 0 95 42 17 92 249 . · 21 35 0 552 811 
1968 6 0 10 9 71 74 319 109 · 6 65 0 670 717 
1969 23 25 32 72 22 28 171 99 0 3 2 0 476 476 
1970 0 9 2 25 0 72 169 24 1 14 4 0 0 536 536 
1971 I 0 0 19 57 52 134 124 0 10 0 0 396 396 
1972 · - I 59 0 98 266 80 10 0 26 · 540 55 1 
1973 0 0 6 63 61 50 223 156 64 42 0 0 665 665 
1974 4 0 0 7 31 60 141 442 73 0 0 0 758 758 
1992 · - . 15 20 57 176 427 78 24 57 4 858 ,887 
1993 5 5 42 83 43 75 - . · 40 . · 293 800 
Mean 6 3 20 31 27 61 228 211 47 16 19 1 672 

-* Missing data 
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ANNEXCTURE IB 

Mean Monthly Air Tempera ture (lC) at Axum Station 
Latitude: 14°07' 
Lon ., d 38' 44 ' 1ft d 2239 I U e: a • u e: m amsl 
Year 1" Feb. M" Ap' M.y 1., 1,1 "g S<p 0<. NO' D<c Mean 

Annunl 
Tcmn. 1992 19.45 19.45 22.15 21.80 21.95 22.10 18.65 17.60 17.70 17.75 17.15 17.25 19.42 1993 17.35 17.]5 19.65 19.80 20.75 20.40 18.50 lS.75 18.90 18.75 18.50 18.05 18.90 1994 18.25 19.25 20.55 21.45 22.20 20.45 18.10 18.00 17,50 18.30 18.80 18.40 19.21 

1995 19.05 20.05 2[,00 22.35 2 [,85 22.40 20.40 19.80 19.25 18 .05 18.60 1880 20.13 
1996 18.40 19.35 20.90 19.25 19.80 19.40 18.60 18.95 19 90 19.10 19.0S 1690 19.15 
(\Iran 18.50 19.09 20.85 20.93 2t.31 20.95 18.86 18.62 18.65 18,.1) 18,.12 17.88 19.31 

Absolute Maximum Air Temperature (OC) at Axum Stalion 

Year 1" Feb. M" A , M, 1., 1,1 A"~ S'p 0<. No, '''' 1992 27.10 27.10 32.40 30.00 29.50 30.10 24.80 2[.50 24 .00 24.90 24. 0 25.50 26.81 
1993 26.50 25.80 28.20 26.80 28.50 28.20 23.90 26.00 25.30 26.60 27.30 27.60 26 .13 
199' 28.00 28.60 30.40 30.70 31.00 28.20 23.10 2].30 23.40 25.70 27.40 28.00 17.32 
1995 29.10 29.50 30.00 30.60 29.70 29.80 27.10 25.30 26.20 26.20 27.60 2 .10 2 .26 
1996 28.10 28.70 29.70 25.20 26.10 25.30 24.50 24.40 24.40 26.30 2 .00 25.70 26.37 
1997 25.80 26.50 27.90 27.80 27.80 27.00 25.20 26.10 25.20 27.40 27.10 26.40 26.68 
Mean 27.43 27.70 29.17 28.52 28.77 28.10 24.77 24.0 24.75 26.18 27.03 26,88 27.03 

, 
Absolu te Min imum Air Temperature C) at Axum SI31ion 
Year 1" Feb. M" Ap' May 1" 1,1 Aug Sop 0<. N" "" 1992 11.80 11 .80 11.90 13.60 14.40 14.10 12.50 13.70 11.40 10.60 9.50 9.00 12.03 

1993 8.20 12.80 13.00 12.60 13. 10 11 .50 12.50 10.90 9.70 8.50 11 .01 8.90 11.1 0 
1994 8.50 12 .20 13.40 12.70 13,10 12.70 11.60 10.90 10.20 8.80 11 .23 9.90 10.70 

12.30 9.90 9.60 9~0 12.00 1995 9.00 14.00 15.00 13.70 14.30 10.60 12.00 14.10 
10.10 8.10 11 .94 1996 8.70 13.50 13.50 12.80 13.50 15.40 12.30 10.00 12.10 13.30 

11.64 10.91 9.82 8.78 11.65 Mean 9.24 10.24 11 .56 13.20 13.66 13.58 13.04 13,1" 
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ANNEXTURE 2A: PUMPING TEST DATA 

Name of borehole EW~l 

Discharge S.OO.lIs, Depth 73 m 
SWL: 6.090 m 

I~ 
I. 
I. 

I 2 .. 

~ 
1 

35.0C 
I 40.0C 
[ 45.0< 

'.0< 
'.0< 

H* 
1270 

300 

'.41 .32 
'.46 1.37 
.58 I 1.49 

11.59 
I 1.6, 
11.72 
I 1.74 
I I." 

7.94 

~ 
.10 

I 8. 
I 8. 
I 8.8 
I 8.89 
I 8.98 

>.09 

[0.06 

2.01 

" 17 
'.24 
'.33 
!.4' 

83 

I 330 
1360 

420 
, 480 

540 
1600 
1660 

~ 

114 

I. 
I. 
I. 

I . 1 
1 . 
I . 
1 . 1 
1 

1 . 

. 1 
15.09 

. 1 

' .59 
7.62 



Name of borehole EW-2 
Discharge:2.S0 JJs, depth 100 m 
SWL: 19.29 m 

r nn, -,-est 

I W"" I ~"w 
Duration Level Down 

I 3.0C 
I 3.5C 
I 4.0C 
14 

~oo 
I 12.00 
I 14.00 
I 16.00 

.00 

.00 
I 3(,00 

35. 
I 4(. 

60 

~ 
140 
160 

I 180 
1210 
I 241 

2: 
3~ 

(m) (m) 

23. 

124JIC 
I 2", 
1207. 
124.41 

27.~ 

'.""­, .",,-

.1 "-

1720 

1020 

li S 

128. 

. I 

. I 

:'n" (rorn 
rod or 

I 
~ 

I . 
I . 

lio 
I 
I 
I 

18 tm 

T,,, 
W"" I 
Lel'''1 IIro"lIown 
(III) 

-
-

-,... 
;, 

I 



Name of borehole E\V - 3 
Discharge: 2.5 Us, borehole depth 60 m 
aalic w , Level: 2.42 m below . (" 

I \V"" 
Duration Le\'el(m) (m) 

(t) 

"'00 14.6~ 

and 
nm. 
from 
End of 

I 4.1 1. 23400 !4.98 Ki 
~ __ ~14~ ... 1~:~~1~'~ __ ~, ~;2S~;,2"00"~~~~ 

I 4.25 1. , ""00" 

