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Abst rac t 

Awash Ri ver basin is the major resource for both domestic and agri cultural uses while 

groundwater a l the majority of the study area, especially from deep boreholes seems 

unattractive for domest ic and agricul tura l acti vi ti es due to high concentration fluorides 

and sodium ions. Therefore, due attention should be given to Awash River, both in 

proper utilization and conservati on of its quality. The core of thi s research work is 

concemed with assessment of the qual ity of the difTerent water bodies with respect to 

domestic and agricultural uses and to study thei r temporal and spatial variability. 

The interpretation o f the chemical data and the Anal distribution of TDS and nitrate 

prevai led some sign of contamination. The major sources of the present contamination 

are due to intense agricultural acti vity in the area. This is high ly manifested by high 

concentrat ion of nitrate in groundwater of the area. 

The over all agricultural as well as dri nking water quality especia ll y with respect to 

fluoride content, the groundwater is identified in a conditions which is not suitable fo r 

both agricu ltural and domestic uses. a land area of about 16 1.55ha o f Metehara sugarcane 

plan tation has been affected, in which 55.55ha of the land has been tota lly lost while the 

producti vity of the remai ning 106ha become very poor as a resu lt of insufficient 

mechanical operation caused by high water table and high sodium salt deposit. 

The drinking and agricu lt ura l quality of the different water bodies was assessed on the 

basis of the avai lable data. Accordingly it was observed that the groundwater from deep 

well are not fi t fo r drinking due to the presence of fluoride ions in the range beyond the 

admissible limi t. The relative high concentration of F" ions can be attributed to the 

presence of hot springs, fumaro les and the acidic rocks like ryholite, tracyte and obsidian. 

IX 



CHAPTER ONE: - INTRODUCTION 

1.1 Background 

Natural waler is one of the fundamental natural resource required for social, economic 

development, human uscs and existence of healthy environmental and ecosystems. 

However, fresh water is a limi ted resource, which is currently. demanded al an increasing 

ralc as a result of an increase in populat ion growth and advancement of techno logy a ll 

over the world as a consequent the demand for fresh water for agric uhura l. industrial and 

domesti c uses are at a risi ng ralc. This emphas is the req uirement of detailed research in 

the seclor ofwalcr resources, specially in relat ion to their chemistry and their spatial and 

temporal variability, as well as proper imp lementati on and protecti on of water resources 

from quali ty degradation. In addi tion the existence of good qual ity and adequate quantity 

of fresh water is an essential requirement to attain susta inab le development o f the area 

and the country (Eth iopia). 

Therefore, thi s work focuses on hydrogeochemistry and spatial and temporal variabilit y 

of the diffe rent water bod ies in the area under consideration and is produced from the 

assessment of laboratory result review of previous works and avai lable li teratures such as 

the different volumes produced by Halrcrow 1989, during Awash Basi n master plan 

study and di fferent volumes produced by FAO, report on lake Beseka by Mi nistry of 

Water Resources and fie ld observation and laboratory test resul ts on water samples 

co llected during fie ld vis it . The !l rst three chapters are organized in away to give clear 

picture of the study area . These chapters gives an over view of general out line, Geology 

and tectonics, hydrogeology and climate of the area with relevance assessment on hydro 

geochemistry and their tem poral and spatia l vari ation as well as waters qua lity in relation 

to ma in ly for domestic and Agricultural uses. 

1.2 Location and General oUlline 

The study area is si tuated in the part of Main Eth iop ia Rift, which is located in Eastern 

Shoa zone of Oromiya National Regional stale .The area is bounded between lati tude 8° 



25' and 9°00' and 39°19' and 40003'E. The study area has nearly an elliptica l shaped 

configuration with a lotal area of about 2925 km2 that covered road from azareth to 

Harrer, together with Awash Ri ver and its tributaries included within the region between 

Sodere and Metehara localities. In general, the area is part of the upper Awash va lley 

where a large proportion of irrigated land is under perennial crops, dominated by sugar 

cane and citrus. 

1.3 Geomorphology 

The geomorphology of the study area is characterized by landscapes, which is mainly 

represented by undu lating plai ns that, faulted into plateau and scarp country, and aligned 

NE-SW direction . Consequently, it is loca lly difficult 10 traverse in a W-SE direction 

across the scarps. Moreover the staled landscape with undulating plains is locally 

comprised scattered and iso lated vo lcanic hills and mountains, constituted by volcanic 

cones and domes with surrounding lava fields. Onen these landscapes are ex tensive and 

highly di ssected and consequently, they pose diffi culty to traverse. The altitude of the 

area li es in the ranges of 1200 m to 2540 m above mean sea level; with the higher altilllde 

values are corresponding to the volcanic cones and domes of the area. The altitudes of the 

ex tensive undulating plains generally lie in the range o f 1200 III 10 1500 m above mean 

sealevel. 

2 
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1.4 Objeclives of the work 

The objectives of the thesis work mainly include 

• Study the hydro geochemistry and their tempora l and spatial variation of the 

waters in the area. 

• Detennination of tile type and extent of water pollutant and their major sources. 

• Study the impact of Agricultura l activities, with emphasis on big fanns, on the 

chemistry and quality of waters of the stud y area 

• Study the water quality with respect to domestic and agricultural ut il ization and 

propose the possible measures that can be applied to avoid and lor reduce the 

extent of pollutants. 

1.5 Methodology 

Collecting and assessmg, meteorologica l, hydrological, hydrogeologica l, 

hydrogeochemica l (data o f previous works) and geo logical data available from different 

institutions, field observation and laboratory test results on di ffe rent water samples 

co llected during fi eld work , wi ll be analyzed and interpreted to arrive at linal conclusion 

related to hydrogeochemistry and their temporal and spatial variations, water quality, 

source and ex ten t of pollutant and the measures that can be appl ied to preven t pollut ion 

of water. 

1.6 Land uses 

The majority of the irrigable land is controlled by slate fann (82%) with the rest 

contro lled by faml ers assoc iations in the study area . A considerable large proportion of 

irrigated land is under perennia l crops, dominated by sugar cane and citrus crops 74 and 8 

% (Halcrow, 1989) sugar cane is a hi ghl y successfu l crop produced by the sugar 

corporation at the Iwo centers, Wonji -Shoa and Metahara. The Hort icultural 

Development Corporation (HOC) runs several famls along the Awash Ri ver in the upper 

va lley. In add ition to these, wheat, maize, cotton, tomato, onion and sorghum are 

common agricultural acti vities and animals grazing are another activ it ies that ex tensive 

4 
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took place in the area, especia lly along the mai n road to Harrer. Almost all fann use 

fe rt ilizers with d iffe rent types vary somewhat from fann to faml. The mai n product 

applied is area (46% N) and on many fanns is the only fert ili zer appl ied. Phosphate in the 

fonn of triple super phosphate (approx . I % P) and diammoni mum phosphate 

(approx2 1 % Nand 23 % P) is applied on most crops in the upper valley, excepting sugar 

cane. Banana also receives phosphate fe rtili zers. Special fert ili zers are appl ied as 

ammonium sulphate nitrate since the sulfur is req uired wide spread iron deficiency and a 

dilute soluti on of ferrous sulphate is applied repeatedly to the cane leaves during each 

crop cycle. Insec ti cides and fungicides are appl ied to most crops (Hal crow, 1989), li sted 

in tab le 8. 1 

1.7 Pre\'ious works 

Several works have been perfonned in the study area. These works are mai nly focus on 

geo logy, geothermal, Ouoride problems and master plan study of the region. Among the 

works carried out in the region some of them are regiona l hydrological study of Nazareth 

area by Getah un Kebede (1987) that includes the study area . Other important works that 

focus on the geology of the area were carri ed out by DipOala (1972), Mohr (1 987), 

Kazmin and Seife (1987). Fluoride occurrence in the East African rift system has been 

described by Geotrg Dart ing el al (1996) B. Gizaw (1996) and o f the Ethiopian rift by 

Ashley and Burley (1 999). 

None of these works has been conducted with the view to study the impact of big famls 

on the quality o f the groundwater in the region, while the present work mainly focus on 

the quality and its temporal and spati al vari abil ity of the diffe rent water bodies and the 

impact of irrigation on the water quali ty. The work of Ministry of Water Resource (1998) 

on the rise of Beseka Lake and its remedial measures to overcome the impact it imposed 

on the infrastructures and water quality can be taken as one of the detail work carried in 

the stud area. 

5 



CHAPTER TWO: CLIMATE AND HYDROLOGY 

2.1 C limate 

According to the assessment of some of climatological data (5 to 18 years) at Sodere, 

lira-Era and Mctchara areas, which were obtained from alional Meteorological 

Services Agency (NMSA) and some data compiled from awash master plane vo lume IV, 

produced by Si r Wi lliam Halcrow, \989, the cl imatologica ll y elements of the different 

local ities of the study area a f C independently treated as outlined below. 

2.1. 1 Temperature 

The temperatures of the study area shows an inc reasing trends from th e up stream side to 

the down sleam side (Metehara) with exception to Sodere stat ion whi ch exhibit s 

occasiona lly a higher mean monthly temperature values than the corresponding months, 

at the next station (Nura - Era), probably due to the e ffcct of the presence of hot thennal 

spring with a temperature of about 50°c. 

Metehara area has a temperature that range from an average monthly mmmlUJ'l 

temperature o f 17.6oc to an average of month ly max imum temperature o f 33.Soc. In 

general the mean monthl y minimum and max imum tcmperatures at Metehara lie in the 

ranges of 12.Soc to 20.2oc and3l °c to 36. f c respecti vely, in which their respective peak 

values were identi fi ed in the month of June. 

6 



Fig. 2.1 Average monthly mean temperature at Sod era, Nura -Era and Metehara 
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Concerning, the temperatures at ura -Era area, it van es between a mean monthly 

minimum temperature of 11.5 to 16.90c to a mean monthly maximum temperature of 

2S.90c to 34.2oc wi th a mean annual temperature of 23.24oc for the last IS years. The 

temperature data of Sodere station represen ts a temperature data record of a few years 

with missing data and as a resu lt it docs not represent a real pictures o f tile temperature of 

the area. 
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Table 2.1 Average monthly mean temperature, calculated 'rom mean monthly data 'rom N.M.S.A reI 

~: ,..., 
Oct 

om 

'" eb i<II< "" " .... Do< .., 
29 JO" 31.9 32.6 " .2 JO.6 JO.' 31.4 29" 29 e" 

~2 11 .8 14.5 15.6 16.8 19.1 17.5 11.5 14 .6 11.9 12 14.41 
2 2<>.' 22.7 23.75 24.7 26.65 24.05 24 2J 2<>" 2<> ,6! 
1 31 32.5 " .2 " .7 36.7 33.2 32.3 33.6 32.2 31 bo e 
1 16.2 12.5 18.7 19.2 21 .7 2<>.2 19.7 18.5 13.9 14 16.2 

b 23.6 22.5 26.95 27.9 26.7 26 26 25.05 23.1 22 5.51 

3 30.2 29.8 31 32,5 32.5 31 .5 
e.o< 

31 .4 32.9 31 .2 JO 3 
13.7 

3 12.2 14 14 15.9 16.4 16.5 " 
3 21.2 21.9 2J 24.2 24.5 24 23.7 

Where A;average max. monthly mean, B;average min. and C; aVf!r.ige monthly mean 

1; melehara(I985-2002). 2; Nura-Era( 1977-2002) 3=Sodere (1998-2002) 

15.7 " 12 

24.3 23.6 21 

However, from the assessment of the limited data it can be said that the temperature of 

the area is supposed to be varied from a mean monthly minimum of 12.l oc to I 6.90c and a 

mean monthly maximum temperature of 29.,7oc to 33.Soc. Even though, the tcmperature 

record for of some localities were not avail ab le but from the assessment of the avai lable 

data, it can be concluded that, the temperature of study area as a whole is supposed to 

show the same trend as the above described stations, except with thc possibil ity of 

insignificant variations that can be attributed to local altitude variations over the area. 

As can be dep icted frol11 fig.2. 1, the study area has a mean ann ual tcmpcrature of 23.2 °c 

to 2S.Soc at Sodere and Metehara respectively. 

2.1.2 Wind speed 

According to the assessment of wind speed data collccted by NMSA, the monthly 

maximum mean wind speed at Metehara area lies in the range of 2.1 m/s to 3.0 mls 

(measured at 2.00 m above ground level), while a monthly min imum mean wind speed 

fall in the range of 1.0 m/s to 1.6m/s. The peak va lues of both monthly max imum and 

monthly minimum mean wind speed occurred in the months of June, Jul y and August, 

with their values vary in the range of 2.6 mls to 3.0 mls and 2.0 mls to 2.39 mls 

respcctively. 
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On the other hand, Nura· Era area, experienced a mean monthly maximum wind speed 

and mean monthly minimum wind speed existing in the range of 1.8 m/s to 3.8 m/s and 

1.45m/s to 3. 15 mls respect ively. 

Table 2.2 Average monlhly mean wind speed at Nura-era and Melehara (mls) 
(tabulated from mean monthly dala oblained from NMSA) 

an Feb Mar I"-pr ~un ~u l ~epl Oct Nov Dec 
i"1 2. 2. 2.4 2. 2.f 2.1 2. 2. 
B1 1. 1. 1. 1. 1.1 1.1 1. 1 1. 1. 
k;1 2.0 1.9 1.7~ 2-" 2. H 1.5' 1. 20 
1"-2 1. 2. 2. 2 . ~ 3. 3~ ~ U 1. 1.1 
~2 1. 1. 1.1 1 2-" 2-.J 1. 1 1. 1. 
k;2 1.1 1. 1. 1.71 3 .~ 3.1J 1 .8~ 1.4( 1.5 1.5' 
Where A- Average Max. monthly mean. B= average min. monthly mean and 

C= Average montly mean 
1 = Metehara(1985-2002) and 2=Nura-Era(1 977 -2002) 

The peak values of the monthly maximum mean wind speed at Nura - Era area varies 

between 3.0 mls and 3.8m/s while the peak values of the mean minimum monthly winJ 

speed lie in the range of 2.1 mls to 2.5 m/s. The stated maximum values of both 

maximum and minimum monthly mean were occlilTed in the months of Jun to Augesl. 

For the sack of qu ick visual understand ing about the di stribut ion of the wind speed in the 

study area, graphs have been drawn for Sodere, Nura-Era and Metehara stations 

respectivcly. Accordingly ura-Era and Metehara show relatively higher values in the 

months from June to August, while that of Sodcre shows relatively highcr va lues in the 

mon ths of April to Jul y and September to November. 
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Fig. 2.2 Average monthly mc.U1 wind speed :1I Nura - [ r:t and MCleh:ml 
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The respective maximum values were identified in June, July and August, wh ich are 

more or less corresponding to the months where the monthly maximum rainfall tOOK 

places at both Metehara and Nu ra-Era areas. 

Even though the ana lyzed wind speed data were available only from two stations 

(Metehara and Nura Era), in the study area, it can be concluded that lhe area in general 

experiences the mean mon thly max imum wind speed lying in the range of 1.8 to 3.8 m/s 

and monthly minimum wind speed varying between 1.45 and 2.5 Ill/s. 

2.1.3 Sunshine hours 

According to the result of the assessment and ana lysis of SUIl shine hour data collected at 

Nura- Era and Metehara by NMSA for the last 17 years, the study area experiences the 

mean annual sunshine hours ranging from 2920 hours at ura Era to 3 176 hours al 

Metehara. 
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Fig . 2.3 Average monthly mean sun shine hours at Nura - Era and Methara 
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As can be seen from the graphs drawn usi ng mean daily sunshine versus months, the 

relat ive lower value of sunshine hours occurred in the months July to September at 

Metehara. Whi le that of Nura-era occurred III April and August to <x: tobcr. The 

remalllmg other months shows relatively higher va lues with more or less consistent 

pattern of sunshine hour distribution. 

Table 2.3 Average monthly mean sunshine duration (in hour) 

Jan Feb Mar Apr May June July Aug S~. Oct Nov Dec 
9.05 9.2 8.78 9.2 8.24 7.6 7.6 7.54 7.76 8.799.54 9.58 
8.62 8.29 8.35 7.25 9.01 8.3 8.3 7.02 7.4 7.5 8.838.75 

In general , the monthly mean daily sunshine hours over the area fo r last 17 years varies in 

the ranges of 3.3 to 10.3 and 6.4 to 10.5 at Nura-Era and Metehara respectively. The two 

areas can be taken as the two extreme end points of the study area and as a result , the 

remain ing areas lying between two stations are supposed to have values that may lie in 

the above stated ranges. Finally it shou ld be noted that the average daily sunshine hours 

ranging from 7.0 to 8.8 at Nura Era to 7.5 to 9.6 at Melehara and accordingly lhe area 
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experiences morc or less consistence trends o f sun shine through out the months of the 

years . 

2.1.4 Relative humid ity 

Relative humidity vari es from lime to ti me, depending on variati on in rainfall and air 

temperature. During the thesis work, it was not possible to obtain lip 10 date data of 

relat ive humidity and consequentl y five to twelve years relative humidity measurements 

done by the National Meteorological Serv ice has adapted. 

Table 2.4 Average monthl y mean re lati ve humidity at Wonji , MClchara and Adama (%) 

Location EIt,· Year Month 

''" Feb Mar AI" May ,,, ,,' A,. s., "', N" "" Wooji , "" 197(1..75 54.1 49.9 52.6 S2 .0 .52.2 51.8 65.1 66' 64.1 57.3 Sl.6 53.3 
Metehara '" 1959-75 57.4 56.6 56.' 51.9 59.9 54 ' 61.2 .... 63.4 S9l .... 63 .5 

Adana '''''''' 53 5l.8 54.' 54 '8) " 67.2 '81 64.' 55.3 48.6 " 

2.2 Hydrology 

The source of all water types on the earth surface and in the subsurface is primarily from 

precipitation and thi s holds true for the study area. Awash Ri ver and Lake Beseka are 

major water bodies in the area, which dominantl y present hydrological feat ure of the 

area. In add ition to this, numerous minor tribut'lry rivers arc observed in the region but 

almost all of them are intermittent streams. The contribu ti ons of these ri vers to Awash 

Ri ver di scharge at different gauging stations seem insigni ficant. 

Hot and cold springs are other water bod ies in the area, that present at differen t places. 

Except the hot springs at Ihe SQulh westem periphery o f Lake Beseka, which supply 

large amount of water to the Lake body, the contribu ti ons of the other springs to 

hydro logy o f the area are nol much appreciable 
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2.2.1 Rainfall 

Rain is part of the atmospheric precipitation lhat falls on the earth surface in the form of 

water droplets less than 0.02 inch in diameter and it is the most important [onn of 

precip itation in the hydro logic cycle. The spatia l and temporal variation of the rainfall in 

Ethiopian is strongl y controll ed by the posi ti on of the inter-tropical convergence zone 

(ITeZ). which represents a low-pressure area of convergence between tropical easterly 

and Equatorial westerlies along which equatorial wave disturbances take place. 

When the !TeZ is located north of Ethiopia, the northeasterly winds from southwest 

reach to most parts of the country. The big summer rains occur all over the country. 

During this period the whole country is under the influence of equatorial westerlies from 

South Atlantic Ocean and southerly wind from the Indian Ocean. On the other hand, 

when ITCZ moves to the south, the country will be under the influence of continental air 

currents from north and northeast. These winds originated from 'orth Africa and west 

Asia in spring (March. April, May) the ITCZ li es in the southern parts and a strong 

cyclonic cell (low pressure area develops over Sudan winds from the Gulf Aden and 

Indian Ocean cross the central and southern Ethiopia and fonn the relative smaller Belg 

rains. The area under consideration is being part o f the southeastern area of the country 

dominated by bi-model rainfall pattern. It is expected to receive rainfall during summer 

and spring with maximum rainfall is eviden tly experi enced in summer (Tenu lem and 

Tamiru , 200 1). To confiml thi s, 5,2 1, 18, IO, IO, IO,and IOyears data were analyzed fo r 

sodere. Nura-Era, Metehara, Adama, Melkasa, Wonji , and Wolenchiti stati ons 

respective ly and the graphs of the mean mo nthl y rainfall s for these stations have been 

drawn. These graphs show that the area has two-rai nfall season, which are rainy and dry 

seasons. The rainy seasons include the months Ju ly to October (summer), and March and 

April (8 elg) are months with rains. Where as the rest months belong to dry season with 

minimum rainfall in the range of3.67 to 4.06 111m of rainfall in the months of 'ovember 

and December. According to the assessment of the records obtained from both stations, 

the area receives the maxi mum values of rainfall in Jul y and August months. In addi tion 

to thi s, an attempt to analyses the fi ve-year data from Sodere station was made, however, 

being these data were mostly incomplete the resu lt o f the analysis was not enables to 

have a clear picture about rainfall di stribution pattern of the area. However in the year 
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where the data was complete, the area seems to show more or less similar rain fa ll pallem 

as the other two stations. 

So that it can be concluded that the rain fall in the area vari es from a mean anJlUa l rainfall 

of 5 19.0 1 mm at Metehara to a mean ann ual rainfall of 949.36 mill at Wolenchiti station. 

In general , the rai nfa ll amount and distribution is believed to be large ly dependent on 

geograph ical posi tion with respect to the genera l ai r and moisture, humidity, wind speed, 

sunshi ne, etc, and orograph ic factor that can affect the prec ipi tation . 

Tab le 2.5. Annual mean val ue o f rainfall at different stations 

Station Mean ann ual Altitude Period Source 
rai nfall (mm) (m.a. s. l) 

Metehara 519 960 1985-2002 N.M.S.A. 

Nura - Era 599 122 1977-200 1 N.M.S.A. 

Sodere 69 1.73 1390 1998-2002 N.M.S.A. 

Wonj i 800.60 1540 1985- 1994 N.M.S.A.& 
Halcrow, 1989. 

Awash Melkasa 709.822 1540 1977-200 1 N.M.S.A.& 
Halcrow, 1989 

Nazareth 868.74 1622 1985-200 1 N.M.S.A. & 
Halcrow, 1989 

Wolechiti 949.36 1990-2001 N.M.S.A. 

A verage annual 734.2 N.M.S.A 
Rai nfall 

Source: Halcrow and N.M.S.A. 

Even though it is true that the rain fall amou nt and di stribution is affected by both 

geographical posi tion of the areas and their climatologically elements like temperature, 

hu midity, actual vapor pressure, wind speed. sunshine. etc. as well as orographic 

influences, the rai nfall data from different gauging station in the site and its vicinity show 

that the rai nfa ll has di rect relation ship with the altitude of the area, as can be depicted 

from tab le 2.6 
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The Arithmetic mean annual o f the ex isting gauge stations in the s ite and its surround ing 

is calculated to be 734.20111111/1 (table 2.5). 

Moreover the graphs of average month ly mean have been drawn to evaluate the rainfall 

di stribu tion patterns in the study arca. Accordingl y the graphs of average monthl y mean 

of d ifferent rai nfall gauge stat ions, the graphs indicate lhc region experiences more or 

less bimodal rai nfall pattern in which the maxi mum rainfall has been observed in July 

and August. 

Fig. 2 .4 Average month ly mean rainfall at Sodera, Nura-Era, Melehara Adama, 
Wonj i" and wolenchi ti stations 
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2.2.2 E,'aporation and Evapolranispirtion 

It is the transfer of waler in to the atmosphere from free watcr surface, a bare so il and or 

interceplion on a vegetal cover and it is measured using evaporation pan, different types 

of evaporation pans ex ists in the world, but the most common ones are Colorado class A. 

floating pan and Colorado sudden pan. However the evaporation from the pan wi ll 

different from that of a larger waler body, exposed to the some meteoro logical conditions 

and th is difference can be ill uminated by introducing a pan coefficient, that is 

E1ak = C·E~n 

Where, Epan = Evaporation from pan 

E1ak = evaporation from water body (or it is equal to evaporation from lake). 

This fomlU la is derived by researchers, taking into consideration some standard shape, 

and size and envi ronmental setting. 

However, in the case of the study area, pan evaporation data was not available and as 

result it was not possible to assess the nature of Evaporation in the area, rather, the data 

of previous work, which is particularly taken from Awash master plan volume 4, by 

Halerow, 1989, was adapted, (table2.6) 

Accord ingly the average monthly potential evaporat ion at Metehara area is I 77. 17 mOl 

where as that of ura-Era area is 167.92 mOl. 
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Table 2.6 Average monthly potential evapotranispiration, source Awash Master plan, Halcrow 
1989 

It was observed that the maximum mean monthl y PET values of 200mm and 208mm 

were occurred in months of June at Nura-era and Metehara station respectively_ These 

results are indicating that the evapotranspiirton over the area exhibits an increasing trend 

from the upstream to the down streamsides of the region, which seems to have direct 

relationship with the temperature and inverse relation with the alti tude orthe area. 

Evapotranspiration is the conversion of water into vapor, through both process of 

evaporat ion and transpiration and transport of vapor in to the atmosphere. In the region, it 

is one of the hydrological parameters that transfer the rainwater into the atmosphere. As 

can be eonfinned from table 2.6&2.7, the mean monthly evapotranspi ration of area is 

always exceeding the corresponding mean monthl y rainfall and hence it can be sai d that it 

consumes all amount of the rainfall avai lable. To confinn , the above-ment ioned data, an 

estimation of potential evapotranspiration and evaporation were made using Penman 

empi rical fonnula. 

Penman's method 

Penman presented a theory of free water Evaporation Eo based on the app lication o f the 

Energy balance approach and vapor gradi en t condition . The energy Balance can be 

expressed by 

E'o = 60 Eo 

Where E'o = heat required in callcm
2 

day 
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Eo = Evaporation in nun/day 

The vapor gradient condition is expressed by the application o f Dalton's law. 

Eo ~ C (e, -e,.) f(u) 

Where Eo = open water Evaporation 

C= an empirical constant 

es =Saturation vapor pressure at saturation temperature, t, in millimeter mercury. 

ea = actual vapor pressure in the air in millimeter mercury. 

f(u) = wind function, which depends on specific sitc. 

u= wind speed at 2 meters above the ground surface in m/sec. 

For specific si te the penman's fonnu la can be ex pressed as: 

E.~ 0.35 (e, - e,) (0.5+ 0.54u) 

Based on Penman's fonnula, Eo can be estimated using a nomogram, making use of; 

-Mean air temp in (CO) 

Mean relative humidity. (the value at Wonji and Metehara can be appli ed) 

Mean wind speed at 2m above the ground (u) 

Relative duration of brightness, which is the rati o of numbers o f hours o f 

sunshine per day and maximum possible number of hours sun shine per 

day. 

Location on earth (North - 9°) 

Season of the year. 

As the meteorological data o f the study area arc presented as mean month ly 

values, evaporation (Eo) is calculated using 

Eo ~0.35(es-ea) (0.5+0.54u2) rather than using a nomogram that require a dail y 

data. The calculated Eo values using of average monthly dail y metcorological 

data is presented in table 2.7 
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Table 2.7 Eo & ETO calculated usin g the average meteorologica l dala 

Moo~ '" .b .... , "'" Mav "" " be. ld ... b.c localities 

Ju,ave for Metehara 

onii & Adama k."',03 52.7 ".57 ,.. 53."7 537 64. 64 57.3 53.6 55.' 

