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ABSTRACT 

The study area is a sub catchment of Abay dra inage basin with a total surface area 

a nd perimeter of 838km2 and 171 km respectively . Two other regional drainage basins 

border the catchment: the Awash drainage basin to the east and southeast , and the 

Ghibe- Orno drainage basin to the south. 

The main rock outcrops in the area are the basaJlic lava now of Tertiary and 

Quaternary age, trachytic lava flow and pyroclastic deposits of Quaternary age , and the 

Mesozoic sandstone. Application of di ITerent modeling techniques shows that the 

sandstone is part of the Upper sandstone sequence. 

On annual basis , the area has 1143.3mm, 809mm and 162.8mm of mean total 

rainfall , Actu al Evapotranspiration (AET) , and grou ndwater recharge respectively . 

There exist various water bodies in the area: two crater lakes (Lake Dandi and Lake 

Wanchi with a total surface area of 7.4 and 4km2 respect ively), river, streams, and 

spri ngs (both thermal and cold springs). 

Hydrogeological descriptions of the lithological un its in the area is mainly based on 

qualitative interpretation employing various approaches such as degree of weath ering 

and fracturing, existence / or absence of springs, vegetation cover, soil cover, e tc . 

Despite the presence of many wells there is only a limited well data. Howeve r, there are 

some wells with well data from which some hydraulic parameters have been 

determined. The existing well data as well as the qualitative interpretation s how that 

the main aquifer in the area are the fractu red and / or weathered basaltic lava fl ow 
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followed by alluvial sediments along some streams, and s81ldstone. The first two are 

aquifers for cold groundwater whereas the sandstone is mainly 811 aquifer of the 

thermal / or mineral water. Some hydraul ic parameters h ave been determined for these 

aqu ifers; accordingly, the basaltic lava now has a hydrau lic conductivity and 

transmissivity of 3.7 x 10 sm /s to 3.9 x 10 sm /s and 97· 100 m2/day respectively. The 

al luvial sedi ments have a transmissivity of 23.9m2/day on average. Where as, the 

sand ston e has a t ransmissivity of 76.5m 2 / day. 

The existence of highly permeable units (in tens ively fractured trachytic lava now and 

unwelded tuff) at the elevated lands of Dandi and Wanchi at the southern part of the 

study area favors them to be a recharge area. If comparison is made with in the li mit of 

the study area , good ground wa ter potential with low Total Dissolved Solids (TDS) is 

fou nd to the eastern side of Ambo town . 

The rmal and/or mineral wate r in the a rea is structu ral ly cont rolled ; the al ignment of 

the the rmal springs along th e nearly east· west oriented fault line in Ambo area C81l 

justify the situation. Currently , the thermal springs are limited to a given area, mainly 

in Ambo town; but their past extent can be inferred from the travertine deposit in the 

area whose thermal origin can be verified from the existence of silica sinter with it. 
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I. INTRODUCTION 

1.1 General 

The Ambo area is known for its mineral water (Ambo Tcbcl), and construction slone "A mbo 

Sandstone", The Ambo town is also known for its thennal water, and it has a total population of 

27,636 according to the 1994 population census. 

The livelihood of the people in the area mainly depends on agricu lt ure, both animal husbandry 

and crop cultivation. The area has a good agricultura l and touri sm pOlential as it is endowed with 

fertile soi l, surface water (river, streams and lakes), groundwater including cold and thermal 

springs and a beauty scenery of landscape resulted from volcan ism in Wanchi area. Despite the 

presence of such resource potential , the area is less developed, particularly conccming the 

utilization of water resources. 

The town of Ambo is currently geuing potable water suppl y from a stream that crosses the town, 

HlIllika stream. The main problem of the water supply at and in the surrounding of the town is 

not the quantity/or absence of water but the quality. The water is either t~enl1al and/or highly 
.- '. ' 

mineralized (groundwater) or high ly turbid (streams during summer). Hence, the ra~id population 

growth along with increasing li ving standard, and also its fl,lture prospects of tourist attraction 

cen ter put an impetus on high water demand of the area. Even ,hough there arc . such water , 

resources and its high development demand in the area, less has been in~ti~ted, especially 

concern ing its hydrogeology that has a core pl~~e in the efljpient and appropriate utilization of 

the resources. 

This is one of the main reasons 10 undertake the research work in the area besides the complex 

hydrogeologica l system of it that has a scientifi c interest. 
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1.2 Location and areal extent 

The study area, Ambo, is located at 125km west o f Addis Ababa. The lawn is on the main asphalt 

road that runs from Addis to Nckeml. The area is bounded by a geographica l coordinale 08°46; ; 

11" to 09° 09' 25" N latitude and 37° 45 ' 15" to 38° 08 ' 40"E. longit ude. 

It is dctineated based on waler divide/ri ver catchment, located in Abay bas in. II includes parts of 

three adm inistrative districts: Ambo, Dandi and Wanchi wi th a total surface area of838km2
• Parts 

of Dandi and Wanchi arc included only part ially; otherwise the majority of the area is in Ambo 

district. The localion map of the study area is shown in fig. I-I . 

1.3 Objective 

The genera l objective o f this research work is an uodcrstanding of the system dynamics of the 

groundwater in Ambo area with emphasis given to the minera l and/or themlal water. 

Specific object ives: 

The spec ific objectives of the project are as follows: 

• Identificat ion of the aquifer systems in the area both for soft and mineral and/or thenna l 

water, and their hydraulic relationships. 

• Identifi cation of the recharge area and estimation of the recharge to groundwater 

• To investigate the nature of co ld and thermal springs. 
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To understand/or characterize the gea-chemica l controls and evolution of groundwater in the 

area, and also to understand the state of saturation of thcmml water with respect to some 

minerals such as calcite 

To investi gate the mechanism of the thermal enrichment in the groundwater of the area. 

Determination of the hydraulic parameters of the aquifers in general, for that of the mineral 

water in parti cular. 

Octcmlinalion of the su itability of water (both surface and groundwater) for different water 

uses. 

To establi sh a conceptual model for the groundwater in general , and thcmla l/or mineral water 

in particular, as well as to reconstruct the stratigraphy of the arca based on different modeling 

techniques 

1.4 Physiography 

Being part of the Ethiopian central plateau, volcanism later followed by erosion and deposi tion 

has played significant role in developing the current landscape of the study area. The area 

comprises both rugged mountains dissected by streams at its northern and sou thern, and plain al 

its central part. The northern part of the area is fonned by an cast-west oriented elevated land that 

is considered to be fault escarpment, and from which a number of streams emerge. This fau lt 

escarpment also acts as a surface water divide. Simi larly, the southern part of the study area is 

also a moun tainous land comprised by high lands of Wanchi and Dandi that are thought to be the 

recent volcanic center. Lying between the northern and southern elevated lands, which arc 

slopping toward each other, is a tract of land receiving sediments eroded from both sides and 
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act ing as a depositional area. The general slope of thi s central plain is toward the north west. 

Sparsely distributed in the southern cel1lml part of the area are also scoria cinder cones. The 

highest peak in the area is the Wanchi high point that raises to 3390m.a.s. l; and the lowest is the 

area around the outlet of the catchments- its confluence with Guder ri ver- havi ng an altitude of 

1868 Ill . a. s. I. 

1.5 Climate 

Based 0 11 rainfall , the climate of the area can be categorized into two broad seasons: the dry 

season (win ter) and the wet season (sum Iller) with autumn and spring receivi ng a slight amOllnt 

of rain. The tOlal annual rainfall in the area is 1143.3ml11 on average; and the mean annual 

temperature is 17.7°c. The maximum and minimum recorded temperatures are 27.5 and 8.Soc 

respecti vely in March and November. Hence, the annual range is about 19°c. 

1.6 La nd use 

Apart from inconvenient areas for fa rming such as hills and/or ridges e.g. Mi-esa area and the 

ridges on the northern side of the Dabis ri ver as well as areas reserved fo r grazing, the majority of 

the study area is covered with culti vation. On a regional sca le, the area is classi fied as moderate ly 

cultivated land, BCEOM, et al (2000). Residen ti al areas are found either as town/or villages (e.g. 

Ambo, Meti and Asgori) or as sparse sett lements of fami ly/or relatives. Among the relatively 

densely populated rural areas are the surround ing of Dandi Lake, Golja, and Altufa areas. 

Factories, if there is any, are limited to Ambo town and Sankale area. 
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One can categorize the vegetation cover of the area in to three main groups: grass lands, shrubs, 

and forests along streams lor rivers and also on slopes of mOUillai n. The forests are mainly 

constitu ted by Juniperous Procem (Tid) and Podocarplls. Areas covered by such forest include 

the steep slope sides of Wanchi and the escarpment at the northern side of the study ;! rea . The 

Shrubs cover some part of Wanehi and Dandi hi gh lands, the esca rpment on the northern s ide of 

the study area , and the Mi-esa ridge. They include Cari ssa Edulis and lIex Mit is. The central part 

of the study area is grassland. The main crops culti vated include Wheal (triti cum aesti vum), 

Barley, Guwaya (Lathyrus Sati vw) and Kocho (Ensete Ven tercosum). 

1.7 Soil 

There arc different soi l types in the study area; the variations arc being attributed mainly to the 

paren t materials and topography. On the southern and northern elevated lands only very shallow 

so il s arc deve loped. But they differ in that the northern arc developed on basic volcanic rocks, 

where as in the southern elevated lands such as Wanchi and Dandi , the soi ls arc derived from 

acidic pyroclastic deposits and intermediate (trachytic) lava flow respectively. Soils at the 

imlllediate adjacent of lake Dandi (in the depression) arc deep eutric vertisols, but the elevated 

land in the surrounding is comprised by chromic Ilivisois that arc poorly fe rtile, BCEOM, el af 

(2000). Generally, soils in the southem elevated land arc more of sandy nature unlike the central 

tract of land, which is dominantly comprised by black cotton so il. 

To sum uP. aile may categorize the soi l in the area in to those that have high pen11eability (sand 

domi nated so il) and those that have low permeability (c lay dominated so il) from hydrogeological 
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point of view. Accordingly, areas to the south of the Gorcmti arc those of the fi rst category where 

as the central plain areas are of the second category except those that are covered by sandstone . 

1.8 Previous work 

Unlike other parts of the country sueh as the Rift zones, Ambo area is less investigated both from 

geo logical and hydrogeological point of v iew. The investigati ons carried out so far in the area <Ire 

ei ther too general (on a regional sca le) or limited by lack of data. Among the importan t 

geo logical and hydrogeologica l investigations arc : the work of Smeds ( 1964) on the volcanic 

acti vity of Ethiopian plateau particul arl y, in W .. lIlchi area, Kondo ( 1967) on thcnna l springs of 

Ethiopia, Mohr (197 1), Herick, et al (1983) on mineral waters of Ambo and Sankale area, 

Tsegayc Abebe (1992) on Yercr- Tulu Welcl- Volcano-Tectonic- Lineament that includes Ambo 

area. 

1.9 Materials and methods used 

In order to achieve the goa l of the research work, the following materials and methods ha ve been 

employed: 

• Topographic map and aerial photos of the area at a sca le of l: 50,000 produced by 

Ethiopian mapping agency 

• Common geo logical field instruments such as hammer, compass, altimcter, and also GPS. 
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• pH and Eh meier of model HI 9025 microcomputer, and T DS meier of model ISO 900 I 

manufactured by Hanna instrument Company, and Conducti vi ty meter of model HD 8706 

manufac tured by Delta O HM company. and ThcnllOmctcr. 

• Plastic bott les for water sampling. 

• Gt;UJugiL:<l1 mapping al scale o f I : 50,000 

• Classificat ion of lithostratigraphic units into hydrostratigraphic units mainly based on the 

degree of weathering and frac turing 

• Springs and Well inventory 

• Water sampling from different sources and analyzing for various physico- chemical 

parameters 

• Hydrogcologica lmapping 
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II. GEOLOGY 

2.1 Regional geology 

The oldest rock in the country, which forms the basement , is of Precambrian age. Overlying this 

basement rock is the Mesozoic sedimentary successions and/or Cenozoic vo lcanics. There arc 

some exceptions to thi s generalization such as where the basement rocks arc overla in by 

Ilalcozo ic sedimentary rocks, Quaternary sediments or simply exposed to the surface. 

The Precambrian rocks arc found exposing at periphera l arcas o f the country including the 

northern (Tigray), the southern and the western part o f the country. High-, medium- and low­

grade metamorphic rocks of various types that include gneisses, schi sts and other meta-volcano­

sedimentary rocks along with different intrusive bodies comprise them. 

The hi story of the currently existing sedimenta ry rocks in the country has started since the late 

Pa leozoic era. Since then various sedimenta ry rocks have bccn fo rmed. The late Pa leozoic and 

Mesozoic sedimentary rocks, and the Quatcmary sediments generall y constitute 25% and 20% of 

the total outcrop in the country respectively . 

Latc Pa leozoic sedimentary rocks arc found only in a limited area including the Ent icho 

sandstone and the Edaga Arbi glacial deposits in Tigray, and Wayu sandstone in Ogaden. 
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The deposi ti on of Mesozoic sedimentary rocks is attributed to the Sea transgression and 

regress ion caused by epeirogeni c sinking and rising (upl ifting) of hom of Africa respectively. 

The ax is of the sea transgression was in SE- W di recti on, and viccvcrsal for regression. 

Two major with onc minor Sea tra nsgress ion -regression took place during Mesozoic era , Mohr 

( 197 1). 

The Mesozoic Sedimentary sequence of central Ethi opia, Abbay basin , is the result of the major 

Sea transgression and regress ion cycle. This sedimentary sliccess ion being includes the study area 

that wi ll be discussed later is briefly explained here. 

The Mesozoic sedimentary rocks sequence in Abbay basin from bottom to top is as follows: 

• Lower sandstone IAdgirat sandstone: main ly compri sed by sandstone. 

• Anta lo group: includes Abbay beds, Antalo limestone, and Mugher mudstone; it IS 

comprised by shale, gypsum, limestone and mudstone, Kazl11 in ( 1975) 

• Upper sandstone IAmbaradom formation. 

Accordi ng to Mohr (197 1), the above three- fold groupmg of Mesozoic rocks is based on 

Litho logy rather than in age as the age range varies wi th in each unit along Ihe SE-NW axis o f 

transgress ion and regression. The lower sandslOne and upper sandstone were deposited 

respectively during sea transgression and regression, the Antalo group being fomled during Ihe 

lime gap in between the two events, Mohr (1971). 
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In genera l speaking, the lower sandstone is characteri zed by fine to medium grain size, massive, 

thickly bedded with occas iona l cross bedding, iron rich conglomerates, especially ncar its base, 

and predominance of quartz over feldspar as a result o f which it is considered to be a quartz 

sandstone. The thickness of lower sandstone is more or less s imilar for a given region bu t varies 

from region to region. In Abay basin the thickness is about 500m on average, Mohr (197 1). 

Layers other than sandstone are found inter bedded with in the lower sandstone. The most 

imp0l1ant are siltstone and shale in a cen tral Ethiopia, Mengesha, er al ( 1996). In Ihi s region , the 

lower sandstone di rectl y overlies the basement rocks and is in tum overlain by Abay formation 

and lor Tert iary volcani c. 

According to Kazmin (1975), the Abay bcd, Antalo limestone and the Agula Shale (corresponds 

to Mugher Mudstone) are categorized under one group-A ntalo group. 

Un li ke in some places of southeastern Ethiopia, the Anta lo limestone does not directl y overlie the 

basement both in northern and central Ethiopia (Mohr 1971). 