1.91 32' F 
~~~ __ ~I.~.98~ __ ~;~:~~~~~~ 

196 
1080 
1200 
1500 
1800 

12100 
12400 

IlJoo 
13600 

1200 
1800 

5.01 
5.23 
5.48 

10.54 
10. 
11. 
11. 
13. 

3.06 
1.33 
3.61 
1.78 

14. 
14. 

I 5.54 
.80 

7. 
I 8. 12 

.56 

.11 
1.52 
10.79 

I 64800 
000 

I 1 
I~ 
Ig 
11 

I 1 
I 1 

I~ 

25.99 

11 6 

, "st, 
'V"" K. 
unl I)rol'''-
(m) down 

1 • 
1 . 
1 • 1 
1 • 1 
1 • 
1 • 
1 . 
1 • 



Name or borehole EW-4 
. SWL: 3.65 

Duration Leyel Down 
(m) 

I . 
I . 

117 

From tnd 
or 

I . 
I . 
I . 

I . 
I . 

I 
I 
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Name of borehole EW-6 
Discharge: 3.40 lIs, depth 102 m 
SWL: 1.-75 m 

(.) 

in. test 
11m. ~~r;;;",,;;-, .. ~-,--.----l 
From emJ Level Orow 

I \v"" . n"w 
Level (m) down 

960 
1080 
1200 
1500 
1800 
21 00 
2400 
2700 

13000 

I 3300 
I 3600 

14200 

l 5400 

16000 

17200 

1 8400 
1 9600 

L""OO 
L'1600 

L 18000 

1 "'00 

4.76 
6.76 

7.82 

7.91 

I 8.20 
8.23 
8.29 

9.67 
983 

I 9.94 

1 '0.24 
1

'
0.32 

10.42 

1 1030 
10.59 
10.78 
10.93 
11.07 

11.68 

or I)OW" 

25200 
3.01 28800 
5.01 32400 
5.09 36000 

39600 
1 43200 1 15 
1 50400 
157600 
1 64800 

72000 

10.! 
I. 

~ 
15.92 ~ 
I 6.00 I 93600 I I I I ;.94 I 5820 

6.07 100800 18.78 I I7.OJ 16900 
6.16 108000 19.80 I 18.05 I 8100 
6.25 115200 20.10 I 18.35 I 9600 
6.35 122400 20.39 1 '8.64 1"400 
6.45 129600 20.82 1 '9.07 113500 
6.48 136800 21 .1 0 19.35 15900 
6.54 144000 22.78 21.03 18600 
7.33 151200 23.12 2I~J7 21600 
7.92 158400 23.12 21.37 24900 

8.08 '''600 I 22.95 I 2 .20 r 28500 
1 8.19 1728"" 123.69121.94 32700 
I 8.30 187200 I 25.62 I 23 .87 I 37500 
I 8.39 I 201600 I 25." 124.17 1 42900 
I '.4,,- I 216000 I 27.40125.651 48900 

I 8.57 1 " U'lW 28.08 I 26.33 56100 

I 8.67 1 ""00 28.90 I 27.15 164500 

! 8.75 I 74100 

8.84 : :~:~~ 
:~: 1111900 

9.32 
9.46 

9.62 

9.93 

1165900 
187500 
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I:fu I 04 [416100 

• ~\,6'500 1.41 

5.31 
4.91 

4.72 
4.38 
4.24 
4.13 
4.02 
3.92 

1 3.87 

I 3.7' 
1 3.68 
I 3.51 
I 3.50 
13.39 
13.30 
13.20 
I 3.15 
13.07 
, 2.94 
12.87 

1 2.85 
12.80 

2.78 

. I 

2.49 

2.2 

I 2.1: 
[2:01 

1.93 
1.76 

11.64 
I 1.55 

11.45 
I 1.41 
I 1.J: 

1.1 

1.1 

1.0: 



Name of borehole EW-8 
Discharge:4.96 lIs, depth 

m 

(s) 
Water Drow 
Level(m) Down 

(m) 

11 9 

Time 
From 
End 

Level 
(m) 

I. 
I. 
I . 

• 1 

dual 



ANNEXTURE2B 

Water Level Measurements in Hand dug wells and Shallow wt:!l\s 

Topographic 
WL BGL Heighl WL AMSL 

Name Easling Northing m AMSL (X') GOWT (O:X'-X) 
HP 47 11 801561600 7.5 2237.77 2230.27 30.57 
GPN 470767 1560230 7.55 2222.66 221 5. 11 15.41 
AFH 47 11 68 1561562 7.2 2233.33 2226.13 26.43 
HeW 4691761561319 7.45 2238.26 2230.81 31.11 
KALH 4701331561286 15.25 2239 2223.75 24.05 
EW-l 466025 1559856 12 2198 2186 -1 3.7 
EW-2 466609 1560520 19.29 2205.5 2186.21 -13.49 
EW-3 466413 1559832 3.35 2204 2200.65 0.95 
EW4 467284 1559517 5.91 2209.66 2203.75 4.05 

EW6 466989 1559509 4.5 2206.21 2201 .71 2.01 

EW8 467739 1559428 18.89 2216.16 2197.27 -2.43 

APW2 4632661559519 4.54 2176 2171.46 -28.24 

APW3 462970 1559686 7.91 2188.75 2180.84 -18.86 

APW5 467841 1559658 8.06 2221 2212.94 13.24 

SW-3 471444 1556889 16 2173 2157 -42.7 

SW-4 476915 1558519 4 2211 2207 7.3 

SW-2 469617 1556049 5 2169 2164 -35.7 

Average X: 2199.7 
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ANNEXTURE 3: HYDROCHEM ISTRY 
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Ca++ : ~2.0 
II CO, : _~nO.d 

Me' .. : _ .. _...:J ~ . O 
' C,?l'-. : 11 11 

rc' t : - . sO;--" : ---10 .. 1\ 

Fe ~ t .. : - r O;- -'=--Ortho : -1{1.1._. __ 

re, let :l \ : O~Jl 
r o;--- Intu/poly : -

Mn"~ : -"-~.-
Zn "· -

" . , --'r--
Cu" : -- - -
AI'" + : • 
51'\+++· : -
III 
Arse nic : le:\d: -
Cadmium: Mercur)' : • 
Chro mium. h.:::uval-:nt: Nickel : --
Cohnlt : Selcnium : 

CYlltl iJe : Strontium: 't-' --< , , 
- - ' -:.. .,. ::.-:.. . 

--' -IV, ' ' 
noron: _. 

fo, ' Nn . , 

!iodiumX : , , 100 ,- --

I VI 

J M"::H:~'OU '"" 
---. 

'. 
" -

Ie . 
~ ~ . -.-

- _ .... 
J--h-+ K"'M,.~, r .. ... . . _---. :=::.:..:...:--':....:....:====::.:.. ..::==':.::-:":" '----

~'O'Olo ';"1 1O"ou,,,';on .~ 
NOle :. Ua il is m, / L unk " o.t\tcfwhe !t.J.!, J • 

" " ,, . ......... -.1" 

AI\.JI\J '31\ "", . " , . 
-' 

. ......£5 T' -'- - ~ ,-
~- .-:=;.. , 

• % 

!! -

1 
, 

\, 
, 
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• '; - NATIONAL RESEARCH INST ITUTE Or- I-IC.(ILTH . 

." ~ 
I , 

I 

. 
TC' mpet:!Ult c :II Ihe lim e of collcelfon: 
ApPulll ncc: 
Odour: , .. -TAl /c.: 
SCIUClblc S;~-
Flo.:!l in , Solids: 

Susp!ndcd Solid i : 
Colour, IrUe : 

, 

Turbidity; 
Fil /erable Res idue fJ ricd c l 105 'e ; 

I Fil r:nb/e Res idue d,ird t l ' Co 
Tol:!1 Solid, d ried II 'c: 
Elcclric:1I Condllclhity/ Ru istivit)' 0\ 25 ' C: 
pI! ;\1 :20' C: --
C:ubon:ll c AIL:dinil), c, C,CO J : 

Dicl rhon:llc Alblinily IU CaCOl : 
Hrd rOl )'1 Alklllinily.'IS C::tCO): 
Acid ily :u C:tCO l : 

TOl.lllfltd~cSS:lS C:tCOJ: 
OrGln ic Nitto.cn CN): 
Phenolic Compound s liS r hcnol: 
C:ubondio.l id c (CO:) : 
O;l:l(;(n' (OJ) : 
',;1.:- . ;" ", re sidua l (el:): 

-Chlorine, 101;)1 eCI:): 
Sulphide ;) J Hydrocen Sul phid e ; 
Silie.l , I OI~1 (SiOl ): -