,,«pol .625 3.1 .78 3.891 3 .98 4,31 3.71 3.7 3.52 321 3 _ 1~umara 

,JK~I . 995 1.67 .06 2.11 2 .13 2.31 2.3 • 2." 2.0r. I .'" 1.78,L..tehata 

-e.lKn'" . 629 1.49 1.72 1.77 I .• 1.99 1.31 1.35 I ." 1.48 1 . 4~tehara 
o lmmHnvna li . '29 6.36 .30 7.3 7 .• 6.4 • 5.61 5.71 6.39 6.32 5..J...1ehar.1 

:0 (mmHGlIMonth 14.8 184 .r.Eb' 9. 10 219.91 244.4 2,.., 173.92 178.93 191 .7!:l: 196.07 179.0X b.1ehar.1 

TO mmHofdav\ .518 2 .J,90 2.' 3.45 3.1 2." 2.4 3.22 3.32 2.29 Melehara 

,oImmlmonthl 8.058 7 • . 7.00 84.601 107.07 .7.3 78.1 13. 99.9 1 99.7 71.r\ll~tehara 
,IK~1 .693 3.071 .26 3. 3 .6~ 3.8341 3. 1~ 3.261 3.13 2." 2." urn Eta 

"~I 1.482 1.621 1.78 1.' 1.~ 2.~ 20~ 2.09 1. 1.51 1.591 ura Era 

-e . I~1 .211 1.4 .48 1.5 1.681 1.11 1.1 1.1& 1.33 1.30 1.2~'ra Eta 

'" /mmHt'lldav1 .151 6.1sm.30 6.59 7 . 1~ 7." 4." 4.96EI 5.68 5.55 5.3" ura-Era 

~mmHaJMonth 159.7 17e.N 188.86 197.7 215.52 233.9 144. 191 154.01 170.6 1172.34 160.01 """ ... ",mm/month 2.59 67." 3.29 14.7 87.07 94.61 78.6 6 69.4 65.r. 63.67 ~ ... 
Evapotranisp irtion (ETo) is calculated using Pcnman·Monteith equation given by 

ETo'"O.408 (R,-G)+(y900rr+273) U, (e,-e.)!II+y ( l+o.34U,) 

Where ET 0= reference cvapotranspration (mm/day) 
, 

Rn= net radiation at the crop surface (l\'lJ /m~/day) 
, 

G= soi l hea l n ux densil)' (l\U/m-/d:IY) 

T= air temperature al 2m height (Oe) 

U2= wind speed at 2m heighl (ntis) 

e~= saturation ,'apour pressure (Kpa) 

Ca = actual vapour pressure (KI)a) 

Cs-Ca= saturation vapor pressure defici t (Kpa) 

/:l= Slope va pour pressure cun'c (Kpafc) 

y= Psychromctic constant (K1}af c) 
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The F AO Penman-Monlcieth equation detcnnines the evapotranspiration from the 

hypothetical grass refcrence surfacc and provides a standard to which evapotranspiration 

in different periods of thc year or in othcr regions can be compared and to which the 

evapotranspiration from other crops can be relatcd. Using the above fonnula and monthly 

avcrage meteorological data ETo has been calculated and the results are indicated in table 

2.7. 

2.2.3 Run off 

The evaluation of the now of the catchment area was made through the asscssment of the 

Awash River discharge data obtained from Ihe data Bank of Ministry of water Resource 

Development, for Wonji, Nura- Era and Metehara (Pcriod, 1970-2000,1975-1996 and 

1982-2001 respectively (tablc 2.8 and 2.9), where the readings are indicating the runofT 

values of Awash Ri ver, occurring up steam of thesc respective points, in such away the 

record at Nura - Era represents. the total value of the lip stream of the stat ion between 

Nura Era and wonj i guage stations and that of Melehara stati on corresponds to the total 

va lue of runofT in the catchment area between Melehara and Nura Era guagc stations. 

Table 2.8 Awash River run-()ff at Nura-Era guage station (discharge at Nura Era-discharge at Wonjl) In mI,s, calculated 
from discharge data at Wonjl and Nura Era guage stations . 

." '" '" .... ' b ... , "" " 1.\00 )ct .... Doc 

197 6.46< 0.11 5.311 1.41 4.151 5.4 0.0> 10.15 11 .81 10.l< 7.30 

197 5.61 7." 1.98 9.59 20. 4.81 20.3 3.36 19.3 29.~ 

197 19.0 0.14 8.5 12. 11 .m 24 .... 1.~ 7 .• 8.13 

197 6.12 1.52 ' .1 ' .20 11 .5 2» 23.21& 14.57 0.92 16.14 

19. 4.081 1.58 2.02 4.36 4.73 4.2 6.681 5.541 3.44 6.' 9.71 

1981 19.31 5.2 4." 5.15 5.81 6.8 8.18 36 .~ 15.22 12.01 1.66 

198 20.961 1 .... 4." 10.96 6.4C\o1 4.1 7.1 19.337\ 9.22 5.'" 4.1S! 

198 4.'" 0.591 2.43 48.50 6.14 0.99 8.00</ 7.'" 11 . 11 .801 

198<1 1.81 1.4" 3.10 4.13 2.70< 1.41 7.1Z 4.87 

1985 4.73 3.44 2.79 6.1 3.67 8.0 .. """ 14.0. 3.321: 1.5" 1.21 

198d 4.14 1.4 2.7~ 1. 2."" 6.3> 2 .... 47.2 0 .25! 

1987\ 15.75- 0.19841 5.1 10. 13.02 2.67 7.41 4.52 5.2: 3.78: 

198d 1.32 0298 0." 4.3']( O.m 0.' 25.W " .ro 5.37 0." 0.7004 

198~ 3.11 4 .... 3.361 9.52 4.94 4 .~ 10.00 21 .5~ 2.SOlI 5.1 0 .21 

199Q 2.76 1 8. 4~ 15.' 15.99 0.01 2.1 •. ~ 34.79 1.0341 0.94 9.45 

1991 4 .... 0.221 6.13 9.651 1.0' 0.96 8.37 17.39E .96d 10.3 0.91 

199 0.7:M 21 .17 5.40 3.28 2.17 8.'" 8.521 16.91 8.01 5.80 

1994 1.741 4.47 4." 3.1 4.87 2.4 35.03 26.62 7.481 2.26 

,''' 11 .45 5." 8.551 2." 8.581 35. 77.91 " .1 46.72 42.761 46.74 

1m 26.1n. 6.44 4.231 2." 5 . ..d ". 79.73 54.21 48.40 49.94 44.60 

"""'.. I 1.97 2 .... 2.'" 3.3ss:l 2 .. 11 1.,.,] 14.82 16.52 5'" 3.441 0.073 
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Table 2.9 Awash River Runoff at Metehara guage station (discharge aI Meteh3l11-01scharge :II NUnl Eta) In m)ls. calculated 
h from disc ar~e data at Metehanl and Nura Era 

eac an eb Ma, 1'<>, la, un ul •. ~ i>c. No, bee 
198 16.73 21 .17 25. 20.64 1 13.91 25. 29.271 12.6 22.31 11.5 
198 16.0 14.991 21 .6 18.82 33.21 ' 5. 11.37 8.49 1.37 5.10 
1984 9.04 14.571 15. 18.03 14.79 12. 16.19 48.6 18.33 15.5 

198 18.20 16.604 18 .4 16.64 1 15.~ 15. 12.Of 

198 10.2 1 2 .2~ 13.08 15. 16:001 5. 21.18 15.21 

198 10.421 13.41 5.501 16.2ti 32.68 23. 24.70 20.6 24 .2~ 22.9 

1981 25.871 24.57 25.6 19.29 15.40 13. 29.661 18.30< 17 .Of 

198 17.53 17.54 18.6 12.97 18.58 23.4 20.4Rf 28.4 17.62 14.71 

199 13.37 1.55 18.0 17.31 12.884 14.24 21.0 

1991 13. 13.27 17.2 17.91 16.69 11. 16.3< 56. 11 .27 9.10 

199 11 .761 6 .14 14.01 6.421 12.03 12. 13.25 10.8 4.12/ 5.73< 

199 0.55 0.2 8.31 6.521 9. 5.5 1.78 11.4~ 3.67 

199 8.80 7.38 12.71 11 .05 3.~ 18. 21.9 53.5 25.1 1 

199 28.551 6.4" 2.63 10.891 25.40 42 . 59.8 66.1 68.98 64 .8 

199 24 .54 11 .41 10.3 14.62 22.79 51.1 86m 64.72 52.40 63.4 

veraae 15.37 11.18 14.9 14.64 16.06 20. 23.54 24 .04 20.01 20.4 

The data of these stations were assessed in order to evaluate the runoff of each sub-basin 

lyi ng between two consecutive stat ions and accordingly it was observed that the readings 

at Metehara which is the down stream stations (Nura-Era) is less than the reading at Nura 

Era. As indicated in table 2.9 the difference belween the discharge measured at Metehara 

and Nura Era guage station in the corresponding months of the year, 1982-1 996,indicate 

a negative values with exception to a very few months. The overall average value of 

each month is represented by negative value, which ind icates absence of runoff flow in 

the catchment area. 

Between ura Era and Metehara. This situation can be attributed to the rai nfall intensity, 

which is less than evapotranspiration rate in most months. Moreover it indicates that lhe 

tributary rivers between NUr;:! Era &Metehara have no insignifi cant conlribulion to 

Awash River discharge. Consequently the area between Nura Era and Metehara does not 

show runoff component. This can be related to either the rain fall in lhese months are less 

than the rate of evapotranispiration or due to the application of large vo lume of ri ver 

water to the irrigated lands in the region between lira-era and Metehara. But lhc main 

reason for the absence of runoff in the region can be attributed to the fact that the rain fa ll 

in the region is always less than the potential evapotranispiration. So that it can be 
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concluded that there was 110 run off component leaving the region between Melehara and 

Nura Era duri ng prec ipitation. To reach at this conclusion, the monthly discharge 

measurement of Awash Ri ver of each month of the respecti ve year at the upper side of 

each station of the sub basin are subtracted from the correspond ing months at the down 

stream stations and the result gave negative va lues for all months except July and 

September where the data were avail able with out missing in fomlat ions. 

The absence o f run off in lhe area al so ind icates that springs, tributary rivers as well as 

precipitation in the area have insignificant contribution to the total discharge o f Awash 

Ri ver. This faci indicates that the area in general has higher Evapotranspirtion rate than 

the rainfall intensity. 
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CHAPTER THREE: - GEOLOGICAL SETTINGS 

3.1 REGIO NAL GEOLOGY 

The geology of the study area and its surrounding is compiled from geo logical map of 

Ethiopia (scale I :2500,000) by Kazmin , 1975) Geological map of Nazareth (scale, 

I :2500,000 by EIGS, 1978. report on the stmctllrc and volcanic Geology of an axial 

port ion of the Main Ethiopian ri ft , by Janl. GIBSON I. : Department of Geology 

Hai leselass ie University (A. A), 1978. Accordingly only one major rock types, namely 

Cenozoic sequence were identi fied. 

3.1.1 Cenozoic sequence 

The Cenozoic sequence incl udes a range of igneous rocks and sediments of difTerent 

origin as out lined below. 

3.1.1.1 Ashangi Group 

This group is part of the Trap seri es as defined by Mohr (1970) and has been sub-di vided 

in to fi ve units in ascending order: - Alaj i, Tarnlaber, Arba Guracha, Anchar and Arba­

Gugu. 

I. Alaji Basalt (Age between 28 and 15 myr (Kuntze etaL 1975). 

A succession of up to 800 m of predorni nant ly aphyric flood Basalt rests un- confonnably 

on the eroded surface of the Mesozoic sediments represented by limestones of the upper 

Jurassic Gabredare formation and sandstone of the cretaceous Amba Aradam fornlations. 

The topmost members of the succession are essentially of porphyritic variet ies and near 

Asbe Teferi northeast of the Nazareth map area have been dated as 14 myr old, (Kuntze 

etal. 1975). They belong apparently to the Jebel sadale central - lype complex that 

structurally and in age correlates with the Temaber basalt on the opposite side of the rift 

(Zanettin and Justin OP.Cit). The main difference between the Alaji basalt on the 

southeastern plateau and those of the Ethiopian plateau is the scarc ity of silicics in the 

fomler. This unit was not iden tified in the study area but it is occlirring at the eastern 

margin of the study area belonging to the catchments of the upper Awash valley. 
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2. Anchar Basa lts a nd Arba Gurac ha s ilicics 

Along the eastern margi n of tbe ri ft Alaji Basalts arc conformabl y over lapped by a unit 

o f flood basalts sil ic iceous rocks which is in tum over lapped Wilh s lightly unconfomli ty 

by si li cics of the Nazareth group. In the Anchar arca the unit is represented by about 400 

m of basalts with general intercalation of ignimbrites, the one at the base being 12.4 myr 

old. To the south & northeast the basalts are laterally replaced by welded and unwelded 

ash - flows and in the Guracha valley and in the vicinity of Asebe Teferi 

mapped area) the section is essent ially si lieics. 

E of the 

The Anchar Basalts form the lower part of the rift volcanic sllccess ion (not confused with 

the pre rift " traps " or plateau basalts. 

3. Arba Gugu basalt 

This unit, erupted from Arba Gugu shi eld volcano and is represented by success lava 

flows up to 300m thick, made up o f mostly of porphyrit ic pyroxene and lor plagioclase 

basalt s with an age of around 8.5 myr. The flow can be traced along the upper margin of 

the rift escarpment to Dindin village and further north. 

4. C hilalo and badda Trachyles 

According to data from Justinvisentin etaJ. 1975, kuntz etal. 1975, two elliptical shield 

volcanoes on the eastern ri ft shoulder they belong to numerous groups of trachyte 

vo lcanoes developed in the upper Pl iocene on both sides of the rift . Chi lalo vo lcano frist 

erupted, fo llowed by Trachytes while Badda evolved from basalts and trachy basalt to 

Trachytes. Lava flows of both volcanoes are contcmporaneous wi th the young 

ign imbrites of azareth group and part ly inter fi nger with them. The fonnation of these 

shield volcanoes coinc ided with the important stage of rifting around 4 to 4.5 myr. This 

rifting is supposed to correspond to the peak of the si licics volcanism in the rift 

(Morbidelli etal. 1975) and preceded of the fi ssure enJpled Bofa Basalt. 

3.1.1.2 POSI- Asbangi Group vo lcanic 

Th is sequence includes Nazareth and Wonji Group that composed of a range of igneous 

rocks o f different ages occurrence as out lined below. 



I. Nazareth Group 

The group composed of a thick succession of igni mbrite, unwelded tuffs, ash flows, and 

rhyo lites and Trachytes foml the larger part of Ihe ri ft floor and al so oul crop in the rift 

escarpments and on the adjacent plateau margins. The different lithologic types of thi s 

group have an age between 9.5 to 3 myr old. 

In the rift the Nazareth Group attains thi ckness o f up to 250m, possibly more, whi le on 

the rift shoulders only a few meters of ignimbrites are generally observed. There is no 

doubt that the bulk of eruptions were restricted to the sagging rift . The silicic centres 

such as Gara Gumbi (Gara Gumbe rhyolites) were acti ve in the period between 7 and 5.5 

myr (Chri stiansen cIa!. 1975) so that central type explosive emptions played significant 

part in the formation of the Nazareth volcanic Sil icic centers were espec iall y abundant 

during the latest stage of the Nazareth volcanism, as is ev ident from the wide di stri bution 

of rhyolitic domes cutting through older ignimbrite sheet (older Alkaline per alkali ne 

RJlyol ites Domes). 

The lower most Ignimbrite nows of the azret Group intercalated with the chorora 

sediments are 9.5 myr old (Kuntz eta!. 1975). An upper limit of the Group is older than 

2.5 myr possibly 3 to 3.5 myr (Ihe age of the over lyi ng Bofa Basalts) umerous K- Ar 

determinations of the Nazareth silicics (Morbidelli eta I .1975 mohr 1974) fa ll between 7 

to 6 and 1.5 myr with a maximum in 5.5 and 3.5 myr. The Dino ignimbrites, 

unconfonnable on the Nazareth silicics. The time of fonnat ion of the Nazareth group is 

there fore between 9.5 and 3 to 4 myr, which are close to the age established by Zanetin 

and Justin-Visentin (1974) for the Balchi Rhyolite. 

Accumulation of the Nazareth Group was accompanied by fommtion of the shield 

vo lcanoes on the rift's eastern shoulder. The Arba Gugu shield volcano is synchronous 

with the early stages of Nazareth volcanism and Chilalo Badda volcanoes were fornled, 

during late stages. 
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2. Bofa Basalt (3.5-2.5 mys) 

In the rift the sil icices of the Nazareth Group are over lapped by a unit of fi ssure flood 

basa lts, which was named after its type loca lity al Bofa village similar basalts were 

previo llsly named wolcnchi te Basalts (Meyer etal. 1975), Bishoftu Basa lts (Zanettin and 

Justin-Visctin 1974). However, none of these units have precise stratigraphic boundaries, 

and they most probably include younger (pleistocene) basaltic flows separated from Bofa 

Basalts (pleistocene) basalti c flows separaled from Bofa Basalts by an important slage of 

tcctonics. The Bofa basalts arc not restricted to the central part of the rift floor. They 

represent an episode o f fi ssure eruption, which immediately followed a major faulting 

episode. 

3. Wonji Group 

Mayer, el al 1975, suggested the name the Wonji series fo r the volcanic related to the 

belt. 

As po inted out by many authors (Mohr, 1967, and others, Meyer et a l 1975, Gibson 1970, 

Dakin & Gibson 1971) the latest vo lcanism in the Ethiopian rift is related to its axial 

extensional zone, the Wonji fault Belt. Although some volcanic manifestations such as 

eruptions of basalts and central volcanoes occur out side the belt the bu lk of the 

Pleistocene to recent volcanism is undoubted contro lled by thi s tectonic feature . 

The Wonji Group includes all the rift volcanic fonncd after the last major episode of ri ft 

faulti ng which fo llowed accumulation of the bofa Basalts The oldest volcanic of the 

Wonji Group, the Dino Ignimbrites overlapped strongly fau lted Bofa Basalt, but are not 

themselves affected by thi s faulting. 

The Wonj i Group comprises the fo llowing units 

A. Dino ignimbrites 

B. Pantel1eritic volcanic centers 

C. Recent and recent fi ssure basalIs 

The group also includes some minor unit such as hyloc lastitcs explos ion centers and 

rhyolite domes. 
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A. The Dino Ignimbrites: - cover a considerable proportion of the rift noor and 

other a number of nows of compact fiammc ignimbrites in place intercalated with 

basalts and unwelded pyrociasis. 

Ln the Awash Gorge this ignimbri te rests on the Bofa Basalts with a paloosole horizon 

at the base, and is dated as 1.5 mys. According to Oak in (in press) the ignimbrite 

may have originated from the old almost eroded volcanic center o f Tinish (small) 

Fantale, north o fFantal e volcano. 

B. The Pantelleritic volcanic cen ters:· arc al igned en- echelon along segments of 

Wonj i Fault Belt. The main products o f emption consist of per alka line Rhyolite and 

Trachytes with some pumice, pitchstone and obsidian occurring mostly at late post· 

caldera stages. The sequences of eruption differ from center to center.A feature of the 

acidic volcanic centers is the fomlation of large calderas in some cases the whole 

volcano has collapsed leaving beh ind a circular area of subsidence (Gedemsa caldera 

and Kone caldera. Fantale volcano is surrounded by a roughly circular area of 

subsidence measuring 50 by 16 km not clear on the surface) such extensive volcano 

tectonic collapse definitely indicates a relatively shallow magma chamber and 

indirectly supports the postal origin o f the per alkaline sili cics. 

C. Pleistocene to sub - Recent fissure Basa lt: - are main ly concentrated along the 

Wonji Fault Belt, although some exceptions are known in the rift . The basalts diffe r 

in the degree of preservation o f ori ginal flow surfaces the youngest nows of the 

hi storical period being fresh "aa" lavas. Older basa lt contemporaneous with earl y 

stages of development of the Pantelleritic volcanoes was a fi ssure while the youngest 

eruptions were of centrallype. 

3.1.1 .3 Lacust.-ine Deposits 

Adjacent to and beneath many of the ex isting Lakes in the vall ey floor are lacustrine 

clays and silts overl yi ng sand and gravels. In the south, ex tensive areas of these 

variable thickness deposits (up to 200 III ncar Dhera) occur between Lake Ziway 

soulh o f the Basin, and Lake Koka, and in the vicinity of Dilera, Nazareth and the 

Wonji _ Shoa Sugar Estate. Lacustrine deposits border and seal Lake Beseka and are 
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extensive to the West of Lake Gcdebassa and Dalay. Gypcretes and halites fonn part 

of the lacustrine deposits in the area of Lake Gamari and Lake Abe, (Hal crow, 19 9). 

Many present· Day marsh areas are assoc iated with lacustrine deposits amongst 

which are Becho and Borkena at high level elevations, and the Mulushet Marshet that 

occur low on the pediment slopes. The large wetland area to the west of Gewane is a 

good example adjacent to the Awash Ri ver (Halcrow, \989). 

Table3.1 Stratigraphy of Ihe regional geo logy 

Epoch Age Group App . Rock types 
thickness 

Ce nozoic Recent Riverine All uvium Ni Gravels, sands , 
silts 

Recent Afar Plains Deposits Ni Gypsiferous 
limestone 

Lacustrine deposits Up to 200m 
Recent to Clays, silts , sands 

Pleistocene Wonji and gravel 
Ni 

Recent to Rhyolites, 

Pleistocene Ignimbrites and 
Magdala (Afar) basalts 

(75m) 

Recent to Ignimbrites , 

Pleistocene rhyolites, 
agglomerates and 

Not well basa lts 

Upper Miocene Pediments and indicated 

to upper Riverine (100m) Gravels , sands, 

Pliocene Alluvium silts and clays 

Recent to Ashangi 2oo· 1200m 

Miocene 
Alkaline basalt 

Note: Ni ::: not identified 

3.2 Tectonics 
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During up lift of the Ethiopian plateau along sequence of rigid tectonic movements took 

place. These movements produced numerous step faults that originated the actual 

Eth iopian Ri ft Valley. These fau lts usua lly run parallels to each other for many hundreds 

of K.rn in direction NNE - SSW. E - SW or N.S. 

The formation of the Ri flValley is also responsible in the origin of depressions now 

occupied by tectonic lakes which, go ing from N to S are known as lake Ziway. Abijata 

Langano, Awash and fu rthers, Margherita and Chamo. Several faulls, which affect the 

floor of the Rift valley, transfonned the geologica l fonnations in to many "horst " and 

"graben". The faults displace even the most recent fOnl13t ions, evidence that the tectonic 

sinking of the rift valley is still active. 

3.3 Geology of the study area 

The geology of the study area is covered with various rock types of volcanic rocks wi th 

different mode off occurrence and ages, and lacustrine and alluv ial sediments which are 

mainly identified at the relati vely flat lying terra in between wolinchiti and Nazareth 

towns, and at the flat lying plain of Metehara area. The different volcanic rock types of 

the area ate dominantly belonging to azareth and wonj i group. According to their 

relative age and composition the di fferent litho logical units are presented below starting 

from the oldest to the youngest in the stratigraphic sequences. 

Nazareth group: The group composed of a thick success ion of welded ignimbrites with 

fiamme pumice ash and rhyolite flows and domes with rare intercalations of basalt flows. 

In the rift proper the group attains a thickness of up to 200-250m and tends to thin out on 

the escarpment of the rift . The main constituents of the group are:-

1. Ignimbrite 

Ignimbrite is the common rock types existing at the southern and northwestern part of the 

area like the area dhera-sodera north and northeastern side of wal inchite. It occurs as 

several sheets of vari able thickness in which some sheets arc only 0.5 to I m thick while 

the other exceeds 20m, in some places the ignimbrites are separated by palocsolc while at 

other out crops it interbedded with thin layers of graded lacustrrine deposi ts made up of 
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cemented sand and tuff. Generally, the ignimbrites appear welded in the lowest part with 

typical glassy stri at ions or fiamme whi le the upper pans of the rock is much soner and 

more friable, commonly not we ll welded and contains high pumice content. The rocks are 

coarse grained and commonly contains small inclusion of hydrothemlal altered foreign 

rocks . The ignimbrite is fractured with co lumnar joints and its upper part is a weathered 

surface of a few meters thick of a very fine-cemented material. 

The ignimbrite is penneable but since it is mostl y composed of glassy and its upper 

weathered and hydrothermal inclusion makes it impervious. According to DLPoaia (1972) 

petrographically these rocks are made up of phenocrysts and inclusion of basaltic 

fragments in the groundmasses of very fine vit ric dust. The phenocsysts include alkali 

feldspar o f the type anorthoclase, plagioclase as small crystal is occasionall y observed in 

few sections where the basaltic inclusions are abundant. The ingred ients of the area have 

many features in common however small difTerences exist mainly with respect to texture 

due to a different way of deposition and welding after eruption. 

2. Pumice 

Pumice is another volcanic product of Nazerat group in the area. It occurs as a several 

wide spread beds without welding. This un it due to its susceptibility to weathering and 

none interconnected porosity nature, it can constitute an imperviolls layer. This units is 

occurred in many places either on top of ignimbrite or as inter bedded layer and it is 

identify in many places between walinchiti and mctchara as well as between Bofa and 

Nura- era. 

3. Tuffs 

This is a vo lcano sedimentary product, which found in many places composed of thin 

layers of volcanic sands of fine ash interbedded with silt or clay. This unit is identified 

interbedded with ignimbrite. Both pumice and tu rT units of azareth group are identifi ed 

in the areas around Sodere, Doni and Tibila occurring at the plat laying terrain along the 

Awash valley (basin) . 
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4. Older Rh yolites and Domes 

There are several occurrences of silicic lavas on the floor of the area, mostly forming 

rhyolit ic domes. According to Chri stiansen cta1. 1975, petrographically these rocks are 

soda alkali rh yolites. This unit is found at Bofa ridge, around Sodera area, around both 

eastem side of Walinchite. This un it consists of light covered rhyoli tic lava associated 

with intercalation of obsid ian flows. The uni t shows porphyritic tex ture with alkali 

feldspar phenocryst. 

The rhyolitic domes are commonly fed by big dykes which because of the fracturing can 

represent an easy descend ing way for surface water and for thus reason, those areas in 

which acidic lave domes are abundant are said to be relatively more pemleable. 

5. Bofa Basalt 

The name Bofa Basalts was coined by the E.I.G.S (Kazmin etaJ. 1980) to all the Pliocene 

rift floor basalts. The Bofa basalts are well developed in the northern and ceniral part of 

the main Eth iopia rift forming a wedge between Nazareth group and Dino formation. 

Bofa basalts are flood Basalts mostly aphyric; locall y vesicular and fresh with several 

flows separated by scori acious horizons. The Quaternary pyroclastic volcanic products 

and continental sediments conceal this unit. This unit is ident ified al the area of Bofa 

vi llage, south of Abadir farm and west of Beseka Lake al a considerably large di stance. 

Bofa basalts show well deve loped co lumnar joints with the openi ng size vary between 2 

and 3 cm and joint spacing of about I m, the rock is vert icall y faulted and jointed. 

6. \Vonji group 

The group composed of Dino igni mbril , pantelleri tic volcanic centers and sub recent and 

recent fissure basalts. This uni t includes all ri ft volcanics fornled after the last major 

episode of rift fault ing which follow accumulation of the Bofa basalts. 

a. Dino Ignimbrites 

The Ignimbrite consists of a number of flows compact fial1lme ignimbri les in placc 

intercalated with basalts and unwelded pyroclast ics. This unit covers a large arca betwcCiI 

Tib ila and metehara faml area and it is frequently inter bedded with paleosoi l and 
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overlies the strongly faulted Bofa basalt. This unit is nOI affected by faulting. They are 

jointed rocks. 

b. Pleistocene-sub recent and recent fissure basa lts 

They are mainly concentrated along the wonj i fault belt, and in the study area. they cover 

a considerable large area laying between walinchiti and melehara that extends to Awash 

River valley in the south. The basalts differ in degree of preservation of origina l now 

surfaces the youngest flows of the hi storical period are fresh "aa" lava basalts. The 

basalts occur as a series of several sub-horizontal lava nows rarely exceeds 20m over 

larger area (surfaces). The thickness of every flow rarely exceeds zone and between the 

layers, levels of scoriaceous layer (lava) of some cm thick are always present, which is 

the first distinction between them and the trap series basalt . The basa lt is always very 

fresh and their surfaces area abundantly scoriaceous. The young basalts generally show a 

consistent in their mineralogical composition. The differences observed are mainly 

textural, which can be aphanic or ophitic. The rocks are always completely crystalline. 

The permeability of the basalts is usually high due to numerous crakes and co lumnar 

joints. 