The western limit of the Mesozoic sedimentary rocks in the southern side of the Abay basin 

exceeds that of on the northern side by about 20km. Accordingly, Mohr (1971), has iden tified the 

following most westerly exposure of Mesozoic strata : Lower sandstone at 38° 18E', Anlalo 

limestone at 37° 43'E, Upper shale- gypsum hori zon, 37° 50 ' E, and Upper sandstone at 38° IS ' E. 

Overly ing the Antalo group is the Upper sandstone deposited from sea regression. This unit is 

well exposed in the eastern side of Abay basin (in Wo llo along the tributaries of Abay) than in 
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the western side reaching a thickness of more than 300m due to its south-easterl y dipping, Mohr 

( 197 1). The same author suggested two possibi lit ies for the th inning or absence of Upper 

sandstone toward west in Abay basin , and variation of its thi ckness in Tigray: 

• 

• 

Pre-Trappean and post Mesozoic erosion/or denudation of the sediment due to its so ft and 

easy erodabil ity nalure. 

Original thinning during deposit ion . 

But he incl ined to the first possibility for the Abay basin and the second possibili ty for Tigray 

region. Accordingly, he pointed out that the degree of denudation is more severe toward the west 

than north or cast of the country. 

Where it is found in Abay basin, the Upper sandstone is predominantly white but occasionally 

red. It is generally massive with some cross bedd ing. 

Both Upper sandstone and the Anta lo limestone are miss ing III Guder vall ey close to the 

conOuence with Abay, and the most westerl y exposure of Upper sandstone in the Abay basin is 

fou nd in Mugher gorge, Mohr ( 1971). 

The large part of the country (about 32%) is covered by vo lcanic rocks of di ffe rent ages and 

types. One can categorize these volcanic rocks based on various factors such as age (Tert iary and 

Quaternary volcanics), and taki ng Rift fomlation as a reference (pre-rift and post rift volcanics). 

Another widcly used tenns in describing the volcanic rocks of thc country are the Trap seri es 

vo lcanics and the Adcn volca ni c series, which is the samc as to say post rift {middle Miocene to 
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Quaternary) volcanic . The Trap series represent the o ldest volcanic rocks in the country, where as 

the Aden volcanic series is relati ve ly younger. 

The major upli fting followed by crack ing of horn of Africa gave ri sc to the fonnation of Trap 

series. It is compri sed mai nly by nood basalt wi th some trachytes and rhyoli tes, especially on its 

upper part. This trap series forms the NW and SE plalCau, rcaching its max imum development in 

cent ra l Ethiopia attaining a thi ckness of up to 3km, Mcngcsha el o/. ( 1996); its compiete 

strati graphy can be observed in deep gorges. 

The trap se ries is hardl y distingu ished from the Aden volca ni c seri es based 0 11 the petrographic 

analysis, Mohr (1971). Hence, though not conclusive, morphologica l distribution may be 

employed to di st ingui sh them. The trap series being, preda tes the rift fau lting, usuall y occupies 

the great height of the Ethiopia n and Somalian plateau, where as the Aden volca nic series arc 

associated with well -preserved volcanic cones or la va nows, Mohr ( 1971). Such morphologica l­

tcmporal distinction of the trap series and Aden volcanic series should be appl ied wi th caution 

because a di screpancy may happen in some cases of the Rift and the plateau. Vo lume wise, the 

trap series is much more abundant than the Aden vo lcanic series. 

Some of the common lrap seri es that arc found in W Ethiopian Pla teau arc Ashangi, Aiba, Alaji 

and Termaber volcanic rocks from oldest 10 the youngest. 

Qua ternary volcanism was not confined to Rift ; it also took place on the plateaus, Mohr ( 197 1). 

Some of the Quaternary volcanics on the NW Plateau arc found in western Shewa Zone, and they 

arc Q uatern ary alkaline basalts mai nl y, Mengesha, el 01 (1996). These Quaternary alka line basa lts 
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and tachytcs were erupted along thc prc·cxisting structures on the north· west and south· cast 

plateaus. Their well -preserved structures andfor unmodified geomorphologic features such as 

cinder cones and small collapse cralers, especiall y in heavy rainfall and perennial stream region 

indicate their recent age, Mcngcsha et af (1996). 

Though the major geological structures in the country mostly parallel the Rift system, some fau lts 

rlln transversally to it on NW Ethiopian pla teau. Can be mentioned as an example is the E-W 

oriented lineament that extends from Cassam ri ver in the cast through Addis Ababa to Ambo in 

the west. This lineament, ca lled Ambo fault bell, starts from the westem escarpment of the riO , 

and goes even farther to Wollcga, Mengesha, el (1/ (1996) . 

Horst rormation in Karakore area by uplifting or the long strip or escarpment took place at more 

or less similar ti me with the rau lt ing or E-W oriented Ambo rault belt that cu ts across the 

escarpment and up li fted its northern block. This was nearl y during the late Miocene time, Mohr 

( 1971 ). 
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2.2 Local geology 

The study area, Ambo, is part of the Ethiopian ccnlml plateau comprising both volcanic rocks of 

various Iypes, mainly basaltic and trachytic lava flows, pyroclastic deposits such as unwelded 

luff, and Mesozoic sedimentary rocks, particularly sandstone. 

On I :2,000,000 geological map of Ethiopia , the area was mapped under plateau basal t of 

Quaternary age comprising alka line basalt and trachytes. But the northcm part of the study nrea 

that fanns an east· west ori ented basaltic escarpment is part of the Elh iopian Ifap series having an 

age of Ol igocene to Miocene. According 10 the revised geological map of Ethiopia (1996), it is 

categorized under Termabcr- Magazaz foOlmtion of transitional alkaline basalt . This older 

basalt ic lava now is separated from the younger Qualemary volcanics of Ambo area by the 

Add is-Ambo-Guder fault escarpment. To the southern side of the fau lt escarpment including 

Ambo is covered by Quaternary volcanics; and the esca rpment and its northern side is of Tert iary 

age. Some researchers such as Tsegayc Abebe ( 1993) define the fa ult escarpment as Addis-Guder 

faul t escarpment. 

The Quaternary volcanics in the area arc thought to be originated from the central type vo lcanoes 

such as Wanchi and Dandi that are located at the southern part of the study area, Kondo (1967), 

Mohr ( 1971), Herick, el at ( 1983), and Tsegayc Abebc ( 1993). The Wanchi and Dandi volcanic 

centers arc central type volcanoes on Ethiopian plateau, and they are part of the east-west 

oriented volcano tectonic lineament rcpresented as Yerer-Tu ll u Wellcl-Volcano-Tectonic­

Lineament, Tsegaye Abebc, el 01. ( 1997). 
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The escarpment 10 the northern side of Dabis river has two main sleps: the fi rst step next to the 

Dabis river is the cliff fonned by the Mesozoic sandstone. This cliff pinches out when it rcaches 

at the oppos ite side of Awaro area . Vo lcan ic rocks, mainly basa lt , comprise the next very sleep 

cliff to the north o f the sandstone. This second step has continui ty through Ou l the study arca, 

even farther to the cast. 

The general stratigraphy (from youngest to the oldest) for the study area is as fo ll ows: 

• Quaternary vo lcanics: Comprised by basa lt , trachytes and pyroclastic deposits 

• Tertiary volcanics: Mainl y comprised by basa lt ic lava fl ow 

• Mesozoic Sandstone 

This stratigraphy wi ll be refined fart her and verified after the di scussion and description of the 

geology of the area in the fo llowing part. 

2.2. 1 Volcanic rocks 

One may categorize the volcanic rocks of the study area into two main grou ps: 

• Lava flow: This comprises basalts and tmchytes 

• Pyroclastic deposits: This is main ly comprised by un welded tuff. 

2.2.1. 1 Lava nows 

The exposure of the basaltic lava flow in the study area is found at two distinct geomorph ic 

fea tures: the o lder Oligocene - Miocene succession part fonllS the elevated fault escarpment on 
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the northern side of the study area; pan icularl y, areas of Dobi
t 

Yubdo, CIC arc covered by Ihis 

basalt. The age of this basalt varies from 3 1·20.6Ma according to various authors having a total 

th ickness of more than 40001 , Tscgayc Abcbc ( \993). On the other hand , the younger Quaternary 

basa lt ic lava flow occupies geographically lower positions such as in stream and lor ri ver va ll eys 

of Du bis, I-Iuluka, and Alcllu . Except ion 10 these distributions is the basaltic lava flow that forms 

Mi-esa ridge to the western side of Ambo lawn. 

At some places such as in Dabis and Alellu river va lley and stream cuI respectively. the basalt is 

found interbedded with thin layer (about Imlhick) o f pyroclasti c depos its. On macroscopic scale, 

the basalts show two main tex tures: aphan itic and non·vesicular basa lt, and poryphyri tic and 

vesicular basalts having plagioclase and oli vine as a phenocryst (e.g. in AlellU stream cut). 

Distribution wise, basalts o f the latter texture dominate the fomler. These basaltic lava fl ows 

found at peripheries of the central volca noes arc the oldest volca ni c rocks exposed to the sout hem 

s ide o f the Addi s·Guder fault escarpment for the study area , Tscgayc Abebe (1993). The inability 

to see the base of this basalt is the limitation to know its thi ckness; but geo logical well logging 

data from drilling shows a thickness of more than IOOmeters. 

The second lava flow exposed in the study area is the trachyti c lava. Thi s lava flow is found at 

the SE and eastern part o f the area, specifica ll y. Dandi and its surroundings arc totally comprised 

by trac hytic lava flows. Besides these, the exposures arc observed at Golja and Golole to the 

north o f Dandi high land; these exposures also extend up to the immediate adjacent of Meti 

vi llage. The source of this trachytic lava fl ow is thought to be Dandi volcanic center whose crater 

rim and s lope arc totall y covered by the lava. The lava shows a good fl ow structure. One Iypica l 

fea tu re of the lava as observed at the slope of Dand i high land is tha t it is hi ghly fractured, which 
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is thought to be originated from cooling process ra ther than from Icc Ionic and lor wea thering 

processes. The fractures do have one dominant orient3t ion, E·SW, dipping 10 the SE. 

2.2.1.2 Pyroclastic deposits 

The pyroclasti c deposits in the area arc dominant ly comprised by un wcldcd tuff. It contains sizes 

ranging from ash through lapilli up to bomb. There exisl different types of pyroclasti c deposi ts: 

fa lls, nows, and surges. The exposure of the pyroclastic deposits is found covering the high lands 

of Wanchi and ils crater rim, and also found irregularly as a patch up to Ambo town (e.g. at Ihe 

rare side of Ambo swimming pool and al the pumping station of Huluka stream · up stream of the 

lawn). Unlike Dandi volcanic center, Wanchi and its surrounding is dominantly covered by 

pyroclasti c deposits. But both Wanchi and Dandi show collapse crater structures, Tsegaye Abebe 

(1993). At some places the pyroclastic deposits show dipping toward the crater. The grain size of 

the pyroclasti cs decrease as one goes away from Wanchi area toward Ambo that confirms 

Wanchi crater to be a source . 
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In Altufa area, on Ihe way from Ambo 10 \Vanchi, 112 • 1m thi ck greenish and brownish gray 

layer of soil Ihal seems paleosol is observed interbedded with Ihe pyroclastic deposits . But it is 

hardl y possible to have such thickness of soi l at such elevation. Because what is expcclCd at such 

elevation is an erosion process rather than dcposi ti on; and al so thc time (Quaternary) is very short 

fo r so il development (Oral comm. wi th Tsegayc Abcbe) ; According to Tsegaye Abebc (1993), 

the age of Wanchi and Dandi central vo lcanoes is less than 0.1 Ma. Hence, the rinal conclusion is 

tha t il is a hot mud ca lled lahar deposited by cx plosion from the Crater Lake during magma tic 

eruption. 

The last volcanic rocks that need to be mcnt ioned in the study area are scoria cinder cones and 

assoc iated nows. These groups of volcanic rocks represcnt the youngest volcanic acti vity in the 

study area, Tsegaye Abebc (1993). They are found fonning cindcr cones such as Goromti, Tu lu 

Dimtu and Yubdo respectively located at western , centra l and eaSlern part of the study area. As 

compared to the other, Tulu Dimtu is dominantl y comprised by scoria, whcrc as the other two 

contain also scoraceous basa lt. These scoria cindcr cones arc poss ibly controlled by NW.orienlcd 

frac ture, Tsegaye Abebe ( 1993). 

2.2.2 SedimentaQ' rocks 

The main sedimentary deposit in the area is the Crctaceous sandstonc, which is a contin uation of 

the Abay basin Mesozoic sedimentary succession. Th is sandstone is exposed at lhc NW part o f 

the study area, and it is found fomling cliff (on the northern side of Dab is ri vcr), and ridge (on Ihe 

western s ide of Ambo town). Different studies carried alit so far in the area considered it to be the 

Lower sandstone that directly overlies the crystalli ne basement , e.g. Mohr (197 1), Hcrick, el al. 
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( 1983) and Merla, el al. (1979). The arguments forwa rded by most of these authors arc the 

presence of lime Slone (1) and gypsum on top of the sandstone al the western s ide of Ambo IOwn. 

Bu! what they cons idered as limestone is not a pan of the actual Mesozoic sedimentary 

succession, instead it is a travertine thai is deposited by thennal spring as will be discussed later. 

On the other hand, Bcauchau p ( 1977) categorized the sandstone under Upper sandstone by 

relating il lO the stratigraphy in Mughcr, Tscgayc Abcbc ( 1993), 

Similarly, by applying different model ing techniques, the sandstone QUlcrop in Ambo orca IS 

grouped under Upper sandstone in this work. 

In the area between Ambo and Sankalc, the sandstone is found farol ing an E-W orien ted ridge . 

Since a long time, thi s sandstone has been used as a construction slone; and il is known by the 

name "Ambo sandstone" . Its aUractive color (whi tish gray and pinki sh to reddi sh gray) Dnd easy 

workabil ity (can easily be quarried and shaped manuall y) as wcl l as its durabi lily havc made thc 

sandstone a good construct ion and dccorative stone for houscs, fcnce and ccmctcry works. 

The sandstone is well sortcd with some very thin layer of eonglol11crote. Color wise, it ean be 

grouped into two: the whitish gray at its lower part, and reddish color at its uppcr part . The latter 

category possibly shows that the cementing materia l is dominan tly ox ide of iron. 

In some areas such as Manqata, on the right side of the Dabis river, ca lcareous sandstonc has 

been observed. This sandstone doesn't occur as a uniform outcrop but as a fragment on the 

surface. 
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Other than the randomly distributed joints, three main joint sets can be iden tified in the 

sandstone: the NW-SE NE-SW and the E IV . d " l "h .. r h . . d 
• - Oriente Jomt sets. C maJonty 0 t C Jom! selS 0 

have a nearly vertical dip angle. According 10 Hcrick e l 01. (193), the joints have been rcsulled 

during the Tert iary vo lcanic activity. But the same author has also mentioned the presence of E­

W oriented joints that are thought to be of Quaterna ry age. 

In I-Iu luka stream va lley. the sandstone is directl y overl ain by the Quaternary basal tic lava now. 

Here, a clear contact between the two un its is observed. The distribution of the sandstone, 

especially on the southern side of Dabis river seems a structural ly controlled. For example, at Ihe 

immediate adjacent of Ambo town to its west along Te ltele stream, the sandstone lies side by side 

(even at higher elevati on) with the Quaternary vo lcanics that clearly shows a fault line (fig. 2- 1) . 