'. ' ... . \ .,hsurbtd (roOl 

VI 
M i l tell~neou' 

rOt 

~; .,). \ ! : l";:j 1.\!j 

. , 

: 

, rtrD.\3n£an~l e at 

" . Coloul'lesl'l 

o do!:!£ 1 CRB 

5/\ 1 !.X' 
Pre se nL 
Absen t 
Prescnt 

CoLourless 
C l cllr ---1257.0 

-
--
7.J 

rt f 1 
1 C?1Q,. 0 

-
-

700 , 0 · .. / 

-
- --
-
- '--- --

20...0 

.. ,,~!.< " '''' ''' -",-

.. 
. W E LL NQ 2 (TR 30038) (A XUM ) , I ~ 19/92 

~ -, 
I " . , 

II ~ 

c"tl'o'~' .. II nion l 
", : - Olt - : -• Nut • 0.18 , CI - ; "0 , Q 
N Il. - : 201,,0 NOi: Q. Q1 . 
K' , 11 0.5 MOJ , O. J • , • LJ + : - 1- , - '. -. 
A&+ ; - Dr- : -
113 ' .. , - r-: N •• 1I , l b 1o C.l'f- t , 2S6!~ A!CO j" ~ 126~ 
MI:' - : __ 11,6 COj'-: Nil 
F,;'f- .. : - .. 

SO;-: 1.5.:3 -
Fe '" ~ , - " 0 ,-'-" Onll o : ---1ll..1 
Fe. 1~ I.l1 , ] ... 92 . ro;- - - mea/ poly : " 
1'If n ' ~ , -_. -. _ ----
:In'· , ' , - -------
C n ' · --- -
A I " , - . .. 
SII' • • i , - , -" '-' 
III 
Anen ic , It :ld: . 
C~dm ium : Mercury ._. -
Ch romium. h~.l:l."'3 I enl : Nlci:cl : 

Coh.llt , Sck niunl : - ------ - -
C)"anid e , - - SlroJul ium : -- - .' . -

IV - -
Doran: _. --

N. 
Sodiu m;!. : ---_.,- ------

NII +K-t Mg-t Ca 

-
V 
Radio!oziclll cXlI!:linali on _', _,: 

.. " 
.- i 'Tl 

. . 
Not e :· Uo it it meJL unlcB otherwise 1\IlI(d 

"" ~ • ~ 

-
.. .-

, 100 : 

< ... ~ 
...\ l~ , _,';'. " t._, ., 

------

.-

. ' --

-. ' 

"~" . -::-.. 
'", , 

, 



- - NATIONAL RESE ARCH INSTITUTE OF HEALTH MAl DAGA N"S (AXUM), 4/021"4 
I ' 

iDS ' c: 
'c: 

Tota' Solids dried It ' C: , 
Electrical Conduct.ivity/RotiioticiIY al 2S' C: 904.0 p...I'VUJS [C/H.., 
pH at 20·C: 6 • .2 
urbonale Alialia ilY .. CaCO) : Nil 

B!carbonate: Alhlinity ~~' ~C~'~CC~'~:~====~26~';2~.~Q~====== Hydro).),1 Alkali nit)' as CaCe l : 

Atidiry as CACO) : 
Total Hardn:ss as CaeO, : 408 . 0 
Oq:an!c N itrogen (N) : 
Phenolic Compounds as Phc!1ol : 

Carbon dioxide (C. '0~')~:7_"":=======~~======== O~Y8cO (Oll : ,_ 
Chlorine, r~lidu",l (CI~ : 

C'-Jorine, loluJ (el:): 
SI.l!ph.id r: •• Hydrogen Sulpbide : 
Silicll , totaJ (SiDl) : % .0 
O,tYien absorbed (rom 

ror 

VI 
M iilCdl.,n cou l 

Permlngloatt at 

c_"p!>j PnnI .... 

• 

--

n 
Callo.. An ionl 

- - -H '" : OH - : 
NtH : 0. 08 0 - : 78 _0 
Na~ : 2~ ' 0 No., : 0 . 01 
K' : . 0 NO, : 113. 0 "i. .. -=. . , 
u- : - 1- : - I 
AS" : - Br- : - . 
B.t"1' - F- Nil : : .. 
Ca"" : 115 . 4 Heol : 31 9 . 6 
~'f8" .. : 29.2 co,- : Nil . 
Fe·" : - 50;- : ..22..!l 
Fc"'t· : - po.;- - - Drlho : ~ . 06 
Fe, total : IhI PO~ - - me 1:1/poly : 
Mo· " : lIil 
ZQ· "~ : -
Cu" -: 
AJ""' · : 
SQ·+ +-· : -
III 
Arsenic : lead : 
Cadmium: Mercu ry : , 
Chromium, hc.lIIV.l!clll: Nid::el : 
Cobalt : Selenium : 
Qfanide : Strontium : I~- , 

"""",- " 

IV 
Do ron : 

SodiumX 

, 

-----~N~.------.-Ioo---------l 
Nn.K+ Mg.Ca --I 

I ~diOIO' ;C" EUmiO";O~ ) 

Not e:. Ua lt i. mill unleH olh.crwiK l tatcd 

... 
~ • 
~ 

J!: --

<::,c=--, 

~ 

J 
,I 

, 
." 
~ 

,. 

" .' 

1 

I:~ 

• 



NATIONAL RESEA RCH INSTITUTE OF HEALTH : WELL A4 (AXUMl, 2111/94 l 
1 
Temperalure It Ibe time of coll ection : -
Appearanct : Colourles s 
Odour: Qdourhea 
Taste: rast.tee a 

_Settleable Solids : Pr080at 
flo:l.t inl Solidi : Absen t 
Suspcodcd Solid . : pros •• t 
Colour •• tf\lc: Colour lo e ll 
Turbidity: Clear 

' Filtcnblc Ru iduc dried at 105 ·c: 
Filter'able RCl iduc dried II ·c: 
Total SoUd. dried :1t ' C: 
Electrical Conducti ... ityjR.uitti ciIJ at 2S'C : 
pH at 20'C: 
Carbon lle AllcaJinily a. Caco J : 

D:cllrbonate Alblinity as CaCOI : 

Hydroxyl Alknlinity as CaCOJ : 

Acidity as CoCO, : 
Tot.!1 Hardness as CICOI: 
Or~nn ic Nitrogen (N): 
Phenolic Compounds as Phenol: 
Cl1rbondioxide (CO) : 
Oxygen (0'), 

~71 . 0 

823)41lhoa7C. 
6 . 8 

Nil 
120 . 0 

-
336 . 0 

-
Chlorine, res idUAl (C1v! -
OJorine. total (CI)): 

-Sulphide at Hyd rogen Sulphide: -
Sillell, 10lal (SiOl ): 7 2 . 0 
')xygen Ibsor~d from Permanganl te at I --'- - for 

VI 
MiJ(elJ.!Ineou s 

n 
c. tlOtl .1 ---
H + : -
NHt , Nil 
N . ... : 71 . 0 
K· . -, ".0 
lj;' : -
AS'" : -
Ba" ,. , -
eat< , 74 . 0 
1'.1& ... + : J7 ~O 
Fe"" : -
Fe"';-;' , -
Fe, (o(lll , Hil 
Mo.· .. : No&Ugibh 

ZIl++ , -
Cu" , -
AI"++ -
So.+ + + .. , -
HI 
Arsenic , 
Cadmium: 
Chromium, b~xaYakn t : 

Cobal t , 
Cyan ide , 

IV 
Doron: 

Sodium';!. 
N. , 

Na+K'tMg+C. 

I ~d;OI~';"1 Eu"",,, ;o, 

- - , 
, -
' ''- -:-- . 

Aniont -OH-: -
a- , 2~ .Q 
NOi" : 0 . 03 
NO, , 2.0 
1- , -
Dr- : -
F- , 0 . :2:0 

Heo;- : G12.0 
co, - : Nil 
50;:'- , 11.0 . 
PO; --Ortbo : "edh;lbh 
PO; - - mttAJpoly : -

. .. - ' L ",, -. -. 

Lead : 
Mucury , 
Nickel : 
Sc:lcnium , 
Strontium: 

, 100 , 

Note :- Unit is maiL unJes3 olher""ise l Uted 
c_ ........ phj ....... . '" 

., , 

~-

:l \' .. • t "'J .I..P-:'" ~ 2:_ ..: - ~.- _. ---------...:=:......:=:;;~~.~.;;;-;;;;;-~-;.;;;;,;;;;~~ ... - ~--- ----:.;. _. . .... .. .... 
"\, "' ... 't 

-
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NATIONAL RESEAR CH OF HEALTH ~ WELL N' A7h (AXUMJ, !jf02/94 

I n 
Tempcratur e: al the time of coUeclion : Clliotol Anion, 
ApptJ.r4CCC :_ Co l ourless 
Odour : Odourlc66 
TaUt: Ta& teless 
Sc lt!ublt Solids : E:r:cscc 1 
FloJ.tina Solid , : At!f; ent. 

Suspended Solid s: 2:[e ac nt 
Colou r, l(1,It: ~21 2!.! rl e8e 
Turbidity: Cl t l! I: 
Filterable Ruidue dried u 105 ' C: 567 . 0 