The Pleistocene to sub recent porphyries basa lts with columnar joints are covering a 

considerable large surface of the eastern side of Awash Ri ver and the area south of 

Abadir fann. Whereas the recent aphyric basalts are occurring in the western side of 

Awash River locally appearing in extensive sub recent porphyri tic basalts . 

The recent aphyric basalts are products of fi ssure eruption and they are highly vesicular 

with inter connected open spaces that acts as condu it for the movement of subsurface 

water. 

Basaltic hyaloc1astites (Qwh) are volcanic eruptions deposi ted under water. They are 

medium grained and loosely connected basaltic rocks having small aerial coverage. 

Pleistocene to sub recent basalts (Qwbl) are vertically and horizontall y jointed. 

32 



c. T rachytes 

The trachytes occur locally but are not widespread in the area. Petrographically they are 

alkali trachytes, characterized by numerous large alkali feldspar crystals of the type 

anorthoclase fayelite often as big phonocrysts clino-pyroxen, clino-amphibo l the rocks 

arc strongly fractured and they belong to fantale volcanic of trachytic nows and domes. 

d. Young Ignimbrites 

They are mainly covering the northern, northeastern part of Metehara that represent one 

of the youngest volcanic rocks in the area . The rock of thi s unit is dark grey with highly 

scoriaceous textures. The exposure of this unit is associated to Wonji fau lt belts, 

belonging to the youngest Fantale volcani c. The rock is grayish green, fresh, columnarly 

jointed with bli sters and crevasses, in the area west and south of fantale but as one goes 

east of Fantale, the rock is high ly weathered and the joints are fil led with clay materials. 

e. Obsidians 

They fonn thick VISCOUS lava flow associated with pumIce. Some times they arc 

completely non-porphyritic, but generally the prophyritic ones arc more abundant. These 

rock are always strongly fractured, therefore their penneab il ity is very high. The 

exposure of these rocks are identified locall y at northern side of Beseka Lake (at fa r 

distance) 

r. Young bedded explosive tuffs 

These are fi nely to coarsely laminated pyroclastic materials wi th pumiceous and tuff 

beds. This is a volcano-sedimentary product and found in many places consisting of thin 

layers of volcanic sands or fine ashes interbedded with silt of clay. Another volcano 

sedimentary products is represented by reccnt all uvium which is generally homogeneous 

and made up of fine sands and clay. Some times it is very thick and covcrs large areas. 

g. Unconsolidated sediments 

The unconsolidated sediments consist of all uvium and lacustrine sands and clays. 

33 



• 

h. Alluv ium 

It covers Abadir and Metehara and along the Awash River, Melchara and Abadir sugar 

plantation areas are covered by alluvium with a thic kness of up to 43 meters. The 

alluvium grades from sandy clay 10 sand and gravel beds down wards. The alluvial 

sediments are Holocene in age and their thickness reach about 40m in Metehara and 

Abadir area. 

i. Lacustrine sediments 

The Lacustrine sediments occupy the area between Nazareth and Wolinchiti , and between 

Wonji and Awash Melkasa. These Lacustrine sediments are consisting ofeJay, si lt, luffs 

travenine, diatomite with intercalation of pumice arc widely di stributed. They arc 

Pleistocene to Holocene in age and they are deposi ted from extensive lakes during the 

Pleistocene pluvial. In Nazareth, walinchiti and wonji . the thickness of the lacustrine 

sediments varies between 30 and 40m. 
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CHAPTER FOUR:-HYDROGEOLOGY 

4.1 Hydrogeological characleristic of lilhologica l units 

Ground water is a water in permeable geo logical formations known as aquifers, which 

may be subdivided into porous, fractured and karastic aquifers, in which porous aquifers 

are made up of sands and Gravels size particles where the groundwater now takes place 

in pores between the grains with a now velocities range from fractions of I mId to a few 

mJd. in fractured rocks. The groundwater movement is restricted to fractures, fissures and 

cracks by mechanical stresses in any hard rock and the groundwater now ve locities range 

from less than I m/day to tens or hundreds of mlday but the velocity is generally 

decreasing with depth . Therefore, ground water storage of the geo logical fonnalion 

depends on pore spaces occurring in the rocks. Topographic fea tures, precipitation, runoff 

di stribution and irrigation, hydrau lic properties of lithologic uni ts and boundaries of 

aquifers are among the other fac tors that control the amount of groundwater in the 

reservoirs. 

The description of the different lithologic types have been presented in chapter 3 and the 

aquifer classes to these units are made by lak ing into account the Transmissibility and 

penneabi lity. values estimated using Meyers chart (table) or pumping tests resu lt on the 

some of the wells and fie ld observations related to primary features like grain size 

di stribution and cementing materials for unconsolidated sediments and secondary 

fractures li ke faults and joints for volcanic rocks of the study area. 

35 



~
 

'J 
.. , u: 

'" M 0 • ~ 
N

 

~ ~ 
~
 '" 

~
 " 

:3 
w

 
$;:; 

;; 

~ 0
"
 " 

...Jw
 
~
 

~
;
;
 
~
 

:::::::: 
W

w
 9 

>
~
 

0 ~ ,,~l 

r ::; 
~
 

!i: 
'" 

>
 

r 
" 

w
t: 

• 
~
 

~
~
 

~
 

~
 

" 
::::<; 

• 
Z

 
I:.,ll.l.i 

~
 

z 
~
--

-
~
 

~
 

5!ffi 
u 

" w 
..:.

:.. 
r 

~
 

I r ill A
 

'" '" 

Q
 

~
 

" 
~
 

0 
>

 
~
 

0 
~
 

Q
 

" 
0 

~ 
" 

0 
v 

" 
Q

 
, 

~
 

" 
0 

~
 

" 
" 

0 
-

'" 
o
~
 

" 
'" 

-
" 

" 
~
 

0
<

 
~
 

"
-

~
 

-
-
c
 

~
 

,
,
~
 -

~
 

-
-

--
o

z
 

" 
"-

v 
~ 

-
0 

~
 

" 
" 

,,-
en 

=
v 

<
 " 

~
 

"'c 

A
 I 

-' 

(c6h
 

8 

<q-.J....I--'-~
=

-
t

,' 00 
b 



According to the penneability and Transmissibility (table 4.1) the lithology of the study 

area can be categoriZed in to 

4. 1.1 Very low penneability rocks 

4.1 .2 Low penneability rocks 

4. 1.3 Moderately penneability rocks 

4.1.4 High penneability rocks. 

4. 1. 1 Volcanic rocks with very low permeability values 

These rocks include acidic flows and domes, rhyo litic domcs and flows of Wonji group . 

Older rhyo litic domes and flows of Nazareth group those covers the areas like Beru and 

Teru mountains, Sodere domes, etc., and trachytes of Boset and Hada mountains, 

pantelleritic volcanic of Fantale Rhyo lites, Trachytes and tufTs, trachytes flows and 

domes and obsidian flows and domes of Fantale area. 

4.1 .2 Volcanic rocks with low permeability ,'alues 

Those rocks like ignimnbrites, unwelded tuffs, ash flows rhyolites and trachytes of 

Nazareth groups shows variable penneability in different areas depending on the intensity 

of j ointing and faulting as well as on their particle size di stribution of the tufT and ash 

flows beds. Therefore, except where they are jointed and faulted , the majori ty of the rock 

of this group can be classified as a rock with low permeabi lity values as ean be confinned 

from the specific yield of some bore ho les (wells) in thi s fonnation. 

Secondly, the unwelded rhyolitic pumice and unwelded tu ffs of Wonji group consist ing 

of rhyolitic pumice and unwelded tuffs interbedded with clay bed which can reduced 

their penneabi lity are considered to have low permcabil ity values. 

4.1 .3 T he volcanic rocks with moderate permeability 

A well dri lled at Merti-jeju (BHI16) in the young explosion tuffs, and Dino ignimbrites 

gives 4 liters per seconds of water with a draw down of 9m and hence they exhibit a 

moderate penneabi lity value. 
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4.1.4 The volcanic rocks with high permeability 

Recent aphyric Basalts of wonj i group, which is the products of fi ssure eruption, are 

highl y vesicular with interconnected open spaces, can store and transmit appreciable 

quantity of groundwater, so that they are considered to have high penneability. 

Young ignimbrites of Fantale volcanic, which is fresh and jointed as seen in the west and 

south of Fantale, where the pumping test were done in some wells such as BI11 0 at , 

Metehara town, shows a yield of 12 liter Isecond with a maximum draw down of about 

1.38m fo r 72 hours of pumping. Basaltic hyaiociastes, which is medium grained and 

loosely cemented rock of volcanic eruptions deposited under water, are supposed to have 

high water storing and transmitting property. They are considered to exhibit high 

permeability value. Due to their very small area ex posures, they are not mapped on the 

map. 

4.1.5 Pleistocene to sub recent basalis 

The pumping tests in some of the bore wells in these unit in the study area show a yield 

that varies between 1.4 Usee and 5 IIsee with no draw down to a draw down of O.70m in 

the we ll s at thc locality of Abura. 

Bofa basalts with well developed jointing having an opening size of 2 to 3 em and 

jointing spacing of about 1 m. The depth to groundwater in tb is unit is more than 100 

meters at Bofa area, as a result of vertical joints extcndi ng to a deep depth in which most 

o f precipitation infi ltrates without meeting an impenneable bed in between. In genera l, 

taking into account the open nature of the joints, the Bofa basalt is supposed to have high 

permeability. 

Regarding the permeabi lity of unconsol idated sediments of alluvial and lacustrine origin, 

it is independently treated as follow. Alluvial sediments cover Metehara and Abadir sugar 

plantation areas with a thickness of about 43 meters. The alluvium grades from sandy 

I d d I b d gress,·ve ly down ward. The boreholes in thi s area have a 
c ay to san an grave e s pro 

0 " 0 I 0 0 th ge of 0 9 to 6 5 IIsec 1m. the sand and gravel beds have speclilc capacity ymg m e ran . . 

h
o h Od OttO g capacity Hence the all uvial deposi t is grouped as a Ig water stormg an transml III . 

h
o 0 B t the places where thickness of alluvium is not thick, 
Igh penneable formation. ut a 
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I 
groundwater of modest quantity can be obtained from hand-dug "ells In thiS case the 

" alluv ium is considered to have moderate pcnncability. The Lacustnne se<ilmcots occupy 

between Nazareth and Wolenchili , and Wonji and Awash Melkasa area. They show 

different penneability in different localit ies. The spec ific capacity of this umts vanes 

from 0.65 I/see I m to 24.6 II sec I m, depending on the variation of particle size 

distribution orthe beds in the stratigraphic sequence from place to places. Hence it can be 

said that the unit exhibits the pemleability values in the range of moderate 10 high and 

even it may have a low pemlcabi lity value where ils beds arc composed of clay size 

particles as in the case of the bore hole a l cast of Oher<! town where the groundwater 15 

not encountered up to a depth of 200 m. 

Tab le 4.1 Boreholes with high 10 very low permeabi lily 

Locally BHNO Depth of Water Speclrw: Speclrw: &lllr'llllal &llmalQtT Eiumllal .... , .. 
saturation labl~ capacIty (11~1ty Tm mda) fl T. 

penetrate (m) V><Im p llm m/ft pVda) 1\ mdo, 

X4 8) 

r;:t~1Ia111 " 30.9 wr 1 9,65 Ihch Ihch II,,,, AIIu",um 

I" 14 32.05 » ) .1 '''0 1.000 " 161 » 

Iii 1 90 ' .000 ,,,. . ,. VQ ... ular bNIllt I" '" 21 .40 » O' 
25.10 » 1.1 SJl 7JOO 195 777 

, 117 

]» 118 20.90 » 0.' 4.35 '.000 ". 7 <6 AllUVIum 

" "' 60.00 » ' .0 19.32 35,000 91 0 U11 » 

>. 140 19.34 » .. , 7.73 10,000 160 
II "" 

» 
» 141 0.20 » 11 ' .80 '.)00 111 24 02 » 
» 143 29.0 .> 1.37 6.62 '.)00 1'7 '" » 

JL39 lO.OOO IJOO lO" » ., 
144 21.9 » ,., ..... 

""1$/\ M~lhs; 1)4 15.5 » 1.43 6.91 12.000 JIl lOll p"",,,-

1Ub_lbuIJ 

""""" , 
3.' Pieslic " "96 IIlah IhJh IIIJh Omo IpI,mI!n .. 

., 
10 l8 » 8.7 4202 100.000 1600 "" "96 lI 'ah IIIJh IIIJh DmoIp,ml!n1lC • " 18 » " 
" 30.8 » 1 Ihah » » » h_,.nedt.l 

» 
14 32.05 » 3.1 1491 75.000 910 It,, 

, ,- ... 
,Pllrt'lbnlc 

1.lOO ]9 OJi » 
18 J27.4 WT 0.22 106 

OJi ......... 0.22 LOS 1.lOO ]9 » 
JO , » 

'.300 169 12 JJ » , 
31 13.7 » 0.83 "" 111 » 1 ., w "00 IO' 3 9 .J4 » .. 0 

009 '-""",,, 014 1lO " 
. , 

68.60 » 0.03 
» • 

1 fN areth area by Getahun Kebede 1987. 

" " 
Source: Adapted from hydrogeology a az. , , 
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4.2 Ground water movement 

Ground water in the area is topographically and fau lt control led that is groullwatcr moves 

to ward Awash River. Most of faults act as conduits 

For ground water movement while some act as barrier, the later case happened when 

ever the fault fractures are sealed by secondary materials such as clay produced as a 

result of high degree of chemical weathering and precipitation of hydrOlhennal minerals 

like calci te, s ilica Opal, etc. 

4.3 Ground water recharge 

Part of the high rainfall on the west and eastern high lands arc considered to contributes 

varying recharge to the groundwater depending on the soi l, rock, topographic and 

structural conditions in the area, while a considerable proportion of the rain is supposed 

to go as quick runoff to the lowlands. On its way down the escarpment, some of the 

portion of quick runoff is considered to recharge the groundwater where the nows cross 

fault zones. In the lowlands direct recharge to the groundwater is expected to occur from 

direct precipitation, though much of rain fall is supposed to lose as evapotranspiration. 

4.4 Exploitable water resources 

The groundwater in the aquifers covered with recent aphyric basalts, young ignimbrite, 

basalts Bofa basalts Alluvium and most lacustrine sediments are considered to be • • 
exploitable in terms of quantity, however, the ground water south and west of Fantale 

mountain at Metehara area are generally characterized by high concentration of sodium 

and fluorides as well as high value of TDS and EC seems to make it unex p!o itable for 

both agricultural and domestic uses because of poor qual ity of water. 

In genera l, most of the groundwater of the region, where the aquifcrs are covered by 

a ·d · I . k d h cks associated with fumaroles and hot thennal springs 
CI Ie vo camc roc s an 01 er ro 

d h h
·gh t t·.on of Na + ions and nuorides, which makes their 

are suppose to ave .1 concen ra 
. I I d domestic uses unattracti ve with respect to 

exploitab il ity for normal agncu tura an 

quality. 
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Where as the groundwater derived from those pcnne.ble bit· r: . . h' I asa Ie lonnal ions wit ,au ts 

and joints are considered to be exploitable both in lerms r I· d . . o qua Ity an quantity provided 

that they are nol associated with geothermal springs and fum aroles which are supposed to 

cause an increase in the fluorides contents to the extent that can make the water 

unpatable. According to Halcrow, 1989, in the up lands area the occurrence of shallow 

groundwater in the area is attributed to Oat topograph ical gradient and water 

accumulation on the low penneabi lity ignimbrites of Magdala group and any major 

groundwater development in such shallow ground water areas would not be possible 

unless significant alluvium is present, which does not appear to be the casc. 

Deep groundwater occurrence is expected, their use fo r potable purpose considered being 

limited due to their higher concentration of TDS, EC and fluoride as a result of the effect 

of rock and water interaction. The shallowest depths to groundwater near Addis ketema 

(lO~25 m) below the ground surface where irrigation water expected to affect the heads 

(Hal crow. 1989). 

As with the uplands, the ground water in the Awash valley bottom is very limited. In 

general, the main problem of the ground water in the region is dominantly related to 

fluoride concentration that mostly ex ists beyond the standard settled for drinking. The 

main cause of high content of fluoride in the groundwater of the area is supposed to be 

associated to the presence of wide spread of rock like rhyolite, Obsidian etc., and the 

frequent presence of Fumaroles and geothennai springs in the volcanic rock of the region. 

Beside the presence of Fluorides, the TOS and EC of the majority o f the deep 

groundwater in the region seems beyond the allowable limits recommended for drinking 

eater with reference to TDS and EC valves. There fo re, the exploitation o f the deep 

ground water for the potable water is generally unauractive owing to its poor quali ty. In 

most o f the ground water of the area, the dominant cation component of the ground water 

is observed to be sodium ions. 
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CHAPTER FIVE: GEOCHEMISTRY 

5.1 Ceneral 

The physical property of natural water includes pH, Eh, Ee, hardness temperature, etc. 

Whereas chemical properties of water consist of dissolved ions mainly compri sing of 

major ions, minor ions and trace elements, organic substances, dissolved gases, etc. The 

major sources of dissolved ions are soil s and rocks with mi nor amounts come frolll 

atmosphere. While the major source of many di ssolved gases is either from atlllosphere, 

soil zone, deep sedimentary basin (petroleum fields) or magmatic fields. Water (H20) has 

a dipole characteri stic, which makes it to be universal solvent. Being the water is 

universal so lvent it can react with many chemical compounds and physical environments 

so that it is difficult to get pure water in H20 foml. 

5.1.1 Hardness 

Hardness might be considered as the soap consuming property of water. Where the 

minerals that are removed by soap remains as an in soluble scum. Most o f the effects 

observed with soap results from the presence of calcium and magnesium, thus hardness is 

generally de fined in terms of these constituents alone. Other ions, which might precipitate 

soap, inc lude H+ and polyvalent metals, but they are in significant. 

Hardness is usually expressed in tenns of caco) and it may di vide into two types: 

carbonate and non-carbonate hardness. Carbonate with H C03' and sma ll amount of col' 
present and it called temporary hardness as it can be removed by boiling. Which 

precipitates Ca and Mg carbonates and sulfate minerals. on-carbonate is the difference 

between total hardness and carbonate hardness and it represents those amounts of Ca and 

Mg that combine normally with sulphate, cr and NO
l
. ions. Durfcre and Becker ( 1964) 

de fine range o f hardness concentration in mg/I and proposed the following classi fication. 
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Table 5. 1. Classification of water on the basis of Hardnes ' , 
Hardness, CaCO) Description 

0-60 Soft 

61-1 20 Moderately hard 

121 -180 Hard 

>180 Very hard 

Source: - p nnCI p les ofh dro eolo y g gy by Tenalem and Tamml, Jun.200 1. 

Analytical hardness (H) is given by the formu la: 

H= 2.5 ca + 4.1 rug where ca and mg are given in mg/1. 

5.1.2 Hydrogen activity (pH) 

The effec tive concentration of W ions can be most confidently expressed in logarithm 

units and abbreviation 'pH' representing the negative base 10 log orthe hydrogen acti vity 

in moles per liter, or pH =- log W 

Water is said to be either acidic or alkaline (basic) depending on the effective 

concentration of H+ ions. Hydrogen ions in water cause it act as an acid. The capability of 

water to neutralize acid or reduces the number of H+ ion in the so lution is call ed 

alkalinity. The acidity and alkalinity charactcristics of watcr are basic to the 

understanding of the water chemistry. The pH of the water can be dctemlincd in situ wito 

a pH meter. At 2SoC pH < 7 indicate an acid solution whereas a pH >7 indicatcs alkalinc 

solution whi le PH of7 is said to be neutral. 

The alkal inity of natural waters depends on the total concentration of col" HC01' 

alkaline and alkaline earth hydrates in the water where as acidity depends on the 

Occurrence IS several acidic compounds which may be di ssolved and more less 

dissociated In water as HC03. H2S04. HNO), Hel etc., alkal inity measurements arc 

commonly perfonned by means of titration of the water indicators. 
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5.1 .3 Electrical conductance (Ee) 

It is the ab il ity of substance to conduct electric currcnt. Spec ific electri c conductance is 

the conducti vity of a body of un it length and a uni t cross.section at a specified 

temperature. It is the reciprocal of the resistance in ohms measured between opposi le 

faces of a centimeter cube of aqueous solutions at a spec ified temperature according to 

this defi nit ion the unit of reporting conductivity shall be ~t slcm at some temperature in 

cC. As ion concentration increase conductance of the solution increased and as a resu lt it 

provides the indication of ion concentration. Specific electri cal conductance increases as 

the temperature increases. 

There is a strong correlation between total di ssolved and EC and the concentration of 

dissolved salts can be estimated on the basis of EC measurements using the following 

formula. S=AK where K is conductance in ).1n, S is total di sso lved solids in mgfl and A is 

conversion factor for the analysis of natural water, A ranges from 0.54 to 0.96. For Illost 

ground water A is varying between 0.55 and 0.75, wh ich gives reasonable estimates of 

the dissolved solids. Where A for estimating TDS of saline water us usually higher than 

0.75 and for acid water it may be much lower. 

5.1 .4 Total Dissolved solids (TDS) 

Total dissolved solids include all solid materials in solution, whether they arc ionized or 

not. As it is related to the sum of the concentration of all concentrations, it is directly 

related to EC. TDS of natural water range from less than IOmgfl to more than 

300,OOOmgll for some brine. Thus the tolal concentration of disso lved sol ids can be used 

for si mple classification of water. 

Table 5 2 Classification of water on the basis ofTDS . . 
Water type TDS (in ppm) 

Fresh 0-1000 

Brackish water 1000·10,000 

Salty water 10,000·1 00,000 

Brines >100,000 

Source: • pnnclpies of hydrogeoJogy by Ten 
alem and Tamim, JUIl .200 1. 
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5. t .S Major ion constituent 

More than 90% of the dissolved solids in ground Water can be anributed to eight ions: 

, C " K' M " SO ,- CI- HCOl - d C , _. Na , a. g, 4., an 0 ) Ions. These ions are usually present 31 

concentration greater than Imgl1. other naturally occurring ions are Fe lotal , NO}', F, 

strontium (Sr.) and boron (B) are occurring in the amount ranging between 0.1 mgl1 to 

IDrug/1. iron (Fe) and NitTate (NO)") are typically included in the water chemistry, while 

F , Sr. , and B are less commonly reponed. 

Normally the total ionic concentration of cations is equal to the total concentration of 

ions. This character is termed as electrical neutrality, which used as checking mechanism 

on the accuracy of chemical analysis. 

In addition to the above stated ions, Alkali metals, (excluding Nand K) alkaline eanh 

metals (exc luding Ca and Mg) and transitional meta ls ate existing in minor and trace 

amount in natural water: 
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5.2 Hydrogeochemistry of Awash Ri . 
ver In the study area and its spati al and 

temporal variations. 

The chemistry o f surface water is not uniform through I I' d .. , ou Imc an space, as It IS very 

susceptible to natural phenomena (like nooding Evaporal'o I h d ' 1 
' I n, e C., uman an aOima 

interactions. The human interaction with the surface water can be manifested through the 

practices of industrial and Agricultural activiti es and act of waSle di sposals, while the 

an ima l interaction with surface water is mainly occurred through thei r waste (such as 

manure) disposal in to surface water. Where as natura l phenomena is mainly related to 

nooding (which may result in dilution of ionic concentration at its high value) and 

Evaporation which may result to an increase in ionic concentration of the water at its 

higher value. as well as through the interaction of other source of water with differing 

physico-chemical characteristics as compared with major surface water in the basin 

(Awash). 

Therefore, as a consequence of agricultural and industrial activit ies and presence of other 

water source that may discharge in the ri ver (in the study area) the quality o f river Awash 

water is supposed to be affected through out its course. As a result of this reason, analysis 

of its spatia l and temporal variation seems to be complex. Further more, the limi ted data 

on the quality of water through both space and time, limits the detail analys is on its 

spatial and temporal variabilities. However, from the assessment of the availab le previous 

work's chemical analysis of water samples from differcnt siles as we ll as the result of the 

water samples collected during field visil, it can be said that, according to the data of the 

previous work the PH of the river Awash waler is ranging from 7.4 to 8 at Nura Era and 

Metehara respectively, indicating that Ihe Awash ri ver through out the study area lies in 

the narrow range of alkal inity. However, it should be noted that at few locali ties where 

water may subject to some other sources that can suppl y C02 to the river the possibility 

of fall ing in pH value within the acid range is expected. Whereas the pH of Awash River 

as per the measurements made duri ng the field works in the months of September and 

OClober 2003, and in the month of Apri l 2004,il li es in Ihe ranges of 7.21 107.35 and 7. 3 

to 8.85. The range with lower values corresponds to the mcasuremen t perfonned during 

. fA 1 R'ver is SUPI>Dsed to be higher and at 
the fi rst fie ld visit where the di scharge 0 was 1 I 
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the same time the supply of CO2- through rain is also considered to be high . While the 

range with higher values belongs to the measurements made during the second visit. The 

pH of the River water as per the measurements at each period of the field works are also 

lie in the narrow alkalinity ranges. But with difference in pH values at each period of the 

fi eld visit. 

In general the assessment of the pH data of the measurement of the previous works and 

the current work, indicate that the pH of Awash River seems to nuctuate wi th time, in 

which the higher values are being identified in the dry seasons. While the lower pH value 

corresponds to the measurement in the wet season. 

Regarding TDS and EC (which are apparent ly exhibiting di rect relationship between 

them) generally show an increasing trend along the course of the river wi th the exception 

to Sodere area where the Awash River shows relatively higher values of TDS and EC. 

The relative high TDS and EC of Awash River at Sodere is due to hot spring with a hi gh 

value of TDS lying in the ranges on425 1028 12 mgtl which is discharging into the ri ver 

and causing an increase in the TDS and EC of the river. 
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TOS -,.. 
Co2' 
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K' 
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5042· ,. 
'''''' .. """ 
Sio2 

NO~ 

Awash a t Awash al Awash at Awashal Awash al Awash al Awash al Awash a t ..... . .... "'" 
Sodere Sodere Sodere No .. No .. ... .. """" ........ AT Merehara al Mellha 

1982 1982 2003 1983 2003 2003 1983 '''' ''''' "" 1125 248.7 230 204 270 210 30, 310 33. 33' 
890 224 142 164 11 9.3 102.7 256 230 24. 31 2 
7.6 7.' 7.42 7.7 7.29 7.26 7.' • 1.81 . 53 
20 34 Vl/lgoo 24 36 35 29.6 32 22.4 ". 
6.7 4 4.S 2.' 63 6.1 3.7 14 3.89 4 37 
282 27 35.35 32.6 25 36 31 41 47 35.5 
16 6 2 od 2.3 6 S.3 '" 7.' ' .3 

61 0 171.1 118.5 146 127 132 148.8 173 170.8 165.9 
71 23 41 14.2 25 46 20 15 15 14 

11 0 0 23 od 30 26 6 '" 7 • 
6 1 1.54 '" 1.2 1.7 0.67 1., 1.7 166 

0.2 '" 2.7 0.21 '" 0.03 0.06 

'" od 100 '" 116 '" '" 72 90 

71.2 19 '" 113 '" '" '" '" 
'" '" 0.07 4.3 0.1 0.' '" '" 2.2 0.88 

Source:MOWR,(1981-1984)and (1997-1998) and current work,2002-2003, all concentrations are in mgA. 

According to the assessment and interpretation of the previous chemical data and 

physico-chemical data of the present work (table 5.8), it can be concluded that the TDS 

of the river water with in the study area varies between 102.1 and 277mgfl in which the 

lower and the higher values of TOS are measured during the fi rst and the second field 

visit respectively, which is also corresponds to wet and dry season respectively. Where as 

EC values vary between 204 to 3101lslCm. The larger values of bOlh TDS and EC are 

assumed to be obtained from the water samples collected during dry season. 