In addi tion to the sandstone, there exists also mud along with gypsum and shale fragments in the 

study area. The exposure of thi s unit is well observed on the northem side of Dab is river va lley, 

parti cularly in Manqata area. In this area the unit is observed to li e both above and below the 

sandstone; and it is found forming a gen tle slope as compared to thc sandstone. Hcnce, bascd on 

such morphological feature, all the areas that foml gentle slope above and below the sandstone 

are inferred to be comprised by the mud- gypsum-shale unit, especially on the right side of the 

Dabis river. To the Eastern side of Manqata up to its pinchi ng to basa ltic lava flow, the mud-

gypsum- shale unit dominates the sedimentary rock. Th is unit can be distinguished from a distant 

by fanning gu lly and baving pinkish color. 

The mud-gypsum-shale unit is very friable, and characterized by pinkiSh, greenish and wh itish 

gray color. The exposure of the unit is al so found as a sillall patch betwecn Ambo town and the 
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sandstone quarry on the southern 'd f h 
51 COl C asphah road. From its morphological (topography) 

observati on in the afca the unit 5 . ' . , cerns to Conlln ue funher to the west fomlmg a genlle slope 

under Mi-esa ridge. Due to its irrcgul d I .. ar exposure an a so scale of the map. the Unit IS mapped 

under the sandstone unit BUI from hyd I · I . f " . . . . rogea ogleD poml o VICW, It has grea t slgmficancc aCllIlg 

as a barrier for subsurface water out flow. 

2.2.2.1 Travertine and silica sinter 

80lh travertine and sil ica sinler are secondary chemical sedimentary deposits. The imporlance of 

these two chemical sediments in the study area is neither from surface geological nor 

hydrogeological point of view but from geochemical lor hydrogeochemical point of view in 

inferring the subsurface geology lor geochemistry; because they have only a limited areal ex tent . 

Travertine is calcareous sediments fanned by evapora tion of spring and river water; it is more 

dense and banded deposi t as compared to tufa, which is also calcareous sediment. According to 

Pettijohn (1984 and references there in), tufa is a surficial deposit about springs and seeps and 

exceptiona lly in rivers; where as travertine deposit ion is common in limestone caverns fann ing 

flow stone and drip stone including stalactites and stalagmites. But other authors such as 

Emmons, et al. (1953) defined the two tenns from impurity point of view. Accordingly, lufa is a 

genera l calcareous deposit, where as travertine is a tufa that is purely of calc ium carbonate. In 

spite of such discrepancy, the lenn travertine is adapted in thi s work because the deposit in the 

study area is more porous at its top part but slightly banded at its lower part ; these features arc 

clearl y observed in the creek in fron t of the sandstone quarry on the opposite side of the asphalt 

road. 
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Si lica s inter is also a porous mater" I d " d b '. . . 
Ja cPOSltc y waters arhat spnng; beSides the compositional 

difference with travertine, sil ica sinler can on ly be deposited from Ihcmlal springs where as 

travert ine can be depOSited from moderately thcmml to non Ihcmlai water, Trainer (19 I). 

Therefore, the presence o f travert ine along wit h the some silica sillIer in Ambo area clea rly 

indicates thei r thermal origin. Hcrick et (II (1983) also mentioned the absence o f fossil in the 

traverti ne deposit 10 be an evidence fo r its chemical origin and you ng age. 

The deposit of silica sinter is very small as compared to the travertine, and it is exposed on ly at 

few places; for example, around the Ambo swimming pool. 

The deposi t of travertine shows an casl·wcst trend fallowing a fault line that is a conduit for thc 

thennal spring. It is found starting from Ambo town up to Sankale, where there is a lime factory 

using the travert ine as a main raw material. There ex ist also an indicat ion of travertine deposit 

fart her to the cast of Ambo town in Dabis river va lley. Even if it is ou t side of the study area, 

there is also a travertine deposit in Gudcr on the western side of the 10WI1 . 

The traverti ne along with the silica sinters is the youngest deposit in the study area as compared 

to o ther geo logical units. This can clearly be observed from its relation with the pyroclastic 

deposit in Ambo town at and behind the swimming pool. At these places, the travertine is seen 10 

be depos ited with in the narrow fractures of the pyroclastic deposit crossing it. Though it is not 

uni fonn in the area, the thickness of the travertine deposit can be up to 17m as observed from the 

geologica l well logging of Sankale area. 
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All the above discussions, particu larl y, the chemical and thermal origin of the travert ine deposit 

in Ambo area will enable us to infer lor deduce the subsurface geology of the area. This means 

that there has to be a subsurface gcologicalm31crials that supplies calcium I or calcium carbonate 

and silica to Ihe thermal springs. These can be poss ibly. limestone, gypsum, or anhydralc and 

sandstone; but as it will be explained later under the hydrogeochemistry part, it is more li kely tilat 

the source is limestone. Whether the source is limestone or gypsum for the calcium/calcium 

carbonate, the implication is that these layers arc found be low the sandstone outcrop in Ambo 

area. By taking into consideration the regional Mesozoic sedimentary succession of Abay basin . 

the prcsence of limestone and lor gypsum under the sandstone will enable us to conclude the 

sandstone in Ambo area is Upper sandstone. 

Therefore, the reconstructed stratigraphy of the study arca from the youngest to the oldest is as 

fo llows: 

• Quaternary volcanics 

• Tertiary volcanics 

• Upper sand stone 

• Limestone unit 

• ? 

25 

, .. 



i ' • 
I', 

• 1 
I I 

I • I 

b 

III. HYDROMETEOROLOGY 

3.1 Meteorological parameters 

Generally, there are four meteorological stations in the study area: two stations in Ambo town 

(one in Ambo Agricultural Research Institute, AA RI , and the other is under the Na tional 

Meteorolog ical Agency). The other two stations arc found in Guder and Ginchi. Only the 

meteoro logical station in Ambo lown is a first class, the olhers arc nOL The meteorological 

stations at Ginehi and Guder are outside the boundary of the study area; bu t Ihey arc very ncar to 

the area and also from their geographical dist ribut ion point of view, it is reasonable to usc data 

from these stations for the study area. Accordingly, meteorological data from the four stations 

have been used for the study area. A simple arithmetic mean method is applied in order 10 

esti mate the area l distributions of the different meteorological parameters fo r the study area. This 

method is chosen only because of the spatial distri but ion of the meteorological stations in the 

area, which is not convenient to apply other methods such as isohycta l or Thiessen polygon 

method. The stations (Guder,Ambo and Ginchi) ure aligned in an almost E-W direction. 

The over all meteorological parameters ava ilab le for the study area arc: rainfall , temperature, 

relative humidity, wind speed, duration of sunshine, and pan evaporation. The summary of the 

average monthly values for these parameters is shown in table 3- I. The duration over which the 

parameters are averaged varies. 
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Table3-! Summary o/the mea II I 
1/ m01ll1 y va lies o/meteorological data f or the slUdy area 

' (lrtlmelcrs tatioll 
Montlrs ToIaJ 

Jan Feb Ma< April May June J"~ A"". Sept. Oct. N", De<:. 
udar /8.2(1 17.00 82.60 IHO / 13.10 219.60 UI.co 2'$.10 111.00 "" 1710 "" 1lS • .lO 

'{tain/all (m ill) 11/00 26.72 27.00 53.50 70.70 92.00 161 10 231 110 111250 / 1500 •• 10 '" '" 1033 5C 
inchi 24.10 49.20 70.00 81.10 89.10 128 .30 244 00 231.80 15330 "" '26' '" 11 38 1 veroge 23.00 37.90 ... " 81.10 ..... 169.70 l H..IO lB. .. , US.l ' 40,90 lUI .... II H .JO 

Tcmpralllre °c udar 16.60 /1.70 18.70 2,UO 18.60 1' 10 1710 ".., 16.90 1600 H.60 ".)0 11110 .' 
moo 17.70 18.60 19.60 19.20 "" 17.20 " .20 "" 1670 "., "" " " 

111 10 
I'erage lUG lUG IUD 11 ... ,,,., 

17.70 17.10 lUI 'U. IUD " ... 10M 111.41 

. II. (%) moo S9.47 S3.68 S2.56 S6.01 ~.S, 1471 ,1.3, 82.17 nJ2 6147 S9.U .". 1111 J1 

inchi 56.3} 60." n.n 60" S7.75 "00 SO.61 '1> • 16 41 62.JJ 60 .. "JJ 11611 

I-erage SMII S7.17 SU7 .W 57.17 71..1. .. .• 3 'l," 70.7 "'.tI " .17 SUS 111.1' 
unshinc flollr moo 8.40 ' .20 7." 8.70 7.10 ' 70 ' <0 ,.,. •. ,. 7 " ." .,. '''' verog c .... 8.20 7." 8.70 7.10 S.70 , ... ,." ..,. 7." .... .. ,. .. n 
an Cl'Qp. (1II1n/day) moo .. , 7._ 7.7 7._ ' .7 .. - 2.24 2.32 , .. ••• _.7 S." .. 
l'erage .. , 7._ 7.7 7._ '.7 ••• 2.24 2.32 U ... ' .7 .... 

3.1. 1 Rainfall 

Being located in tropical region, rainfall is the mai n fonn of precip itat ion in the coun try. There 

are two main sources of rainfall in Ethiopia: the Atlantic equatoria l westerly wind, and the 

southerly and easterly Indian Ocean air currents. The first source supplies ra infall to the high 

lands as well as western low lands of the country mainly due to orographic effect where as the 

southerly and easterly air currents bring ra in to the eastern low land; rainfall in the country IS 

highly controlled by altitude and moisture ladcn wind direction. 

The distribution of rainfall in the area is more or less similar to that of the Ethiopian central 

plateau. Based on temporal rainfall di stribution, genera lly two main seasons can be ident ified for 

the study area: the dry and the wet reason. More quantitative seasonal category based all rainfall 
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distribut ion can be explained by using thc rainfall coefficient (R. C.) which is the ratio between 

mean monthly rainfall and one twelfth of thc annual mean of Ihc 10 lal rainfall , Daniel Gamachu 

(1977). 

Where R.C.= rainfall coeffi cien t (un it less) 

Pa=annual total rainfall aflltc area, which is I I 43.3mlll 

Pm=mean monthl y rain fa ll 

Table 3- 2. Mean mOllthly rainjall (p"J alld Rain/all coefficient (R. C.) jor/he study area. 

Month J F " A " J J A S 0 N 0 TOllIl 

P.,(mm) 23.0 37.9 68.7 81.1 98.S 169.7 242.4 223.4 135.1 40.9 13.0 9.9 1143.] 
R.C. 0.242 0.398 0.72 1 0.851 1.034 1.782 2.S41 2.345 1.418 0.429 0.136 O. I()4 

Based on R.e. values the following precipitation category can be made for Ambo area: 

• DIy months (R.C.< 0.6): October, November, December, January and February . 

• . Rainy mOlllhs (R.C.?...0.6): This can be further grouped into the fo llowing: 

o small rain (0.6 _ 0.9): March and April 

o big rain (~ 1.0): 

• moderate concentration (1 .0 - 1.9): May, June and September. 

• high cOllcenlratiolls (2.0 - 2.9): Ju ly and August 

• very high cOllcelllralions ( > 3.0). 
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3.2 Surface hydrology 

The study area is a sub catchment of Gudcr river basin , which is in tum one of the sub basin of 

Blue Ni le on the southern side. Besides this, it is a triple junction for three regional drainage 

basi ns: Blue Nile, Awash and Ghibc· 0010 ri ver basins. The different waler bodies that arc found 

in the catchment and need to be di scussed under thi s part arc: 

• River and streams 

• Lakes 

3.2. 1 Ri vers and streams 

Both perennial and intennittent rivers and streams exist in the study area. The main river and 

perennial stream are Dabis and Huluka. Huluka drains the majority of the southern part of the 

catc hment, and it has a general now direct ion of NWN; where as the northern as well as the 

eastern part of the study area is drained by Dabis river. In add ition 10 Ihese, two perennial 

streams, Talta le and Boj i drain the southwestem part of Ihe study area. Some streams sueh as 

l-Iu luka and Taltale fonn a waterfa ll gaining allracti ve scenery. The prevailing drainage pattem in 

the area is a dendritic type. Especially, all the streams draining the east- west oriented ridge on 

the northem side of the catchment show such drainage pallem; where as, streams that drain the 

high lands of Wanchi do have parallel drainage pallem. The catchment has a fifth order river 

network. The nearly absence of lava flow at and around Wanehi (i t is exclusivcly covered by 

loose pyroclastic deposits- unwelded tuff) gave ri se to Ihe fonnalion of a rugged morphology 

resulting in deep stream cut. 
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3.2.2 Lakes 

One of the surface waler reservoirs in the study area is lake. There arc two natural lokes of 

volcanic origin, called crater lakes, in the area: Lake Wanchi and Lake Dandi loca ted at southern 

and southeastern parts of the study area respecti ve ly. Lake Wanchi has a lOla I surface area of 

4km2, and a total drainage area of llkm2 excluding the wa ter body. II is al so reported to have a 

maximum depth of 82m, Molla Gudcla and Mesere! Taye ( 1998). There is no clear surface waler 

out let for the lake; but from morphological point of view, Walga river that drains to Ghibc basin 

on the southern side of the lake seems to have a surface hydraulic connection wi th the lake; 

especially during high lake level. The lake is situated in a Sleep sided crJtcr rim from which a 

number of springs emerge. 

Lake Dandi is located in a relatively open crater, i.e. the rim of the crater is a little far from the 

watcr body. The lake forms the source head for Huluka slream that flows across Am bo tOWIl . II 

has a total drainage area of 16.6km2 excluding Ihe water body; where as the area of the lake is 

7.4krn' . 

tn spite of their economic potential and scien tific interest, the lakes are less investigated so far . 

There is no access road fo r car that takes to the lakes; thi s is one and the main hindrance for the 

development of the lakes. A gravel road that goes from Ambo to Walliso passes on the western 

'd r h W h' L k H ce the distancc between thi s road and the lake watcr, whi ch is sI c a Ie anCI ac. cn , 

excl usively the rim of the crater, has to be covered on fool. 
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According to Oromia Agricultura l Resources Development Bureau, Lake Wallchi has been 

invest igated for fish ing since rcccnilimc. Accordingly, lhe lake is found 10 be suitable for fishing 

both from physical and chemical parameters (dissolved oxygen, pH, Icmpcral'Urc, ctc) point of 

view. Some species of fi sh arc found in the lake in troduced into it six years a go; and currently 

the fi shes are found in a good situation (oral conlin . Wit h the Zonal Agricu ltural Departmen t) . 

• 
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3.2.3 Stream discharge 

There is no gauged stream in the catchment of the study area. Al the upstream of Ambo town it 

has been started to gauge Huluka stream since recent years. BUI complete stream now da ta is 

unava ilab le even for a single year. Hence, in order 10 ca lculate the nJllorT, which is 10 be 

estimated for the study area, the values of the ne ighbouring gauged streams arc used. There arc 

fo ur gauged streams (or gauging stations) in Guder catchment to which the study area is al so a 

sub catchment. The streams that do have a gauging stalion arc: Guder at Guder, Falla ncar Guder, 

Bello near Guder, and Indris at Guder. For each gauging SIal ion, the following parameters arc 

ava ilable over a long duration: monthly runoff, monthly maximum di scharge, and monthly 

minimum discharge of the streams. 