Filtetable: Ruidue: dried at ·C: 
TOlal Solid , dried :1.1 ·C, 
3 cctrical Conductivity/ ltc . il k , it) a.t 2S'C : 759 . 0 JLro,hos/c.m 
pH at 2O"C: 

, 
2. 2 

Carbon.ltc Alkali:1 ilY u CaCO,: Nil 
Bicarbonate Alkalinity at CaCO, : J QQ . Q 
Hydr oxyl AlkAlinity as CaCO, ! 

A'tidilY as OleO, : 
Total Hardness as CaeO,: 295 .. 0 

--- - ---H+ : OH- : -
NHt , 2. 12 a- , 2!1 . 1 
Na": i4 . tS NO,: 0 . 08 
K· : ~ . ~ NO, : 20 0 
LI~ : - 1- : -
AS" : - Br- : -
Ba -t-t , - F- : 0 ,23 
Ca · + , 4 8 . 0 BeOj: Jfl6 . C 
1'.1, .. ~ , 12 . 8 CO;- - : Nil 
Fe ...... : - SO;- .:- , g7 . 2- 1 , 

Fe '"'' , - PO~ --Ortho : N\l~ 
Fe. total , Nil PO;--- Dltt~Jpoly ; - , . 

-
M il"" , Ni l 
Zll ... ·~ , -
CU .. : -
AI""· : 
Sa++ · " : -

~ 

,I 

Orcftnic N ilrogen (N) : 
Phenol ic Compounds as Phenol: 
Cllrbondioxidc (COl): 
Oxygen (Orl : 
Chlorine, r tsidunl (el:,) : 
Chlorine:, lot~ (C1.v : 
Sulphide as Hyd roac!} Sulphide ; 

III 
Arsenic , Le ad: 
Cadmium: Mercury : 
Chromium, hcxava/.;nt: Nickel : 
Cobalt , Selen ium , 
Cyan ide , Strontium: 

Silicn, lotal (SiOl ): :Z~ . § 
OJl:ygcn absorbed (rom Permnncanate It 

ror 
IV 
Dor on : 

I ~!iceJlZl n e out 
. .. . 

Sodium% 
N. 

100 , , , 
Nn. K+MR+Ca 

I
V ~ - J C 
Radiologic31 ... min.lion ... . =--=-

" "r . '---'~----------------______ -J 
--- Not e:· Unit il mul un leu otherwise ' l tlted 

c_".. ....... """' .... 

------.:--~-~~, 

• ~~ , r?\ .. " ---~- ~-- -- .... , . -- "7:':- -- ~ \ ... • .. 
- a . • ~ -.w- - • - . -- • - - f 

-' "" .. ~I - -, -

" 

> • 

''/ 
gfi 

-~ 

• 



NATIONAL RESEARCH INSTIT UTE OF HEALTH· WELL N21 (AXUM).J8/0J/94 
..... '· .. .. --............ ~1 

1 -
TC:\PC Tl IUlt 1\ the tim: of coUcction : 
Appu ullcc: Co l ourl os 4 
Odour : Odourl e s s 
TaUt : Toat:oles 8 
Sctllclblc Solids: Pre ll en t 

Flo~tini Solidt : AS sent 
Suspe nded Solids: Pre s ent 
Colour, true : Co l o urlos15 
Turbidity : - Cl oAr 
Filterable Residue dried at 105 ' c: 1' 59 . 0 
Filterable Ru iduc dried at 'C, 
Totlll Solids d ried .:u 'c : 
Electrical ConductivilY~J at 2S"C: 620 .0 JlJ,..mho a / c m 
pH I I 20·C: 8 . 0 
Ctl rbon llt c Alkalinity a. Ca CO, : Nil 
Dlcarbonlt e Alblinil), as CaCOJ : 300 . 0 
Hydroxyl Alkalin il), a l CaCOJ : -
AtldilY as CacoJ : -
TotAl Hardness LI CaCO,: 240.0 
Ottfl[li~_Nitro.Ben (N): -
Phenolic Compoundl u Pheo ol: -
CorbondioIide (COa) : -
Ollygeo (O1l : -
Chlorine, t~.iduo.l (CIa) : -
Ct>Jorine, tot~ (Ch): -
Sulphide as Hydrogeo Sulph id c: -
Si/icn, .IOtaJ (SiO)) : 69 . 0 
O.lYi:en absorbed rrom PermaogaDuc II 

rOt . . -

yJ 
Misce ll:. ncom 

C-,...nopht ~.", 

1 .\ 

= ~-.-

,__ .IffI. ' ..... 
-- ::t- .- a:..---- -

n 
C. tlo.l IUllon, - --U ... : - 01-1- : -
NHi , 0 . 08 Q- , 28 .0 
N." : 511.0 NO;"" : C . UIl - • • K· , 4.0 NO;- , 0 , 4 , 
Ll+ : - 1- : -
Ag+ : - Dr- : -
Da" ,. , - F- , 0.70 
Ca' • , 1,6 . 0 HeOl : ) 66 . 0 
M,'" , jO . O COj -: Nil 
Fc"'· : - 50;- -:: : 20 . 0 
Fe·"" - PO;---Ortbo : N.~'llgib l e , 
Fe, total , lilI PO;--- c ct3/poly : -MD."· : Nil 
Zo ... ... , -
Cu" -, 
Al+ ++ -, 
SnH .. -, 
III 
Arstnic , Lead: 
Cadmium : Mercu ry , 
Chromium, h.:xavnknt: Nickel : 
Cobalt , Selenium , 1 I· ; Cyanide , Strontium : ." . 

, . 
JV 
Doron: 

SodiumX N. 
Joo : , , 

Na+K+ M g+Ca . 

I ~diOJO'i"J E""".,,io, 

Not c:- Unit il m~l Ilnleu otherwise Jtlted 

-= 
... ~ -~ 

F 

.. (..]). 

,. 

~ 

,. 

.. 

., 
at -: - , 



NATIONAL RESEARCH INSTITUTE OF HEALTH ; WELL N2 5 (AXUM), 18/01/94 

1 
Te mpe rature at the lime of collection: 
Appear.allce: CI:i Ii:m rU§s 

Odour: Oddur l ee8 
Tute: Tas tel ess 
Settleable Soljds : Pres ent 
Flo::tinE Solid, : Absent 
Suspe nded Solid, : piresen t. 

Colou r, true: CoI ourI oss 

Turbidity : Cl ear 
'Filttrable Ruiduc dried at ,,65 ·c: o ~ c·. O 

Fillcr'ablc Ru iduc dried at ·c: 
Total Sol id, dried ~t ·C, 
Electrical Conductivity,'Rui.,j, il) at 2S·C : 1 ('0 .u~hoaZco • pH at 20·C: 7. 4 
C..uboniue -AlkroJili ity aI CaCO l : Nil 
Bicarbonate Alblinil), as CaCO) : )20. 0 
Hydroxyl Alko.lini ty at CaCa j : 

Acidity II CaCO, : 
Tota l Hlltdn ess IlS Caca, : 364 . 0 
Or,an;c Nitroscn (N): 
Phenolic Compou nds as Phenol : 
Corbondioxidc (CO}): 
Ox)'gco (01): 

Chlorine, r c.idun! (CI}): 
Ct-Jotine, total (eli!: -, ' 

~!phidc as Hydrogco Sulp~ide: 
Silic'n;tolal (SiOn: 65. 0 

Oxygen Ibsorbed from Permanganale It 

VI 
MilccJ/OIn eOU I 

ror 

~--

~- ;-. - ~ 
-~ • -

C_"..,,0h.4 PnnO . .. ., 

IT 
Clrloa, Anlol) ' - -1-1 '" : - OH- : -

- }mZ" , O. Ot a- : 66. 0 
NI ~ : b:>. 0 NOz: 0. 05 
K' , 3. 0 NOj , 19.0 
Lit : - 1- , -
A&'" : - Dr- : -
B.a .... , - F- , 0 .40 

c." , 102 . 0 HCOl ! )90. 0 , , 

MgH , 26, 0 CO, - : un 
Fe;' '' : - 50 ;-- , 45· 0 
Fe:,"t '" - PO; - -Ortho : 0. 09 
Fe, lotal , t: ll , 

PO;- - - me:13/poly : 
Mo· '" : Negl1g1Dl~ 

Zn+ + , --
Cu" , -
AJ"'+ + , ,- -
5n ~ ..... , - -...... =....-7. 

1II 
Arsenic , Lud : 
Cadmium: Mercury , 

_Chrom ium, bo.:uvak nt ! Nickel : 
Cobalt , Sele:nium , 
Cyanide: , Strontium : 

IV 
Doron : 

Sodium% 
N. 

100 , 
NIl +K + M g+Ca 

I ~'d;OI~' ;" 1 En";,,,;., I 
Not e;· Un it is m&lL unJes~ otherwise " Ited 

... " .-
~ . 
f' 

r<'f') 
, -' 
~,-

" , 
~ 

t 

, 
"7 \ 

J 'll 2 , 
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NATIONAL RESEARCH INSTITUTE OF HEALTH : MAISHUM SPRING (AXUM), 18/01/94 ~-