Concerning the major cation constituents, the river waler is composed of Cal", Mg2t , a" 

and Kt in which calcium and sodium ions are the dominant cations with their relative 

concentration are occurring in the range in the 20 to 88.6 mgtl and 27 to 2 2 mgll 

respectively. With local exception like Sodere area where Na of- value due to the same 

reason attributed as for the cause of high TOS and EC values, both Cal. and a" ions 

exhibit a tendency of slight increase along the course of the ri ver, however, it should be 

noted that Na of- has a maximum value at Sodere due to the same reason mentioned above 

as the cause for high TOS and EC values. Where as Mg2-+ and K" ions are ident ified in 
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their relati vely lower proportion occurring in the ranges of 12.9 to 14 mgll and 5.3 10 6.3 

mg/I respecti vely. Both Mg2+ and K+ show a tendency of an increase along the course of 

the river. 

He Ol · constitutes the dominate proportion of anions occurring between 131. and 610 

mg/I and it seems to show a sign of a declining tendency along with the course of flow 

except at some localities where the supply of CO2 may suppose to take place due to some 

source that can be related 10 both natural and human factors . In general, a ~ and 

bicarbonate ions seem to increase during dry season. The next dominant anion constituent 

is chloride ion that varies from 14.2 to 71 mgll in concentration, exhibiting more or less a 

similar trend as Na + ion. On the other hand, fluoride ion is also ex isting in the amount 

fonn 0 .6 to 1.5 mg/I with more or les depicting an increasing trend along the course of 

the river. 

Fe total ions was also detected in the ri ver Awash water in the amOUn! ranging from 0.2 

to 18.2 mg/I with the maximum values being identified at lura and Era areas, where big 

fann agricu ltural activities are practiced and hence it may indicates a sign o f pollution 

owing to the impact of agricultural activi ties in the area. 

5.2.1 Wate r quality of Awash River drainage 

From the assessment of chemical analysis data of the water sampling collected from 

Ri ver Awash water drainage at some localities within the study area by Min istry of 

resource, 1989 and current work (table 5.3 and 5.4) the water from irrigation canal shows 

I 0 01 all phys10co chemical characteristics as Awash River, except more or ess a Simi ar an over • 

l°gh 0 0 N + K+ HCO and F ions in the water of the irrigation canal. This a S i t Increment In a" 3- , 

is supposed to be probably due to evaporation effect. 
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flble 5.4 Physlc;ochemic; al data of Awash River, drainage and tributaries rivers 
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PH 
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Sodere Marti factor drainaoe "'" ,.;;;;;- ... --;;;;;;;;- ,-
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E .. ' ... -21/912003 211912003 21I9l2003 211012003 2110i2003 21""003 21"'2003 ",.0/2003 ." 119.3 120.3 107.5 102.7 102.1 1142 
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Sourc;e. Dunng wo~ fi eld measurement 

5.3. Gro und water chemistry 

5.3.1 T he chemistry of groundwater from bore hole IMetebara area 

As can be confirmed from the assessment of the lab and in situ test results of the ground 

water samples collected from various locations of the area, (sec tableS.Sa to5.5d) by 

Ministry of Water Resource. The walers of the area are characterized by relati vely higher 

total disso lved solid (TDS), lying in the range of 717 mgll to 3376 mgl!. where as 'he 

electrical conductivity (EC) lies in the range of 1065 to SSOO~ls/cm . The electrica l 

conductivity of a given water is the measure of the di ssolved andlor suspended charged 

ions (particles), Which mainly related to the constituent of soluble salt in the water, 

consequently it shows similar trend as TDS, in such away that, the higher EC value 

corresponds to high concentration of TDS, exhibiting the presence of direct relationship 

between them. The major cation constituents of the groundwater of the area is 

represented by sodium ions, which lies in the range between 205 and 1460 mgll. The 

higher sodium ion concentration corresponds to water with high TDS concentration. 

Water with high TDS seems to belong to the water samples collected from those bore 

holes located relatively far from Awash Ri ver and the boreholes where the possibility of 

the interaction between Lake water and groundwater is anticipated. 

P . h s-ond constituent of the major cations of the otasslUm ion represents as t e ........ 

groundwater of the area with its max imum concentration being identified in w3lcr 

coll ected from borehole at mosque in Metehara town. It occurs in the ranges from .6 to 

162 gil 
. . . . f th ,Iers in spatia l di stribution over the area exhibit the 

m with, the maJontIes 0 e w • 

concentration lying above 15mWl. 
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Both Ca
2
+ cations are identified in their lower amount, occurring in the ranges from O. to 

76.8mgll and 0.00 to 44.75mgll respectively. The two cations reveal similar trends In 
• 

such away that, wherever, Ca
2
+ ions OCcur at higher concentration the corresponding 

Mg2+ ions are also occurred at their relatively higher proportions. Mn2" and Fe total are 

also occurring in many groundwater of the area in minor proportions lying in the ranges 

from nil to 1.8 and nil to 0.84mglJ respect ively. 

Regarding the major anions, the groundwater of the area composed of HCOl " , 0 42- and 

CI" ions, occurring in descending order in their relative concentration. In general , HCOl " 

represents the major constituent of an ion ex isting in the range from 422.1 to 189 1 mg/I 

through out the spatial distribution of the waters. The second larger proportion of anion is 

Chloride ion that lies in the range from 12.7 to 525mgll. 

Fluoride (F-). carbonate (CO/ ). Nitrate (NO,-). and phosphate (pO,' ") ions are al so other 

an ion constituents of the ground waters of the area, in which F- and COl 2" ions are 

identified to be in the ranges of 2.2 to 29.75 mgll and nil to 220.8 mgll respectively. 

while 0 3" and P043- ions are lying in the ranges from Zero to 39.6 and 0.03 to 4.9mgll 

respectively. These ions are more or less occurring in all groundwater within the 

specified corresponding ranges with the exception of occasional missing of NO}" and 

C032- ions in few waters in the Arial distributions. 

The pH of the waters varies between 7. 1 and 9.1 and accordingly all waters lie in the 

alkaline ranges but at a relati vely wide range than the river water. The temperature of the 

waters vary between 22.3 and 40.8°C and as the resu lt they belong to a groundwater with 

temperature close to local average surface temperatures and consequently they are 

expected to belong to shaJlow active unconfined aquifers. Where as the hardness of the 

t b 4 d 300 mgll of CaCoJ and hence the groundwater of area \Va ers vary etween an 
. 'th soft (0·60) to very hard (> I 0 mgll of Ca Metehara can be claSSify as water types WI 

C03 per litter of water). 

I phys 'ICO- chemical propcrties of waters, described 
On the basis of the above genera 

be class ified as the mcmber of sod IUm 
above, and the groundwater of the area call 
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carbonate water family. belonging to thc aquifers of the same lithologies.On the basis of 

their general physico-chemical propenics, the following conclusion can be made about 

the groundwater of Metehara area. 

Table 5.5a Hydrogeochemistry of groundwater from some 

boreholes in the study area 

BH BHa! Bha! SHat BH at 
Police Merti Mo" Mo" Me>M.ehara 

location Station near Kera No.IS ortho.Cllur 
date 27111197 27111/97 27/11 /97 27111 197 27111 /97 

EC 2070 1898 '384 ' 065 2370 
TOS 1245 1159 908 717 1529 
,H 7.13 7.28 7.54 7.33 8.57 

No' 33' 320 205 205 550 
K' 21.6 18.8 19.4 , 26.4 

Ca2 • 76.8 74.4 68 44.8 1.6 

..,2' 34.5 27.7 30.' 44.75 0.97 
FeTotal 0 0 0 0 0.02 

,,"2' 0 0.' 0.6 1.4 0.2 ,- 4.5 24 2.2 2_6 5.7 

C'- 255 215 '04 24 15' 
N03- 11.44 15.84 18.9 39.6 0." 

Co32- 0 0 0 0 72 

He03- 627 629.5 573.4 641.7 '54 
5042- ' 90 '60 140 ' 80 ' 30 
po43- 0.82 0.76 0.81 0.57 1.22 

Alkalinilv 514 516 516 470 902 

DO N' " " " '" TDS 29.8 30.6 26.6 26.6 25,1 

Hardness 334 300 294 296 8 
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BHa\ aHal BHat BH" BH 
Merti stal Kikan "",.bo HBIi-3' 
r nuarter v_ ...., 

2/1211997 2112/1997 2811198 5I2J,.,. 5I2J'''' 
'536 2820 ' .. 0 "'0 2610 

"3 "" 10" ,.,0 1878 

7.2 7.~ 3 8.39 8_11 ., 
310 520 410 50 690 
13.2 28 " a, 73 

3.' 73.6 3.2 • " 10.7 51.4 '" '35 , .. 
0 0 0.35 003 0,. 
0 0 0 04 '8 

2_56 2_' ._, 
" " 12.7 35' 112 , .. 57 

4.4 14.1 0 0 ,,. 
0 0 31 .2 " ".8 

624.6 695.4 668 56 951.6 110775 

140 ' 30 60 255 ,so 
0.58 62 0, 41 003 •• 
512 570 600 .. 0 1278 

'" "" "" "" 27.2 29 ., 26.' 20.3 ,,. 420 10 32 20 



location BH 

lIala 

clinic 

Date 18111 197 

EC 1980 

oH 8.7 

TOS 1218 

Na' '30 
K' 33 

Cal' , .8 
Mg2' 0.49 

Felolal • 
Mn" • .. 8.9 

CL' 128.5 

' .88 
c.,'. 7 4 .4 

HCO, 722.2 

so.'- 130 

PO ' 0.45 

ALKALINITY 71. 
DO .3 
T ... 

T .... _ • 

Table S.5b Hydrogeochem istry o f groundwater from some 

boreholes In the study area. 

8Ha! Bhal BHa! BHal 

melehara ,,,,,,",, third fourth 

ertha. ChurrtodoJl:,Ch "mo "mo "mo 
19111 197 20/11197 20/11/97 20f11197 

1956 2980 2100 2680 

7.1 7.' 7.6 7.45 ,_ 18 .. 1100 1666 

415 57, .00 54. 

17.2 37.S 27 32 

30 .• 4 6.4 2. 38.4 

13.6 35 16.5 38.4 

• • 0.02 27.2 

• • '.1 • 
10.0 ••• .. , .., 
14' 368 204.8 280 

• . 8 21 .12 12 92 

• • 9.6 • 
817.4 422.1 500.2 678.3 

160 57. ,.. 360 ... 0.18 0.4 0.39 

87. 348 ' 28 558 

.33 , ... 2.7 

29 37.2 36.1 36.1 

132 280 118 208 
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BH audina BHa! 8Ha! BH at Met Bh al Met 

foundation Mosaue, Catholic ehara ahara 

Metehara Church - lown 

21111197 25111197 25111197 26111197 26/1 1197 

1990 4270 5500 1613 1476 

7.88 8.63 8.99 7.1 7.6 

1166 2711 3376 1090 782 

. 60 990 1460 37. 27. 
12. 162 14.8 7.7 6.7 

2 .• 1 .• 1.6 50.4 36 

2.9 0.49 0 7.78 8 .76 

• 0.02 0.02 0 .02 0.03 

' .1 '.1 ' .3 0.8 ' .2 ... " 29 " " " 128 342 '08 58 28 

' .88 154 121 ' .88 1.32 

12 129.6 225.6 0 7.2 

819.8 1298.1 189\ 954 700.2 

130 ' 00 ' 50 65 200 
1. 14 4.75 •• 1.24 nd 
682 1280 ' 928 782 ... 
"" ... ... ' .33 .07 

46.2 28.' 3D 27 27 .' 
18 8 --- - - • '58 12<1 
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\ . Most of the bore holes in Metehara town and all the other sampled at Aba(lIr, Men. 

and Metehara Sugar Cane famlS reveal intermediate physico- chenllcal 

characteri stics, that classify them as the water of the same family belonging to the 

aqui fer of the same lithologies. 

2. All these bore holes south, east of Lake Beseka exhibi t relati vely lover concentration 

values o f r , PH and total alkalinity and an increase in Calt- ions than the local 

average o f the groundwater from the bore holes at the west northwest and north o f 

Lake Bescka which consistentl y reveals an increase in the concentration of Na" CI-, , 

S042- and NO)' ions in the ground waters of these areas, may suggest that, they have 

been, probably subjected to di fferent degrees o f poll utions as a result of human 

activities for some time in the past. 

3 The compri sing of the over all chemistry of the groundwater of some bore holes in the 

area with the Awash water, may suggests that there is the possibi lities of either a 

mix ing pattern of local groundwater with that of faml drain water and the Awash river 

water or else, their geochemistry may be partially modified by geochemcal processes 

as a result o f the effects of pH and Eh. 

Groundwater in the Metehara area is generally considered as unconfined aquifer. The 

temperature o f the ground water around the Lake varies from 36 to 42 °C except in the Merti 

sugarcane farm area. Groundwater quality in the Metehara area is generally unli t for drinking 

purposes. Especially that groundwater from boreholes located near by the lake in the eastern 

direction contains very high concentration of fluoride and other salts. This is because of the 

fac t that, an excessive fluoride content in drinki ng water is toxic, and it can cause bone and 

teeth fluorosis. 

5.3.2 Chemistry of thermal and cold springs in the study area 

5.3.2.1 Sodere thermal springs 

Sodere thermal springs are situated in Ihe compound o f Sodcre holel that is located at 11 

distance o f about 20Km south of Nazereth. They are emanating at the base o f rhyolite lav3 

. b Iha 1 100 Vs I1nd temperature of 50 to 
dome with an over all d ischarge estimated to e more I 

52 ' C. 
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According to the assessment of the previ ous work and current work the water quality of the 

springs water is characterized by higher TDS and EC values that is lying In the ranges of 

1425 to 28 1 rug/I and 923 to 2800 ~slcm with their corresponding maximum values seem to 

be occurred during the months where higher mean month ly potential Evapolran pirntlon 

takes place. 

The major cation constituents is dominantly represented by Na" ion in the range of 500 10 

639 mg/I with K+ being the second to the ex tent between 30 and 50 mg/I. The high conlent of 

Na + ions can be attributed to the effect of water· rock interaction, in which the rhyo litic dome 

is mineralogical supposed to be dominated by Nat rich minerals. Ca2+ and Mi · are also 

identified in lower proportion. Probably. due to of their relati ve lower solubili ty values than 

Na. 

Regarding the major anion constitutes, HCOJ" is the dominant constituent occurring between 

1029.7 and 1391 mgfl and followed by cr and SOJ2- in almost simi lar proportion that is 

lying in the range of 130 to 180 mg/1. The fl uoride content of this water is between 2.5 and 

4.35 mg/I, which is beyond WHO standard for drinking water. The pH of the spring water 

lies in the alkalinity range varying in the range of 7.07 to 7.8. Consequently, the water of the 

spri ng can be classified as sodium bicarbonate water. 

5.3.2.2 Cold spr ings in the area 

The largest cold spring is situated at the northern end of Lake Bescka ncar the railway line 

and very high concentration of TDS and high value of EC characterizes its chemistry. 

56 



"'~ 
EC 

TOS 

PH 
",2' 

",2' 

". 
K' 

HCO> 

C,· 

5042-,. 
'"'' 
"'" P043 

""2' 
N03 

HafdneSS 

""""'" C032-, 

Table 5.6 Water quality of cold and hot . Sprmgs 

hot ""''''' hot sDrir'lO hot.,.;"" 
hot ""'"" at Sodere al Sodere at Sodefe 

hot hot ...... 
S.oI L.Bese 5.01 Beseka 

1211011982 . 3/71ll3 
....... S.of8eMka N-. 

3111198 411111997 14111197 1611198 
2258 2800 1423 

2411~ l!»fllm 

'608 '630 371 0 '620 2130 
.950 2812 1425 852 8" 2385 H'''' .... 
7.8 8.2 7.07 8 8.01 0> 8.3 717 
18.4 9.6 20.8 2' ' .6 2.4 2.' ". 8.3 12.7 11 .6 "5 • 0.49 1.48 " 639 632.2 500 370 370 870 375 ,.. 
50 30 31 21.3 21 .3 42.5 22 It 

1391 1268.8 1029.7 546.6 522.6 1244.4 .... 6 0 
170.2 117.3 130 106.3 106.7 315 ' 05 1708 
130 181.1 130 '60 170 300 ' 00 .. 
2.7 4.25 4.35 73 8.' 13 6.5 620 

0' 0.2 0 0.01 0 0.12 0 " 640 97.6 "" "" "" "" "" 0" 

"' 0' 0.39 0.37 0.42 2.18 ' 9 0.38 

"' 0' 0 0.2 0. ' 0.3 0 0 

"' "" 0 2.66 .. 8 8.16 0 "8 

"" "' . 00 t2 8 8 t2 618 

"' 0' 844 516 520 .500 570 140 

0' "' "" 40.8 55.2 288 " "" 
"' "" "" 0.88 0.71 "" "" 0.76 

Note: the concenralion is in mg/I 

Where its TDS is 1680mgll while its EC is measured to be 21 30pslcm and its total hardness 

is 618 mg/I CaCO) and hence it can be classi fi ed as a very hard water type. a", Cult Mg
1
. , 

and K+ represent the cation constituents of the co ld spring water, with Na + ion is being the 

dominant cation having a concentration or256 while Ca2+ is the next abundant cation with a 

concentration o f 2 16mgll. magnesium and potassium are also occurred in the ranges of 

19m9ll and I I mg/1 respectively. The major anion constituents are represented by sulphate, 

bicarbonate and chloride ions, with increasing orderl620, 170.8 and 5mkl1 respectively. 

Fluorides also occur in lower concentration than ncar by Lake Water. The alkalinity of thl 

cold spring is in neutral range ofpH=7. Nitrate and Ca2+ are identified in a relatively larger 

proportion (27.9mg/1 and 2 16mgll respectively, and thi s indicates that there is no interaction 

between lake and the cold spring. 

The water quality of cold spring is different from the other water sources in the Mcu.:hara 

area. It has very high concentration of Ni trate, sulphate and calcium and its water is very hnrd 
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water. The discharge rate of the cold spring seems' . ' r, IOSlgnl leanl as compared to the hot 
springs in the lake catchments. 

5.3.2.3 Hot spring at Beseka 

There is a number of Hot Springs in the lake Bescka catchment , however the most imponanl 

are Tonne and Chelelektu springs which are located at the southwestern end of the Lake (see 

tab le 5.6). 

As can be confil1lled from the assessment of their physico- chemical data (sec table) their 

total dissolved solid content varies between 824 and 852mgll and thei r corresponding EC 

values aTC also lying in the range of 1608 to 163 )ls/cm. They have a temperature of 

about43.3°c. The discharge of these spins is estimated to be very high and consequemly they 

di scharge significant volume of water to the Lake. In addition to these spri ngs, there are also 

some submerged hot springs in the Lake and through out the southwest periphery of the 

Lake. 

In general, the water of those hot springs have high concentration of Nat ion (lying in the 

range of 370 mg/I) representing the dominate proportion of cation constit uent while ea1t 
and 

Mg2+ are identified in their lower concentration, wh ich specifically lyi ng in the ranges of 1.6 

to 2.4 mg/I and 1.0 to 1.5 mg/I respectively. On the other hand , HCO'J is the dominant 

constituent o f the major anions, with the values varying between 552 and 546mglt. 

Regarding pH and alkalinity of this hot spring, they occurred in the ranges of 8 to 8, 1 and 

516 to 520 CaCO) respectively. The water of those hot springs generally has high 

concentration of EC, pH, Na+ and HeOj" and like the water from Bcseka Lake the divalent 

cations such as Ca2+ and Mg2+ are very low. In general , the water from those springs is not 

suitable fo r human consumption and irrigation purposes. 

5,3,2.4 Water quality of Beseka Lake 

Th 
. h . d by TDS and EC of a higher concentration than 

e water of Beseka Lake IS c aractenze 

h I · 'n the range of 341 6 and 4722 mgll and the 
any other water types in study area, t at ylllg I 

. f 4420 to 7040J.ts/cm. The higher concentmtion m 
corresponding EC is lying m the ranges 0 

58 



"""" 
DATE 

CE 

TDS 

PH 

No 

" ci' 

"". ,,,. 
.tid' 

F 

cr 
NO; 

CO,' 

NCO; 

SO! 

PO" 
8 

AIkI~ity 

DO - To,,, ..... " 
T' 

TDS and EC can be attributed to the effect of evaporation, along with the possIble mOuence 

that can be imposed on water quality as a result of either geochemical processes or human 

acti vities. Consequently it can be said thai, the Beseka Lake is constituted by highly 

mineral ized water. 

Table 5.7 water quality of Beseka Lake, 

LBS-OO I poinl-30 point48 LBS.(l()2 LBS'()()3 LBS-005 LB ..... Lake e... "'. 
Lake Beseka L.Beseka L.Besaka L Beseka L beseka LBeseka L ....... "" ...... 

14/11/97 1611/98 2211198 2411 /98 2711198 2611198 ,..../98 41311982 3Oi11183 
6980 6560 5230 7040 4420 4810 6720 """ .... 
4722 3542 3852 4617 3146 3494 ' 600 . .., ...,. 
9.44 9.44 9 .44 9.45 ' .34 ' .29 9 .44 97 .. 
2080 1200 ' 500 21 00 1450 ' 360 ."" "., 15"" 
6' " 56 69 49 50 67 115.5 70 

2.4 2.4 1.6 2.' 2.' 3.2 ' .6 32 •• 
0 0.49 0.49 0.49 0."9 0.97 0.97 • 0.91 

D. ' 0.07 0.12 0.15 0.09 0.16 0.16 02 "' 
0 0.3 0.8 0.' 0.6 0.8 • "' "' 

38.6 205 23.5 30 19.5 22 29 6' 0." 

594 395 5D5 625 425 445 605 5247 .... 
41 .6 7.04 7.48 352 35.2 3H 31.4 "' nd 

720 624 576 '80 33.6 384 600 nd bd 

1830 1854.4 1756.8 21 96 1610.4 1488.4 21 96 '''' "SO 

520 500 440 700 380 370 600 375 300 

4.4 3.8 2.62 4 2 8 1.8\ 36 nd nd 

4.12 Nd Nd "" "" "" "' "" "' 
2700 2560 2400 26DO 1880 '''' 2800 "" "' 

4 Nd Nd "" "" "' "" "' "' 
6 8 6 8 8 8 " "' "' 

30 24.7 242 "' "' 25.6 25.4 30.5 22.1 

SDurce:- MoWR,. 1989 
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The major cation constituents, arc represented by Na+ d K+ '. '. 
an Ions with the sodIum Ion being 

the dominant in the proportion lying in the range between 1200 to 2100mgll and potassium 

ions is the second constituent having a concentration that varies between 41 and 69 mgll. The 

other constituents of the cations are Ca2
+ Mg" Mn

" 
and Fe ttl h' h 'd ' ced ' th 

" 0 a , W Ie I enli ll 10 Clf 

lower proportions, lying specifica lly in the ranges of 1.6 to 2.4 mgll and 0 _ O.97mgll for 

Ca2+ and Mg
2
+ and 0 -1.0 and 0.07 to 0.16 for Mnt" and Fe t01a] respcctively. 

The major an ion constituent arc represented by HCOJ-. 50/' CI" and CO/ ions, where 

Bicarbonate is the major constituent of an ions, lying in the range of 161 0 to 2 I 96mgll, and 

sulphate being the second with a concentration in between 440 and 750 mg/I. chloride and 

carbonate that more or less lie in the ranges similar to that of 50./-. The presence ofCI- and 

sol in their re latively larger proportion is an indication for the evolution of the lake waler. 

Beside these, Nitrate, fluoride and phosphate are identified in the water. This mostly suggests 

an indication to the occurrence of pollution as a resuh of human as well as natural influenccs. 

Nitrate is identified in the range of 7.04 to 41.6 mgll while fluo ride and phosphate are 

occurring in the ranges of 19.5 to 38.6 mg/I and 1.8 1 to 4.5mg/1 respectively. The presence of 

fluoride beyond the permissible limits recommended by WHO as an intemational drink ing 

water stands (lies in the range of 0.6 to 1.7) makes this water unfit fo r drinking. 

The total hardness of the lake water is found to be between 6 and 12 mg of CaCOl per liucr 

of water and hence it can be classified as a soft water. Where as the al kalinity of the major 

water in aerial distribution varies from 1860 to 2800 mg/I CaC03• The tempcrmure of the 

water varies between 22. 1and 30.5°c, as can be depicted from its over all physico-chemical 

characteristics resembling that of the hot springs, with the exceptions to its higher 

concentration of total dissolved solid and its significant higher pH values, which can be 

. h' h '1 . b'ectcd and is apparent color difference. attnbuted to the evaporation effect to w Ie I IS SU ~ 

Those the manifestation of color, could be attributed to expression of sevcrnl process in 

. . Iy be due to the presence of the othcr nature, but in case of the color of the lake water, It mam 
. It of human activates as well as chemical 

consti tuent that could be mtroduced as a resu 

processes that occur with in it. Thought, water from lake Beseka, 
. • He CL- sol and F- and vcry low amount 

generall y has high concentratIOn of Na , O}-, , 

61 

7 



C " dM2+ . . of a an g Ions, It exhibits slight v " . 
. anatlon In concentration of ions at it' 

south ends In such away that the concentrati r' . 5 north and 
. on 0 Ion In the southern pan ofLhe lake 10 

the relati vely lower than the northern port' f h 
. . Ion 0 t c lake, which can be attributed to the 
mflow of fresh hot spnngs characterized by . water quality composed of relatively lower 

Table 5.8 the waler quality of different water in th I~' esu",areaa b I , , ",(n. Ii.,,, .,." sOia II from waler samples 

L""Ii" I TOR I or; oH- N,' K' I M<j-: cr I ",;.-
I'moll' Imo", 

• I "", t.... 

,b,d ' "'' I 1314 I ,,~ 7.3 

I (m.", I 'moll; I,~", 1-

598 " I 7.84 I "" 137 " 2.5 
. Aw.,h " Sod,,, '" 23<l 7.7< 

n.~ 0 n 
I 35.4 1 4.5 --;;;;- 41 I 32.6 I ,S;-

.~. hO"~ 629 1 1OSO I ,,, 
0 "" I 87.1 " 5.2 r;;;;;; 140 " 1.1 n.M3 • 0.06 I. onl 

Doni I ,."" I 4960 I 9.41 1 1790 11 ., I ''''' I "'SO 5.8 1, 001 
,_,h " M." F 1102.7 1 270 1 7;;;-

024 
25 I 2 ' '.' I ,,, 25 ,;; I ' " I 0.05 I "' I drainage . il 

~FJ 1,07 

I 280 I 1." 43 I 4.5 I 1." I " 30 I 1S.4 " ".~ I 0.09 n 

"" I 7.12 32 4 2.3 '" 22 13 1.3 0.013 I OOJ 75 

.,go ri'~~~ 11 • . 7 
74" I 7.27 35 6.4 4.9 ' " 34 I ,,, .- 003 " 

~" 2SO ' " 40 8 8.7 --;;;;- SO 35 ' .7 007 '" 
A_,h; "own 11 • .• 

" " I ", 36 8 6.1 m 46 27. 1.7 1."'" OOJ 11 3 

~1140.6 I 270 7.3 43 13 2.3 I 115 " I 22.' 1.7 0.007 I 0.' 66 

i "'" 1'1lAn I'~" " 'Q 1 1950 " I ,." I ~, 550 ,. ~ 1 2 .. '.' I .~ I 

~41SO , 64SO I 8.78 I mil '" I,." 
O:i~: I "M 

1560 ,. 
" 30 '.' 

,~, 

I ."", I '" 1 , 340 46 n. , I .oM I 3SO 1.6 18 0.""' 26 • 1330 

h"~ ~~'!'.' L I "<M I • 03 375 39 1.7 '''' '''' 2.8 7 10.004 5 " I .. 

source:CDSco, cel'ltrallaboratory(current WQf1(j. 

ionic concentration than the undistributed lake water. 