The monthly minimum stream discharge is considered to be equal to the base now. Actually, it 

has been mentioned by Wundt ( 1978) that the monthly minimum stream di scharge best 

approx imates the base flow, especia lly, for humid climate. Accordingly, by taking monthly 

minimum stream flow as a base flow, it has been subtracted from the monthly tOlal runoff to gel 

the component that fonns over land flow from which the nmoff coefficient is calculated. 

Rc = D/PA 

Where: 

Rc= Runoff coefficient 

o = overland flow 

P = annual precipitation 
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A = drainage area 

For the sake of comparison Rc has b I I d ' . 
, een ea eu alc lor all thc gauged streams mcntloned abovc 

as shown below: 

Table 3-3 Runoff coefjicielll (Rc) calcliialedjor various cQ/chllle"ls 
Gauging station Area Precipitation TOlal minimum Total annual 

(stream) (Kml) (mm) annual discharge runofT(mJ) R<. 
(m) 

Guder at Guder 524 11 43.3 209.664.979.20 409,933.000 0.328 

Bello ncar Guder 490 1143.3 112,918.233.60 205,157.000 0.165 
Indris at Gudar III 1143.3 31,960,742.40 81,253,000 0.389 

Fatto ncar Gudar 96 1143.3 34,290,000.00 74.773.000 0.369 

The implication of the runoff coeffic ient, Rc is that higher Rc valuc means much component of 

prec ipitation is lost from a catchment through runoff. Accordingly. if we comparc Rc values for 

all the gauged streams shown above, they show that marc than 30% of the precip itation 

component is lost from the catchment through runoff except for Bello catchment that has only 

about 16.5%. 

There are various factors that control runoff; among them arc geology. physiography. vegetation, 

land use, cl imate, and soi l type. For example, a catchment with steep slope, less pcmlcable soil 

and sparse vegetation cover could have higher Re value than a similar catchment with gentle 

slope, more permeable soi l and dcnse vcgetat ion cover other factors being similar for thc two 

catchments. Hence, in order to corrclatc! or use Rc value of one catchment for another, all these 
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di fferent factors have to be considered . Among those streams gauged in Gude r catchment, the 

Bello sub catchment is found 10 show similarity wi lh the slUdy area in geology. morphology and 

vegetation cover. The different meteorologica l parameters arc al so similar fo r the IwO 

catchments. The Bello catchment is tota ll y comprised by volcanic roc ks dominantly basa ltic lava 

flow. It is a plain covered with transported soil at its central pan, and elevated as well as mggcd 

at its peripheries. 

Hence, the value of runoff coemcient for Bello catchmen t with some correction (based all 

geology) is considered. Accordingly,a runoff coe ffi cient of 0. 15 is taken fo r Ihe study in 

esti mating the runoff of the study area. 

Therefore, the runoff depth for Ambo area is given as: 

Ro = Rc x P 

Where Ro = run off depth in mm/yr 

Rc = run off coefficient = 0.15 

P = precipitation depth = 1143.3mm/yr 

Hence, Ro = 0.15 x 1143.3 mm/year = 171.5mm/year 

If the runoff volume is required, we need 10 mu ltiply Ihe runoff depth by the area under 

consideration. 
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3.3 Water balance 

By water balance it is mear.: equaling lor balancing the amount of water inno" 1.1d oUlnaw for ~ 

given system, such as hydr('~eologic system, over a given duration for a given l:ea, hence it I~ ~ 

dynamic system, Delay (1 9':' ~ ) . The hydrogeologic system can be a drainage b~: nlar Cc1tchmc:-

ground water basin, so il laye:. or an y su rface waleI' reservoir (natural or anificia' 

The method can be cmp i.:' :.ed for difTerent purposes: computation of groun':\\3tcr rcchar,p 

evapotranspi ration, Cont inu0US record of soi l moisture, and stream now from;, meteorologic.:.. 

record and a few observat,)" on the soil and vegetation, seasonal and geog;'lphic pallcrns .:' 

irrigation demand, the flux .:'1 water to lakes, and prediction of human efTect on -) drologic cye ~ 

Leopold and Dunne (19781 Generally, waler balance is a va luable tool il1lhe .:.nalysis ofwalef 

availability in a region. 

Among these, its purpose ::: this paper is aimcd at grOlJlldwalcr rccharge esu-.:!tion The bac: : 

assumption that is considered in this case is that the surface water divide c·-'ncidcs with 1~~ 

subsurface drainage basin .. ';ccordingl y, other than the water Ihat is percolated \,-th in Ihe limit d 

the surface water divide, Ih~e is no inter basin now (inflow orout flow) ofgrOl..::dwalcr. 

Th e basic equati or. :;f wa t er balance is : 

In flo w - outfl ow S 

F I d the rna:J inflow componcnt is precipi tation, but the oUlflo ... componcnts ,-e or t 1e stu y area, -

.. d " ..T"" assuming all othcr components such as watcr abs::act ion by hu mL' evapotransp!ratlon an ru n~ !l 
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for other purposes to be negligible B 'd h" " 
. CSI CS 1 IS, the change to storage can be considered to be 

zero if the water balance is made b t k' 
Y a mg water year lor hydrologic year. Hence, the va lue of 

8S will be negligible/or zero since the calcul ation is to be made a ll annual basis. 

Since rainfall record can be obtained from meteorologica l stations in the arca , the main task leO is 

to esti mate lor calculate the potential evapotranspiration from which the actual can be deri ved for 

the catchment. In addition to Ihis, the runoff has also to be esti mated/or ca lcu lated for there is no 

actual measurement of this componen t in the study arca. In the fol lowing section, methods ond 

estimation of these different components wi ll be discussed. 

3.3. 1 Est imation of Potential Evapotranspiration, PET 

Evapotranspiration is the tota l of all water that leaves a region through direct evaporation from 

surface water bodies, snow, and icc, Plus that which is evaporated aOer pass ing through the 

vascular systems of plants (transpiration), Dingman (1994). 

Evapotranspiration generall y depends on different factors: cl imate (tcmperature, wind specd, 

relative humidity, solar radiation, barometric pressurc, CIC.), Plant physiology, watcr quol ily, etc. 

If evapotranspiration takes place under an unlimited water condition, i.e. sufficient wa ler 

quantity, it is said to be Potential Evapotranspiration, PET. A nu mber of methods have been 

fonn ulated and are currently in usc for PET estima tion; but thei r applicability is limited by 

ava ilability of different required parameters, and some methods are sile·spccifi c; i.e. they ore best 
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va lid only under a given climatic zone. In this paper, ThornthwailC, Penman, and Pan evapora tion 

with a pan coefficient methods ha ve been used among the different methods. 

Thornthwaite Method 

Thornthwaite in eastern USA deve loped this method for grassland in 1948. II requires only air 

temperature as an index of energy ava ilable for evapotranspiration. One of the main adva ntages 

of th is method is that it is easi ly determined, because it requires only single parameter, 

temperature, which can be obtained from meteorological station. But its limitation is that a 

number of parameters that aITeet evapotranspiration have been neglected. Hence. it under 

estimates potential evapotranspiration of an area. 

The empirical equation ofThomthwaitc is given by: 

PET ~ 1.6 (I Ol,/J)' 

Where, PET = Potential evapotranspiration (cm/month) 

ta = Mean monthly air temperature (0C) 

J = Annual heat Index = I( ta J5) 1.S1 4 

a ~ 0.49 + 0.0179J - 7.71 x 10·' J'+6.75x 1O.' J3 

For the study area the va lues of ' I ' and 'a' arc calculated to be 8 1.565 and 1.803369044 

respecti vely. Therefore, Thonrthwaite equation is reduced 10 : 

PET'" 0.036336062 ( t a ) 1.801369044 
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Based on this equation the monthly I . t • • , po entia cvapolra nSpmltlon has been ca lculated fo r the study 

area as shown in table 3-4. 

Since Thomthwaite equation was d t d C d d eve ope lor sian ar month of 360 hours of dayliglll, 

correc ti on has to be applied 10 adjust for the number of days per month and the length o f day, 

both arc a function of latitude. In the table shown below thi s correction has been appl ied taking 

an average latitudinal position of Ihe arca to be 9° 00 ' 00" N. 

Table 3-4 Monthly PET of Ambo area ill mm lIsillg Thomthll'llire method 

Month Jan. Feb. Mar. Apr. Moy Jun. July AuS_ S<p (k, Noy. 0" TOIml 

S9.78 66.8 1 74,92 94,36 7D8 68. 18 61.78 61.66 59.95 55.9 54.) 'OS 787.29 
PET 

(mm) 

Penman Method 

Penman method combines the energy balance and the mass transfer methods. Hence, unl ike 

Thomthwaite's method, parameters other than temperat ure are considered. Such fac tors being 

affec ting ET differently, Penman 's method gives more reasonable va lue of PET of an area as 

compared to Thomthwaite. Its equation is given by the fo llowing fomlUla : 

PET = (ABo + E.y) I (A+ y) 

Where: PET = dai ly potcntia l Evapotranspiration in nun/day 

A = Slope of saturation vapor pressure versus tcmperature curve, in mm of 

Mercury/oC 

Hn = Net radiation in mm of evaporablc water per day 

Ea = Mass transfer evaporation 
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Y. = Psyc hrometric constant ::: 0.49 I11 mHgI °c 

Hn :: Ha( l - r ) (a + bn/N)- oTa4 (O.56-0.092.Je.) (0 .1 0 +0.90 n / N) 

a = a constant depending up on the latitude $, and is given by a = 0.29c05 $; For the study area cp 

= 9° 00' 00" N; Hence, a ::: O.29x cos g O:: 0 . 286 43 

b = a constant with an average value 0[0.52 

n ::: actua l duration of bright sunshine in hours 

N= Max imum possible hours of bright sun shine (it is the function of lat it ude) 

0 = Ste fan~ Boltzman constant= 2.0 I x 10.9 mm/day. 

Ta= Mean ai r temperature in degrees Kelvin 

Ila- inciden t solar mdiatiun out side the atmosphere on a horizontal surface, expressed in mm of 

evaporablc water pcr day. It varies with latitude and period or the year 

r= refl ection coeffi cient (albedo), usua lly varies betwecn 0.15 - 0.25, 0.05- 0.45, and 0.05 

respectively for close-grou nd crops, bare lands, and water surface, Subramanya ( 1988). 

E, = 0.35(1+ U,/160)(e.,. e, ) 

Cw = saturation vapor pressure at mean ai r temperature in mmHg 

en = actual vapor pressure 

U2 = Mean wind speed at two meter above ground in km/day. 

The following table 3-5 shows the monthly values of PET and othcr parameters for the study 

area. 
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Table 3-5 Potential evapotranspiration, PET (mmimolllll) for Ambo area /lsillg Pellman method 
~ ,. 

'" ~ -.-~ 
~ J.3 1~ 3.816 ' ,013 .... ' .013 3.127 3.'1' "" 

,,, U51 ,.~ l.U ~ 

" · m ' .IM1 5.4" ... " • 181 2.211 U, '" , .. 21'1 3.«2 no , 
'" 0.1118 O.IITa .. ~ ''''' , .... ' .n Dill ' , .. , ... 0118 , .. 

"" 112.301 121.81 131UMI 141.04 125.1' 10\ , M" " "" 101111 105." ,." .. "'" 
Table 3-6 Comparisoll of PET mlues obtained using Thorlll/llWlite and /Jel/lmm along lI'ilh the precipitatiol1 ;1/ the 
sflldy area 

.. ""., "M eo. .. ... Mo, ~ .. .. ... oa ... ... ,-
TlIOmtllwai .. 58.18 66.81 14.02 ~.'" 15.38 68.18 8118 .... .. .. ". ~, M." ,'1 N ,- 112.:14 lUll 139.6e 147.001 125.11 1011 " .15 "" "" lOtI , 1 1051. ",,, ",,, 

I, Pl'tc/piljl1ion " 3U ... , , .. ... ,., UIIU 24U 223.4 135.1 .... " .. "'3. 

'I 
, I· 

As can be secn from the table, the PET value of Thornthwa itc method, 787.29 mm/year, is very 

small as compared to the va lue from Penman method, which is 1330.2 111m/year, for Ambo area. 

Thornthwaite method is va lid best for mid latitude cl ima tes for which it developed where air 

temperature is fairly good index of net radiation . The method g ives erroneous results in tropics 

result ing in serious underestimation of PET. Hence, Penman method is preferab le in such 

regions, Leopold and Dunne (1978). Accordingly, in the ca lcul at ion o f Actual Evapotranspira tion 

(A ET) both results obtained from Penman and Thornlhwai te methods are used along with the 

Turc method (discussed next) and then their average will be taken . 

I 1 
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3.3.2 Actual Evapotranspiration (AET) 

Actual Evapotranspiration is the rcal evapotranspiration that takes place under the existing 

moisture condi tion. Various approaches ex ist for the dCICnllinalion of AET. It varies from 

empirical re lat ions or factors gained from direct measurement to highly sophisticated computer 

models. The method employed in this paper is that deve loped by Thonnhwaitc and Ma ther 

( 1957). The method is based on the PET value obta ined using diITerent methods, and the soil 

moisture. Besides these, there arc other conditions thai arc to be specified in order to opply the 

method such as soil type, vegetation cover and foot depth . Accordingly, Ihe arca is considered to 

be covered wi th clay loam soil of field capaci ty 2ooml11, and the vegetation cover is a moderately 

deep root crops such as cerea ls with a root depth of 8Dem on average. 

The Procedure is as follows: 

• Accumulated potential water loss (AC. P.WL) of a soi l is calcu latcd for months in which 

PET exceeds prec ipitation (P) starting from the beginning of dry mon th (October in this 

case) . 

• Moisture retained in the so il, SM, whi le it is subjected to accumulated potcntial water loss 

is estimated using standard curve for dry mOlllhs (PET>P). For wei months, it is the sum 

of P less PET and soil moisture of the previous monlh. In casc, this sum exceeds the fie ld 

capacity of the soil , 2DOmm in this case, only 200l11 m is taken. Because a soil cannot store 

more water than its field capac ity. 

Finally, AET is obtained. During watcr surplus, AET cqua ls PET, Example, during July, August, 

and September. 
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Table 3-7 gives the summary orlhe Actual Evapotranspiration, AET esti mated using 

Thomthwaitc-Mathcr method for Ambo area both for Thomlhwailc and Penman. 