I IT ' ~ , 
Te mpe rl ture I' tbe time of collcction : - Cl tloe.1 A.nions '" 
App ea rloce: Li6ht ~'cIIO\i - - " 

H+ : - OH- : -
Od our : Udourlcss NHt 0 . :<0 O,QI Q' , ~ 1 . 0 , 0,.3 I 

TUle: '.rus t Qlcss Na" : J . O O'i!$ NO; : 0 . 01 
Se ttleabl e Solids: l"'rcsent K " : ) . 0 NO)" 

, 
2 . 0 

flo:tlin. Solid. : zI.bscnt 
Q 13 , 0'03 

!'resen t - L'· : 1- , -
SUjpend ed Solid. : Ag+ : Br- : 

125 un i ts of chlor o olatinate - -
- Colou r, true : Bit., , - F- ; . 0 . 0:'", -

Turbidity ; 46 to''TtJ c.. .. 7 , 0 Q ,:., Heo, : 2l~ . 0 0' ,3.1] 

105 87 . 0 
, , 

t="ilterl ble Re,idue dried at ·c; 3 .0 .-
Filter'able Ru idu e dried al ' C: 

MgH : 0 ,2.,5'" CO, - : lIU - -;-- I 
- Fe ""'" : 50 -; - 15 . 0 ;,3c~ - , " . Total Solids dried :tt ' C : - Fe t +t - PO. -- Or tbo : 0 . ,0 -

122 ;u,mttos7cm 
, 

Electrical Conductivity}R:ni.li. it, at 2S"C: 
. 

Fe, total , 1 .§Q 0 " J PO;- - - mtla/pcly : -
pH at 20·C: 6 .5 , 

Mo ..... : Nil 
Corbon lle Alkalin ity a. Caco j : J'iil Zn "'" '~ .;.-- \ ,ok / , -
Bicarbonate Alk3lin ity .., CaCO} : 20 . 0 Cu" /-
Hydroxyl Alkalinity as Cacoj : 

, \, \'1.-

- AJt.+ 'L , 1~' 1 ' , -
Acidity a. CaCO) : - So· ... ,. ... -
Total Hardness as CaCO): I 2 · 0 ' -
Or&ftn lc N ili'ogen. (N): -
Phenolic Compounds as Phenol: 

III -
Co.rbondloiide (CO) : 

Arsen ic , Lead: -Oxygen. (Ov : - Cad mium : Mercury 

Chlorine, rc!. idual (C1v: 
Chromium, bcxo.v:lk nl : Nickel : -

Chlorine, IOI~ {Clv : , Cobalt , Selenium : 
-

Sulphide as Hydrogen Sulphide: 
- Cyanide , Strontium : - " 

SiliClI , .lotl1 (SiOl) : . 14 . 0 
, 

Oxygen ablorbed (rom Perma n gao ate at IV 
- Doron : 

• 
fo, , 

Sodium% : 
N. 

' 00 , , 
NII. +K . Mg. C. ,~ , ' "J , - , ,-

VI -"-. 

Mi.ee]J llne ou l I ~dIOIO" '" ' ' ' ,,"''''00 "I " , 

, 
Note :. Unit is mg/L unlcu otherwise Ita ted , 

~ 
e __ ~~_ .... 

,- , i " \ ~) " , 
, ~ 

v 
~ . 

'\' .. . 
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NATIONAL RESEARCH INSTITUTE OF HEALTH : MAl GODAE (HATELA CREEK) (AXUM) ,11I02l94 '~ 

I 
Tcmpcral1.lt e at the time of eoUection : -
ApPucl\cce: CoIO'llrlt!SB 
Odour: Odourless 
Tute: Tasteless 
SU Ueablt Solids: .?rescoe 
Flo:l.tin . Solid s: Aosen'C 

Suspended Solid , : ¥resenl:: 

Colour. Iree: Colourless 
Turbidity: Clear 
Filterabl e RC'l iduc dried .t 105 ·c, 228•0 
Fil terable Rc:sidut dried at ' C, -
Total Solids dried :I t ' C, -Electrical Condllctivi ty/ ihuiJlilit, at 2S·C:516 . 0 iJ..,hos / cn 
pH at 20·C: B. !! 
Cttrbonll.tc Alkalinity " CaC01 : ,2'1 ,0 
DiC4r.l?o.E l!e AlhUn il)' &J caeo, : ~1 2 . 0 

Hyd roxyl Alkalinity as ecco, : -
Atidity as <:nCO, : -
Tot~ 1 Ha rdness as c. eo) : 200 . 0 
Or,IInic N itrogen (N) : -
Phenolic Compounds as Phenol: -
Corbondioxide (COl) : -
Oxygen (0,) : -
Chlorine, res idull! (CIt>: -Chlorine, tl?t~ (Clll: -
Sulphide as Hyd rogen Sulphide: -
Silicn, .total (SiCl ) : 65 .5 
Ox'rgcn absorbed from Permancanatc at 

VI 
Mj,celllln e ou ~ 

- .. ~ 

ro, 

, 
• --'\.-

, 

~ --~ 
~5· 

• -, -
~ 

c_ ....... J11>4 ,.,.,. . ,.. 

' .. ~- '" ' . ----\ ... 
'" _. • •• • -• ~ 

1 • ..... 

n ' 
C.tloe1 AniOIU - -1-1 + : - 01-1- : - ,- - ,-
NH t , 0.16 0 ,01 0 - , 20 .6·~;:gs 
Na· : 42 . 6 2- . 01- NO; : 0 . 02 fl. 

K~ : 4 . 3 0." NO)" : 0 .$ 0 ' 0 1 
U · : - t - : -
AI" : - Dr- : -

D." , - F- , O'i Q.' O~ 
CaH : 33 . 2 1· "& HCO;- : 258. jI ' 2.4 
MIH : 28 . 2 '2 . .3). Co;- - : 28 . " .9 & 
Fe tt : - 50;-- : 21 . 0 O,(1'~ 

Fe tH - PO;- --Orcho : 0.04 - t.....-
Fe, lotal : 0 . 03 - po; - - mcta./poly: -
Mo.-· : Ni 
ZOH , _ ? ~ ~1-
Cu·· : - L ' 
AI-++ ' - 'I 
SOH- ' ; - 0,6'-1 I 

lU 
Arscnic : Lcl!.d.: _________ _ 

Cadmium : Mcrcury _. 

Chrom iu m, ho.: .l.e.valo:nl: Nickel : '.1-_ = . . i . 

Cobalt ; Selenium : I ' 
Cyanide : Stronlium : . 

IV 
Doron: 

Sod
. ./ Na ______ _ 
lum/ . : l 100 : 

Nn.K.Mg+C. 

I ~d;O I~';"1 En"';, on 

Note :- Ull it is mg,IL unleu otherwise . lated 

(~ 

r -
~~ ~-" l ..... '1 '" ~ ft·-" -z_ --3 --- -... • • --.' • ~ 

.' -

'i , , 

! 

.../' 

" {. 
,. 

~ 
• , 



- NATIONAL RESEARCH INSTITUTE OF HEALTH:MAlGONA (HARMA CREEK) (AXUM) ,18 /01194-

! ~&llJl e II the lime of collection: -
App~ara..a C: t : Colourless 
Odour : QdourloRI!I 
TIUe : T:r.st e less 
SctUeabJe Solids : Prese nt 
A O"I:.n, Solid . : Absent. 

Swpcnded Solid i : frcscnt 
Colour, true: Co lourleS6 
Turbidity: C) C' :: r 

' Fil terable Residue d ried at 10 5 ·c: 352 . 0 
Filterable RCJ idue dried at ·c: -
Total Solids dried a.t 'e: -
Elcctric:1l ConductivitYlB •. " ..... , It 2S'C: 597 .Alohos7cl:I 
pH at 20'C: 7 . 8 
Carbonate AlkA/ioily AI CaeD, : Nil 
Bicarbonate AU:nllnilY AJ CaeD,: 2010 .0 
Hyd roxyl AlkD.linity u Caeo, : -
Acid ily as CnCOl : -
Toul Hardness os CaeO): 
Ors;an ic Nitrogen (N): 172.0 

.Phenolic Compound. as Phenol : -
CDrboodioxidc (CO,): -
Oxygen (OJ: -
Chlorine, residual (CIll : -
Chlorine, total (CI0: -
Sulphide ai Hydrogen Sulpbide : -
. SilicA • . total (SiOl) ; 10. 0 
OXYBcn absorbed from Pcrounganatc at 

VI 
MisceJJancouli 

ror 
, 

: I 
, 

C_M"'ph,j """'~ 

, , 

n 
Cauo.. An ion, ---
H '" : - OH- : -
NHt : 0 . 05 - a- : 31 . 0 p.'tt-
Na~ : 61.0 'I. . ~.s- NO,: 0 . 02 
K- : 1 . 0 D - I Q NOj" : 2 , 0 0'01, 
Li+: - 1- : -
AS'" : - Dr- : -
na"" ~ : - F- : O , 1Q o ·O l-