5.4 Summary of Hydro-geochemical properties of the different wa ler bodies 

Even-though lack of chemical analysis data of systematically collected samples from 

different water bodies in the region seems to limit the exactness of Ihe conclusion, the 

assessment of the ex isting chemical data penn its to draw a conclusion about the geochemical 

and its variability with space and times, as ea be depicted from tab le 5.5a, 5.5b, 5.5e, 5.5d 

and annex6 and 7 and the general geochemical characteri stics oCthe groundwater of the study 

area is as outlined below. 
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1 

Surface water (Awash River water) along the river co " h" h d 
urse wli 10 t e stu y area. 

shows a slight trend of an increase in both TDS a d EC S 
n • except at odcrc where the 

concentrate ion ofTDS and EC is relatively higher due to the effect of geothennaJ hot 

spring. In general, calc ium, sodium and bicarbonate are the dominant ions with the , 
sodium being the dominant cation and the calcium and chloride are occurring in their 

lower proportion and the sulfate ions Occur in a very low amount. In general . Na· and 

cr ions present an increasing trend along the course of the river, whi le calcium seems 

to show a declining trend. Concerning bicarbonate di stri bu tion, the ex isting data docs 

not show a clear trend of its distribution along the course but it represents the major 

constituent of the anions of the surface waler. Lastly it should be noted that fluoride 

content shows an increasing trends along the course of Awash River. 

2. In Metehara area the ground water from the wells close to Awash River and remote 

from the influence of hOI springs and other indication of gcothennal acti vities have 

simi lar composition as surface water, except the presence Na+, HeOJ - and SO .. 2. ions 

in their relatively higher proportion. Whi le the groundwater from the well in the 

vicinity of hot springs or volcanic centers, exhibits a simi lar composition as that of 

hot springs which characterized by higher proportion of sodium ions (as a dominan t 

cation constituent) and bicarbonate ions as the major constituent of an ions with 0 42
-

and cr ions are the subsequently existing components of the an ions being identified 

in their significant amounts. Regarding the groundwater in the study area in general, 

it can be said that, sodium is the dominant consti tuent with either K+ or Cal-> being the 

second in proportion depending on the relative location of the wells with respect to 

Awash River or to hot Springs and/or volcanic centers. 

3. The hot springs and Lake Beseka have lower content of calcium and magnesium ions 

t f , ' , K', cr, SO .. -and HeOl - than both than the surface water but higher conlen 0 

surface and ground water of the region. 
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4. The main problem of the ground water of the area as a whole is supposed 10 be Ihe 

concentration of fluoride in the eXlent beyond the admissible limit for dnnkmg and 

higher TDS and EC concentration which make the water unfit for drinking and 

irrigation purposes except the water from some boreholes that can be diluted by 

Awash River. 

On the basis of the concentration of TDS, EC and F the groundwater of the region 

can be subdivided into shallow and deep ci rculating water, in which the deep 

circulating water are supposed to have higher content of TDS, EC and F due to the 

effect of water and rock interaction through long flow channels together with the 

influence of fumaroles and hot springs. The main causes for the presence of F· in 

higher concentration in the groundwater of the area can be related to the occurrence 

of ac idic rocks like rhyolites, obsidian and presence of fumaroles and geothermal 

springs in the volcanic rock of the region. Hence, the exploitation of the deep 

groundwater for potable water generally seems unatlractive due to its poor quality. 

The variation of fluoride in the groundwater of the region may also be attributed to 

the possible lithological variation in aerial di stribution in which fluorine-bearing 

sequence may vary in both vertical and hori zontal extent. 

. h . db hOh t at"o l of a'" and K-+ as cation 5. Lake Beseka IS c aractenze y Ig er concen r [ I 

constituent and HCO)-, represents the dominant component of anions with 5042. and 

cr are being the second and third constituent of the anions. In general , water from 

Lake Beseka shows a highest value ofTDS and EC than any waler type in the region. 

But it shows lower values ofCa2+ and Mgl"ions than most of the water in the region. 

. I V . b·l·ty of the Chemist.-), of surface and gr-ou nd walers. 5.5 Spatial and tempora ana I I 

5.5.1 spatial variability in tbe cbemistry of surface water 
f h ical analysis which were not collected Even though the insufficiency of the data 0 c em , . 

h e t s indirectly or directly. relaled 10 systematica ll y through space and time and ot er ac or . 
. sment and interpretation of the spaual and 

agricultural activities in the area makes the asses • . 
d·mcull. But the assessmcnt of the available 

temporal variabi lity of the surface water more I [ 
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data (table 5.3) shows that Na+, cr and HCOJ-ions exhibi t a trend of s light increment along 

the course o f the River with the exception to the samples from Sodere which reveals relall\ e 

higher valves of these ions due to the interaction of river and hot springs where the later has 

higher values of the major ions (table 5.3 )_ The pH of the Ri vcr water lies in the range of7.2 1 

to 8.85 consequently the river fa lls in alkaline range. 

Regarding the temporal variability of the chemistry of the river, the assessmcnt of the 

available chemical data of previous and present works indicate that TDS, Ee, and some 

major ions like Na + seems to show a relatively higher value during dry season attributed to 

less di lution and strong evaporation. 

5.5.2 spatial variability in the chemistry of ground water 

As can be confirmed from table 5.5b, 5.5e, 5.5d, and table. The groundwater of some bore 

holes at northeast and east of Lake Beseka shows morc or less simi lar geochemical behavior 

as Lake Water. 

Table 5.9 H yd rochemistry orthe groundwater in the study area. 

HVA HVA HVA HVA HVA HVA HVAMeIe 
Meteharea Metehara Metehara Metellara Metehar1il Melehara ""'-BHl 136) BH1U37 BH41 39 BH5(1 40 B~42 awash ,""I.BH ~,..ll 

Grid 9761601 9761603 9771601 97&'600 91&'602 9171601 9121601 

Ca~. ( !!!9ffi 204 116 112 28 9.6 sa 139 

~ 123 35 55 23 3 32 149 

Na'(mgfl) 570 51 4 415 272 19' ' 20 710 

K' tmgr1) 42 32 28 19 11 19 " 
CO~ 

HCO ' 397 417 586 526 '" 539 336 

CI( mgl1) 1134 650 ' 25 169 56 32.7 .., 
SO.2' 344 285 ,.. 127 34 315 '" 

F (mgI1) 0 .• 2.6 2.' 2.3 ' .7 3 17 

SI02 91 107 95 95 87 95 " 
TDS 1907.8 2161.6 2083.' 1261 .3 828.3 1516.7 32957 

SAR 7.74 10.74 7.61 9.24 17.05 10.96 ." 
PH 7.' • • • • 7.' 7' 

Hardness 1019 430.6 529.5 163.5 36.5 276 ... 
Source :~ _ fN alerel area, by Gctahune Kebede, 1987. complied from hydrogeology 0 
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The dominant major ion constituent of this Water is repre cd b • . 
scm Y I a Ion and fol1o~ ed by 

,.. Wh C 2+ dM 2+ 
k IOn. ereas a an g are present at thei r lower concentration, while major anions 

are constituted by HCO)' .SO/ and cr ions with HCO . h . 
J represent I c dommant constituent. 

Both SO/- and cr ions afC also identified in appr-,·ablc Th ' .... amounl. e reason ,or the stated 
geochemical behavior can be related to the interaction between Lake Water and the 

groundwater from these bore ho les. The interact ion of these waters is manifested through the 

intrusion of Lake Water into the groundwater. Another possible reason is that the infiltration 

of pollutant substances such as Na+ and cr ions from septic tanks in Metehara town. 

Moreover the presence of P04
3
. in the extent of 1.4 to 4.75 mgtl may shows sign of pollution 

that can be related to septic tanks and lor sewerage lines. This is due to the reason that 

phosphorus is a component of sewerage and waste from septi c tanks, as the elemen! IS 

essential in metabolism and as a result it always present in animal and human wastes. 

The groundwater from bore holes at Merti, Abadie and Metehara sugar cane fanns exhibit the 

geochemical characteristics in between the ri ver and the undisturbed ground water in 

particular occurring at west, northwest and north of the Lake Beseka except some boreholes 

at Abadir and Merti which exhibit high values ofTDS, probably due to impact of agricultural 

activities. The major cations in this water are also represented by a+ ions. But Ca2
• and 

Mg2+ also occur in relatively higher amount than both undisturbed groundwater and lake 

water while the major anions of the water in the Merti , Abadir and Metehara sugar cane 

fanns are represented by HC03', cr and sol in accordance to their relative abundance in 

descending order. These ions appeared in a lesser extent than both in the water from nonnal 

groundwater and Lake Water. The cause for the mentioned geochemical properties of the 

water can be most probably be related to the interaction between the river water and the 

groundwater in these bore holes through the application of the river water for the irri gation of 

the different crops. 

In addition to this man made factors through the agricultural activities like the apphcatlon of 

r " . ' . . d It · an increase in some of the chemical conSllluent lertlhzers mto the Imgated Ian can resu 10 

f h C 
,. M 2+ PO )., NOJ" CL' etc. Moreover, another po Ible 

o t e groundwater, such as a, g 4 ' 

. . . f·t ate in the vicinity of the water supply bore holes. 
cause IS the use of high concentrallon 0 OJ r 
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The groundwater from bore holes at western, northwestern and nonhern side of LaJce Bcscl.a 

show similar geochemical behaviors as lake water, intcnns o f major cations and anions 141m 

slight diffe rence in their relative proportion. I a+ and K+ ions represent the dommant cauon 

constituent in the groundwater body with a+ being the domina", and the other divalent (cal> 

and Mg 2+) in a very low extent. While the maj or anions are HeO
l
-, r, and Q,,2- IOns occur 

in decreas ing order in their relati ve abundance in both waler bodies. But it should be clear 

that the individual dominant cations and anions occurred al hi gher proportion in the Lake 

water, which makes it a high ly mineralized water types in the region. The clear difference 

between the groundwater from bore holes west, northwest and north of Beseka and the Lake 

water, beside EC and TDS, nitrate and F- ions arc also occurring at considerably higher 

proportion in the Lake water. The geochemical propert ies of the groundwater from these 

boreholes are assumed to be the result of geochemical processes owing to the interaction 

between water and rock. 

5.5.3 temporal variability of the groundwater 

Eventhough lack of chemical analysis data of systematically collected waler samples at 

different time at the same sampling points make the assessment and interpretation of the 

groundwater of the region more difficult. But from some avai lable data the fol lowing general 

trend can be drawn regarding the geochemical behaviors of the groundwater of the study area 

with respect to time. Water from bore holes located west, north and northwest of Lake 

Beseka revea ls an overall-increasing trend in EC and TDS. Thi s increase seems to occur as 

resull of water _ rock interaction. The major ions like Ca2
+. Mg2+ and HeOl- indicate a sign of 

d O d hOI N' K' and SO 2-ions show an increasing trend wi th time. ecreasmg ten ency w I e a , 4 
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Table 5.10 Hydrogeochemstry of the ground water In the study area (1991-1998) 

N~, Ca20 M<l' No' K' Co.' HCo. 
HMR- 16fMerti) 

• , C,_ 
44.8 44.75 20' 9 0 S.1 .1 '80 396 .. IlOfI. 26 0.$1 0 " .... 

HMR- 14 74.4 27.70 320 18.8 0 629.5 ' 60 58. .. h. 2.' 0.16 0 01 300 
HMR- 15 68 30.10 205 19.4 0 573 140 18.9 22 0.81 0 0 ". 
IIMR-20 42.4 23.80 23, 15.4 0 727.1 60 1.76 0." " ,,5Jil 0 0 '" IIMR· 19 36 10.70 310 13.2 0 624,6 '90 4 9 12 560.58 0 0 7 h,," '34 
l'IMR-2 1 fKlkan Villa ,} 73.6 57.40 520 28 0 695.4 430 14.1 2.' 062 0 0 .;b.,. 

' 20 
HA-06 Abadirl 38.4 27.20 540 32 0 678,3 360 93 4.2 0.39 0 0 .""'" "" H[·02 (1Ia! clinic) 0.8 0.49 430 33 14.4 722.2 '30 0." ' .9 0 ' 5 0 0 •. "' .... • 
HM- 11 fMeteahara 504 7.78 310 7.7 0 954 65 0." 7.' 1.24 0.02 08 7 1 sd ". HF-08 fGudma Fuon.l 2.4 2.40 410 '" 24 758.8 ' 20 1.32 02 75 0 0 7~ 

" .... " HM- 12lMetehara town 36 8.16 270 6.7 7.2 701).3 210 1.32 ,. OOJ 02 7 141tl 12. 
HK- [ 0 Catholic Churl , .• . 1460 14.8 226 1891 ' 50 12' ". ' 5 0.02 03 • 

Source:- MOWR.(1997-1998) 

The nitrate content of this water is identified at a lower proportion than other water types In 

the region, which indicates that the groundwater in [he area is not exposed 10 pollution and 

hence the water can be taken as undisturbed average groundwater of Ihe region. However it 

was not possible to identify its trend with time due to lack of data with rcspccllo time. 

2. The water from most bore ho les at Merti, Abadir and Melehara sugar cane fanns revea ls II 

decreasing trends in the concentration of TDS with time in which the major ions arc 

represented by Na+, K+, cr, sol and HCO)' with Na+ and HCO)- are the dominant cations 

and anions respectively. While cr, HCO)-and SO/ seems to occur at a lower proponiOn and 

• . C ,. M ,. d K' . h Na at a higher proportion with time. Regardmg a , g an Ions, I ey arc more or 

less identi fied in their relati vely lower proportion. The reason for the occurrence of some 

ions in the water at their lower content through time can be related to the dilution of the 

groundwater as a result of an interaction with other water resource mostly the mer \\o3ter 

though irrigation return flow. The pH of th is waler group become lower Ihrough lime from 3 

range of 7.8to 8 to a range of 7.2 t07.45, this suggests Ihal the infi ltrnting "atcr has acidiC 

nature than the groundwater. 
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3. Groundwater from some boreholes al Metehara t . 
own especially those located northeast 

and east of Lake Beseka shows an increasing trend ' h . 
m t e quantity of the mdl\'lduaJ cations 

and an ions. Two reasons can be proposed fo r the cause of tho d· . Th 
IS con ilion. e first possible 

reason is the man made factors in which some of the poll I b 
u ant su stances are supposed to be 

deri ved from a source like septic tanks and lor sewerage I·,ne . Ih Th nd 
In e town. e seeo cause 

for the rising in the geochemical characteri stics of the ground water from these bore holes, 

call be associated to the interaction of the ground water and the Lake water in which the 

interaction is manifested by the intrusion of the Lake water into the groundwater. The 

presence of nitrate in a max imum concentration in some bore holes like bore holes a l 

Calholic Church (22Imgll), B.H. al Mosque in Melehara lown (154mg/l) and 811-26 

(209mgll) and phosphate in the range from 4.5 lo4.7Smgll in these boreholes indicates a clear 

sign of pollution due to man made influences as a result of the fi rst reason mentioned above. 

4. The groundwater from some boreholes. located close to Awash River sho ..... s the 

geochemical behavior in between the river and the groundwater. This is due 10 the dilution of 

the groundwater by infi ltrating river water. 

5. Concerning the variability in the chemistry of Lake Water through time, it was not 

possible to assess and interpret due to insufficiency of chemical data wi th respect 10 time. But 

from the inspection of some data {table )it was observed that there is no signi fi cant changes 

in the overall chemistry of the lake waler between the year 1982 to 1997. But according to 

the report on the rise of Lake Beseka, by MOWR (1989). the TDS concentration of the Lake 

water shows very abruptly decrease between 1971to1974 from 51.5g11 to 16.5g11, and 

between 1974 to 1978 from 16.5g1l to 3.65g1l and then afier it become relatively constant 

even·though the Lake is expanding constantly tiJlthe present time. 

In general the groundwater from some boreholes nonheast of Lake. indicates the decreasmg 

tendency in TDS, ci+' Mg2+, Cl., SO/and HeOj' through time, as can be conlinned table 

5.5a, 5.5b, 5.5c,& 5.5d , probably due to the effect of di lution through rerum flov. , Whereas 

an . . h . I·k Na' and K· may be due 10 sodium absorption ratiO ( AR) as a Increase In t ese Ions I e 
. C 2+ d Mg1' On the olhcr hand the 

result of a ri sing in Na+ and relative decrease 111 a an . 
'. + 2+' d I r of some boreholes in thc arCJ may be cuher Increase In TDS, Ca2 , Mg III the groun wa e 
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due to human interference with water through both the innuence of settlement and 

application of fertilizers to crops or an intrusion of Lake water into some of the bore holes 

While an increase in the overall chemistry of the groundwater west of the Lake Beseka IS 

attributed to the interaction between water and rocks. 

Regarding the groundwater from the other part of the study area, it was not possible to assess 

and interpre t about its general geochemical behav ior or trends with lime because of lack of 

data. But from the assessment of geochemical properti es of the groundwater from some 

boreholes at wonj i and Nazareth towns (annex 7 and tabl e 5.9) which arc located in the 

vicinity o f the study area and the geochemical characteristi cs of the groundwater al 

wolenchit i and Bofa towns, and the nalure of the general geo logy of the area as a whole, it is 

possible to assume that the chemistry of the ground waler of the other part of the study area 

may reveals similar geochemical behavior as Melehara area with relative lower proportion of 

the individual ion, 

Table 5,11 water quality of the groundwater of the Nazare! and Woleochiti aJea5 

"".,. BH atfood BF at ELEL BH Nazarel BH3Mancip BH1~ .. oo ..... BHW""",,, 

COfP()r3lion PA arilY Hotel Nazar, • 
TDS(""", 595.7 467.5 ..... 630. ' 698.2 ... 
Tot.hardn. 151.9 87 74.7 183 .. 6 141 .1 ... 72 

A1kalinilY 340 270 479.9 373.6 3,. 319.6 

,,'(mom 95.2 86.7 214.2 87.5 '" 
,,, ", 

K'ma/ll 6.6 7.6 21.2 10 15 ,. 17 

Cal'lmalll 44.9 27.3 23.2 48.5 43.7 " 1924 

L "".(""'" 9.7 4.6 
., 15.22 7.' 

, , .. 
CI- 14.2 10.6 15 ' .82 3.68 26 ,,,. 

sot(maII) 0 0 0 0 16.05 0 n2 

HOO ' 41 4.8 329.4 585.6 455.84 485.6 J90 ,.. 

5.6 Water I)'pes 

. . d·1l t water types the chemical analYSIS results To classi fy the different water bodies mto I cren , , 
. . I alitics cold and hot pnngs. bore holes and 

ofwaler samples from Awash nver at vanouS oc , 
. . 6 1) and the different water types are detcmuncd 

lake were plotted on piper diagrams (figure . 
. d sha cd field . In an attempts to c13sslfy the 

according to their position in the central dlamon P . 
. . ·1 roups fi rst Ihe concentration of the major 

walers in the study area into dIfferent waler faml y g 
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cations and an ion like Na+, K+, Ca2+, Mg2• cr HeO CO 2· 2 
" J., } and SQ..· are e~presscd .n 

percentage of meq/l, and by grouping Na+ and Kt t h h . . agcI er, t e major catiOns and H OJ are 
also grouped together with C03z- and the maJ"or a . I mons are a so plotted on the other PIper 
diagram and then the cation points is proiected on to th th I . ) e 0 cr centra diamond shaped field 

parallel to the side oflhe triangle labeled M..2+ and the a ' . . 'I I . ~ mon IS Simi aT y projected parallcl to 

the side of the triangle labeled sol and the intersect' Ion of th t I' h ' e wo mes on t e central 

diamond shaped field represents the water fami ly group of the water sample. 

Applying of the stated technique and procedure, the classification of the waters in the region 

has been perfonned; accordingly, five groups of water types have been identified, 

I 

2 

Sodium-Calcium Bicarbonate waler type (group I water type) 

Sodium Bicarbonate water type (group2). 

3 Sodium Suphate water type (group3) Sulphate - chloride water t)1>e 

4 Sodium Bicarbonate Suphate Chloride water (group 4). 

5 . Calcium Sodium Sulphate water type (group 5) 

The Sodium Calcium Bicarbonate water {)1>e corresponds to the water group from Awash 

River, fann drain water and groundwater from boreholes close to Awash River. This water 

t)1>e presents relative lower concentration afTDS and EC. Sodium - Bicarbonate waler type 

(group 2 water) belongs to the water from the majority of the boreholes in the aren, Lake 

Beseka water and water from hot springs in the study area. This water type also exhibibitcs 

significant amount of Chloride and Sulphate and it presents hot springs, moderatc to highly 

mineralized water type (Lake Beseka water). 

It should be noted that the lake water differs fro l11 the groundwater and hot springs waters, In 

color, five to six times increase in dissolved salts and higher pH value. 

The composition of hot springs is the result of the composition of the rocks like basalts of 

Fentale Mountains and rhyolitic Domes of Sodcre and deep circulating \\ Iner. Accordmg to 

MOhr, 1970 the hot spring waters are primari ly dominated by local geochcmlstry. So(hum 

Sui h t d t the groundwater from boreholes far away from the River 
p ac water type correspon s 0 

This water type contains significant amount of chloride. 
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Sodium Bicarbonate -Sulphate - Chloride waler type (group 4). This water family belongs 

to the groundwater from Abadir fann, Metehara Sugar Cane rann, and the areas nonh eat and 

east of Bcseka. 

Calcium Sodium Sulphate waler type is the water group from cold springs al nonhem side of 

lake Beseka . This water type has very high amount of '0 '), ol -and a1' ions. It IS also 

very hard water type in the area and it differs from all water type in the area. 
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CflA I'TE R SIX: WATER QUALITY 

6. 1 Agricultural \Vater quality 

The water in the Awash basin in general is dominantly used for agricullural lmg3t1on Beside 

the available quantity of water, the mosl important technical factors 10 govern Img.lllon 

development in potential irrigable land, includes, water quality, soil quality and chmate: 

within the context of development of further irri gation, the knowledge of the quality of the 

available water has paramount importance in laying down the proper schemes to mimmilc 

the impact on the quality of water on crops that may arise as a resu lt of agriculturallmg.uion 

on subsequent projects or on down stream abstraction ( Halcrow, 1989). 

Both surface and ground water always contain dissolved salts and hence the salinity of the 

water in conjunction with the type of soi l to which the water applied govern their suitability 

for crop irrigation, methods have been devised for classifying water according to their 

availability of sodium. The most commonly used method to evaluate salinity is detenmnatlon 

of EC measured in tenn of micro slcm and sodium hazard detennination which is obtamed 

from the avai lable relative concentration of Na+, Mg2+ and Ca2+, ions, commonly the sodium 

absorption ratio (SAR) is used to measure sodium hazard . 

6. 1.1 Water quality for agricultural uses wilh Reference 10 eleclrica l conduclivit)' 

6,1.1.1 Awash River 

As can be confinned from the assessment of the previous and the present "arks data, 

electrical conductivity of the Awash River within the study area lies in the rongt of 200 to 

273 micro stem with slight increasing trends along the course of me o, er dunng dry season 

b h U 'ted States Depanment of Agneuhure. for 
According to the guide line developed Y t e III 

. . ' fi electrical conductance (E ) as an mdex of 
the classification of water with respect to Specl Ie 

. . . d x or sodium hazard (Iable 6 I) the A"'ilSh 
salinity hard and sodium absorption ratio as an III e 

lIing a low to moderately salimlY 
river water is generall y considered as the waler presel 

d ' se lIed by water collected from lhe n'Cf at 
hazard . In which a moderate salinity hazar IS pre , 
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Metahara area while at the remaining a . reas II presents low salinity hazard with the exc Uon 
to Sodere area due to the presence of thennal h . ~ . " ot spnng. Therefore, Imgatlon al Metehm 
would Imply IncorporatIOn ofleaching into th '" . C Imgatlon regime. 

Table 6. 1 classification of water on the basis of EC and SAR va ues, 

Water class EC~s/cm Alkali hazard (SAR) 

Excellent Less than 250 Up to 10 

Good 250-750 10- 18 

Medium 750-2250 18-26 

Bad 2210-400 > 26 

Very bad > 4000 --
Source: the EC between 25 -7 o SO~slcm can be used on most crops provIde that the leachmg 

techniques are applied. 

On the basis of EC and SAR values the agricultural quality of Awash River water falls In 

excell ent to good water classes 

6. 1.1.2 Ground water 

a. Borehole 

The ground water from bore hole at Metehara area producing EC lying in the range of 11 9 -

5500~slcm and as a consequence the ground water of the area can be classified as the \\ aler­

producing medium to bad salinity hazard (in temlS of EC) and hence it cannot be used for 

agricultural irrigation purpose. 

In general the EC values shows direct relationship with distance away from the m-cr and 

hence the agricultural water quality of the groundwater from bore holes far 3Y, ay from 

Awash Ri ver is becoming more deteriorating in agricultural quality. Groundwater 3\\3y fonn 

the river is predominately sodium sul fate water Iype with slgmficant chlonde and 

magnesium. The average electrical conductivity (EC) of groundwater 10 this area indicates 

poor to very poor quality. Whereas the groundwater ex isting al the area relau\'ely close of 

Awash Ri ver shows a chemistry hal f way between ri ver water and groundwater, The 'Water 
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type is sod ium calcium bicarbonate with appreciab le magnesium and sulphlalt 10115 The 

average electrical conductivity of this water indicates medium to bad quality water 

b. Bcseka a nd hot springs 

The chemica l composition o f Beseka lake water indicates that it is a highly mmerallzed and 

bracki sh, with high fl uoride and chloride levels. According to the result of the measurement 

of specific electrical conductance (EC) during field visit , the lake water produce EC \alues 

that vary form 5000 to 6820 ~s/cm and the lower value of tile range is ex hibited by the .... aler 

sample collected from the southern part of the lake adjacent to hot springs. On the olher 

hand the assessment o f previous work data indicates that the EC values of the Lake waler are 

lying in the range of 4420 to 70401ls/cm. In both cases with reference to E values as mdc'( 

of salinity hazard falls in the same salinity range denoted as vcry bad salinity hazard. Hence 

the Lake water cannot be used for agricultural irri gation under nonnal condition. 

Table 6.2-- physicochemical data collected d uring field work 

Cd<! BH "". ... hoC-

Sodere hot Sodere """"" Sorioa bin Bt ....... ...... ....... 
sorine spring ,~oo boIa& doni 901. 

_ .... 
SGu~ 01 Bu.!~ 

Date 271912003 271912003 27I9l2003 2/1012003 711012003 ~1 0'2003 ~11>'2OO3 "'1>'2003 
TOS 1349 1350 1375 312().315Q 623 4150 2900 10" 

EC 2280 2290 2300 5Q8O.5130 1045 ,,50 ' 860 1860 

PH 8.06 8.05 8.1 9.45 6.99 8.18 e .. 8 00 

Tema 50.1 52.6 52.1 23.5 33.4 28 ,. ' 3 

Sol 1.1 1.S 1.1 2.2 0.1 3 22 DO 

Regarding the hot springs in the study area, they produce an E value gcnernlly varies m Ihe 

ranges of 2280 to 2300~slcm for Sodere hot Springs and E value of 1752JlS1cm for hoi 

. A d' I the water of hOI spring at odere produces bad spnng at southwest of Lake. ecor mg y 

h t f the Lake presents me(hum sallmty 
salinity hazard while the hot spring at sout wes 0 • 

. B fa nnd Doni and the cold spnng at 
hazard. On the other hand, the cold spnng between on o. 

f 5IJO' ts/cl11 and 2130 rc5p<CI1,eiy and the 
the north o f lake Beseka present EC values 0 , 

. 1 salinity hazard and as the result both of them 
respective water produce very bad and medJUn 

. . ' dcr nonnal conditions. 
are not suitable for any crop lITIgation un 
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Lastly the groundwater at Bofa reveals Ihe EC val f I ' 5 ue 0 J.LSIcm and as a result n I 

classified as the water with medium salinity hazard w"h EC • I respect to as Index of sahnlt)' 

hazard. 

lo general, the groundwater from bore holes hot springs and c Id ' th th ' 0 spnngs WI e e)(ctpllon 

of Awash River water with reference to EC as index of salinity h3.lard are considered to be 

unfit for agricultural irrigation for any crop irrigat ion except with continuous leachmg on 

highly pemlcable soil and with extremely salt tolerant crops. However as could be confirmed 

during field work the areas around thc Lake arc totally covered by clayey sit or silty clay of 

alluvial and I or lacustrine origins and the Fantale volcanics which are supposed to sho" low 

penneabil ity and unfavorable conditions for nonnal crop growth. 