Table 3-7 Estimation of Actual Evapotranspiration, A£T by /Ising Thomlhll'aite-Mather method 

a) PET determined by using Thol"llthll'ai/e method 

",."h Joo Fob "" """ Mo, J ... J", ""' "" Cd. "" Do< T"", 
23.00 37.90 68.10 81.10 ,".50 168.10 24240 223 . 0 135 10 . "0 "00 '" 1'~ ET 59.76 66.81 74 .92 "." 15.38 68.18 8178 '''' 5995 '59 '" '''' 711129 

·PET ·36.76 -211.91 -6.22 -13.26 23.12 101 ,52 18082 1617. 1515 , '.97 1"',.2 ~. 45 
C.PWL. -131.4 ·166.31 -112.53 -185.79 . . . . , . 97 ·56 17 . 10062 

" "" 92 65 60,' 9$,12 200.00 200.00 20000 200.00 '" '" ' J<) ,," ." ~ ., •• 1812 101.28 0.00 000 0.00 ., ." ." ET 53.0 42.9 82.6 96.00 75.38 "" 6178 111.88 5995 ' 59 " ." 1252 

"""" Joe Fob Mo. """ 
..., J_ "" ,,",. "", Cd. "" OK. ,-

23.00 37.90 68.70 81.10 " .50 16970 242.40 ""0 135.10 ' 0" " 00 ,go 11 ' 3.~ rer 112.34 121 .81 139.66 147.04 125.10 10 1.10 8515 '''' 93.04 109 II 105 14 "'" 
,,,., 

-PET "'.J<) ..... ·10.90 .... ., -21.50 '"'0 156.70 "",0 421O ,,".20 -92.10 .i4 10 ·'56' 
i'<:p,w1.. -343.70 -427.60 -498.50 ....... -591.90 . . ... 20 -160 30 -2"501 40 ."", . 
" 40.00 21.00 20.00 14.00 12.00 ",.60 200.00 200.00 20000 ' 5000 " .00 '"00 I OII~ 

~S" - 15.00 -13.00 .7.00 ~.OO -2.00 66.60 119.40 000 0.00 ·50 00 ~.OO ~,oo "" i'ET 36.00 50.90 15.70 81.10 ' 0050 101.10 8575 85.25 93.04 ... " 73.00 " " 9231 

b) PET determined by Penman method 

• I'~ prw-ipilali(NI. PEr .. PQ{eniia/ EvupQ{l"tlllSpiroli(NI . .-Ie I'.WL - """,,,,"101"" ptII .... ,ial .. " ," Ian. s",. SoIl molJl ....... dS.lf- r~Q~K" /~ ,ail """"" ..... AI:."T­

.-Ic/ual POIcRliol e'''pQ{l"tlllSpjrolj(NI. 

Turc method 

This method detennines the annual Actual Evapotranspiration, AET directly from two 

meteorological parameters, prcc ipitat ion and tcmperature. It is an empirical fOnl1Ula developed 

based on data from various catchments of different cl imates, and hence could be applied in humid 

or arid climates, either hot or cold, Shaw (1988). 

It is given by the fonnula : 

AET = {PI I {~[ O . 9 + {piL I ' )I 
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Where AET= Actual Evapotranspiration of a year in 111m 

P = annual mean precipitation in mm 

T = annual mean air temperature in 0c 

L = 300 + 25T + a.OST) in mm 

For the study area P and T arc 1143.3mm and 17.7 °C respectively. Hence, L _ 1020ml11 and Ihe 

value of AET becomes 778.6mmlycar. 

In order to have reasonable va lue of AET for the study area, the average va lue, which is 809 

mm/year obtained from the three different methods (Thornlhwaitc, Penman, and TUfc) is used. 

Because during the ca lcu lation of AET employing various methods, some parameters that may 

affect evapotranspirati on arc ei ther estimated or totall y neglected. Hence, if the value from a 

single method is used, either over est imation or under estima tion of AET of the area cou ld 

poss ibly occu r. Therefore, the average AET value, which is 809lllm/yea r, wi ll be taken for any 

fUl1 her water ba lance calcu lation of Ambo area. 

3.3.3 Lake water evaporation 

The amount of evapotranspiration from a water body is very high as compared to those from so il 

and vegetation cover, because there is no limi tation of moisture. Hence, the Actua l 

Evapotranspiration equals the potential value. As a resu it , even a small surface water body can 

loose a significant amount of water through evaporation. Therefore, evaporation rrolll the lakes 

(Dandi and Wanchi) in the study area is treated separately rrom the study catchment. 
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In order to estimate lake wate " r evaporation In the study area, two mcthods have been employed; 

and finally their arithmetic mcan is takcn as shown bclow: 

Penman method 

This method is more or less similar to the PET estimat ion for land body as ex plaincd bcforc, but 

in the case of water body the renection coefficien t, albedo, value used is 0.05. The summary of 

this method along with difTerent parameters is shown below (table 3.8). 

Table 3-8 Lake water evaporation Jor Dandi and lVanchi /Ising Pellmall method 
onlhs " ,b ~" !'Pi ., "" " '" ,",Pi 1"" ~ po< Olal 

arameler 

"0 5.030 5.628 5.819 5.949 5.742 5.415 4.769 4 .... 5.405 5.742 5.343 4803 

E. 4.222 4.967 5.489 5.404 4.167 2.281 1.380 1.180 1.602 2.741 3.442 3.138 

A 0.950 0.978 0.978 1.164 1.()()2 0.958 0.920 0.914 0.908 0.864 0.878 0.864 

ET:AET(mmiyear) 147.4 156.8 176.9 173.6 161 .9 130.6 104.1 110.9 122.2 144.8 139.9 137.1 1706. 

Pan evaporation method 

There ex ist five years Pan evaporation data for the study area at Ambo Agriculture Research 

Institute (AARI). Since a pan -evaporation doesn' t correspond to the actua l/or rea l evaporation of 

water from lake/or reservoir, the so·called pan-cocfficien t is used to nonna lize the pan 

evaporation value to the lake evaporation. A pan coeffic ient between 0.75 and 0.85 is usuall y 

taken for open water evaporation of Ethiopian Rift, Seifu Kebcde ( 1999). Tenalcm Ayenew 

(1 998) used a pan coeffic ient of 0.83 for Ziway·Sha la lakes. A pan coefficient of 0.79 was 

considered by Seifu Kebede ( J999) for crater lakes in Bishoflu area by pointing out that crater 

lakes are more protected from wind efTect as compared to othcr lakcs. 
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The study area being located at Ethiopian cenlral plateau, it is found at higher elevation as 

compared to all the mentioned Rift lakes; as a result of these a number of meteorological 

pa rameters vary. By taking all these factors into consideration, a pan coefficiellt of 0.75 is 

considered for lake Wanchi and Dandi. Accordingly, an evaporation of 144 nun/year is obtained 

for the two lakes in the study area. The summary of the result is shown in table 3-9. II should be 

noted that, the evaporation from Dandi Lake should be hi gher than thaI of Wanchi Lake i f their 

morphology is considered. Wanchi Crater Lake is more confined by the narrow and deep cra ter 

rim as compared to that of Dandi , which is more or less open as compared to the fa mler. Hcncc, 

the Wanchi Crater lake is more protected from the effect of wind. 

Table 3-9 Summary of Ihe Dal/di and WQllchi lake ..... aler el'lllJOmtiOll by II:>'i ,lg 1'(1/1 el'Upor(ll ioll melhod lI'ilh {/1)(1I1 

coefficielll ofO. 75. 

Months Joo Fob M" "'" May 1 Jun 1 Jut 

""" Sep' (Jo, N", Doc Total 

~vapofalioo (mm) 146.5 163.1 179.0 168.8 132.5 1101.3152.1 53.9 76.5 107.0 128.3 139.0 1448.0 

As can be seen from the resu lts of the two mcthods, Penman and pan evapora tion, the value 

obtained by Penman is higher for lake evaporation. But in this work the average valuc from the 

two methods, which is 1577 mm/yr, is taken for the two lakes. 
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Fig. 3-2 Comparison 01 Precipitation (Pl. polenlialevapolransPlf3tion (PET) & 
Actual evapotranspiration (AET) in Ambo area 
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3.3.4 Summary of the water balance 

The estimation of the Actual Evapotranspirat ion AET over a year undertaken by using difTcrcnt 

methods as we ll as the groundwater recharge for Ambo arca can be summarized as follows: 

• Thomthwaite·Mathcr method (PET determi ned by Thomth waitc method). AET= 

725 .25mmlyear. 

• Thomthwaite-Mather method (PET determined by Penman method), AET-

923.14mmlyear. 

• Ture method: AET= 778.6mmlycar. 

The mean values from the three methods give an AET of 809nuniycar for the study arca . As 

mentioned before, the area has a total annual rai nfall of 1143.3mm, and an estimated overland 

flow of 17 1.5mmlyear. Hence, the an nual total precipitation less the actual evapotranspiration 

and the overland flow on a yearly basis give the annual grou ndwater recharge of the area, which 

is equa l to l62.8mmlyear. This va lue is in a good agreemen t with the ground water recharge 

esti mated for Ethiopian centra l plateau (high land) by Tesfaye Chemet ( 1993) . 

Since no clear surface water outlet has been observed for Lake Wanchi, the following summary 

o f the water balance can be made for it: 

- Annual precipitation on the lake: ll43Jmm/year 

_ Annual evapotranspiration from the lake: 1577mm/year 

- Drainage area (excluding thc lake): II km
2 

- Area of the lake: 4 km
2 
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- Water added to the lake from overland flow: 1,886,445mJ/year 

Hence, if a balance between the inflow and outflow to Ifrom the lake is made only for lhe surface 

hydrologic condition, there is a net surp lus of 37.9 I Illll1/year. As has been observed in the area, 

watcr abstraction from thc lake for various purposes is ncgligiblc fo r there ex ist Illany springs 

that flow to the lake from the rim of the crater. Based on this condit ion, the lake is expected to 

show a rise in level evcry ycar at least by somc amount. But th is is not the case for it as the 

surrounding people say. Therefore , thcre shou ld be some subsurface out flow from the lake. 

Actua ll y, it needs a thorough investigation to come to such conclusion . 
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IV. HYDROGEOLOGY 

The behavior of geo logica l materials toward the interaction , storage and transmissions of 

subsu rface water consti tute the basic part of hydrogeology. Some ma terials can store and transmit 

water (aquifer). Others can only Slore bUI do not transmit (aquiclude); still others nei ther store nor 

transmit water (aquifuge). These properties of geologica l material s depend on lit hology, 

structu re, grai n size, sorting, cementing materials and the degree of cementa tion, degree of 

weathering, tectonics, cic. Both latera l and vertical extent , shape and distribut ion of the 

geo logica l formati on play a role in the hydrogeology of an arca. The presence of highly 

permeable geological formation is nol enough by ilse l f fo r ground water storage, thcrc has to be 

also a bottom.confining layer (barrier) that up holds the subsurface water. 

Thus, an understanding of the hydrogeology of a givcn area lor region requires a know ledge of 

both surface and subsurface geology and structu re in addit ion to the hydromcteoro logy of that 

area lor region. The subsurface knowlcdge is obtained cither directly from borehole or indirectly 

from geophysics. Hence, a wcll·docurncn lcd well data for a given area is a good hydrogeologica l 

asset for Ihat area. 

In areas where we do not have sufficient subsurface geologiclor hydrogcologic data, the best 

approach to evaluate the aquifer productivity of the geological fOnllation is to usc the surfi cial 

approach in such a way that we can arrive at qualitative interpretation of the pcnncability of the 

ma teria ls. Some of such features that enable us to have a qualitative intcrpretation arc: prescnce 
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or absence of springs, degree of weathering and fracturi ng, thi ckness of the formation, soning, 

degree of cementation , etc. 

In the study area, in spite of the presence of a number of ground water wells, they arc mostly 

lacking we ll data; for some of them even geological well logging is rarely available; in addition 

to th is, there is no access to take groundwater level measurement in the well and al so to take 

sample directl y from it due to the absence of piezometers. Hence, the reliable techniques of 

hydrogeological description is to follow a qualitati ve approach that involves a description of how 

surface materi als behave in order to come up with the infonnation about the geologic malerial s. 

Actually, there are some few wells from whieh it has been tried to estimate the hydrodynamic 

parameters of some geological formations as will be seen later. 

4.1 Hydrostratigraphic Units 

Based on the qualitati ve approach mentioned above, di fferent lit hological units in the study are 

can be categori zed into the fo llowing hydrostratigraphic un its: 

• The highly fractured and/or weathered lava flow (basalis and trachytes) and the loose lapi ll i 

dominated pyroclastic deposit (un welded tu fl) at Wanchi. 

• The Upper sandstone unit 

• The pyroclastic depos its domi nated by ash size around Ambo and the mud·slmle·gypsum 

units intercalating the sandstone. 
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4.1.1 Volcanic rocks 

Groundwater storage capacity of volcanic rocks is attributed to both primary and secondary 

structures. These structures include vesicles, joints (due to weathering, teclonic or coo ling 

processes), tree molds, lava tubes, and voids between successive nows. Thercforc, the prudence 

o f search ing groundwater in such terrain lies in ident ifying such potcnti al structures. 

Lava flows 

This comprises the basaltic and the trachytic lava flow. The basa lti c la va now exposed al 

northern part of the study area occupies the elevated land as compared to those exposcd in ri ver I 

stream valley of Dabis, Huluka and Ale ltu . But their macroscopic structures as well as other 

surface features such as fracturing, degree of weathcring and vegctation covcr can bring thcm 

under similar hydrostratigraphic unit. Basaltic lava flows exposed in stream cuts lor those that 

cover the plain area show high degrec of cooling fractures but they arc moderately weathered , 

where as those basaltic lava flow constituting the eleva ted lands such as Dobi , Yubdo, and 

Waddessa are highly weathered and where the un wea thered onc is observed. it shows high 

degree of cooling fractures. Hence, the lack of one criterion can be compensated by another 

bringing them under similar hydrostratigraphic unit . 

Besides these there are a number of springs that emerge from this basa ltic lava now. Some of the , 

most important springs arc : Ebicha and Oule spring on the northern side of Dabis river, Wachani , 

8uqisa, Chafe (Mi-esa) and Kilinto springs on the southcrn side o f the Dabis ri ver va lley. 
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The bottom barrier layer for the out flow of these springs is either the volcani ash size dominated 

pyroclasti c deposits or the mud-sha le- gypsum unit underlying the basahic lava flows. Some of 

thc basalts are scoraceous, especially, where there arc scoria cinder cones, e.g. AI Tullu Dimlu, 

Goremti and Yubdo areas. 

The trachytic lava fl ow covers Dandi area and also sOl11 e of the eastern parI of the study area. 

Thi s lava flow shows also high degree of frac turi ng and modera te wea theri ng. The fracturing 

seems to be originated dominant ly from cooling. Unlike the high lands of Wanchi , that o f Dandi 

is less covered by vegetation but it is intensively cultivated. About 5m Ihick on average, 

dominant ly of silty soi l, covers most pan of the Dandi high land. A deep gu lly cui forming the 

head o f most streams start from thi s high land. The gu ll y/deep stream cut in the case of Wanchi 

highland passes through the friable unwelded tufT. Like the basal tic lava flow men tioned above 

there arc also springs that emerge from th is trac hytie lava flow. Some of them to men tion arc : 

Molche, Qeransa and Ela springs. The barriers for the outflow of these springs arc nOI clearl y 

observed; but it is most likely that the less fractured lower part of the same rock . 

Pyroclastic deposits 

Pyroclastic rocks associated with lava flows are genera ll y porous but not very pcnneable except 

blocky, coarse material near volcani c vents and tufTs that have been reworked by water, Davis 

( 1966). 

The pyroclast ic deposits in the study area arc mainly comprised by unwelded tufT. It covers all 

d W chI' and extends to nort h unifonlll y up to Gorcmti area . The tufT is highl y areas aroun an , 
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friable, as a result there arc a number of l sI II s ream gu y cut that gave ri se to the rugged 

morphology of Wanchi Mountain slope, especially on its northcm side. 

The hydrogeological significance orth' .. h . I .. . .' .15 umt IS t at II 5 lOWS a spattal vanallon of gram size as 

one goes away from Wanchi lake area, which is the source of the product. Accordingly , the bomb 

through Japilli to ash sized pyroclastics at Wanchi and its surrounding becomes dominant ly of ash 

size toward the north (e.g. at Ambo). Besides this, the pyroclastics arc generally covered by 

natu ral vegetation on Wanchi high lands facilita ti ng infiltrat ion; and the soil development on this 

high land is also very poor. All these features can bring the unwcJdcd turf of the Wanchi high 

land under the highly permeable geological formation like the previously mentioned la va now 

from hyrogeological point ofvicw. 