ea·- : 35 . 0 I, .. S- HCDj" : 293 . 0 ~ · S O 
Mg+ " : 20 . 0 1·1, 4 COj'"- : NIl -
Fc++ : - 50;-- : 22.0 o ' '11. _ 
Fc+ ++ - . PO;- -On ho : 0 , 02 -
F~. toul - Nil PO; - - mct.:l/poly : -
Mn++ : ;-;- ::;:::. , - j. .. - - 1-
Z.n~ of' : - b" ~' ~1-- , '_ Cu++ : -

\ . -oS l Aj+++ : -
So."++* : -
III 
Arsenic : Lead : 
Cadmium. : Mercury 
Chromium, h~xnvn!.m t : Nickel : 
Cobalt : Seleniu m : 
Cyanide : Strontium : 

[ IV Doron : 

Sodium1. 
N. 

100 , 
Na+K+MgtCa 

V 

RAdiological Eu rn,inalion 

r ~ -. , 
Note :- UDit is mg/L unlcs~ olhcrwisc: ltatcd -_ i....~ :::........:: - --

\ :::: 

-

, 
:; 

, 

, 

J 

( / 

~ 

J 
f ' 

" , 

'--, 
:! 

.1 

;1 
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NATIONAL RESEARCH INSTITUTE OF HEALTH; MAl ZERO (GEBRU CREEK) lAXUMI. 16/01/ 94 

1 
Temperature , \ the time of coU cetion : 
Appearance : 
Odour : 
Taste : 
Setlleable: Solids : 
Flo:ltin l Solid . : 
S\!Jpcndcd Solid . : 
Colour, Ina : 
Turbidity: 

' Fill ctablc: Ruidue dried at l OS 'C: 
Filterabl e RCJ idue drie d It ' C: 
Total Solids dried At ' C : 
Electrical ConductivityPl cr id.i,¥ at 2S' C: 
pH It 20'C: 
Carbonate Alkaliuity II Caco J : 

BicArbonlte Alk o.linity as CIICO, : 
Hydroxyl Alkalinity as Caco J : 

A'cidily aI OICO, : 
Totll Hardness as CICO,: 
Or~.n ic Nitrogen (N): 
Phenolic Coropou nds as Phceol: 
Cnrbondioxide (COll : 
O.a:ygce (Oll: 
Chlorine, r~l idual (Clll : I 
Chlorine, tOI~ (Cli): 
Sulphide a.s Hyd roBce Sulp~idc: , 

·Silicn, .total (SiOl ): 

6'~;gen absorbed from Penn.ngleale It 

VI 
Misccll~ne ous 

for : 

"\ .­- . -;;-

-
Co l our le 88 
QdQurle l'ls 
TI'l6 tele 89 
f:re s en t 
Abse nt. 

P r cRe nt. 
Co l ou rl ess 
C l en r , 
612 . 0 , 

-
-

91~ . 2 ~lnho$ 'em., 
7~B 

~il 

""2. 2 -
-

32.0 
-
-
--
--
-

~il , O 

[;_",~PrW .... 

•• 

n 
C. tio.J An ionl --- ---
H"" : - OH- : -
NHT : 2. 2i - a- : fi2 . Q I · ~~ 

N.' : 119 . 0 !H1: NO; : 2, 23 
K+ : 4.0 Q' I2 NO;- : 3 . Q o 'OS' 
U"" : - 1- : - -
Ag"" : Br- : '- , - _ !wo- -
Ba 1''' : - F- : Q . ;lQ - 0·0 l-
c. .. : 32 .. 0 I · bO lI CO, : ~ ;rz . 2 s · S'C. I' 

Mg"''' : 1 9 . 0 ~ 4 , o3 C01 - : Nil ~ 
Fe'" : - 50;-:: : 18 s 0 

Q '''''" Fc,. ...... : - Po;- - - Ortbo : 0 .1 -
Fe, toUI : , Po;- - - Dlttll/poly : -
Mo1-" : ~:1 _..-w:1 0 I O~ I~ Zo ++ : 

'! 
CU" : -

4\ ° ~ AJ "'++ : - 0 50,. ... + .. : 

HI 
Arsenic : lead : 
Cadmi um: Mercury : 
Chromium, bC:llI,vaknt: Nickel : 
.Cobalt : Selenium. : 
Cyanide : Stroc tium : 

IV ,- - . i ' 
Doron : " . - .. , 

Sodium/. 
N. 

100 " : , : . 
NI1+K+Mg+Ca 

. -

I ~d;OIO'i"l En,,","io' 

Note :. Unit i l m"L unlen olherwhe Hlted 

---" 
I'-' 

/ 

,,, 

• 
<~ 

Ill · 
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Table'2 Mic robiology Results from March 26. 2002. 
Volul11 ~ 

Location an:al n .cd 

Conuol 100 ,"I 

Control looml 

St , Mary Hospital I ml 

SI. Mary Hoso ital IOml 
SI M31) Hos;;-Ita l 100 ml 

Afr ica Hotel Well - . I ml 

~ea Hotel Weil_ 1 10 mi I 

.. , . . 
Mai Shum Well 10 lilt 

Mai Edal!,a 10 mi 

Queen of Sheba's Bath Iml 

ZoratfMishlam 10 mi 

- TC "" Too numerous to count. 
< - Less l h:'" 

:"Itull iply T Olal Coliro nn 
Hcsull h , Cou nt llC' r p1:u C' 

I 0 
I 0 

100 0 
10 II 
I 5 

' 00 5 
10 JJ 

J 
10 • 
10 5 
100 12 
10 TNTC 

l o ta l Colirorlll 
nc r 100 ml 

0 
0 

<100 
110 · 
5 

500 · 
no · 

-
40 • 
SO · 

1200 
nne 

Table 3. Micrdbiology Resulls from Apri l 2,2002 
Volume Multiply T Olal E. C/I/i E. cnli per T nla\ Coliform Totnl Cnliforln 

LOCAt io n anAh'7.eti answer by Per olalc 100 nIl COllll l/nla\c \'cr 100 OIl 

tychaRes , iii 10mi 10 0 < \0 5 SO 
Yeha Cistern 10 m\ 10 TNTC TNTC TNTC TNTC 
Still Reservoir 10 ml 10 0 <\0 I I 11 0 

r Sheba Tank In let 10 ml \0 0 <10 2 20 '" 
ShebATnnkOullel _ 10mi 10 0 <\ 0 " 40 \ .. , 
Axum Hc"llh Center 10 !Ill 10 0 < \0 (; 60 .". 
Abraha we A tsbaha e - - I 101111 10 0 < 10 ~ !i O 
Primary School ' .~ , , 

I AXUIII High Sel~ool . - 10 Ii,; • 10 0 <1 0 
K Ilty,. , Nt.(A.'{ . ,.. .' ...... . 10 111 1 10 0 <1 0 '\ .10 

( 

Hand pump well behino 101111 10 <I ;10 ~l 27 270) ... / •. 

. 'mh~y HOlel - ~ 

./ 
..., 
" 

~ '-:B;dernKidaneweH 10ml 10 13 130 ( 60 600 i !- -

- '. : ~TC - Too numerous to count. ,./ -

11
~~ ~ .- .... :. '9 )- -~ . ,, - = - -
.:- T _ , _ _ __ _ _ "" .". 

_... - - ~- -- .: ... .. --:z:i ., , ~ - . ) --,;~- --~-__ ~ . ~ 1/ t I 
~ .". -- - - - F 

", v / ~i t · . 
~-. &.- !'. - ~ 

-~--
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Water Works Design & supervision Enterprise 
Water Laboratory 

SELEC TED PHYSICAL AND CHEMICAL WATER ANALYSIS RESULTS 

CLIENT A A U Cepartmen t o t Geo ogy and Geophysics Science Faculty 

:IATURE OF SAMPLE 
I Ground Ground Ground I Ground Ground 

Nalel • ..... a:er ~ . a'er . u~:J;>r '''''Het 
DATE OF COLLECTION 31/04/04 31104104 31101.104 
~!: REC EIVED 

! 
I .,;UENTS 10 NO 

LAB,IO NO. 

COIOu,. taool 

TOlal Solids 105 C (mom 

o 

SV/II 

319196 

~o .: P:anl 
I JUf~er~ 

320196 

S'N · ' 

321/96 

SW2 Hand pump 

:323196 324/'J'l 

3920 5820 2800 I 6920 4220 392 

378 oJ 575 a 21500 I 574 0 3;0 a 360 0 

$..;dlum(mc/!'.Ja) 300 400 160 550 330 460 

-

C,u:)on£lIe !mg/l C') ! Trace I Trace I Trace I Trit:!.,. f---,T::,;;a::ce::--+--,T;;,~., __ .e;---f 
l 3~55C ! 3:!~ 1 I :'(\99 t <1831 300 1 351 ~ 9::::.a:to~:a:e ::':1;" ~:::"': ' 