6. 1.2 "Vate r quality for Agricultural uses with reference to Sodium Adsoquion Ratio 

(SAR) 

Water quali ty problems in irrigation area include salinity and toxicilY. Excessive sahnllY 

occurs when there is an accumulation of salls in lOp soi ls, sodium has a far reaching effect on 

soi ls most sodium in natural water originates with the release of soluble products dunng the 

weatheri ng of plagioclase feldspars and its minor amounts may come from the minerai haille 

(Nael) and aerosol. 

Sodium hazard on crop development in semi-arid climate where cvaporation mtc is high can 

be expressed in tenns of the ratio of sodium to calcium and mngne ium ions, Accordmg to 

the United states Department of Agriculturc, the Sodium hazard effect can be calculated by 

the sodium adsorption ratio (SAR) using the following fomml. 

SAR~ Na' dCa" t Mg"12 

Where all the three ions are expressed in mill equl\f3lent per hiler 

(meqn) 
According to the result of the analysis of current work and pre\'lous (v. orks) cheoucal 

cd f d·fTerent loca!Jucs With refcrt'OCc to the 
composition of the water samples collect rom I 

d
' . ' AR) ' d to Sodiulll hazard (table 7,) and thClr classification 

so IUrn absorption rallo (S as tn ex 

for agricultural purposes are independently out lined below. 
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Table 6.3 SAR values of different water bodies 

Awash . SAR hot&COld SAR Lake SAR bore SAR 
iver SprinQs 8eseka 

13.94 holes 
Isodere Sodere 31 .24 LBS-001 36927 liala drooc 10809 
Isodere 1.16 Sodefe 31.43 ooinl30 184 45 

1.67 
AbacI .. 2nd 154 

I sodere sodere 25.2 LBS- 002 32276 Ortho.Ch 12n 
I era 0.82 LBeseka 46.53 LBS-003 22266 abadlr4lh 1629 
I Abadir 1.43 LBeseka 56.89 LBS-004 276.68 Gudm Fu _ 50 
I Metehara 1.52 L.Beseka 66.0B LBS-005 223.58 MtH;. ue 317.55 ..... ---.. L.Beseka 133.71 LBS-006 276.68 merti 521 -_ ... -----. L.Beseka 47 .17 l akeBeseka. 213.73 Kikan VIII . 11.03 .. --- .. _--- cold sprinQ 

_ ... --_._- near railway 4.64 lake Beseka. 238.21 Medl>a 5642 
----- ._---- ----- ------ l ake Beseka 175.53 BH45 n95 
----- ------- - -- ----- ------ - Wo\enchib 588 
---- ----- --- -- --_ .. Melka lio 48_02 

6.1.2.1 Awash River 

The calculated SAR for all the Awash River waler collected at various localities lies In the 

range of 0.82 to 13.94 with the lower and higher Values corresponding to the values obtamed 

from the water samples collected from Era and Sodere areas respecti vely. According to the 

guide lines developed by the United State Department of Agriculture recommendat ion for 

water classi fications on the basis ofSAR values, the calculated SAR va lues fo r Awash river 

water at different localities of the study area indicates that it has an excell ent WIlier quality 

for the purpose of irrigation. However, taking into account the fact thnt the top sod of the 

irrigable land in the area is either covered with clayey silt or silt clay soil s of alluvial and lor 

lacustrine origins, characterized with low penneabi lity values along wi th lhe presence of high 

rate of evaporation suggests that the possibi lity of the occurrence of sodium hazard IS 

anti cipated unless a proper irrigation schemes will be appl ied to control the sodium extent In 

the soil as a result of its exchange for Ca ion and high rate of evaporation of irrigallon w:ller 

as a result of improper application of water in to the cultivated land. 

6.1.2.2 Ground water 

a. Ground water from Boreholes 



• 

The calculated SAR values of the ground water fro 'h Bo hoi mere es 1M the Metehara area 

varies between 5.2 1 and 3 17.55 with the maxi mum val d ue correspon mg to the: water samples 

collected from boreholes at mosque (Mctehara lown) and B H C hoi . at at Ie church In 

Metehara. Whereas the water samples with lower values of AR are collected [rom boreholes 

relatively located close to Awash Ri ver. 

In general, the analysis of the chemistry of the Ground water specifically wilh reference 10 

SAR as index of sodium hazard indicates that there are water quality problems for all 

ground waters in Metehara area except those well s located close to the river, which hkely 

have a chance of getting dilution of high ground water salinity by infi ltrating river water. 

As can be seen from the plot of SAR versus EC on figure 7.1 for the classi fication of 

irrigation water, the groundwater of Metehara area, falls in the category of C]" I (high 

conductivity and low sodium hazard) and C)-S4 (high conductivity and very high sodium 

hazard). 

Therefore, both on the basis of the measured electrical conductivity and Sodium absorption 

Ratio (SAR) the groundwater of the area seems to be unsuitable for agricultural imgauon 

under nonnal conditions. 

Despite the ground waters from Metehara area where there arc relatively sufficient pre\'iou 

chemical data, the groundwater at the other localiti es in the study area were not available and 

even it was not possible to collect the waler samples for chcmical analysis (during the present 

work. This is due to the nature of the well construction that does not aUow collecting Ihe 

samples just at the location of the wells with the exception of the well at Bofa village. 

The groundwater at Bofa well presents an EC value of 1045 Micro em and accordmgly II 
. ed· I··' hazard to crop imgalion, oncemmg the 

can be classified as water With m lum sa 101 Y 
..' I possible to categorize them for Imgallon 

groundwater at the other localities It was no 

purposes due to the lack of chemical as well as physical datil . 

. nd Ihe generol chenustry of surface \loater 
But taking into account the geolOgiC nature a 

. d hat the ground Wilier outside Melchan IUU 
(Awash river) at this area It can be suspecte t 

. . .. ' on and can be used on most crops provide that 
WII\ present a medium water quality ror Irrtgall 
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the leaching techniques are applied in accordance with th °1 d 
C SOl type an the penod 0\ tT 

which the water is applied. However the nature of the to °1 f Lh P SOl 0 e Imgable land In the 

study area which is covered by clayey silt and or silty clay that seems to fa\or the "change 

of ~ for Cation in the soil may suggest the possibil ity of the occurrence of sodium tt.aard 

through prolonged irrigation practice is not out of expectation. 

b. Springs (cold aDd bot) 

The calculated SAR value for Sodere hot spring varies between 11 and I which classifies It 

as a water with good quality for irrigation but on the basis of EC value it pre5CnlS medium to 

hi gh salin ity hazard and accordingly it can be classified as a water in the category ,.S2 

(high salinity and medium sodium hazard) and it is supposed to be difficuh to use for 

irrigation. In addition to this its low discharge makes the spring water unsUitable for 

irrigation. Regarding the water of hot spring at the south of Bcseka lake which has a 

considerable large discharge value the calculated SAR value of its water varies between 66 

and 237 and as result the water classified as the water that presents a very high sodium 

hazard on any crops but according to the classi fi cation on the basis of EC value It IS 

classified as the water which presents a very hi gh sodium hazard on any crops. But accordmg 

to the classification on the basis of EC values it is classifi ed as the waler with me(Jium 

salinity hazard, and based on both EC and SAR values the hot spring water al Metehara falls 

in the category of C3 -S4 and hence the water is unsuitable for irrigation. 

In spite of the low discharges which may disregard the usefulness of cold spring locatctl 

north of Beseka Lake, The sodium adsorption ration (SAR) was calculated and a \ alue of 

0.93 was obtained and accordingly the water fa lls in an excellellt water class for imgatlon 

However on the basis of Ee value it presents high salinity hazard and hence usmg both E 

and SAR as index of classification the water of cold spring al to.'lelehara is in the category of 

C
4

- SI which is considered to be unfit for irrigat ion under nomlal con(huon. 

c. Lake water (Beseka) 
h Lake Bcseka lies in the range of246 to 75) 

The calculated SAR values of the water from I e 
. 1 s to a waler class of a \cry bad "ater for 

wh ich indicates Ihat the water of the Lake be ong .• . 
.' . TI ' is duc to high concentnluon of II Ion In 

irrigation and it can not be used for Irngallon. li S 
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the water which favors the exchange capacity of • fI C , • . 
. + . a or a In the soil Yo hleh together 'Alth 

the accumulation of the Na In the soil arise as a I f resu I 0 the effect of evaporation leadJ to 

the lowering of penneability of the soil to such an extenl Ih II al can lOla y pm'cnt the root of 
the crops from obtaining water. 

6.2 Water quality for Domestic uses 

6.2 .1 General 

The quality of watcr for domestic uses is evaluated in relation to ccnain dc\cloped 

Guidelines and standards. In general the developed and developing countries ha\'c different 

standards of water quality for drinking, but the uni versally accepted standard for domcs11cs 

use is the water quality standard developed (recommended) by world health organization 

(WHO). 

The quality of water for domestic uses refers 10 the quali ty of watcr as compared to cenam 

developed standard or guide lines whether it is within thc allowable limit or not. Thus the 

quality of water fo r drinking can be evaluated in comparison with the reference to both 

chemical and microbiological standards in the case of developing countries like EthiOpia 

which does not have its own well developed standard yet the universally accepted WH 

standards fo r domestic uses is used as a reference for the evaluation of the water quality. 

For the water quality for drinking with reference to chemical standard, the first compound 10 

be considered is nitrate. Nitrate is a constructive c1cment in natura l ground waters and hence 

once large-scale nitrate contamination has occurred, it will take a considcroble penod orume 

before it is naturally attenuate through de- nitri fication or di lution. This implies that It has 

long-tenn effect. 

6.2.2 Surface water I Awash riverl 

Fonn h 
. I . f· Ih waler 'rom the Awash Ri ver where lhe maJontyofpcople 

c emlca pomt 0 view e II 

(
. . f s of Nura- Ern and Metcharu state (1lfTtl 
In the study area) with the exceptlon 0 some camp 

d d 
., d · k· lIs quali ty with respect to WHO chcmlcal standard 

cpen s on Awash River lor nn Ing. 
. f h I· ns and anions that are mainly related 10 ~'1tcr qualuy 

seems to be SUitable. Some ate cn 10 
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for drinking are independently presented below wi th h I t elr re atl\'e e:ttent of eXistence In 

water. 

Nitrate 

Nitrate leads to oxidation of nonnal hemoglobin to Ih I b me aemog 0 10 that IS unable to 

transport oxygen to the tissues. This may result in a dark blue colo ° d ration an In some cases 

phyx iation and death hence the presence of nitrate in the natural waters for drinkmg should 

be seriously considered whether it is with in the allowable limit as compared with CMam 

sett led standards! Guide liens .In the case of the Awash River water in the region under 

consideration the nitrate content (as N03' foml) of the water al lura-Era lies in the range 0.7-

4.3 mgtl whi le that of Metehara area varies between varies between 0.8 -2.2 mg/I and In both 

area its content lies much below the maximum admissible values, which According to WIIO 

standard is SOmgll. 

Fluoride 

Fluoride in drinking water can have toxic effect in both excess and deficiency condition The 

excess of fluoride may lead to dental or skeletal fluorosis and the deficiency may cause 

dental carries, which is weakening of the teeth. Thus in some circumstances fluonde may be 

added to the drinking water supply. The acceptable concentration of fluoride III ..... ater IS 

partly related to climate, as in wanner climates the quantit ies of water consumed are higher 

and as a result leading to greater risk of fluoride problems as overall intake de<:rcases. 

The fluoride content of the water of Awash Ri ver in the region varies from 0.6-1 mg/I a l 

Sodere and at Nura-Era and from 0.67 to 1.5 mgtl at Metehara while the fluonde content of 

the drainage water in irrigation channel at Metehara area varies from 1.6 to 1.70 mgll that 

lies beyond the upper limit of WHO standard and accordinglY the dr:unage water IS unfit for 

domestic uses but the Awash River water is with in the allo\\ablc hmlt of WHO sta.ndard 

\ 
011 r fl °d Th gh Ihe Awash Ri ver with respect to In orgamc consUtucnt 

VI 1 re ,erence to uon e. ou 
generally lies within allowable li mi ts but due to its high turbidity and high bactcnal pollution 

it is not fi t for domestic uses without treatment . 

6.2.3. Ground water for drinking 
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,. Waler from bore holes 

The fluoride content of the borehole at various localities of Mctehara area vanous be(v.ecn 

2.2 and 73 mg/I and this makes the water from bore holes at Metehara area are unsuitable for 

drinking being the fluoride content of al\ the water from boreholes is Iymg 10 lhe ranges 

beyond the admissible limit of WHO standard. Whereas Ihe Nitrate content of the Boreholn 

water varies between 0.88 and 209 Mg/I and the maximum values corresponds to waten of 

Boreholes located in the farm and settlement camps which supposed to be exposed to some 

source of pollution due to the impact of the usc of in organic fcnilizers and In direct 

agricultural impacts related to the settlements in the agricultural camps while the lo",cr 

Nitrate content associated to the water from bore holes located relat ively for away from the 

fann and settlement areas. 

In addition to this Mn ions were detected in the water of the majority of boreholes with the 

extent varies between 0. 1 and 1.8 mg/1 while festal were also identified in the range of 0.02 

to 0.84 mg/1. The content of Mn ions of the water from some boreholes at the region 

indicates that the water is not fit fo r drinking as the detected values are beyond the admissible 

limit even with respect to Ethiopian standard. 

Regarding its quality with respect to major caion and anions such as Cal<, C) · and 0./ the 

water of the majority of the Boreholes exhibit the values with in the allowable 110111 With 

exception to waters fonn some boreholes, which revealed chloride and sulphate values 

beyond the recommended range. 
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beyond the admissible limit of WHO standard \Vh I ' . . crcas the Itrine content of the Borthol 
water vanes between 0.88 and 209 Mgtl and th . e maxunum values corresponds to \\oaten of 

Boreholes located in the fann and settlement cam h' h . ps W Ie supposed to be exposed to .orne 

source of pollution due to the impact of the use of . . . -In organic fertlllz.ers and In direct 

agricultural impacts related to the settlements in the . I I agncu tura camps lAhlle the lov.er 

Nitrate content assoc iated to the water from bore holes I ,"A I . I ' oca IN rc alive Y lor ay,ay from the 

(ann and settlement areas. 

In add ition to this Mn ions were detected in the water of the majority of boreholes lAllh the 

ex tent varies between 0.1 and 1.8 mgf1 while fesla l were also identified in the range of 0.02 

to 0.84 mg/1. The content of Mn ions of the water from some boreholes at the regaon 

indicates that the water is not fit for drinking as the detected values are beyond the adml Ible 

limit even with respect to Ethiopian standard. 

Regarding its quality with respect to major caion and anions such as Cal;' , CI' and ol lhe 

water of the majority of the Boreholes exhibit the values with in the allowable limit 1A Ilh 

exception to waters fonn some boreholes, which revealed chloride and sulphate \'alues 

beyond the recommended range. 

b. Quality of Water from Beseka Lake for drinking 

The ni trate concentration (as NO)) of the water of Beseka lake collected at various localities 

of lake varies between 7.04 and 41.6 mgtl that fal1s in the recommended limit of WII 

standard fo r drinking waters. The fluoride content of the Lake waler varies in the mnge from 

10.6 to 61 mg/I, whieh faUs out side the admissible ranges. Therefore it is unfit for dnnklOg. 

beside this the average values of Mn ions and some major anions like r and o~ 'l ion are 

also ident ified in the range beyond the recommended limi ls (see table5.9) while nO" IOns Fe 

lolals are occurred in trace amount (1.6-6.4mg/1 for Ca and 0.07 100.2 mg/1 for Fe 10tal. lylOg 

in the admissible range. The pH of the lake water lies in Ihe rangc of 9.29 to 9.7mgtl Thu 

the over all chemistry of the of the Lake water makes it unfit for domcsllc uses. 

c. Quality of hot and cold spring waler for drinking 

The water from Sodere hot springs exhibit the fluoride content of2.7 to ,U5 mg/1 1Ahllc: Its 

CI and sot contents vary in the ranges of 11 7.3 10 170.2 mgll and 130.10 I I mgtl 
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respecti ve. The Mn2+ and No}" ions were obtained to be 'I h . 
nI W cre their evaluation" ere ~e 

and Fe total is identified to lying in the range from 0 t 02 gil . o . m . Though the maJonty or 11$ 

chemistry related to water quality for drinking falls within the ad . "bl I· 
.. mlSSI e ImllS, but Its high 

content of fluonde makes It unsuitable for drinking Regard·ng th I· r th . I C qua ny 0 e \Ioaler from 

Beseka hot springs their fluoride content is higher than Sode . h tha re springs ot t bes In the 

range of 5.5 to 13 mg/I and their C1 and 504'2 ions vary from lOS to 315 and 150 to 300 mg;1 

respectively while the pH varies from 8 to 9.2. Their Mn2+ and No} ions lie in the ranges oro 
to OJ mg!1 and 0 to 6.16 mg/I respectively falling in the al10wablc limit even though, the 

water of lake Beseka hot springs exhibit the allowable values of cr SO/" Fe total and mnl
> 

ions concentrations! their fluoride contents makes it unfit for drinking . 

On the other hand, the water from the cold springs namely spring at north of Beseka lake and 

spring between Bofa and Doni villages are as presented below. The water from spnng 

between Doni and Bofa is not fit for drinking purpose. Regarding the water quality of cold 

spring located north of Beseka Lake it shows the fluoride content of 4.2 mgll and 5 mgll of 

cr while its S04-2 and No)- contents are 620 mgll and 27.9 mg/l respectively. With exception 

to its fluoride content, the above values are in the acceptable ranges for drinking water butllS 

high F- ion concentration as well as its very hardness nature makes it unsuitable for drinking. 

Regarding the water quality of the ground water in the study area wilh respect to domestic 

uses the problem is mainly related to fluoride concentration thaI occurring totally beyond the 

acceptable limits. Thus the fluoride problem is supposed to make the importance of the 

groundwater as a potential source of drinking water unattracti ve except from some boreholes 

that can be drilled close to Awash River where the possibility of reducing the fluonde 

Content is expected due to the infiltrating river WOller. Hence the dependency on the ground 

water as a source of potable water fo r ever-growing population in the area seems to be 

quest ionable. This is why the implementation of some water project on the Awash RI\er as It 

.' . Metchara area the water supply of 
Source of drinking is presently under pracucmg In 

. h ' tr to the town. Therefore. "ash RJ\er 
lazareth town, which is presently supplymg t e \\ a c 

. ~ both agriculture and domestic uses m the 
IS considered as a major source of the water or 

. er Illcntoring of thc quahlY of A" ash R.J\tr 
region under consideration and hence a prop 

. . .' h r longed period ofirrigal1on procllCes 
water IS requ ired to properly utili ze It throug p o 
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CHAPTER SEVEN: 

7. 1 Genera l 

IMPACTS OF AGRIC ULT RAL 

ON THE GRO NDWTE R Q ALiTY 
IVITI £ 

Besides the geological process like disSOlution and precipilaf,o h d I · d n, y ro )'SIS, a sorption In 

the unsaturated zone and exchange process in the groundwater zone which are supposed to 

have an obvious influence in altering 'he ground chern,·, ,· r: .• •• I ry lrom liS IOHI3 one as 

consequence of water and rock interaction through long now channel I , very ong conlnet lime 

and contact surfaces, the water quality can also afTect through direct andlor indirect 

biological processes as well as man made factors. The indi rect influences of biological 

process on the ground water chemistry includes change in-soluble salls of the soil due to 

microbial break down of in soluble substances, temporal wi th- drawl of nutrients by higher 

plants and an increase of the C02 content of thc ground air through the process of roots 

respiration and microbial activities. 

In addition to this, the groundwater as well as surface water quality can be affected through 

human and animal waste Producls Ihal contribute to the supply of soluble salts. In general. 

the effect of biological process on the groundwater quality arc manifested mainly through the 

increase or decrease in the concentrations of some chemical compounds like nitrate. sulfate. 

etc, as a resull of nitrifying or den itrifying processes caused by microbes as well as through 

their cata lyst effect in the reduction of sulfate. On the other hand , the changes in the quality 

of ground and surfaces waters can be caused through both direct and indi rect innuenccs of 

human activities. The direct effects of man on the quality of waters caused by thc addillon of 

natural and synthetic substances into the waters due to the activities of man that can be 

manifested mainly through the process of the application of fertil izers and herbiCides to the 

agricultural crops. The chemistry of waters can also be indirectly affected by human 

settlement, which is also indirect ly related to agricu ltura l acti vity. Further morc, the m(ilrecl 

effects leading to the changes in the water quality as a result of man nmdc factors can be 

Occurred by human interference with hydrological, physical, chemical, and biological process 

w·,1 d· dd' . f b, 'ances inlo the waters The best example of m(ilrect effect 
I lout any Irect a Ilion 0 su . 
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caused by human made facto r is the rise in CO2 content of the ground au due 10 the 

culti vation of soil by man. 

In genera l, man causes the signi ficant changes in the walers but the major change causes by 

man and animals are expected only when human scutcmcnt and large-scale antmal husbmdl') 

arc involved. 

According to Mathess, (1972) anthropogenical\y poltuted groundwater is water in ", hleh the 

total dissolved and suspended solids caused directly or in direct ly by man is higher than the 

maximum pennissible concentration relati ve to the limiting values arc la id down 10 nauanal 

and international guideli nes for potable, agricultural or industrial waters. Therefore, the first 

possible agricultural activities on the groundwater and Awash River waler where agnculturaJ 

activities are extensively under practices are supposed to be water pollutant that could be 

occurred as a result of the application of fertilizers and pesticides 10 agricultural crops The 

raised in the contents of bicarbonates, chloride, ammonia, ni trate (NO}) ions and high \ alue 

of manganese & phosphates ions can serve as the ind icator of groundwater pollullon. 

however it has to be proved at any given lime and place thai these indicators are not 

attributed to geological origin. 

7.2 Agricultural Activities in the Region 

The majority of the irrigable land in the region is occupied by state farms in which the 

considerable large proportion of irrigable land are under perennial crops dominated by sugar 

cane and citrus crops. Sugar cane is highly successful crop produced by the ugar 

Corporation at Wonji and Metehara centers, while Horticultural Development Corper-ulon 

runs several fanns along Awash River. Besides these, the production of malle, cotlon. 

tomato, onion, orange, mango, etc. 

Almost all fanns use fertilizers of different types such as urea, phosphate. etc. The m:un 

. . . (4601. which on many farm is Lhe only fenlillCf fe rtili zers applied to most crops IS urea 10 

r . I N'r phosphate (appro,(lm,lIely I • • P) app lied. Where as, phosphate in the foml 0 tnp e su,,¥ 
. ? I o/c Nand 23% P) is also applied on mos1 

and diammonimum phosphate (approximately - 0 

In addition to the oppl icalion of fcnilll.er5. IIlSecllCld 
crops in the region, except sugar cane. 
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and fungicides are applied to most . crops. The li sts of pesllcld 
presented in the table below. es used In A .... uh \alley Me 

Table 7.1 List of pest" . d leI es used in Awash \'allty 

Aldnix 48% M~r 
Azodrin (DDT) 1011 a Mencottv 80% 

Anlhio 11.1 nac 20%&:· Ul V 
Anelellic NU'I1Icron 40.SEW 

Acarin perfecllon 

Basudin 600 EC pal11thlon 50% 

Cymbush Que! tox 

Curacron Ripcord 

Cidial 85 AS Roger 40 UlV 

Codal 400 EC Roudup 

Dursban 40 UL V Ronstll.r'DlVron 

Dimecron 100 scw Santll.na 

Dilane M-45 Sunlclon 50 EC 

Dursban 24 UL V Sarsan 

Ekathin 24 UL V Thiedan 25 Ul V 

Exactin WF Thlod:m 35% EC 
-

Ethion 50 ES Thionex 25 Ul V 

Endrin 1.6 ULV Tle;,;ene 80 

Fertilion combi Torbidan 

Gusathion TllrllJfon 

Koicide 101 UltmcideUl'l1l1r 

Hosathion Combi 500 

Metasystox R 50 Voh CUSlah:iclon 

Sources. ongmal source IS Awash Agncultural Corporation data abstracted from table 

3 and 7 in Halcrow 1985, Annex J. 

Hence it is evident that in the region whcre agricultural activities arc exten5l .. ely under 

practice, the ground water is supposed to be susceptible to pollution matnly as the 

consequence of the applications of fertilizers and pesticides as \\ell as through the act of 

human wastes products disposal, which includes the infiltration of ""asle from sepliC tanls 

and sol id waste disposal associated to human settlemcnt related 10 agncultural xll\ III 

Therefore, possible infiltration of waste from septic tanks in the arca of human S(:ulcmcnl 
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and fertilizers and pastorals applied to ag ' It I . nell ura crops are considered as major sources of 
possible groundwater pollutants. Presently th . 1 ... . e agncu IUral activities run on the geologlcal 

fonnatJons that totally covered by alluvial la . d . ' ccuslnne an unwedded fine-gramed tuff of 
voleamc rocks. In Metehara farms the agn'cuh 1 ... , ura acllvlItCS are totally performed on a1lU\131 

and laccustrine deposits whereas Nura-Era fanns ru 11 · 1 n on a UVl3 and un\O,edded fine-gramed 

tuff composed of silt to sand size particles Regarding th ' . . C IUlUre expanSion of the agncultural 

activities in the study area, it is totally controlled by the geology of the area. The dlfTerent 

volcanic rocks that surrounding the alluvial and the laccustrinc deposits are not suitable for 

u ura activities 10 t e area are agricu ltural activities, so that the future expansioll of tile agn·e It 1 ... . h 

largely dependent on the presence of alluvial and laccustrine deposits. In addition to thi S. 10 

Metehara area, the rise in the level of Beseka Lake has also innuence on the expansion of the 

fanns area unless proper measure could provide. 

7.3 Inorganic fe rtilizer 

As already mentioned above, all fanns used fertilizers of different varieties such as mlrogen 

and phosphate bearing fertilizers, among which urea (46% N) is the major product apphed on 

many crops in a various farms consequently, the possibi lity of gett ing nitrate and phosphate 

concentrations in the ranges beyond the admissible li mits of national or international ~ulde 

li nes fo r potable agricultural or industrial water in the ground and surface water of the region 

is anticipated. Moreover, the use of fertilizers arc considered to be the major cause to rise in 

the amount of soluble salts in the ground water such as chloride, sulphate, nitrate. phosphate. 

calcium, potassium, magnesium, ammonia and sodium in various amounts. Ln addition to 

this, all fertili zers are supposed to cause ind irect effect by stimulating bacteria in the SOIL In 

the case o f the region or Awash valley, where nitrogen and phosphate bearing ferullleTS are 

dominantly applied to many crops, the presence of nitrate and phosphate 10 the groundwater 

in the ex tent beyond the average limit is anticipated. onscquentl y in the Mc:tc:harn fann 

areas where relatively higher values of inorganic fertilizers arc supposed to be applied. sho'AS 

the nitrate content in the range of 1.76 to 21 .12 mg/1 . This value is in the range ofadnu Ible 

limits for drinking. Hence the groundwater in the fann areas docs not show a clear SIgn or 

deterioration in quality as a result of the application of fertIlizers But the companson 

bet h 1
· b d of NO concentration in most boreholes al ~\'I cnl. Mc:tchara 

ween t e re alive a un ance J" 
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Sugarcane and Abadir fann areas and the borehol led' cs ocat lar from the farm arns Indicates 

that the groundwater from some boreholes pan· I I h ICU aT y I Ost located W est. 'orth and 

northeast of Lake Beseka show low values of nitTates tha th be h I n ose re 0 es In the farm areu 

This si tuation can be taken as the sign of the impact of th I·· f ' e app leatlon 0 lenlhzen to the 

various crops. To visualize this concept it should be noted th h . f , at I e mtrate content 0 the 

majority of the Boreholes in the fann areas 3rc lying in the range of 9.2 to 21.12 rng/l 

Whereas the N03' content in the boreholes far from the fann areas is lying in the range 0[0. 

to 1.76mgll, which clearly indicates some sign of lhe impact of the Agricuhural activities on 

the quality of the groundwater of the Mctchara area. However in contrary 10 the slated 

general trends of N0 3' distribution in the ground water of some well in the faml areas show 

lower values of nitrate probable due to local variation in the purifying capacity of lhe soils In 

the unsaturated zone, or due to nitri fying effect of microorganisms or else due to high rate of 

NO)- in take by crops. 