Though not frequent a layer or lahar deposit/or hot mud or abou t I III thick has been observed 

with the unwelded tufT at Altufa area. Such Icss pcnneable layer could be the barrier ror the out 

flow of some springs from the pyroclastic deposits, especiall y in the crater of Wanchi to the lake. 

The thickness of the pyroclastic deposits can be estimated from the elevation difTcrence between 

the peak of Wanchi high land and the root of the mountain slope above which it unifomlly 

covers. Hence, the thickness of the pyroclastic deposi ts at Wanchi area exceeds 600m. A 

productive deep w~1I drilled in these pyroclastic deposits in Altufa area strikes scoraceous basalt 

at a depth of 150m (Oral eomm. with Tesra). 

The selective deposition of pyroclastic materials, coarser grain size near the source and the finer 

of ash size away from the source has resu lted in materials or the samc source but different 
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hydrogeological properties Hence th h d . . . • c as ammated pyroclasllc deposits in Ambo area arc less 

permeable and act as upper or 1 · ~ ' . , ower connnlng layer for an aqu ifer unlike those found in \Vanchi 

area. For example, the outflow of Buqisa spring 10 the cast of Ambo is due to such pyroclastic 

depos its. In addition to this it has bee b d ' . . , no serve .fom the geo\oglcal wclilogglllg of Awaro test 

weJlthat the ash-dominated pyroclastic deposits act as a con fin ing layer. 

Therefore, the pyroclastic deposits around Ambo arc under the category of the mud-shale­

gypsum unit from hydrogeological point of view as wi ll be discussed laler. 

4. 1.2 Sediments and Sedimentary rocks 

Sandstone 

The hydrogeological property of sandstone depends on both primary and secondary structures 

and/or textures. The main sedimentary unit that is exposed in the study area is sandstone. It is 

found at northwestern part of the catchment. The sandstone has been considered as the lower 

sandstone by different authors, but now it has been just ified that it is Upper sandstone as 

mentioned before. Un like in the northern part of country where it usuall y acts as an aequiclude 

due to latcrization, Upper sandstone is an aqui fe r of high productivi ty in southern and eastern part 

of the country, Tesfayc Chemet (1993). It is a well sorted. reddish and whitish gray in color and 

shows some cross lamination. The sandstone is moderately cemented by si lica and iron oxide; the 

reddish to brown color at its upper part shows the presence of iron oxide as cementing materials 

in it. This moderate degree of cementation could hardly reduce the primary porosity and/or 

penneability of the sandstone; hence its groundwater storage potential is attribu ted to both the 

secondary and primary porosi ty and/or permeability (fracture porosity) that have been produced 
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by tectonics. Generally, three main joint systems can be observed in it: \V. E. E.SW and the 

nearly E-W oriented joint systems. These later fonned joints have similar trend with the E- \V 

oriented fault in the area. The joints arc thought to be fonned during Tertiary tcclonic acti vity. 

J-Icrick el al. (1983), But it has also been men tioned by the same author that the E-W oriented 

fractures in Ambo area, arc of Quaternary age. No spring has been observed coming out from Ihe 

sandstone on the northern side of the Dabis ri ver with in the range of the study area. This may be 

due to mud-shale-gypsum unit that is found overlying the sandstone but underlies the basaltic 

lava Oow. Where as, on the southern side oC tile sa rne ri ver valley it has been observed that there 

are springs emerging from the sandstone, for example, the Shamme spring at the northern side of 

the sandstone quarry fac ing toward Hulu ka stream. This sandstonc is surroundcd by faulls almost 

in all directions (see the geological and Hydrogcologicalmap of the arca). 

Mud- Shale -Gypsum unit 

inspi te of its few areal distribution, the mud· shale· gypsum unit has a significant role from 

hydrogeological point of view due to its low pemleabi lity as compared to the gcological materia ls 

it is interbedded with. As a result there arc some springs in the study area that arc emerging both 

from sandstone and basaltic lava now due to thc impermeable mud· shale· gypsum un it 

underlying thcm. Some of thcm to mention arc Shanune and Dule spring. 

4.2 Aquifer characteristics 

A "' " h d ological fomlation that stores and transmits a signi fi cant quan tity of wa ter n aqullcr IS a y roge 

" h h onable amount of water can be abstracted from it cconomically. It is both III sue a way t at areas 
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a hydrogeologic and hydrodynamic system (hal can be defined by the following quant ifiabl e 

characteri sti cs, Detay (1997): 

• Its dimension (geometry) and boundary cond itions that give rise to its volume 

• Its hydrodynamic, hydrochemical and hydrobiological behavior respectively characterizing 

water storage and transmission, geochemical interaction, and biological purilica tion of thc 

aquifer. 

Geological, hydrogeological, and hydrogeochemical in vesl' iga tions arc the most important 

sources of data for knowing such aquifer characteri stics. Under this section more emphasis is 

given to the hydrogeological investigation, particularly well dala and springs, in order to define 

the hydrodynamie/ or hydraul ic parameters of aquifers in the study area. 

Based on the hydrogeological investigation as we ll as the ex isting well data, the ma in aquifers 

identi fied in the study area are sandstonc, fractured and weathered basaltic lava now, and the 

alluvia l deposits along streams. Fractured vo lcanic rocks, main ly basa lts and ign imbrites, as well 

as Quaternary sediments are also the main aquifers in the country, Tamiru Alcmayehu ( 1993). 

Each of the aquifer type in the study area will be treated separately as shown below: 

Sandstone 

The Mesozoic sandstone in Ambo area is an aquifcr for the popular mineral water in the country­

Ambo mineral water. It fonns a confined aqu ifer, the upper confining layer being volcanic rocks, 

Herick el al. (J 983). But according 10 geological well logging for one of the abandoned well in 

Sanka lc area, the confin ing layer is more likely the Mudstone-Shale unit. 
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Much subsurface infom13tion for the sandstone comes from wells dri ll ed in anka le area at 

Ambo mineral water bottling factory "or ,I,C CXpl ol',a, ' f 'l ' I • Ion 0 lC Iluncrn water. 

There arc three wells drilled to the sandstone before two decades among which only onc IS 

func tional currently. Geological well logging ex ists onl y for the earli er abandoned (due to the 

fall ing down of the pump in the well ) wel l. 

The other well is abandoned very recentl y. The th ree we ll s have a depth of 157m, 112m and 

11 7m, and water was encountered below the surface for the firs t IwO wells at 110m, and 98m, 

MCE (1999), 

"ferick et at (1983) carried ou t a pumping lest on the two we lls (whose geologica l logging is 

absent); and analyzed the pumping lest data by using Jacob's scmi logari thmic method. 

Accordingly, he detemlined a transmiss ivity and specific capac ity value of 76.5m2/day and 

2.34m2lhour respecti vely for the sandstone. But he mcntioned that these va lues are only 

esti mation as the well s are only a partially penctrating and the pumping test was carried out onl y 

fo r short time in order not to interrupt the fac tory's minera l watcr production. This is also the 

limitation to determine the hydraulic conducti vity. 

It has not been possible to reanalyze the pumping test data fo r the two we lls due to the absence of 

ti me draw downlor time-residual draw down (for the recovery test) data. 

As has been observed from the geological wel l logging of the abandoned well , the upper part of 

the sandstone layer is encountered at a depth of 123.44111 above which is an intercalation of 

mudstone and shale along with some calcareous clay having a tOla1 thickness of 86.84m. Clay 
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and stream detritus travertine along "th b I ' " " , WI asa t .ragmenls, and soli on lOP pan constitute the 

remaining 36.6m to the surface. 

Ambo minera l water bottl ing factory has also gal drilled one new well into the sandstone ncar the 

bottli ng factory in the late of the year 2000. But it was difficult to access the data. 

Basalt ic lava now 

There arc many springs that emerge from basalt ic lava flow in the study area. This shows the 

basaltic lava flow is an aquifer at least for the shall ow groundwater lor it rOm lS unconfi ned 

aquifer. Besides this, there are some shallow and deep wells that arc drill ed to this aq uifer lapping 

groundwater. According 10 the data from these we ll s, the basa ltic lava flow is found to foml a 

multi layer aquifers: the shallow! or unconfined aquifer, and the deep lor confined aqu irer. 

Pyroclastic deposits of ash size and clay fonn the upper confi ning I:lycr. ollle of the wells to 

mention are: two wells in Awaro area (to the cast o r Ambo town) - one shallow we ll and the 

other is deep test we ll, and three deep well s at Ambo Agri cul tura l Research Institu te (AARI). 

Hence, in order to have an insight into the hydrodynamic behavior of the aqu irers, the data rrom 

the wells at AARI and the deep test well in Awaro area arc used. 

The three wells at AARI were drilled in 1975 with a tota l depth o r 150m (wcll- I), 13 1 m (well-2) 

and 105.SSm (well-3); except well No 3, the other two arc abandoned. For well No. I, onl y 

geo logica l well logging is present . Well No. 2 has both geological well logging and pumping test 

data like we ll No. 3.The following table gives some o rthe data ror the three well s at AA RI. 
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WcllNo. l Well No.2 Well NoJ 

Depth (m) ISO II I 105.55 

SIalic W. level (m) - 32.89 42.31 

Dynamic W.level (m) - 83.80 42.55 

Draw down (m) - II 0.24 

-04m: Basalt -O-Sm: Weathered basalt and -O-2m: Soil VI i,h basall fl'llgmcnl 

-40. 100m: travertine ·2·SSm: Basalt wi th some gravel, tulT 

Geological logging Volcanic ash ·S·20m: Basal! mud and small clay proportions 

·20·35: TufT and pumice .5S.103.SI1I: domillontly clay wi th 

-IOO- IS0m: -3S-93m: TUrrill its upper small proport ions of peal and gnlvel 

Sandstone part then clay • 103.5 - lOS. SSm: BlIsa ll 

-93- 131 : Basalt 

Table 4 J Some well data/or AARJ wells -

As can be observed from the geological well logging of well No.2 and 3, the layers between 35-

93m and 55-103.5m are the possible confining layers respectively for the underlying formations. 

Besides this, the layers above the mcntioncd intervals should have at least some watcr though this 

has not been mentioned in the well report 

The groundwater from well No.3 is thermal water havi ng a temperature or 38 °C, and also it is 

highly minera lized as observed from its TDS. Besides, the water is simi lar with that o f Ambo 

thennal springs. Hence, such physicochemica l parameters of the watcr may pu t a doubt on 

whether the aquifer fo r the watcr is the basaltic lava now or another underl ying layer 

(sandstone?). The geological well logging of the abandoned we ll No. 1 also shows the presence 

of sandstone below a depth of 100m from the surface. For well No.2 the presence o f craeklor big 

fracture between depths of 126· 129m has been reported. In spite of such a doubt, the analysis of 

the pumping test data fo r both well No.2 and 3 has been carri ed out employing Thc is and Jacob 

60 



method us ing "Aquitesl" ft A d' . so warc. ceor mgly. the fo llowing values of the hydraulic parameters 

arc obtai ned. 

Well No.2 We]1 No. 3 

Jacob Theis J acob Theis 

Transimissivity (ml/day) 0.342 0.244 792 710 

Hydraulic conductivity (m/sec.) 7.9 x 10' 5.65 x 10' 4.5 x 10' (4' HP) 
Specific capacity (m'/sec.) 3.83 x roo 

The deep test we ll in Awaro area was drilled in 1999 in view o f loca ting well field ror Ambo 

town water suppl y. The well has a complete data as summarized below: 

Depth Static water level Dynamic Depth at which water iJ encountered Yield 

wall:r level 

96m 33.7Om 41.1701 4) and 17m betow surface 10 lIs 

Gcological 0- 30m: Clay and ash size dominated pyroclastic deposits 

Wclilogging 30- 68m: Fractured and weathered basalt along with some scoraccous basalt wilh tufT 

intercalation . . ' 68- 96m: Fresh basal! (rraclUrcd?). 

According to these well data, two confined aq ui fers both ofwhieh are comprised by fractured and 

weathered basa lt, and with some scoraceous basa lt for the lower aquifer exist in the area. The 

aquifers are encountered at 43- 67m and 77- 86 m bclow the surface having a thickness of24 and 

It I 
9 meters respectively. The first confining layer is mainly comprised by clay and volca nic ash 

dom inated unwelded tuff, and the second (middle) confin ing layer is comprised by massive and 

fresh basalt. 

Analysis of the pumping test data using J acob 's and Theis method gave the fo llowing va lues of 

hydrau lic parameters: 
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Theis melh 

Jacob melh 

Actua lly. 

Tru f/simiss\·jty {m /daW Hydraulic conduct;\iry (m/s) 

od 99.5 3.84 x I O'~mls 

od 97.92 3.78 x IO-'m!s 

the values of these parameters are an integrated result fo r the two confi ned aquifers as it 

has not b cen possible to treat the two aquifers separat ely. Hence, a hydrau lic conductivi ty va lue 

of3 .7 x IO" mis to 3.9 x IO" m/s can be considered for the aqu ifers of the basaltic lava fl ow in 

Ambo are a. 

All uv ial depos its along either current or ancient streams usually have II good groundwater 

potential. In the study area, there is one well dri lled at immediate adjacent of the stream channel 

tapping g ood yield of groundwater from alluvial sediments. Th is we ll is currently supplying 

potable \ vatcr for Meti village, and it was drilled in 1998 adjacen t to the Meli stream. The 

following table shows some orthe well data: 

Depth 

(m) 

106m 

Analys is 

transmiss 

Static water Dynamic Lithological logging 

level (m) water level (m) 

1.51m 16.6m ·O·6m: loose sed iments (soi l. gravel and boulders) 

-16-58m: basalt (only slightly weathered and fractured) 

-58- 76m: alluvial deposits (sand . gravel. pebble with somc 

high ly weathered pyroclastic dcposits 

-76- 82m: slightly wcathered and fracturt:d basalt 

-82- 106m: gravels and pebbles 

Table 4-2 Some well data/or Meli well 

of the pumping test data by using Theis and Jacob wilh "aquitest" son ware gave a 

ivity value of27.65 m2/day and 20.0 m2/day respectivel y. Hence, based on the values of 

the trans imissivity from various methods, an average value of 23.9m
2
/day can be considered fo r 

the alluv ial deposits. 
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4.3 Springs 

A spring is a natural surface di scharge of groundwater large enough 10 now in a small rivulet ; 

d ischarge smaller than this is called surface seepage. A number of para meters may be employed 

to class ify springs. Some of thcm arc temperature (thennal or cold spring), chemica l composition , 

rate of flow and seasonal variation (e.g. Meinzer class ific'lIion and inlCnlli ttcnl or perenn ia l 

spring), and geo logica l or topographical rcason for their discharge (e.g. fault spring, conlaCI 

spring, depression spring CIC). Due to such complex and many parameters for their classifi cation, 

there is no rcally sati sfactory class ification for springs, IWES ( 19 6). 

Genetically, in the study area, there arc both thermal (noll grav ity) and cold (gmvity) springs . 

Taki ng into consideration their mode of origin, the dominant springs arc contact and fi lUlt 

controlled types. Actually, the majori ty of the thermal springs arc emerging from weak zones/ or 

faults. Hence, they arc of fault springs; where as the cold springs arc mostly contact springs. For 

the latter case there are many conditions under which il can occur; permeable layer over laying an 

impenneable layer e.g. presence of pa leosol with in fractured aneVor wea thered sequences of lava 

flow, or the same lithology but different degree of wea thering and/or fracturing. 