REMARK · 

----- -

cneC KedbY~ 
Date 6/0" I 1 o s&' --

r f 



Water Works Design & supervision Enterprise 
Water Laboratory 

SELECTED PHYSICAL AND CHEMICAL WATER ANALYSIS RESULTS 

CLIENT : A.A. U Department of Geology and Geophys ics Sc ience Faculty 

'lATURE: OF S"\M?LE 

OATE OF COLLECTION 

:lATE RECEIVED 

CLIENTS ID.NO. 

kAB.lO NO. 

"olour 'aop) 

Ground 
w ater 

31/04/04 

Ground 
water 

SW-5 ~ HC31ih 
I ·"~'n, e' ... or,:" ... ,\ _, 

325196 326/96 

Ground Ground Ground 
waler water wat~1 

31104/04 31/041Ot: 311041(l 1 

Hotell'(31Co 

327196 328JOO 329/9tl 

Turt'ldr ty tNTUj 30 1 0 Trace 20 60 

ictal Solids 105 C tmoJI) 3480 , 22300 330 0 366 a S201 

Ground 
w",ter 

SW3 

330196 

, 0 

d26 
- Olss~I'.ad $0110 -;:)5 C(ma/l 3230 22050 328 a 334 0 886 0 I ~eoo 
Electrical Conductl'. ltv (uS/em) i 577 0 3090 0 I 5100 0150 1260 0 9500 
:r 7 13 717 I 674 721 66~ i 1S 

~'~m~m~o~",~a~(~m~'~I1~>:~~~l~ ____ -4 __ ~O~3~3~B __ +' __ ~2~o~' ___ I~~0~30~8 __ ~0~27~'~ __ ~O~4~~8~~. 
Soolum In19/1 Nal 280 ! 1 <:0 (; I 250 813 0 50 

DotasSlum (mQII t< ) Oil 1,90 111 12 33 111 

!~ac:ncs!um (m",~ ' .. Iq) 163 ' 877 11 7 56 1 20 I! 31 11 

iOl"llion (mQII Fe- 0 Gi6 : a 023 0019 0019 0024 0 J2a 
\'1anoanese (moll ~n) 0 1 I 01 01 0 1 01 

=Iuonde (mgtl Pi 0 ·:2 I 062 006 35 

hlorlde:mcil cn 1060 ~94 ~ 2895 15.l 

' htnte (mgll NO.) - _L--,;-ii-:";--4---;;-";-+-::;;-~ I ~=7'",:,~c,---------+--~:;--+--,;;;-;';-;;- "60 7 "O~:> -r -:;"7 ! I I'J llIa:e (r:'i;!fl NO: I 1': ~O:3 Q ! f1 - 9 - - ~ . L~_--=---:--1. 
, I 23 15'6 26'01 "~ I , '.'12 Eo~lka~I~'n~'~~lm~'~II~C~'~C~O~) ____ -i __ ~2~76~0 __ .r-~29~~-r~~-=--t~:u~+-;'~~';-'T- ~~' --. 

(-C=.'~bo~n::.~:'':.I~'m,!!'9~!I,-,=~J~.~) ::-;-____ +~T~'.~c~e;-+__I~T'~'~ce;_+_iT~'a~c~.~t_T;.'~.c~e~--:;T'~"~«~t-1 __ Tr .J<:~ I 
lalcadxmate (mg/l '-iCO) I 336 70 J 3572 lai <1 351 .: 2518 I .1"'73 , 

• ,-"" ·t'\~O' 8"' ,",0 ,::'-"''''! ".50 i .. '"::-'~Pi-".:,-te:..,::.m-"g"II:..S:..·~=,'::-; .,-_____ '---;C-=:'·';;'--Il-- 1'-, --= v 1;1 !:I"- ... """ ~ • 

h r 1 0 .:89 1"\17~ 0"'" i ,:t,~ r'o::,s~O~'::l.~"e-,!r~.~" :O::0"'.1 ______ ..L.....!O:.:':..'~'~ __ __"O~'='.:.9 __ L_'__'_ __ ..L.:c-_"_-:..--'---'- - - _.L. • _, 

~EMAPK 



Water Works Design & supervision Enterprise 
Water Laboratory 

SELECTED PHYSICAL AND CH EMICAL WATER ANAL YSIS RESULTS 

CLIENT : A.A.U Department of Geology .nd Geophvsics Science Faculty 
~ Ground I ! 
, \ ' '~.HURE OF S . .t..MPLE I "Ha,~ ; 

--~- -, 

, ' \ '1 ! A)(..J I~ ,':'. :~ \ 

I port well ! CLIENTS IO.NO, i 
l A8.ID NO. 331 /96 i 

I'C~O~IO~"JG~~aap~O)~-----i'-~-~~'---~I~~\---t-----'r------i------, 
:-urb;~rrr"lJ" Trac~ ! \ 

Electr'cal CcndL::!lv! iv (IJSlc~~ I 1355 IJ : 1 \ ! 
, 

p' 1!_!:-7 ~Gl,," -:----~---+'\-__i'---t' '----,--,c-:=-- - . ...,,' n.'_. q. , , 1\ Ommonla 1fT',]" " H-I .) w i \ 

, 430 I I \ 

\ " I 3: . ' 
3150 \ ' I 

- , 1 92' __ -,-' ___ , __ L- _1 
F"~a~"~'o~~~'~m~'~~"~~~'~' _____ -T'_~~ ___ '_ ! ! ~ \ 

"'ct31 Hardness ('ngil (;a C0 . 

\ l - ~ ~"'sIU'~ -~ " il1") I""C . I I 

12'~·'!'.'''-~'!!!'' '£!l"'i£"'!'l' ·_" __ --+I~O·~~-5'--'---+--- .: I -\ !, iOlalllon rlTl~f1 Fe) 
, - I! , t M "3~e . 

B..EMAR~ . 
i --- --------

, ' . 
'- :--

\ 

-­
'-

I -, 
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A rv N 6/<.1).e...s-3~ 
ADDIS ABABA WATER AND SEWERAGE A UTHORITY 

CENTRAL LABRTORY SERVIC E 
r.O .BOX 150S.Tel. 112594,AOO I5 ABABA 

LABORATORY REPORT ON BACTERIOLOG ICAL WATER QUALlTV 

Examination Requested by;·Jjgmy Water Bureau (MEKELE) 
Sampled by:- SAMSON THERA 

Lab. Ng
• Code of sample 

-
Time of Oltteof Nature of Free Date of Tota l 

sampling disinfecting Residual EXAmination Examination coli forms 
Chlorine "'lPN/ i OO ml 
m2i1 

REl2038 2010)100' Municipality Health Not - Nil )01031004 10:00 16.000 
Center chlori nated 

REl2039 " Hand Pump " " " " <I 
REl2040 " Africa Hotel " " " " 490 
REl2041 " Kaleb Hotel Well " " " " 110 
REl2042 " OOYl. Plant Nurscrv " " " " 20 
REl2043 " Motorized " " " " <I 
REl2044 " SW\ " " " " <I 

.\. 

E.Coli. 
MPNI10m l 

16.000 

<I 
490 
110 
20 
< I 
<1 

~­---. 

Remark:· Samples laken from Municipality Health Cenler, Africa HOlel, Kalcb Hotel Well and Government Pla nt Nursery arc nOI 
suitable for human cons\lmption since coli fo rms and E.Coli have be ~Fccally poliuted).Thcre fore thesc wa ter sources 
should be disinfected with high strength ofca1cium or Sodium t ~~nto't~fbiRrCvcnl cOnlaminat ion of the well wEller, 

I, ' !J!: ." 
Examined by:- ___ Mtf. __ __ . :2:'1'5 'A~proved by: -,- -------
Microbiologisl ,,}~::-: Head~Laboratory Service 

~" ' . ,'. t -: " -, '. ' . ./ ,,_... ' -

,(~ , .. ,' , .. / '-j, ' 
~ ... \ "" . '.;;0 ~ ' ." ..,. ~ 

t . \.c- . • 
\"'\ 

6.6 • "' IIo~» 
~.f' .... ~ --... ' 
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ADD IS ABABA WATER A N D SE W E RA GE AUTHORITY 
CENTRAL LAIlRTORY SERV ICE 
P.O. BOX 150S,Tcl. 112594,A DD IS A BABA 

LAIlORATORY REPORT ON IlACTERIOLOG ICAL WATER QUA LITY 

Examination Requested by:- Tigray Water Bureau (MEKELE) 
Samoled by:· SAMSON TEFERA - -- ·-r --- -J - z· - , - - - -

, 
Lab. N°, Dale of 11 CQd e of sample Nature of Free Date of Time of Total 

sampling disinfecting Residual Examination Examinntion coli form s 