In addition to this some boreholes in Metehara town reveals 10 J' concentration, '" hleh have 

been identified in the extent beyond the recommended limit of WHO standard. Thus 

boreholes includes borehole at Mosque in Metehara ( I S4 mg/I), B.H near atholic hurch 

(1 2 1 mgll) B.H H.BH 26 and 27 with NOl· in the amount of 209 ",gil and 149.6 mgll 

respectively. The high value of the N03" in these boreholes are most probably related to the 

pollution that can be associated with the Septic tank or sewage lines and this indicates a clear 

sign of po ll ution or contamination due to man made factors possibly through the effect of 

Human settlement. It could be reached at this conclusion, taking in to consideration the fac t 

that the ex istence of nitrates, Na\ and cr in their relative high values in the ground water of 

thus boreho les which can be related to the presence of human excreta . 
• 

The ground water in the majority of the Boreholes have the 10 3' contents In the range of 

0.88 to 37 .4 mg! I while the nitrate concentration of hot and cold spring 0.0 to 6.16 mg/I and 

27.9 mg/I respectively and Lake water falls in the range of 7 .~ to4 1.6 mg!. 
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Concerning the concentration of the phosphate ',n the d f« groun water 0 dillerent boreholes., 
lake and springs in the Metehara regions it observed that the h h .,- nd 

' p osp ate In UK: grou '" Iter 

from different boreholes vary in the range of 0.03 and 9.2 mgll while the lake and spnngs 

water have the phosphate in the range between zero and 2.13 mgfl. In addition to the 

presence of nitrate and phosphates, manganese ions arc also identified in the ground v.ater of 

many boreholes in the extent in the range from 0 to 1.8 mgfl while the lake'" ater and hot 

springs have the Mn2+ ions in the ranges 0[0.3 to I mg/I and 0.1 to 0.3 mg1l respectively. 

As can be confirmed from fig. 8. , the presence of nitrate in a relati vely higher amount In the 

ranges of 4to 1 Omgll and lata 22mgll as well as the high value of TO (in the range above 

ISOamg/l) in the farm areas at Abadir and Merti in groundwater from some boreholes 

indicate the sign of the impact of agricultural activi ties on the groundwater quality In these 

areas Hence the prolonged agricultural activities are supposed to have more impact on the 

water quality. Therefore to over come the possi ble impact on the water quality. easily 

degradable fertilizer and pesticides should apply in the faml arcas, 

Regarding the surface waters in the study area, the nitrate amount was identified In their 

reiatively' lower values (0.3 to 4.3 mg/I) than ground and Lake as well as spnng water. 

Therefore, the impact of agricultural activity on the qual ity of surface water is very 10" . But 

the occurrence of Fe total in the range of 2.7 mg/I and 18.2 mg!! at Era and lurn area 

respective, taken as an indication of the impact ofagricuhural activit ies on the surface water. 

Last ly it should be noted that dependi ng on the watcr qua lity, Awash River is considered as a 

major natural resource in the study area for both agricultural and domestic uses. li enee to 

prevent further deterioration in the quality of river water, through long irrigation practice. 

systematic and regular water quality monitoring is required for bettcr utilization of the mer 

~vater in the long period oftirne. 
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7.4 Pesticides 

Though the presence of organic chemical of pesticides origin in the ground water IS ('(petled 

where the application of pesticides on the crops in big fanns are under practice unless lhc1r 

geochemical behavior in the water and soil with respect to the phYSical, chemical and 

biological processes which control thei r persistcnce, and transpon which supposed to a\-old 

their in filt ration into the ground water. However, due to luck of data on the analYSIs of 

organ ic chemical of pesticides ori gin, it was not possi ble to determine their exact values In 

the water of the study areas. Moreover, it wonh to notc that the ana lysis on the chemistry of 

the pesticide origin are not carried out in any laboratori es in the country, so that it was not 

possible to quantify the impact of the application of pesticides on the ground and surface 

waters in the region (Awash valley). However according to the list of the pesticides used an 

the region none of these are persistent and all are to be degradable (l..aCIO 19 5 annexl) and 

the fact that the top soil of the irrigable lands are mostly covered by clayey silt and lor silty 

clay which characterized by low permeability material, it is possible to say that the Impact of 

the applied pesticides on the ground water as a source o f pollutants are not in the condition 

that can endanger the quality of ground water. 

However even if there was no available data on the level of pesticides used in the study area , 
nor their concentrations in Awash River or canals. But a\1 the pesticides are supposed to 

cause some degree of toxicity. Thus a risk of tox icity to people and calli e using the canal and 

. .. . . r h· ·I ·S essenlial to carryout a siudy of such dramage water IS anticipated. In view 0 t IS I I 

··d . d ·d I·f Ih ·r nalure and causes In panicular the study shall be related 
m CI ences m or er to I en I y el . 

b· cd I epeated eXJlOsure 10 the pesticides. which 
to those workers and other who are su ~e<:1 0 r 

I · . h gradual onset of poisoning symptom 
may reveal a cumulative effect, resu ling In I e. 

93 



rc- -: 
, ' 

• 

1 

I .. 

1 .1 

l 

CHAPTER EIGHT: IMPACT OF BESEKA LAKE LEvEL RJ E 0:'1 

WATER QUALITY 

8.1 Impact Beseka lake level rise on water quality 

According to the assessment of the available data agn'cultu-I w I I' fA h R , 1<. aer qu31ty o was I\er 

water with respect to EC (200-273Ilslcm) falls in a good water class, for agricuhural \\ 31er 

uses. Where as its agricultural quality wi th respect to Sodium Adsorption Ratio (SAR) as a 

measurement of an index of Sodium hazard lies in the range from 0.5 to O.75,this indicates 

that the river water falls in an excellent water class for agricultural purpose. 

Regarding the agricultural water quality of the groundwater from bore holes except those 

located close to Awash River, produces an EC values bctwcenl OSOand 5500~s/cm "hlle liS 

SAR value lies in the range of 4.82 to 317.55. Consequently the over all agricuhural as ",ell 

as drinking water quality especially with respect to nuoride content, the groundwater IS 

identified in a conditions which is not suitable for both agricultural and domestic uses. On the 

other hand, the water from Lake Beseka, cold springs and hot springs are exhibiting the water 

qual ity that is not suitable for agricultural and domestic uses. Hence, this situation makes the 

Awash River as a major water resource in the study area which requires due allention to 

preserve its quality and its proper utilization fo r prolonged agricultural and domestic uses 

without deterioration the quality. Therefore, attention has to be given to water quality and 

environmental problems that can be caused due to the impact of rurther wllter resource 

development in the area. This is because of the fact that ecological changes that had resulted 

through the development will create conditions ravorable ror introduction and propagation of 

different di seases such as malaria, Schistosomiasis, Dysentery etc. Therefore, the Impact of 

According to the work of Halcrow, 1989, the major environmental heahh problems eulTtflt ly 

identified, include malaria, Schistosomi asis and Onchocerciasis. lei hamasls and 

Arboviruses. Hence the impact of future development of the water resource hall be 

considered in relation to the existing environmental health conditions as \\ ell as the 

introduction of further hazards related to expansion of irrigation, de\elopmcot of high \\ iller 

table area, water harvesting and spate (ri ver nood) irrigation. 

94 

I 
I 

I . 



• 

fu ture development of the water resources in th d . . e stu yarea requlfc due attention .... 1m regard 

to environmental and health problems as well . as water quahty detenof3l1on that can be 

related to prolong agricultural activities which arc supposed. I ' 
. . ' 0 resu t In the problems of 

sallmty and pollution. In addition to this the rise fl ' 1 r La o C\ e 0 ke Beseka can be also taken as 

other impact of the water resource on the environmental a d I' r n water qua Ity 0 Awash RJ\CT as 

well as groundwater from some bore holes ncar the Lake through lime. 

According to the work of Halcrow, 1989, the major environmental health problems cUlTently 

identified, include malaria Schistosomiasis and Oncl.ocerc'· , - ' h ' d , laslS, l"I;lS am3SIS an 

Arboviruses. Hence the impact of future development of the water resource shall be 

considered in relation to the existing environmental heahh conditions as well as the 

introduction of further hazards related to expansion of irrigation, development of high water 

table area, water harvesting and spate (river nood) irrigation. 

Currently Awash Ri ver water is identified in a good water quality especially for agncuhure 

while groundwater, Lake water, cold and hot springs are al ready identified in a condition, 

which is not suitable for agriculture and domestic uses. However, further water resource 

(Awash River) development is assumed to cause salinity and agricullural pollution problems 

through the application of fertilizers and pesticides as well as the innuence of human 

settlement associated with agricultural activities and Urban development. Beside thiS the rise 

in the level of Lake Beseka with time will pose impact on the qllality of the water of the area. 

even at the present, it has been felt on the quality of water sllpply from some bore holes at 

Metehara town the occurrence of F' and NO)- ions in the ranges beyond the recommended 

limits can be taken as the indicators of the impact of Lake water on the quality of 

groundwater from some boreholes. Hence, in the future un Ie possible-conlrolhng 

mechanisms are applied on the ri sing level of Lake Beseka, nooding of adjacent lands and 

services such as road and rail will be continued. This situation is assumed to cause dr-unage 

of the highly saline Lake water into the Awash River water that can induce sahmty 10 the 

river water and adversely affects the quality of Awash River water for both agncultul"lll and 

domestic uses in Metehara area and other localities below Metehal11 town. The nse III the 

salinity is related to the development of high water table area through prolong ngncullural 

acti vities and app lication of excess water into the irrigated lands \\ Ithout proper management 
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The application of excess Ri ver water into th . . . . . ' e lmgaled lands through prolong agncultUBJ 

acti VIti eS together with the effect of high rate f . . . o evapotranspIration 10 the area IS assumed 10 

result in an accumulation of soluble salts in the t 'I ' ' op SOl lormatlon which can prc\etlt the 

water from reaching the root zone of the cropsand I ' I ' resu t In ow producll\ It)' of agncultural 

crops in the area. Moreover the further development f ' I I " , . 0 agocu tura actl\'ltle5 In the stud), 

po U Ion In t e ground" ater of the area IS assumed to lead to the problems of agn'cultural li t' . h 

area. The polluting substances that can change in the natural water quality of the River and 

the groundwater is deri ved from fertilizers and pesti cides applied to irrigated lands as well as 

due to poor sanitary facilities in the irrigated area especially in the camps and selliement 

villages (which is not presently satisfactory) and act of waste di sposal. 

8.2 Impact of the r ise in the level of Lake 8eseka on en\'ironment and water qualilY 

At present the impact of the rise in the level of Lake water have been felt in (detenoratlon 

of) the groundwater quality from some bore holes in Metehara lown as well as in an increase 

in the salinity of the groundwater as a result of intrusion of highly mineralized lake water mtO 

the groundwater at the northeastern side of the lake and development of high water table. The 

ri se in the level of lake water has also caused problems on the existing infrastructures like 

road, railway line, Metehara sugar cane plantation, grazing lands, etc. The main road and 

railway from Addis Ababa to Diredawa have been previously constructed close to the lake. 

the rise in the level of Lake water resulted in the submergence of rail way and road below the 

lake water which required raising of these serv ices to maintain the transportation from AddiS 

Ababa to Diredawa. Consequently the rai lway Enterprise and Ethiopian Road Authority ha\ e 

been forced to raise these infrastructures several times. According to the work of tile ~'1l1l1 try 

of water Resource on the rise of lake Beseka almost every year, the railway hne has been 
, 

raised three times in which each rising has costed 3 mill ion birr while the EthiOpian road 

authority has been made road maintenance almost every year since the rise m the le\-el of 

lake water has been recognized. 

A h I k 
. ' ed I to Metehara sugar cane plantation its nse has caused scnous 

s tea e IS sltuat c ose . h rt of MOWR (199 ) a land am of about 
prob lems on the farmlands. Accordmg to t c rcpo ~ 

, I been affected in which 55.55ha or the land 
161.S5ha of Metehara sugarcane piantallon las • , 
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has been totally lost while the productivity of the remai ' l06h--mng a l,I\.~ome \"cry poor 15 I 

result of insufficient mechanical operation caused by high water table and high sodium salt 

deposit. In addition to thi s, the grazing and wood lands have been affected and as a result It 

caused serious problems on Nomadic people in the area. 

The report ofMOWR (1998) on the rise in the level oflake Beseka indicated that In the early 

19605 the lake area was 5km2 and in 1998, it covered about 40km1
. This indicates the 

complete loss of35km21and. out of which an area Of0.55km2 belongs to MClcharn sugarcane 

plantation while the remaining 34.45km2 corresponds to grazing and woodlands. Hence it can 

be concluded that the rise in the level of Lake water has caused a serious problems on social 

and environment, and the quality of the natural water. Therefore, unless a proper remc<hal 

measures will be taken on the rise in the level of lake Beseka, in the future the noocilng of the 

adjacent lands and services and further the over now of the Lake water is anticipated. Ir thiS 

is the case, drainage of highly saline Lake water into Awash River will resuh in adverse 

deterioration of the quality of both Awash River and groundwater. The deterioration includes 

the quality for both domestic use and agricultural application. 

A number of big farms are in operation in the area lying below Metehara town and hence the 

deterioration in the water quality leads to serious problems on Ihe economy of the region '" 

particular and the country in general. 

Beside the above mentioned impacts, it should be noted that Awash River is the major fresh 
. , h . pari of Arar People and hence due 

waler resource for drinkmg purpose, lor t e major 

II ' I t can be caused due to the apphed remc<hal 
attention is required in regards to Ihe po ullon 11a 

f 
r. Beseka Lake into Awash River must be 

measures . The impact of the release 0 water ITom 

addressed to the down steam users. 
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8.3 Remedial measures to control the rise in the level of lake Besch 

According to the previous work on the rise of Lake level and remedial measure by MOWR 

(1 989) Lake water discharging into Awash River is one ofthc proposed reme<hal measure 10 

control the Lake level rise of Lake Beseka, however, as can be observed from table 92 II 

results in change in the relative proportion of the individual ions of the river water like II ' . 

K+, Ca2+, Mg2+, cr, sot, C03
2-and HCO/ . Except ci + andMt + ions the change IS 

mani fested through an increase in their relative abundance in the River water along the River 

course. However, except F all these ions occur within the permissible limited SClted by 

WHO for both drinking and agricultural uses. 

Table 8. 1 Water quality of Awash River before and after mixing lake water into Awash with 

the ratio of I :49 are calculated from the original data from laboratory of MaWR. 

I Awash awash 

'"' 
I-:;Sh 

, al awash ,., at at al al al 

at 
tendaho dubll dubll asalla Mile Mile 

prop.of after after before lafte, mixi I ~~:~~: 
after 

L.water before before after 
Imi, ;nn ";ixina I mixing I mixulg 1mb"",, 

mixinQ mixinG ' . 

5974 273 000 o. 342 
, -. 

'"' I.Aa ... 683.96 62' 73 1 582 

I " Vi 10! 925 
1702 34.5 - 6785 114 I 145 76 AO 111 2.44 

7:i <,7 • . 7a 9,8 10:'81 10.81 10 11 92 
60.2 5.9 I ,iOS 31 .18 33, 132 95 32 
2 .16 21,6 21 .19 37.7 - 6.67 33.6 

10.2 10.00 6,32 I .,96 <.71 7,7 7.63 632 
0 .57 2.9 ;-. ;g l .a' 1. 1 9 139 
25.8 1.37 1.86 --;:15 1'64 

"" 06 49 58 8 41 

539 9.18 1078 aaJ ,n:5, .. " ,9 

352 
12 I 21,36 12 

a .• la 01 12 1 21 .36 21 .36 
4.0 nil 9.60 

1 2464 
1 All • 21< 74 , .. i' 7787 2755 12318 

'"" ,. 131 .8 167.91 

?d A6 17 I ?A.78 27 ,8 12 1 2388 12 

606 11 2290 13 

" ' 7.57 a 14 4.7 993 4 48 

266 1.85 m 425 
- 04a 

8saiU 
8ft .. 

I min .. 

I 684 8 
124 6 
102: 
31 31 

619( 
188 

509( 

21 31 

1~ 

23 81 
9 71 

.. 
. d the recollll1lended hnllt (WHO 1.5 mgf1) after 

Regarding F , it occurs 10 the range beyon . . 9 b volume at all potnt belo\\ 
. h River in a ratio of I. 4 Y 

discharging Lake water 1010 t e 
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Metehara. The change that could arise after di scll '. . . argmg IS presented In table 9. t MOrCO\Cf 

the concentration of F- is expected to be more than th I ' d' , . eva uc In ]tated In the table 91 

The majority of the people in the region below Metehara add re epcn ent on Awash RI\er for 

drinking. Hence this fact emphasis the requirement of due attention on the heahh risk that can 

be caused because of the water quality wi th respect to F concentration that exist beyond the 

recommended limit. Beside this an increasing trend in the temperature along the course of the 

river will further aggravates the health problems associated with Fconcentration that eXists 

above the permissible value (1.Smgll) through the eITect oran increase in the consumption of 

wateT as a result of high temperature in the region. 

CaF2 precipitation is required to reduce F- discharging water. On the other hand, according to 

the work of MoWR(1989) the Lake water is increasing from time to lime. Since 1971 It has 

been increased at an average of 5.7Mml/y and then continuously increasing trend has been 

observed since 1987. lts average increment is 7.45Mm3/y. Moreover an average of 13Mm)/y 

increment has also been observed since 1996. The critical volume of the Lake water at "hlch 

an overflow to Awash River is 325.69 million ml, which will attain at 952.95m.3.5.1. And the 

Present Lake volume (1989) is 231.306 million ml, which corresponds to 950.701 m- .a sJ , 

Based on the above data and regression analysis the MaWR, proposed the time of the 

overflow of the Lake water into Awash Ri ver wi ll occur at 12 or 16 year time in accordance 

to the data and regression of the Lake volume increment since 1987 and an average 

increment since l977 respectively. This situation makes the recommendation of other 

remedial alternative unfeasible to control the rise of Lake Level. Hence the proposed Inke 

water discharging into Awash River as a remedial measure to control the Inke le .. el nse I 

considered to be the better alternative, even though it also has a drawback of deteriorating the 
, . Th"s because of the fact that leaVlng the lake 

fi ver water with respect to F concentr3l1on. IS 1 

without intervention and trying other mechanism to control the effect that can be c3used on 

the road, rail, and the lown leads to the overOow of the lake water, which can lead to ad .. ersc 
, tI an the effect caused by the dlschargmg. 

deterioration to the quality of the nver water 1 

( h 
Awash River) for prolong period of lime 

Therefore to utilize the water resources suc as 
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without adverse deterioration in the water quality th ' 11 ' . e 10 oWing controlhng measures should 

be taken. 

I. Reduce the use of fertilizers and pesticides. This can be achieved by testing the.soll or 

the study area with a view to detennine its nutrient makeup and lacking nutnent and 

apply only the fertilizers bearing the lacking nutrient, or apply manure rather than 

fert ilizers. 

2. If possible, grow crops that require lill ie or no fert ilizers and the pesticides. 

3. Apply easi ly degradable fertilizers and pesticides. 

4. Rotate irrigated crops. 

5. Properly locate, construct and maintain septic system and improve waste disposals 

system in the camps and settlement vi llages. 

6. Establish and operate cost effective water quality monitoring system for agricullUral 

uses. 

7. Prevent adverse effect of agricultural activities on the water quality ror other 131 

and economic activities through optimal use or, 011- rann inputs and minimization or 

the use of external inputs in agricultural activities. 

8. Establish biological, physical and chemical water quality cri teria ror agricultural 

water users . 

9. lmprove sanitary facility in the camps and settlement vil lages. 

10. Apply proper scheme or irrigation. 

11 . Irrigate during morning and evening when the evaporation mte is assumed to be 

lower. 
12. Apply a controlling mechanism on the rise in the level or Lake Beseka_ 
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CHAPTER NINE: THE IMPACT OF ANTHROPOGENIC ;\ n V1T1 ON 
WATER QUALITY 

In order to assess and evaluate the impact of Ihe practice of recreation at different 

recreational centers on the quality of Awash Rive Sod r waler at ere, the measurement of pH. 

CE and TDS have been made at up and down steam side f Sod " o ere compound and at \ an~us 

• le oca Itl CS c ose to different places between the two extreme points especially al II I I" " I 

recreational centers. Accordingly the pH of Awash River was identified 10 be .1 and 7, 3 at 

up and down streamsides of the compound respecti vely. Whi le the pH the at the localltlcs 

close to the recreational centers were appeared in the range from8.05 to .22, in which the 

lower pH value corresponds to the measurement made near Abadir bath where the discharge 

of hot spring into in to Awash River has been experienced during recreation period and the 

value of pH belongs to the measured perfonned adj acent to the swimmi ng pool near the 

restaurant next to the main entrance gate. 

The assessment of the measured pH of Awash River more or less fa lls in narrow alkallmty 

range with the exception to the measurement made at down steam side of Sodcre compound 

where the over all effect of hot springs on the quality awash river is anticipated to be 

manifested. This is due to the reason that the different ha l springs althe area next 10 the mmn 

gate are collectively discharging into the river though collector drainage pipe. The measured 

ph of Awash river at the localities below the poi nt where the discharge of springs nre 

occurring was identified to be 7.83 and the reason fo r this lower value seems to be related to 

the over all effect of hot springs on the quality of Awash River. 

The EC of Awash ri ver along the course of the ri ver within the compound was Identified to 

occur in the range from353 to 783 mic in which the lower value sccms to be related to the 

measurement made at the locality where the amount of hot springs waler is supposed to be 

minimum while the maximum is presented by the measurement pcrfonned al the POlO! whert 

the over all impact of hot springs on the quality of Awash river is expected to be mamfested 
" "" I d as E as the tWO-parameters ahlblt a 

Regarding TDS of the river, It shows stnll ar tren s • 
. d H CEandTD dataof A\l.llShn\CTlltthe 

direct relation ship between them. The measure p 
diffe rent point along the course of the river within Sodere compound, indicate lhal, the mCf 
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water reveals a clear sign of deterioration 0 

between hot spring and the river. 
r water quality due to the impact of the mtcracllon 

Table 9.1 Physical data of different wale f bodies in the study area, as mrasurtd dcring 

April field visit 

ocal il & water bod 
wash R. u stream 
Awash R.Abadir bathr 
washswimin .bi 8.2 
wash swimn .small 
wash dsteamof sodere 
wash al Doni brid e 
wash at Merti 'e'u F. 
washat Bole brid e 
.h. at Bota 

Drain e at Merti factor 
s rin near Doni 
draina e abadisa com 
raina eabadisa com. 
raina e testa hiwot cO.7.84 

draina e Bole brid e. 
odre hot s r .abadir 
odere s r. Next to ate 
hoi s r. From colle. i 

PH m Eh m v Ecmicro 
8.1 -0.9 1 453 

8.05 -0.87 518 
-0.94 358 

8.22 -0.95 353 
7.83 -0.77 783 
8.85 1.21 425 
8.1 -0.76 358 
8 -0.86 365 

7.55 -0 .38 1276 

8.166 -0.094 541 

10.35 -2 5110 

8.22 -0.95 392 

8.23 -0.91 392 

-0.76 404 

8.24 -0.94 354 

7.21 -0.23 2500 

7.27 -0 .25 2450 

7.26 -0.2' 2190 

s TDS(mon} data of meas. Tomo I", 
295 16~~2004 2' 4 

337 16 ,anr~ ,2004 262 
234 16 ,aor~ 2004 25 
229 16aoril.2004 2' 7 

'70 16afM'il 2004 302 
277 26,aool,2004 26.7 

234 27,aora,2004 25.1 
240 27. anril 2004 26 .1 

269 26 .aOl'~ 2004 319 

294 26. aoo.2OO4 243 

3325 26.aori.2OO4 268 

255 27.aoril~004 249 

256 27 aorU.2OO4 25.5 

263 27 aorii:2OO4 2' 9 

233 27 aD" 2004 26.3 

1825 26.aoril.2OO4 '8 

1450 26 ao" .2004 489 

1190 26.aori.2OO4 48.8 

and ToS data, it was not possible 10 distingui sh 
From the assessment of the measured pH CE 

the impact of recreation on the water quality 

the river water is assumed to be caused main 

practice of recreation at different centers is s 

Awash river as its adds some salts and liquid 

in the quality of the river water is considered 

recreation activities are practiced by large nurn 

As the measurements of pH CE and TOS of 

where few people are practicing the act of ree 

the impact of recreation on the quality of Awa 

of Awash river as the change in the quality of 

ly due to Ihe impact of hal springs. However, the 

upposed to have some impacts on the quality of 

s wastes into Ihe river but lhe sign orthe change 

to be identi fied during the period \\ here the 

ber of people. 

the current work were made during the pcnod 

realion, hence the data does not sho" a sign of 

sh river water at Soderc. 
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CHAPTER TEN: CONCL USIONS AND RECOMMENDATION 

The main target of the study is to evaluate the hydro h . 1 h . . c emlca c aractenstlcs of the different 

water bodies. their temporal and spatial variabi lity agn'cult 1 d d . • ura an omesHc quality. and the 

impact of agricultural activity on the water quality of the area. h was identifi ed that. the TO 

of the groundwater of the area falls in the ranges 0 to 500mg, 500 to 1000rng. 1000 to 

1500mg > 1 SOOmglL It shows spatial variability in which the TDS of the ground water of the 

majori ty of the area lies in the range from 1000 to 1500m~ while the TDS in the range 

above > 1500 belongs to the ground water from some boreholes at Abadir and Mertl farm 

areas and Metehara town as well as lake Beseka water, and cold and hot springs. 

The chemical analysis of water samples show that there is five water family in the area wi th 

some interconnection except cold springs. The main problem of the groundwater in the 

region is related to fluoride concentration in which at the majority of the art.1 Its 

concentration occurs above the recommended drinking standard. Due to thi s reason. AYo ash 

River can be taken as the major fresh water resource in the area for both drinking and 

Agricultural purposes and hence. due concern should be given to Awash river wateT. by 

applying proper water management system & regular waler quality monitoring system. 

The ground water from considerably large pans of the study area docs not indicate a Sign of 

pollution as a result of the impact of agricultural activi ties in the region, cxcept in some 

boreholes at Metehara town, and Abadir and Meni faml areas where relatively high \alLle of 

nitrate concentration and TDS values were observed, which suggest somc sign of the Impaci 

of agricultural activity on the quality of the ground water. In particular some of the 

boreholes in Metehara town exhibit a nitrate concentration that falls in the range 121 10 

209mgll, which clearly indicate the pollution due to leakage from septic tanks or as a result 

d d ter Therefore in order to 3\Old the 
of the interaction between lake Beseka an graun wa . ' 

r h gil fUlure agriculturnl OCII\ Ily III the 
adverse deterioration of the ground water qua \ty I rOll 

d andlor apply proper remc(hai measure 10 
area, proper sewage lines should be constructe 

control the rise of the level of Beseka lake. 
.' f the study area it is free from the Sign of 

Regarding the groundwater at the maJonty 0 ' . 
. b t 10 avoid the possible pollution III the 

pollution as a result of the impact of big fanl1S, u 
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future due to the impact of pronged agricultural activity in the area. proper ~J1(f 

management and regular water quality monitoring should be app lied. The major caltOn of 

the ground water of the area as well as lake Beseka water are represented by Na' tAhtlc the 

major anions is constituted by HeOl - ion. 