In add ition to the fault and contact springs, depression springs are also una voidable in the study 

area, especia lly, in lowlor plain area e.g.: springs supplying Mcti stream. InfacI, thi s is nOI a point 

source but it covers some small area like marsh/swamp. 
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4.3.1 Thermal Springs 

The lower limit temperature of th th I ' . . . c erma sprmgs vanes ilccordlllg to dlfTeren t au thors. Hence, 

there is no widely accepted standard f , .. , 0 water tcmpcmturc lor defimllon of Ihcnnal, some 

researchers consider spring as thermal iflhc water is apprec iably wanner by 5 °C to 10 °C [han 

the local shallow groundwater, Tra iner ( 1981). But Kondo (1967) used 25 0 as a boundary 

between cold and thermal springs. Accordingly, he classified the IhCn11al springs of Ethiopia into 

four as follows: 

• V cry hot springs: T > 90 DC 

• Hot spring: T 42- 90 °c 

• Warm spring: T 37 - 42°c 

• Tepid spring: T 25 - 37 °c 

Thermal springs can be found either in the area of volcanic acti vity ceillers or at considerable 

distance from such cenlers. In the case or the romler, the heat is obviously deri ved rrom the 

magmatic body; where as the latter case is attri buted to geothermal gradient. The earth's crust has 

a geolhennai gradient or2.5 °Cl IOOm on average in stable cont inental area, Todd (1980), but in 

active continental areas such as in Ethiopian Rift, a geolhemlal gradient or 1 °c/6m has been 

calculated, Tamiru Alemayehu and Vernicr (1997). Hcnce, meteoric wa ter infi lt mting to the 

ground attains high temperature be rore it boils/or ri ses up, because wi th increasing depth, 

pressure increases ri sing the boiling temperature or water (table 4~3). Once the condition of 

certain pressure and temperature is reached in such away that the infiltrated water boils, it ri ses 
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up to the surface through the ava '\ bl k I a c wea zones such as faults. Such wa ter is surely hOlier than 

surface water even if it cannot reach 0 th ~ .. .. n e surl3CC wuh Its ongmal temperature that may be due 

to mixing with cold water on ils way to the surface. For such deep circul ation of water in 

subsurface, there should be a conduit such as faults. 

Table 4·3. BOiling temperatllre o/waler at various prCj'slIl'es (adafJledfrolll E 0 set 01 1953) 1///11 /I , .. 
Water Temperature (Oc) Pressure, atmospheres Depth in waler col umn where this 

pressure exist (m) 

100 1 0 
120 2 10 

180 10 90 

225 25 240 

Many thermal springs and the hottest ones arc found in volcanic areas suggesting II connection 

between certain thermal springs and cooling igneous rocks. 

The thermal springs in Ambo area show pecul iar di stribution paltern; all arc concentraled along 

nearly cast-west oriented fault . These springs ha ve been used for thermal therapy and bathing 

since long time under the supervision of Ambo Ethiopian Hotel. 

Although the majority of themlal springs in the study area are concentrated in Ambo town, thei r 

lateral extent out side the town can be inferred from some wells drilled (e.g. in AAR I and Ambo 

mineral water bottling factory) out side the town, and the travert ine deposit. 

Ambo thennal springs are among the thennal springs of Ethiopia that are found outside the rift 

zone, part icularly on Ethiopian central plateau. As has been mentioned under the "Local geology 

part", the area is located with in the Yerer-Tullu Wellel- Volcano-Tectonic Lineament that is 
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comprised by an east-west oriented central Iype volcanoes. Dandi and Wanchi , being located 

wi th in the study area arc part of these ' I I ' centra va canoes. Hence, the presence of the thennal 

springs in the area may he attributed to this volcanic acti vity. In addi tion to these, Kondo (1967) 

pointed out the association of thcmlal springs of Ethiopia with volcanism and crustal movement , 

particularly the acidic volcani sm of alkaline type. The gcolhcnnai gradient could also ha ve 

contribution for the source of heat for the Ihcnlml springs. 

4.3.2 Gravity ICoid springs 

Many cold springs have been observed in the study area. The majority of them arc issuing from 

volcanic lava flows. The main geologica l and! or hydrogeological conditions for their oUlnow arc 

the presence of less pemleablc/or impermeable layer under the more permeable layer. The 

springs have been observed during the supposed low discharge time (March). Qualitative 

comparison of the discharge of the springs show Ihat Ihree springs with rel:Hi vely high di scharge 

(Dule , Waehani and Buqisa) arc located in areas where Ihey C,1Il get high recharge area. The 

fo llowing are some of the important gravity/or cold springs Ihal need to be di scussed for Ihe 

study area. The representati ve models for the springs arc also shown in figure 4.2. 

Buqisa spring 

This spring is located near to the main asphalt road; and it has been developed supplying the 

surrounding people with potable water. The spring has relative ly hi gh discharge; hence, it is used 

for irrigating (growing) vegetables such as onion, potatoes and tomatoes. The spring is emerging 

from highly fractured basalt; and its underlying impenneable layer is ash dominaled unwelded 

tuff. 
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Wachani spring 

This spring is located at NNW of Meti village ncar the Dabis river. Like the Ouqisa spring il has 

high discharge serv ing a 101 of settlements; besides this it is also used 10 grow vegetables. The 

spring is emerging from fractured lava now. Being located ncar the ri ver va lley side, it has been 

tried to gct the outcrop of the impcnncablc layer in the va lley for the out now of the spring. But 

other than basalt nothing has been observed. '·!cncc. the same basaltic Java flow but wi th less 

degree fracturing could be the rcason for the outflow of the spring. 

Ela spring 

This spring is located al the southeastern part of Ihe area, ncar GOlja . It is emerging from highl y 

fractured trachytic lava flow al the foothill of the Dandi high land. The underlying rock that 

causes the outflow of the spring is rock of the same type with the aquifer but difTerent degree of 

fracturing. In the case of Ela spring, a slight difference in the permeabi lity of the rock is enough 

for the outflow of the spring as it is observed from the morphology of the area. 

Dule spring 

This spring is found at the northern centra l part of the study are, at the northem side of the Dabis 

river. The spring is emerging from fractured basaltic lava flow. The barrier fo r the outflow of the 

spring is the mud- gypsum- shale unit. 

Sharnme spring 

This spring has very small di scharge; actually the spring has been visited during the supposed 

low discharge time (March) . It is located on the northem side of the sandstone quarry between 

Ambo town and the mineral water bouling fac tory. The aquifer for the spring is sandstone; and 
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the underlying impermeable layer is the mud-gypsum- shale unit. The very small di schargc of thc 

spring may be attributed to the limited areal ex tent of the recharge arcD; because thc sDndstonc 

outcrop from which it is emerging has a small lateral ex ten t. 
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V. HYDROGEOCHM ISTIW 

Hydrogeochemical studies have the core 1 . 1 d I ' I ' .. . p ace In ly rogeD oglea investiga tions. Many questions 

tha I may not be answered by other discipl ines can gCI solution by it. Hydrogcochmislry enables 

us to know I or understand the fo llowing main situations: 

• Interact ion between water and geological materials! or the environment 

• The origin/or source of both surface and subsurface walcr 

• Anthropogenic effect on water 

• System dynamics of groundwater 

• Suitabi lity ofwaler for spcc ilic water uses (domestic, irrigation, industry. etc) 

5.1 Sampling techniques and analysis 

Natural water is sampled in view of carrying Qut various ana lyses on it. A total of twen ty samples 

have been collected from different sources: thineen samples from springs, three samples from 

streams, two from lakes, one from well , and one from wastewater of mineral water boLlling 

fac tory. Each sample is taken with a onc- litcr polyethylene plastic bottle. During the timc gap 

bctween the sampl ing and analyses, the samplcs have been kept al a temperature be low 4 0c. 

Other than this, no chemical treatment has been made to preserve the samples. 

One duplicate sample is collected from spring in order to see the reprod ucibi lity of the laboratory 

results. Accordingly, a comparable result is obtained. 

The inabi lity to have appropri ate sample from wells limits the number of sample from it only to 

onc. Hence, for the physicochemical result analysis of water from the well of the study area, the 

avai lable past resu lts have been used. 

Two samples were taken from Huluka both at up slream and down stream of Ambo lown to sec 

the in nuence lor effect of the town on the water quality. 
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5.2 Organoleptic Parameters 

Organoleptic parameters characterize the aesthetic va lues of water. They include color, odor, 

taste and turbid ity. The existence of an objectionable situat ion in one of these properties of wa ter 

have to be tested whether they meet Some standards or not for specific water usc. Except taSIC, 

other properties have been tested for the collected samples from the study area; the resul ts nrc 

shown in table 5·1. 

The presence of organic or inorganic suspended mailer such as clay, silt . colloidal organic 

particles in water cause turbidity. Turbidity is an express ion of certain light scattering lind light 

absorbing properties of water. It has two main errects in water: cause an objcctionable laste or 

appearance to consumers, reduces the erreetiveness of disinfectan ts by providing protection to 

microorga nisms, WHO (1984). Its guideline value, according to WHO ( 1984) is 5 NTU. lI igh 

value of turbidity is observed for Huluka stream as it has been raining during the sampling lime. 

The spring and lake samples do have low turbidity. 

Odor in water is usually caused by the presence of organic matter in il. All the samples collected 

for the investigation are tested to be odorless. 

5.3 Physicochemical Parameters 

The physicochemical parameters analyzed for the water samples can be categori zed into two: 

b d both al fie ld and laboratory and those lilal have been ana lyzed those that have een measure ' 

on ly in laboratory. 
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Since the measurement of pH, Redox-Potential (Eh), Temperature (T), Total Dissolved olids 

(TDS) and Electrica l Conducti vity (EC) are made both at fi eld and laboratory, both results arc 

shown in table 5-1. 

5.3.1 pli 

This represents the negative common logarithm of hydrogen ion conccntration lor ac tivi ty; pH _ _ 

log [I-n· Based on pH value, a solution can be acidic (pH < 7), basic (pH> 7), or ncut ml (pi I _ 

7); the extreme value is being at pH = 0 (extremely acidic) and pH = 14 (extrcmcly alkalinc). TIle 

pH value of natural water has a profound effect on th~ mobil ity of many elemcnts. Only few ions 

such as Na+, K+, NO)- and cr remain in solution through out thc entire range of pH va lues found 

in nonnal groundwater, Fifield el al. (1996). In natural watcr, pH is mostly controllcd by cnrbon 

diox ide- bicarbonatc-carbonate equi librium of thc systclll . 

The pH va lue of the samplcs in thc study area ranges rrOIll 6.2 to 8.2. The lower vu lue is 

measured for the thermal water, and the highcr valuc is ror samples rrorn some cold springs and 

in Wanchi Lake. In order to compare the resu lts among the sample, pH is plolled against the 

sample source as shown in fig. 5.2. 

5.3.2 Temperature 

b f h as turbidity color odor ctc are affected by temperature directly or A num er 0 parameters suc " , 

• • 1 ft cts pH elcctrical conducti vity, thc rate or chemical rc.1ction as 
III direct ly. Temperature a so a c , 

well as the concentration or the reactants and products, and solubility or gases in water. 
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Based on the water temperature, the collected samples can be categorized into two groups: the 

cold water having temperature values below 25 DC, and the thermal water above 25 °C. The 

samples taken from spring (Ambo thennal spring) and well at AARI have a temperature oD5 °c 

and 38°C respectively. Actually, these values should be considered to be the lowest temperature 

fo r the water as it is measured on the surface where they arc cooled below the ori ginal 

temperature at the source. 
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5.3.3 Total Dissolved Solids (TDS) and Electrical Conductivity (EC) 

These are two interrelated parameters that indicate the stale of water salini ty. Based on the TO 

value, water can be grouped into fresh (O-I OOOppm), brackish (1000- 10,oooppm), sa lty (10"­

IO'ppm), and brine (>IO'ppm), Davis (1966). 

All water samples collected from the study area ha ve a TO value of less than 1000ppm except 

the wastewater taken from Ambo mineral water bottling faclory that has 2200ppm. Hence, they 

are all fresh water; where as the laller is a brackish wa ler. OUI even if the value is less thnn 

1000ppm, some samples show high TOS value such as the thennal water (Ambo thermal spring 

and AARI well), spring samples whose bottom barrier is mud-gypsum-shale unit (Ki inlo, Chafe 

and Oule springs), and the spring that is thought 10 have contact with sewage disposal/or Intrine 

(Hotel spring). The values are shown in fig .S.2. 

5.3.4 Major cations and anions 

The major cations and anions that have been analyzed for the collected samples arc calcium, 

. b' b Ie chloride and su lphate Sodium content of thc samples havc been magnesIUm, Icar ana • . 

calculated based on the ionic balance of the ana lyzed cations and anions; the same is true for 

potass ium. 

Cations 

. . 1 h dominant calion is calc ium. The concentration varies from 
In the maJonty of the samp es t e 

giL Th 
h' her values of ca lcium (> I OOmg!L) is observed for those springs 

11.2mglL up 10 220m . e Ig 
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that come in contact with mudstone-gypsum_shale unit, such as Dule, hafe and Kilinto, and also 

for the sample taken from Ambo themlal spring. 

For the mentioned springs high ca lc· . b " I " " " , . 10m ]s 0 VIOUS Y derived from the underlYlllg li thology, 

main ly gypsum. The va lue obtai ned for Dule spring is exceptional ly high amounti ng to 220mglL. 

Being the lithology from which the springs emerge is 1I volcanic rock, particul arly basal tic lava 

flow, calcium can also be deri ved from the weathering of the plagioclase fe ldspar and pyroxcnc 

mineral groups that are the rock forming mincra ls ofbas"lh. 

Another major cation is magnesium. Its va lue vanes from 2.4mgfL (for Wanchi Lake) to 

62.4mg/L (for sample taken from the well at AARI). Actua ll Y, the wastewater frollllllincral water f • 

bottl ing factory has 78.72rnglL of Mg2+. Magnesium in the area is possibly derived from lhe 

weathering of the ferromagnesian minerals such as olivine, biotite, hornblende and augite. Thc 

relatively higher value of magnesium (>30mglL) for thc thcrmal water and fo r those springs 

underlain by mud-gypsum- shale uni t may indicate al so the contribution frol11 the sedimenla ry 

rocks such as dolomite if any. Unlike Wanchi Lake that has the lowest va lue of magnesium 

among the samples, Lake Dandi has relatively higher value (38mglL). This may be attributed to 

the lithological difference in the surrounding of the two lakes, which is a trachytic lava now for 

Dandi , and unwelded tuff (pyrocl astic dcposits) for Lake Wanchi. 

The va lue for sodium varies from 5.5mgfL (for Kilinto spring) up to abou t 275111gfL for the 

thennal water from the AARJ wel l. Sodium can be deri ved either frolll the natural processcs such 

I
" f h i " I se 'eldspars particularly albi te, or frolll anthropogenic elTect such as weat lenng ate p aglOc a I' , 

odium 
d" h f m ! (domes!I"' industrial or commercial sources). Higher values of 

ISC arge a e uen s , ' 
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(> 100mglL) is observed for Ihe sam I f h 
p es 0 I ennal water, for Huluka stream 31 down stream of 

Ambo town, and for Hotel spring in Ambo town along the Huluka stream. The high 3· values 

for the latter two SOurces are attribUI d I h d" h " 
CO l C ISC argc of CffiucnlS (domesllc and commercial 

sources). But for the thennal water the h" h od" " " 
, 1& S lum CQI1CCnlral ion may be derived from the 

dissolution of feldspars, and by cation exchange. The ex tremely high sodium content 

(336.8mglL) in wastewater from mineral W<Her bOHling fac tory is explained by the fact Ihol the 

factory uses sodium chloride for processing the minera l water. 