~~~rine MPNIIOO ml 

REl204S 20/0) /004 SWl Not -
chlorinated 

Ni l 30/03/004 10:00 < I 

REl2046 " Shallow Well NI! 4 " " " " <I 
REl2047 " Shallow Well NI! 5 " " " " 70 
REl2048 " Shallow Well Nfl 6 " " " " 2790 
REl2049 " No number " " " " <I 

/ I / / / 
/ / / 7 / , 

E.Coli. 

-
~ 

~­---

MPN/ lOnll 

<I 

< I 
70 

2790 
<1 

Remark:- Samples tnken from Shallow Well NI! 5 and Shallow Well Nil 6 arc not suitable for human consumption since coli fo rms 
and E.Coli have been detected (Fccally pollutcd).Thcrc fo re these wa s should be disinfected with high st rength of calcium 
or Sodium Hypochlorite to prevent contamination o rthe well \ ~et\~",~ 

Examined by:· .4. .... 
Microbiologist 

"'~ 1s-'1~ 
• 6~ 6° --~:~ 

Dnte of Re pon :- 04/0(/fIP4 ~ Ap ,ovcd by:$.---­
'-Ienc!-llnboratory Service 

< .£ . 
• 
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G. hl :L 
MethodO logv 

While indi,;dual chemical parameters can nOI give an overall pictu re o f its 
suitabi lity for drinking, a cri lerion called groundwalcr quality index (GQI) is 
recommended in the study of quality of groundwater (Subba Raa, 1998). In lh is method. 
10 calculate the GQI. the chemical parameters dClcmlincd arc mull'iplicd byappropnate 
weights (\V) based On their importance in the overa ll waler quality (Table I ), fo llowing 
the guidelines o f Tiwari and Mishra ( 1985). A weight o f 4 has been assigned I the 
parameters like pH, TDS, NO, and F,3 to Na, SO, and C I and 2 to Til , a and Mg. In 
Icm1 5 of unit-weights (Wi), the wcightagcs of 4,3 and 2 arc equaled to 0 16,012 :md 
0.08, respect ively. TIle GQI is fina lly calculalCci , lIsing the following fannula 

GQ I = L qi IVi 

Where qi is the degree of groundwater qua li ty (pollution) rat ing, tlssigncd Onc o f Ihe 
va lues of 100, 80, 50 or 0 based on the val lies of lhc paramcters measurcd as cxplalllcd 
in Table 2 and \Vi is the unit-weight. 

111C computed va lue ofGQI is workcd out to be 84.4 , suggesting fhatt he samples 
in thc area are subj ect cd 10 slight raling of po ll uti 0 11 . 

Tal>lc I: Chemical composition of groundwatcrs and it s wcight (W) and unn weight 
(wi) 

Parameter Min Ma Mean lSI Weights Unit wcig.hl 
s , StandaJds ! (II') IJWi) 

LpH 7. 1 18.2 7.8 ! 6.5 to 8.5 4 0. 16 • 
TDS 768 I ~20 1825 500-1500 4 o 16 " 
TA 245 639 387 - -TI-I 193 158 545 300- 600 2 0.08 / 

4 
Ca 30 i 270 87 75-200 2 0.08 , 
Mg 25 / 310 87 30-100 2 008 .. 

120 t 900 354 200 
, 

0.12 / Na 
0 

K 6 ; 25 14 -
HCO, 300 ' 780 469 - / . 

o 12 / CI 100 ! 200 723 250-1 000 3 
!o 

SO, 5 ' 64 28 150-4 00 3 0 12 / 
NO, 13 174 36 45 4 o 16 , 
F 0 .7 2.5 1.1 0.6- 1.2 " 0. 16/ 

-----------.-------------,,-"~.-.--.------------------­. _ ---

'. 

1 
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Table: 2. Scale rating (q i) for ground water quality parameter 

Parameter 
Degree of groundwaler qua lilD Poliution) r .. ina (ail 

PennlSs lble Slight Moderate Severe 
s 100 80 50 0 

oH 7 - 8.5 8.6·8.8 8.9-9.2 >92 
>7 6.8·7 6.5·6.7 <65 

TDS 500 50 1· 1000 100 1-1500 > 1500 
TH 300 30 1·450 45 1·600 >600 
Ca 75 76·137 138·200 -->200 
Mg 30 3 1·65 66- 100 > 100 
Na 200 20 1·400 40 1·600 >600 
C I 250 25 1·625 626· 1000 > 1000 
SO, 150 151-275 276-4 00 > 400 
NO, <14 15-29 30·44 >41 _ 
F 0.6 0.7·0 .9 1- 1.2 > 1.2 - . 

Table 3 Cal culation of GQI based on the mean va lues, as shown in Table I 

Parameter ql Wi GQ I (qiWi) 
s 

oH 100 0. 16 / 16.0 

TDS 50 0.16 - 8.0 

TH 80 0.08 - 6.4 

Ca 80 0.08 ___ 6.4 
Mg 50 0 .08 ~ 4.0 

Na 80 0.12 ~/ 9.6 

CI 50 0.12 - 6.0 

SO, . 100 0.12 ~ 12.0 

NO, 50 0.16 ~ 8.0 

F 50 0.16 8.0 

Total GO I 84.4 

Subba Rao, N ( 1998). Groundwater quality in crystal line terra in of Guntur dlslncl , 

Andhra Pradesh. Visakha Science Joumal , v. 2, No. I, pp. 5 1-54 

'Tiwan , T.N. and Mishra, M.A (1985), A preliminary assignment or water quat It)' IOdc\ of major 

Indian rivers. Indian Journal or Em'ironmental Processes, v 5, pp 276·279 
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Summary or Gcoclcctri ca i un'cy 

Spccific 
YES pL pI S pi*hi T Ilcsist Thickl1CSS r hi A 
No hi/ pi 

(ohlll~ (11\) 
Ill) 

1 44.542 0.0224 0.10 16.9 13 1.3 
0.92 6.24 2.6 2.4 0.0224 
1.38 2.40 7740 7763. 14 75 103.2 106.9 

33.2 
2 7.582 0.13 19 0.08 12.00 12 I 

0.Q3 7.20 15 0.4 0.131 8 
0.56 0.67 23.04 42.24 6.4 3.6 5.08 

288 
3 4.444 0.2250 0.10 10.00 10 I 

1.70 1.90 28.80 38.8 4.12 7 8 0.2250 
196 

4 21.429 0.04667 0.03 78 52 1.5 
1.30 1.33 56.2 134.2 20.8 27 2 .5 0.1476 

120 
5 42.521 0.0235 0.01 121 11 0 1.1 

0.67 181.5 16.5 II 
0.51 1.1 9 2899.05 3201.55 75.3 38.5 50.6 0.0235 

2000 
6 7.674 0. 1303 0.009 135.3 123 1.1 

1.02 1.029 75.63 210.98 8.6 8.8 9.9 0.1303 

7 16.945 0.0590 0.023 28 35 0.8 
1.09 53.2 7 7.6 
2.298 3.411 2.3 83.5 2 1.5 49.4 57. 0.0590 

128.1 

8 7.009 0. 1427 0.048 13.44 16.8 0.8 

1.55 1.598 69.68 83. 12 6.7 10.4 11.20 0.1427 
79 

9 64.486 0.0155 0.044 51 34 1.5 

0.8 40.8 6.8 6 
0.681 1.605 13627.8 13627.H 141 96 103.5 0.0155 

16.6 

10 16.719 0.0598 0.026 28.05 33 0.85 
26.35 0.0598 1.55 1.576 420.75 448. 0 16.5 25.5 

185 

II 28.973 0.0345 0.021 19.2 30 0.64 

0.22 30.68 II. 2.6 
0.0345 

0.422 0.633 540.58 590.46 3 .8 15.1 I .34 

435 

12 32.2 11 0.031 1 0.057 6.3 10.5 0.6 

0.343 3.52 3.2 1.1 
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• 

0.052 55.93 32.9 1.7 
0.023 0.475 6092.8 58.55 512 11.9 15.3 0.03 11 

60 
13 5. 112 0.1956 0.012 2.94 49 0.6 

2.53 1 2.543 60.76 90.16 4.9 12.4 13 0.1956 
264 

14 9.857 0.101 5 0.008 32 64 0.5 
0.444 9 4.5 2 
0.048 3.50 336 377 10.5 32 34.5 0.1015 

35 
15 31.027 0.0322 0.008 64.4 92 0.7 

0.277 92.3 1 IS.4 5.1 
0.6 11 0.S96 792 94S.7 1 36 22 27. 0.0322 

26 
16 6.635 0.1507 0.04 1 14.4 IS 0.8 

0.167 0.21 2.16 16.56 3.6 0.6 1.4 0.1507 
37 

17 8. 141 0.1228 0.21S 6.60 5.5 1.2 
2.073 2.948 250.S 257.40 II 22.8 24 0.1228 

49 

18 3.4 11 0.2932 0.333 3.00 3 I 
0.40 0.733 5.625 8.625 3.75 1.5 2.5 0.2932 

70 

19 22.72 0.0440 0.061 27.3 21 1.3 

0.929 65.52 8.4 7.8 
0.012 5527.2 392 4.7 

0.226 1.228 87843 16498.45 62.3 14.1 27.9 0.0440 
2240 

20 3S.265 0.0261 0.035 55.3 39.5 1.4 

0.035 13.86 19.8 0.7 

0.026 1239 442.5 2.8 

0.3 16 0.392 323.2 1631.36 32 10.1 15.0 0.0261 
90 

21 9.579 0.1044 0.126 790 7.9 I 

0.657 0.783 64.35 72.25 9.9 6.5 7.5 0.1044 
392 

Source: DEVECON Engineers .:md Architects, 1995. Water Supply rind S~ni llltion Study of A.'(um 

124 



/ 

Declaration 

The thesis is my original work and has not been presented for a degree in olher 

university. 

Name: Samson Tefera 

Signature: ---'iIjlI"""-----­
Date of Submission: j q /0 t/ 0., 