The lake Beseka water is a highly mineralized water types in which ils 'O', (30 to 37 4mg/1 

and fluoride (19.5 to 28.5mgll) ions are identified at relati vely larger amount 

Except the hot springs at the southwest periphery, which contributes a large amount of w:ller 

to lake Beseka, the cold springs in the area have no interconnection wilh the ground "3tcr. 

but Sodere hot springs dichargiing into Awash River while the hOl springs a l the south 

western side oOfthe Lake Beseka has contribute a large volume of water to the Lake. 
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.. 
~ne hoUr 8.62 8.29 8.35 7.25 9.01 ' .3 ' .3 7.' 7.5 M3 
peT mm 153.3 150.3 184.7 187.7 204.7 

075 1m· 
215.3 194.3 182 176.7 14. 147.5 183 

ISO I." , .... 
PET mm 171 .5 193,5 2Ql.5 115.5 175 nus 

in m'/s 31,986 31.809 29.25 33.708. 
150.5 137.5 1m. 

""'" 35.71 37.485 45.892 72.1 46.638 38.3 36.56 
,_ 

32.522 33.688 33.22 54.19 37.66 36.623 57.465 .... ., 39.51 "03 20.286 21.881 20.59 18.22 
' V75-Ulli8 

24.47 21 .081 59.805 89 35.118 21.17 21 ,n Igsz·2001 
Rainfall mm 4.87 3.43 49.75 11.43 37.02 « .5 196.25 73.1 57.83 7.38 ' .58 1 .... 

" 
25.69 34." 41.42 49.35 29.3 29.11 119.91 41.4 « .63 ' .06 906 1m· 

,> 8,81 33.54 46.94 SO.33 33.63 26.42 117.32 46.3 27.26 3." ,." 1 .... 
,> '.64 13.36 54.67 48.52 64.82 70.01 253.02 107 61 .12 15.9 8.17 Iggo..2001 
> 9.82 13.5 47.41 49,94 35,76 78.86 165.5 72.3 59.31 3.21 936 1-'20(11 

> 5.81 30.43 56.7 59.01 65.54 58.18 212.43 90.2 19.46 5.58 2.16 V '~ I~ 
> 20.19 18.28 68.58 56.77 73.38 68,83 212.04 104 72,78 12.58 3.'1 oIechI 1991·2001 

I 

Annex 2 - Average montbly mean rainfall at different stations, 
Calculated from monthly mean rain fall data, from N.M.s.A 

ocalit J an Feb Mar r Ma Jun Jul Se Ocl No' Dec ElevatiOn 

dama 1992-2001 1 1.9 14.8 49.20 48.3 59.2 69.6 251 112 59.4 19.3 7.7 1622 

on·i 1985-1994 5.81 30.43 56.70 59.01 65.54 58.18 212.4 90.2 19.46 5.58 2.16 1540 

wash mel. 1991-201 9.82 13.5 47.41 49.94 35.76 78.86 185.5 72.3 59.31 3.27 9.36 1540 

odere 1989-202 4.87 3.43 49.75 11.43 37.02 44.5 196.3 73.1 57.83 7.38 6.58 1390 

uraEra 1977-2002 25.69 34.44 41.42 49.35 29.3 29 .71 114.9 41.4 44 .83 4.06 906 1220 

olenchiti 1991-201 20. 19 18.28 68.58 56.11 73.38 63.83 212 104 72.78 12.58 3.11 

etehara 1985-202 8.81 33.54 46.94 50.33 33.63 26.42 117.3 46.3 27.26 3.64 636 960 

vera e 12.44 21.2 51.43 46.45 47.69 53.01 184.2 77.1 48 .7 7.97 6.34 

• 
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ANNEXES 

Annex 1 - Summary of mean month I valu . 
and hydrological element/ es of different metrological 

,.",,' Jao Feb Ma, --;:;;- "', J", J. Seo, Cd "" "" I 'ft 
emoerature Dcl 23.6 22.5 26.45 26.95 27.9 

emoerature a-ci 
29.2 " .7 " .7 24.8 23.05 22.5 ~ , .... 200>1 

20.4 22.7 23.7 24.7 25.6 26,65 24.1 24.4 23.3 20.9 20.2 ~ralli17.200'l1 
emperature Del 21.2 21.9 23 24.2 25.2 24.5 

ind s _d Im/sl 

24 24.2 24.3 23.6 21.3 lsooerlll'98!}.200'21 

'.86 '.94 '.9 1.69 1.69 2.28 2.29 ' .56 1.55 \,;, ...... " .... 200>1 1.65 1.75 

ind sneed Im/sl 1.58 '.64 1.65 1.65 1,92 2.98 3.24 1.74 1.61 ' .56 1.54 ~nFra~Um.2002 
unShine-/ho~r\ 9.05 9.2 8.78 9.2 8.24 8.87 7.6 7.16 8.79 9.54 9.56 ....... w, .... 200>1 

un$hin~ {hourI 8.62 8.29 8.35 7.25 9.01 6.3 

;"Tlmm, 
6.3 7.4 7.5 6.63 6.15 "71-2002' 

153.3 150.3 184.7 187.7 204.7 215.3 194.3 '62 176.7 'SO 145.3 MIfIhIa8~~~ 
ET(mml 14. 147.5 183 171.5 193.5 201.5 175.5 175 171 .5 ISO.5 137.5 ltn·2OO2\ 

f..mo, in mS{;1 31.986 31 .809 29.25 33.708. 35.71 37.485 45.892 72.1 6.638 38.3 36.56 WCII'IIl l !l7G-20021 

32.522 33.688 33.22 54.19 37.66 36.623 57.465 .... 42.622 39.51 39." 1975--1W151 

20.286 21.881 20.59 18.22 24.47 21 .08' 59.805 .. 35.118 21.17 21.72 ~tNwaIl982·200' 

RainfaMlmm) 4.87 3.43 49.75 11 .43 37.02 « .5 196.25 .511 &....t, _200>1 73.1 57.83 7.38 

, 25.69 34.44 41 .42 49.35 29.3 29.71 119.9' 41.4 « .63 ' .06 9.06 Io.r»=r 1977·20021 

, 8.81 33.54 46.94 SO.33 33.63 26.42 117.32 46.3 27.26 3.64 •. ,. 11185-2(02) 

, '.64 13.36 54.67 48.52 64.62 70.01 253.02 ' 07 61.12 15.9 8.17 ~,99().2IXI 1I 

, 9.82 13.5 47.41 49.94 35.76 78.86 185.5 72.3 59.31 3.27 9.36 , .. 20011 

, 5.81 30.43 56.7 59.0' 65.54 58.18 212-43 902 19.' 6 556 2.16 b,.nnooI19M-1994) 

, 20.19 18.28 68.58 
'l1li1·20011 

SO.77 73.38 68.63 212.04 '04 72.18 12.58 3.11 

Annex 2 _ Average montbly mean rainfall at different stations, 
Calculated from montbly mean rain fall data, from N.M.S.A 

Jan Feb Mar ADr Mav Jun Jul SeP Oct Nov Dec E~uon ocalitv 
11.9 14.8 49.20 48.3 59.2 69.6 25. , .2 59.4 ' 9 3 7.7 1622 dama(1992-2001 ) 
5.81 30.43 56.70 59.01 65.54 58.18 2.2 .4 90.2 .9.46 5.58 2 .6 . 540 

onii 1985-1994) 
9 .82 13.5 47.41 49.94 35.76 78.86 '85.5 72.3 59.3' 327 936 .540 

wash meU1991-201 
4.87 3.43 49.7511.4337.02 44.5 196.3 73.1 57.83 738 6.58 1390 

odere(1989-202 
25.6934.4441.4249.35 29.3 29.71 t14.9 41.4 44 .83 4,06 9 ,06 1220 

uraEra(1977 -2002 
20. 19 18.28 68.58 56.77 73.38 63.83 212 104 72.78 '258 3.)) 

olenchiti(1991 -201 
8.81 33.54 46.94 SO.33 33.63 26.42 ))7.3 46.3 27 .28 3.64 638 960 

etehara(1985-202) 
12.44 21 .2 51.4346.4547.6953.0.,84.271., 48.7 7.97 634 veraae 
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Annex 3 ' Rainfall record of Metehara station, Source N.M.S.A 

Jan Feb Mar ArM ~ 

4.5 6.3 a 29.6 76.6 10 
a 41.6 43.2 25.9 1 
a 24 .6 71.2 78 74 

3 
.8 
.8 12.629.6 11 .3 23.7 7 

a 28 104.8101.3 7 
0.5 220.8 58. 1 62.9 1 
a 54.3 56.1 46.7 53 

.5 

.8 

25.8 50.3 a 75.8 16 
43.8 59.5 a 139.6 57 

a 6.5 21.4 55 

.3 

.8 

.3 

.4 
0.5 a 43.5 81 .9 44 1 

27.6 a 97.3 35.1 8 
29.7 a 12.6 44.3 1 
0.8 18.1 76.6 34.2 14 

0.5 
1.5 

.9 
a a 73.6 6.2 1 5.9 
a a 1.8 20.7 3 6.9 

2.6 a 73.3 19.3 9 
8.81 33.54 46.9450.3333 

.3 

.63 

Jun Jul 

12 167 
51 .8 64.3 
a 53.6 

11 .3 154 
82.1 48.7 
0.9 146 
15.4 137 
62.6 90 
23.7 100 
38.6 248 
28.5 7.3 
26.5 205 
34.5 140 
4.7 78.2 
16.7 136 
29.6 136 

10.2 43.2 
26.42 117 

Au, Oct Nov Dec Yearly total 

154 4.4 0.05 a 
Rainfal!.lmr& 

553.85 
67.1 4 a 7 317.9 
110 2.8 a a 41 5.4 
136 18 a 11 .9 415.8 
92.7 5.6 a 12.7 483.4 
76.9 21 a a 570.4 
132 11 .7 a a 506.5 
158 9.6 5.7 2.3 536.5 
104 21 .9 56.9 606.7 
132 0.1 12.7 1.9 516.6 
144 0.5 a a 400.3 
101 1.6 7.5 a 581 .7 
53.8 112 14.6 a 453.1 
136 78 a a 441 .1 
151 76.2 22 a 478.1 
153 47.3 11 .9 9.4 446.2 

80.8 
116 27.3 3.64 6.38 
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Annex 4 - Rainfall record of Nura-Era station, source N.M.S.A 

Jan Feb Mar Apr Mav Jun Jul AUQ Oct Nov Dec Yearly total 
Rainfall (mm 

nd nd 16.4 21.9 nd 33.9 66.2 61 .4 122 nd nd 321 .6 
26 .9 15.5 18.2 73.3 19.4 nd nd 132 133 0 39.5 457.6 
nd 0 39.8 1.3 48 42.9 55.1 nd nd nd nd 187.1 
nd nd 42.6 10.5 nd nd nd nd nd nd nd 53.1 
nd nd nd nd nd nd 128 30.8 7.1 0 0 166.2 

0 54.5 36 32.3 2 60.9 85.4 103 6.1 0 nd 380.3 

0 11.3 57.1 47.5 134.6 3.2 5.8 211 3.8 0 0 514 

13.3 23.2 4.5 45.3 0 23.1 128 194 11 0 4.7 447 

0 46 89.8 160.3 1.4 57.1 115 174 8.9 0 16.2 668.2 

1.4 302.8 73 107.8 2.3 2.7 200 118 0.5 0 808.4 

0 47.2 130 17.3 17 17.8 210 138 11 .6 0 0 588.1 

45.2 6.7 nd 59.2 14.2 21 .5 147 205 35.3 10 18 562.2 

11 8.4 20.6 0 100.5 41 .2 9.6 118 125 34.8 0 6 574 

0 0 77.5 28.1 58.1 73.3 211 131 12.5 20.5 12.1 623.6 

0 31.2 40.7 103.8 14.1 52.3 74.2 158 0 0 0 474.1 

158.7 0 11 .7 94.2 82.1 42.8 110 144 12.2 30.8 0 685.7 

21 .2 0 14.6 6 0 0 41 37.5 164 nd nd 264.7 

nd nd 31.3 0 14.8 39 126 153 141 4.4 0 508.8 

0 0 0 30.7 31.5 14.8 108 181 79.6 2.8 13.6 461 .2 

0.3 26.5 31.8 22.3 28.3 31 .6 143 103 0.8 0 0 387 

25.7 0 71.9 24.7 18.4 8.3 74.8 133 24 0 34.8 41 5.6 

25.69 34.44 41.42 49.35 29.3 29.71 115 133 4.8 14.06 9.06 516.01 

Annex 5 _ Rainfall record of Sodere station, source N.M.S.A 

Jan Feb Mar A r Ma Jun Jul Au Oct Nov Dec Yearl total 
Rainfall mm 

nd nd nd nd 0 17.5 203 213 101 0 0 

nd nd 78.4 2.9 10.4 68.7 182 223 110 0 0 

0 0 2.9 16.9 0 19.2 nd 179 0.5 29.5 19 

0 0 99.9 10.8 111 .6 92.3 293 226 nd nd 9.2 

63.1 4.8 107 158 0 0 4.7 4459.9 

14.6 7.3 17.8 15.1 

.87 3.43 9.75 11.43 37.02 4.5 196 200 57.8 7.386.58 

no data 

III 
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Annex 6 -Geochemical data of some borehole in Metehara area 

Location BH BH at Bh at BH at BH at BH audina BH at BH at BH at Met Bh at Met 

lIala metehara Second third fourth oundation Mosque, Catholic ehara ehara 

clinic b rtho. Ch. Camo camo camo Metehara Church town town 

Date 18111/9 19111 197 0111197 011119 0/1119 21111197 25111/97 511119 26/11197 26111197 

EC 1980 1956 2980 2100 2680 1990 4270 5500 1613 1476 

IoH 8.7 7.1 7.4 7.6 7.45 7.88 8.83 8.99 7 .1 7 .6 

DS 12 18 1266 1898 1100 1666 1166 2711 3376 1090 782 

Na 430 415 570 400 540 460 990 1460 370 270 

33 17.2 37.5 27 32 120 162 14.8 7 .7 6 .7 

~a 0.8 30.4 46.4 20 38.4 2.4 1.6 1.6 50.4 36 

lMa 0.49 13.6 35 16.5 38.4 2.9 0.49 0 7.78 8 .76 

Fe 0 0 0 0.02 27 .2 0 0 .02 0.02 0 .02 0 .03 

MN 0 0 0 0.1 0 0 .1 0 .1 0 .3 0 .8 0 .2 

F 6 .9 10.9 5.4 6.3 4 .2 5.5 22 29.75 7.4 6 .9 

CL 128.5 140 368 204.8 280 126 342 408 58 26 

O. 0 .88 4 .8 21 .12 12 9 .2 0 .88 154 12 1 0 .88 1.32 

0 3 74.4 0 0 9.6 0 12 129.6 225.6 0 7.2 

HC03 722.2 817.4 422 .1 500.2 678.3 819.8 1298.1 1891 954 700.2 

O. 130 160 570 300 360 130 400 450 65 210 

O. 0.45 1.4 0 .18 0.4 0 .39 1.14 4 .75 4 .5 1.24 nd 

LKALINITY 716 670 346 426 556 662 1280 1926 782 586 

0 5.3 0 .33 4 nd 2.7 nd nd nd 0 .33 0.67 

40.8 29 37 .2 36.1 36.1 46 .2 26.5 30 27 27.5 

otal Hardness 4 132 260 11 8 208 18 6 4 158 126 

Source:- MoWR. 1998 
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Annex 7 Groundwater quality at Metehara 
town 

~~;IBH~' HQBH.'BH ~HBH. ~ 38 F 45 46 ~ 27 

~ 1800 ~ ~ B36C 7310 
Os 1232 1728 1285 I58f8 ~ 

!PH 7~4 B.58 8:6r--9:1B iT83 
Na 375 620" 440 ?!i!iO 2300 
~--I-~ 1:12~~ .. 8~-16.5 29.5 A7 305 
Ca 48 32 3.2 1:6 1.6 
IM(;2' 17.5 0.97 0.49 0Jl7 ( .49 
Fe total 0.01 -0.6 0.58 ~ 
Mil" 0.2 Q.1 0.1 0.14 

00 nd n nc 
22~4 - 26.5 33.5 27.5 -2~;.4 
192 12 10 6" 

\ \4 



Anne~ 8 The ground water quality of some boreholes in the 
Won)1 area 

Referer 
c TDS 

Numbe Cm"" 
BH-1 1859.43 

BH 112693 
BH- 1770.53 
BH-4 11 80.06 
BH-E 1201 
BH-E 617.17 
BH-7 1880.26 
BH-c 828.69 
BH-~ 679.13 

-BH-1 ( 1148.87 
BH-11 Nd 
BH-1 Nd 

BH-1E 779.65 
OW -
DW-

1 1314.2 
141 1.2 

Nd-no 
data 

eo". 

nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
NO 
nd 

nd 
0 
6 

Hoot Cl· so.' 
Cm"" C"",,, C""'" 
1250 38 1 
609 66 56 
976 70 144 
669 49 73 
646 67 54 
366 19.9 0 
864 58 466 
478 30 20 
256 23 12 
610 69 88 
488 28.4 69.9 
366 26.9 0 

439.2 42.5 25.1 
675 86 60 
774 70 44 

Source: T eshome Dechasa, 
1999,Thessis 

No; N,' " eo> """ 
1.1 390 11 50 16 
1.1 250 12 35 6 
2.7 310 24 125 40 
0.6 240 18 35 11 
0.58 290 18 20 5 
0.5 61.2 11.6 60.9 nd 
8.1 260 21 80 45 
30 118 13 44 18 
11 45 8 47 17 
2.2 230 17 30 16 
30 102 11 .2 65.7 33 
2.5 39.1 13 19.2 44.8 

113. 
0.5 9 12.5 43.3 20.4 
25 345 16 9 2 
23 365 18 6 3 

115 

-Ie.. PH , .... 
91 11.97.22 
79 25 7.63 
74 114 7.14 
79 16 7.82 
86 28 7.57 

85.5 nd 7.9 
76 142 6.98 
76 22 7.56 
66 22 7.29 
81 24 7.63 
nd nd 7.5 

98.3 nd 7.5 

80 nd 7 
79 7 8.07 
86 nd 8.45 
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Annex 3 • Rainfall record of Metehara station, source N.M.S.A 

Jan Feb Mar Apr Mav Jun Jui Auo Oct Nov Dec Yeartv total 
Rainfall (mml 

6.3 0 29.6 76.6 104.5 12 167 154 4.4 0.05 0 553.85 

0 41.6 43.2 25.9 13 51.8 64.3 67.1 4 0 7 317 .9 

0 24.6 71.2 78 74.8 0 53.6 110 2.8 0 0 415.4 

126 29.6 11 .3 23.7 7.8 11 .3 154 136 18 0 11 .9 41 5.8 

0 28 104.8 101.3 7.5 82.1 48.7 92.7 5.6 0 12.7 483.4 

0.5 220.8 58.1 62.9 1.8 0.9 146 76.9 2.1 0 0 570.4 

0 54.3 56. 1 46.7 53.3 15.4 137 132 11 .7 0 0 506.5 

25.8 50.3 0 75.8 16.8 62.6 90 158 9.6 5.7 2.3 536.5 

3.8 59.5 0 139.6 57.3 23.7 100 104 21 .9 56.9 606.7 

0 6 .5 21.4 55.4 38.6 248 132 0.1 12.7 1.9 516.6 

0 43.5 81.9 44 10.5 28.5 7.3 144 0.5 0 0 400.3 

27 .6 0 97.3 35.1 80.5 26.5 205 101 1.6 7.5 0 581 .7 

29.7 0 12.6 44.3 11 .5 34.5 140 53.8 112 14.6 0 453.1 

0.8 18.1 76.6 34.2 14.9 4.7 78.2 136 78 0 0 441 .1 

0 0 73.6 6.2 15.9 16.7 136 151 76.2 2.2 0 478.1 

0 0 1.8 20.7 36.9 29.6 136 153 147.3 11 .9 9.4 446.2 

2.6 0 73.3 19.3 9.3 10.2 3.2 80.8 

8.81 33.54 46.94 50.33 33.63 26.42 117 116 27.3 3.64 6.38 
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Annex 4 - Rainfall record of Nura-E . ra station, Source N.M.S.A 

Jan Feb Mar ADr I May I Jun .lui TAlli Oct lI\In, IDecl 
Iltmmi 

67.1 
~:: 

nd nd 16.4 21 .9 nc 133.9 66.2161 r 26.9 1 5-:5 118.2 73.3 1"t1.4 nd ind)T:i I ~ nrl I 
lid 0 l39.8 1.3 4 142.9 llid 
- nd nd 142 .6 110.5 nr nd nd l nd nd \ ~~ ~ 
nd ndncncnc nd () 

~ 1 ~i 1 5~61 1 ~;~ ,,3, 60985' 1103 I I 0 I n 
" ." 1I 04.E 3.2 145] 1211 l A O 

.3 23. 4.5 45.3 0 23.1 128 .194 1'1 a 514 
1-7'c,+.~4~6 189.8 or 1.4 , 57.1 15 174 18.9 0 447 

1.4 1302 173 07. 2.3 2. I?m 11T8] 10.5 ( 668.2 
o 147. 130 17.3 17 117. 12H 1 i38Ti1I.-;;f;E 04-)(f+-~8~Ol.4~ 

~;.2 6.7 nd ;9.2 Tl42 121 . 10 1i.+-~58~I.~1 
11 l.4 120.6 0 00 ' 141 .2 1 9.6 1118 125 li a ~2 

o 77.5 28.1 158.1 73~3 21 ,131 1:[s120"" .. ~ [1:"7l~6~22:3~1.6~ 
131 .2 146.7 03. f14.1 i52.3 Ol"O ' 

158. 0 111 .d94.2 18:f.1 142.8 174.1 
28< . 

o 0 0 130.7 ll .5 14.8l1i 1 8 179~. ' 1~' .~8 '+-""':"'1.'7-2 -1 
1, 3J 26.5 131 .8 122.3 !8.3 l l .6 114 1103 O. 0 l7 
~r-o 7~ 2 4'T i8.4 8.3 174. 1133 1 2' ...JF~..;., i.6 
= 1.42149.351293 12 1.71[11 133 1.0619.0 516.01 

Annex 5 _ Rainfall record of Sodere slalion, source N.M.S.A 

Jan Feb Mar Aor May Jun Jul lAu( Oct Nov Dec Yearlv total 
Rainfall tmm 

nd nd 
nd nd nd nd 0 17.520321 3 101 a a 

78.4 2.9 10.4 68.7182223 110 a a 
a a 2.9 16.9 a 19.2 nd 179\20.5\29.5 19 

99.9 10.8 111 .6 92.31?93 226 nd nd 9.2 a 0 4459.9 
17.8 15.1 63.1124.8107 158 a a 4.7 14.6 7.3 

49.75 11.43 37.02144.5196200 57.8 7.386.58 14.87 3.43 
no data 
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Annex 6 _Geochemical data of some borehole in Metohara aroa 
Source:- MoWR. 1998 

ocation BH BH at Bh at BH at BH at IBH udin BH at BH at BH at Mel Bh at Met 

lIala metehara Second third fourth oundatio MosQue Catholic ehara ehara 

clinic rtho. Ch . Camn camp camp lMetehar Church town lawn 

p ate 1811119 19111197 0111 19 011119 011119 2 1111197 25111197 511119 26111197 26111197 

IEC 1980 1956 2980 2100 2680 1990 4270 5500 1613 1476 

p H 8 .7 7 .1 7.4 7.6 7.45 7 .88 8 .83 8 .99 7 .1 7 .6 

DS 1218 1266 1898 1100 1666 1166 2711 3376 1090 782 

Na 430 415 570 400 540 460 990 1460 370 270 

33 17.2 37.5 27 32 120 162 14.8 7 .7 6 .7 

a 0.8 30.4 46.4 20 38.4 2.4 1.6 1.6 50.4 36 

IMg 0.49 13.6 35 16.5 38.4 2 .9 0.49 0 7.78 8 .76 

Fe 0 0 0 0 .02 27 .2 0 0 .02 0 .02 0 .02 0 .03 

IMN 0 0 0 0 .1 0 0. 1 0 .1 0 .3 0.8 0 .2 

F 6.9 10.9 5.4 6 .3 4 .2 5 .5 22 29 .75 7.4 6 .9 

cL 128.5 140 368 204 .8 280 126 342 408 58 26 

N03 0.88 4 .8 21 .12 12 9 .2 0 .88 154 121 0 .88 1.32 

~O3 74.4 0 0 9 .6 0 12 129.6 225.6 0 7 .2 

He03 722.2 8 17.4 422 .1 500.2 678.3 819.8 1298 .1 1891 954 700.2 

SO. 130 160 570 300 360 130 400 450 65 210 

PO, 0.45 1.4 0 .18 0.4 0.39 1.14 4.75 4 .5 1.24 nd 

lA.LKALINITY 716 670 346 426 556 662 1280 1926 782 586 

DO 5.3 0 .33 4 nd 2 .7 nd nd nd 0.33 0.67 

40 .8 29 37 .2 36.1 36.1 46.2 26.5 30 27 27 .5 

olal Hardness 4 132 260 118 208 18 6 4 158 126 
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Annex 7 Groundwaler quality al Melehara 
town 

BHHBH IBH HBH HHBH IBH HBH 
Location 38 45 46 26 
Dale 5/2/199 9/2/199 7/2/1991 1)111219 
EC 1800 2520 1960 8360 

OS 1232 1728 1285 5818 
PH 7.34 8.58 8.6 9.18 
Na' 375 620 440 2550 
K' 12.8 16.5 29.5 87 
"'a2

· 48 3.2 3.2 1.6 
Mq 17.5 0.97 0.49 0.97 

Fe total 0.Q1 0.6 0.58 0.6 

Mn" 0.2 0.1 0.1 0.14 
. 6 18.5 6 73 

r 179 172 145 525 

NO, 5.72 3.96 3.96 209 

0 3'· 0 68.2 55.2 609 

Hco, 695.4 1015 741 .76 3111 

~O/· 150 165 110 500 

PO, 0.38 0.98 0.26 9 

V\lkalinity 570 nd nd 3550 

DO nd nd nd nd 

ff 22.4 26.5 33.5 27.5 

Hardness 192 12 10 6 

11 2 

BHHBH 
27 

1/12197 
7310 
5250 
8.83 
2300 
305 
1.6 

0.49 
0.1 
0.5 
63 
495 

149.6 
432 

2976.8 
500 
9.2 

3160 
nd 

25.4 
8 



Annex 8 The ground water quality of some boreholes in lh .. e 
WonJI area 

Referen 
C TOS co,'" 

Numbe (mgJI) I 'mall ' 

BH-l 1859.43 
BH 21126.93 
BH-
BH-~ 

BH-~ 

BH-€ 
BH-
BH-8 
BH-9 

-BH-IC 
BH-ll 
BH-l 

BH- te 
OW -1 
DW-

1770.53 
1180.06 

1201 
617.17 
1880.26 
828.69 
679.13 
1148.87 

Nd 
Nd 

779.65 
1314.2 
1411.2 

Nd-no 
data 

nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
NO 
nd 

nd 
0 
6 

" 00,'" Cl' so/ 
'mall' '''''''' 
1250 38 1 
609 66 56 
976 70 144 
669 49 73 
646 67 54 
366 19.9 0 
864 58 466 
478 30 20 
256 23 12 
610 69 88 
488 28.4 69.9 
366 26.9 0 

439.2 42.5 25.1 
675 86 60 
774 70 44 

Source : Teshome Dechasa, 
1999,Thessis 

,.". .... K' c.' """ (""" ''''''' 'm." ,-
1.1 390 11 50 16 
1.1 250 12 35 6 
2.7 310 24 125 40 
0.6 240 18 35 11 
0.58 290 18 20 5 
0.5 61.2 11 .6 60.9 nd 
8.1 260 21 80 45 
30 11 8 13 44 18 
11 45 8 47 17 
2.2 230 17 30 16 
30 102 11 .2 65.7 33 
2.5 39.1 13 19.2 44.8 

11 3. 
0.5 9 12.5 43.3 20.4 
25 345 16 9 2 
23 365 18 6 3 

113 

I 

~ Co. PH 

91 11.9722 
79 25 7.63 
74 114 7.14' 
79 16 7.82 
86 28 7.57 

85.5 nd 7.9 
76 142 6.98 
76 22 7.56 
66 22 7.29 
81 24 7.63 
nd nd 7.5 

98.3 nd 7.5 

80 nd 7 
79 7 8.07 
86 nd 8.45 
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