Anions 

The predominant major an ion in all the ana lyzed samples, except one, is bicarbonate. II varies 

from 120mglL (for Lake Wanchi) to 1281 mglL for AARJ well. Ambo thennal spring has also 

more or less similar value to the well. The high HeOj " conten t of lhe Ihenmll waler in Ihe area is 

not a surprise as they are the source of travertine deposit in lhc area. Mosl bicarbonate ions in 

groundwater are derived from the carbondioxide from the atmosphere, carbondiox ide in the soi l, 

and the solution of the carbonate rocks, Davis ( 1966). The high bicarbonatc content in the 

thennal water of Ambo area can also be real ized from the carbonate precipitation III the 

dist ribution systems and surface casing as wel l as the ri sing main of the AARI we ll. 

Sulphate in water is generally derived from weathering of rocks, recycling from almosphere, or 

from volcanic exhalations. In the study area, the su lphate con tent in water is highly attributed to 

the first source. This can be verified by high sulphate conlent of the sam ples taken from Oule 

spring (650mgIL) that is deri ved from gypsum found in the area. 
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The high value of ch loride concentration is observed for HOIeI spring, l'luluka stream at down 

stream of Ambo town, and for the wastewater from the mineral water botl ling factory. As other 

samples in the area do not show such high chloride conte", (they show very low val ue), the 

source is obviously attributed to the anthropogenic efTeet. As mentioned earl ier, the minera l water 

bott ling factory uses sodium chloride; hence, chloride is derived from it for the wastewater. But 

for the Hotel spring and Huluka stream, chl oride is derived from emuents of domestic and 

commercial sources. 

The absence of chloride in the sample from AARJ well is questionable. Nonna ll y, for such deep 

source of thennal water some chloride content is expected. But this is not the case for the waler 

from the well; on the other hand, 24mgfL cr is obta ined for Ambo thennal spring. 

5.3.5 Minor ions 

All the ions other than those mentioned under the "major ions" obtained from the results of the 

chemical analyses of the water samples arc di scussed in thi s category. 

Both surface- and ground- water in the area show low nitrate concentration . The majority of the 

samples have less than IOmglL nitrate as NOJ·. Three samples from spring (Kilinto, Sankale and 

Dule) show relati vely higher values; but still they have less than 35mglL of OJ'. The 

, II h' h I of nitrate ( 157 52mg/L) is observed for Hotel spring in Ambo town. The exceptlona y .Ig va ue . 

Maximum Permissible Contaminant Level (MPCL) for nitrate according to WHO (1984) 

, , I' d d ' 50mg/L Such high NO)' content in water is usuall y derived dnnkmg water qua lty stan ar IS . 
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from anthropogenic SOurces: utilization of 'I be " 
m rogen· anng fertili zers and effiuents from 

domestic sources mainly latrines/or septic tanks. 

For the Hotel spring in Ambo town bolh II "d d " " • C 1 on c an sodIUm arc also very lugh. These along 

with the persona l observation in the area will enable us to suggest the connection of the spring 

with the effluents from the latrine in the surrounding. 

The relatively higher NO)' values for the three springs mentioned above is attributed to the 

agricultural practices. All the springs arc located al a downstream of ex tensive ly cultivated 

fa rmland. In this case both the synthetic fert il izers and the manures should have their own 

contribution as peoples use both in upgrading the soi l fertility of their famlJand in the area, The 

concentration of N02' is very low «O,03mg/L) in the majority of the samples. This can be 

explained by either scarcity from the source or its rapid oxidation to NO)', lightly higher va lue 

of NH/ (2.4mg/L) is observed for Huluka stream at down stream of the tOWIl . But surprisingly 

N0 3' is nil for this sample. This can possibly be due to microbial reduction of NO)' to NOl' or 

nitrogen gas and subsequently re leased to atmosphere. 

The value for chromium (Cr6j varies from ni l to 0.1 mg/L. The oxidation state in which 

chromium exists detennines whether it is toxic or not. Hence, triva lcnt chromium (Crj that is 

slight ly soluble in water is essential for metabolism in man and other animals, where as 

hexavalent chromium (Cr6+) is considered to be toxic, and it causes human carcinogen, WHO 

(1984), The maximum Cr6+ value (O.l mg/L) is obtained for Hul uka stream at downstream of 

Ambo town, lnfact, some springs and also the wastewater from mineral watcr bott ling factory 

ha ve also high value of Cr6+ (O.O lmg/L). The high Cr6+ content in Hul uka stream at down stream 
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of the lawn is attribuled 10 the anthro ' . 
pogeOie efTect. It IS also known that high chromium content 

is also associated with hardness of water, WHO (1984). 

Manganese is present in very low amount in mOSI of the analyzed samples. It is less lhan 

O.2mgfL. There is no a clear ind 'caf fl ' . I Ion 0 an t lropogenlc efTect for II; but the wastewater from the 

minera l water bottling factory has re lalively higher va lue (O.2mglL) li ke the we ll from AARI. 

Simi larly, the concentrat ion of copper (CU2
) is very low except in Dule spring (2 .76mglL). 

Copper can be derived from some inorganic fertilizers and also from the wea thering of some 

rocks. 

5.3.6 Other chemical parameters 

As has been observed from the resu lts of the chemical analysis, the ground water in the area do 

have a total hardness of greater than IOOmglL. Both thermal and co ld wa ter have such high va lue; 

the highest, 780mg/L, is obtained for Dule spring. Hardness is simply defined as Ihe soap 

neutra li zing power of water, Davis (1966); it is usually caused by bicarbonates and sulphates of 

calc ium and magnesium. Hardness Ihat can be removed by boiling! or parts calcium and 

magnesium concentrations, which are balanced by HCOj- (expressed as meqIL) and can thus 

precipitate as carbonate is a temporary hardness. Where as, those that cannot be removed by 

boiling/or those that are in excess of HCO)- (expressed in mcqIL) are a pemlanent hardness. 

According to WHO (1984), the degree of hardness of drinking watcr can be classified in tenns of 

its equivalent CaCO) concentration as follows: 
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1 
j 
~ . 

500 Mediym hard 
liard yCO' hard 

0- 60mglL 60- 120mgll 
120- ISOmgll 2: ISOmgll 

But it should be realized that there exist different ranges of values for the classification o f waler 

based on hardness_ Accordingly, water Ihal is considered to be soft by one c1 assificalion criterion 

can be of a medium hard in another. 

The groundwater of the study area varies from hard to very hard, based on the above 

class ification. Samples taken from surface water (lakes and slrcam) show thaI Lake Wanchi is a 

so ft water, where as, Lake Dandi is very hard waler. Generally, the hardness of the surface wa ter 

is not comparable with that of the groundwater as the laller shows a very high degree of hardness 

in the area. 

For all the collected samples, total alkal inity has also been determined. Alka linity is caused by 

CO)-, HCO)-, OH- anions. The predominance of one over the olher depends on pH. Between pH 

4.5 and 8.2, it is dominantly caused by HCOJ-; above pH 9.0, 0 1-1" constitute a signifi cant 

component; and below pH 4.5, HCOJ- is changed 10 l-hCOJ _ For all the ana lyzed samples, the 

total alka linity is similar with the bicarbonate anion indicating that it is exclusively caused by 

bicarbonate; hence, even one may call it as bicarbonate alkalinity_ 
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Fig 5- 2 Various physico- chemical parameters for water samples in Ambo area 

a) Some chemical parameters of Ground water in Ambo area 
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5.4 Presentation of analytical results 

The tabu lar presentation of chemical data is an ambiguous to understand and interpret, especially, 

if there are many samples. Hence, there exist various methods of graphica l presentation of 

chemical analysis of waler. The graph facilitates for easy understanding, in terpretation, 

comparison and also classification of water samples. They can be ei ther a single sample diagram 

or many samples diagram. Some of the common graph ica l methods of presenling hydrochemical 

data that wi ll be discussed here are the Piper tri-linear diagram, the Schoeller (scmilogarilh imic) 

diagram, and the Stiff (pattern) diagram. Among Ihese, the firsliwo methods arc used 10 presenl 

more than one sample at a time, where as the lasl mcthod is limitcd to a single sample; but its 

advantage is that we can know exp licit ly the existing domina nt cation and anion except for 

sodium and potassium. All the three methods consider mai nly the major cations (Ca2;', Mg1", and 

.. + K) and major anions (HCO) " Cal ", c r and 504'). 

SA. 1 Piper tri-linear diagram 

Piper tri-Iinear diagram involves the utili zation of two separate triangles along with one cen tra l 

rhombus. The two triangles are used for plotting the percentage miliequivalentllilre of cations and 

. . d d tl Th cations comprise Ca2t Mg2t and Nit + Kt: and the anions HCOJ ', cr amons m epen en y. e " . 

and S042-. Finally, the plotted two points from the two triangles arc transferred to a single point 

on the rhomb. The rhomb has different compartmen ts each presenting various watcr types; Watcr 

. . . II plaited in the same fi eld . For water samples of the study area from the Similar source IS usua y 

the results are plotted as shown in fig.5.3. 
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5.4.2 Sliff (Pattern) diagram 

The Stiff method uses a scale for concentration of ions in mcqIL along Lhe x.axis, The ions arc 

arranged along y-axis in such a way Ihal the cations (NaT, Ca2 .. , Mg2j 10 the left of the cen ter of 

the plotting scale, and the anions arc to the right of it. It is shown for some of the analyzed 

samples in fig.SA. 

5.4.3 Schoeller diagram 

The Schoeller (Semilogarithimic method) arranges the concentration of cations and anions along 

a separate but parallel graduated vcnicallincs. Water of similar source (type) shows a similarly 

shaped CUlVe, where as water of different types show differently shaped curves. The chocllcr 

diagram is plotted for samples of the study area as shown in fig.5.S. 

5.4.4 Interpretation and classification of watcr samplcs 

The three methods of hydrochemical graphs shown above wi ll enable us to class ify the water 

samples. 

Based on the Piper tri· linear diagram, the following groups of water can be identified: 

• The alka line fresh water of chloride type: sample from Huluka stream 

• Normal alka line earth fresh water of bicarbonate Iype: Qeransa, Wachani, hafe, Kilin to 

and Sankale springs as well as Dandi lake. 



• The alkal ine fresh watcr of bicarbonatc type: Samples from Wanchi lakc, AARI wcll , and 

the waste water from mineral water bott ling factory 

• The alkaline earth fresh water with higher contents of alkali s: 

o With prevailing sulphate type: Oule spring 

o With prevailing bicarbonate type: HOIe\ spring and Ambo thCnlla l spring 

, I 

" 
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Fig. 5.3 Piper tn-linear diagram for water samples in Ambo area 
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Fig. 5.4 Stiff (Pattern) diagram 'or some water samples in Ambo are. 
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5.5 Water quality 

Natural water interacts with environment, d I . 
an a so It is affected by anthropogenic proce 

changing its chemical, physical and biological constituents. The uti lization of this waler requires 

an understanding of such constituents H h . cnee, t c water should meel certain quali ty standard thaI 

is set mainly based on its purpose in 0 d I . S' . r cr 0 usc It. orne Important phYS ical and chemica l 

parameters have been determined for the water of the study area to compare its quali ty with 

certain standards set by different organization such as WHO for specific water uscs. 

5.5.1 Drinking water quality 

Based on water uses for drinking, chemical and physical consti tuents in water can be ca tcgorilCd 

into two: those that have an adverse physiological effect on a body, and those tha t have nesthelic 

characteristics. Among the chemicals that have an adverse physiological ctTect Cl\ F, 0 3', and 

NO£ have been analyzed. The aesthetic constituents and/or characteristics include copper, 

manganese, sulphate, odor, taste, etc. Actually, somc paramcters can be under both categories at 

the same time. Cr6+, NOj', and sol in some sources (springs or streams) do have higher 

concentration than the MPCL set by WHO (1984), Particularly, the Hotel spring in Ambo town 

and the Dule spring respecti vely having a higher content NOJ'and S04
2
, than those set by WHO 

drinking water quality standard are serving a lot of people currently. 

All the water samples do have less than IOOOmg/L TDS, which is the guideline value 

, d ' k' I r by WHO except the wastewater taken from lhe mineral water recommended lor nn mg wa e , 

bott ling factory. Fluoride exceeds I mglL only in lake Wanchi; it can 
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weathering of acidic volcanic rocks. Simi larly, Copper exceeds ImgfL only in Oule and 1I0iei 

springs. The maximum contaminant level established for drinking Walcr by the Uni ted tale 

Envi ronmental Protection Agency (USEPA) for nuoridc and copper are 4mgIL and 1.3mg/l 

respectively. 

5.5.2 Agricultural/irrigation water quali ty 

Agricultura l suitabi lity of water depends on crop Iype, cl imate, soil type, and amoun t of irrigation 

water use, Davis (1966). The main parameters to be analyzed to evaluate irrigation waler quality 

are: Boron content, Sodium hazard. and Salinity. These parameters afTect plants either directly 

(e.g. by causing an adverse physiological e(fecls) or indirectl y (e.g. by limiting plant rOOI nutrient 

or moisture uptake). Salinity is estimated based on Electrica l Conductivity (E ) va lue, where as 

sodium hazard is assessed by the so·called Sodium Adsorption Ratio (SAR). SA R is cnlculntcd as 

fo llows: 

SAR=( (Na·]/I~O.51 (Ca" + Mg" ]))} 

Where the concentration of each cation is expresscd in mcq/L 

According to Todd (1 980 and references there in), the water quality evaluation for irrigation 

based on SAR and EC are as fo llows: 

Water class Excellent Good Fair p~ 

SAO < 10 10.. 18 18· 26 >26 

Good Pcnnissibh: Dollbtflll Unsllitable 
Water class Excellent 

250· 750 750· 2000 2000- JOOO >JOO() 
EC ().lSIcm) <250 
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In order to evaluate water quality for irrigation from Salinity and Sodium hazard point of view 

for the study area, the parameters have been measured and calcul ated as shown in table 5-2. 

Accordingly, all water samples show low Sodium hazard; and they arc all below 10. which is of 

an excellent quality. But from salinity point of view, the quality varies from excellent to bad 

(from low to very high salinity hazard). Surface water such as Lake Dandi and Wanchi have an 

excellent quality both from sodium hazard and salinity point of view . 

Table 5-2. SAR and EC values/or surface and grollndwater in Ambo area 

Sample code OS 06 07 08 09 10 II Il II II 16 " 20 

EC{)lslcm) '" '" 161 181 171 )940 610 1320 95. )79 120 ,.., ,.,. 
SAR 0.654 0.113 0.421 5.77 . ... 7.187 o.m 1.362 I.m 0.139 O.lO6 $I" ) 15' 

5.6 Geochemical modeling 

Under this part the geochemical roles and/or the poss ible source of CO2• en 0 ), cat ions and 

. . h nl l'n waler as well as sili ca sinter ill the study area will be di scussed. amons ennc me 

5.6. 1 Carbon dioxide (CO,) 

. fi d'fli enl sources' some of them arc: atmospheric input, Carhon dioxide can be denved rom I cr , 

b' I . al process in soi l, and volcanic exhalation (release 
metamorphism of carbonate rocks, 10 ogle . 

rco in atmosphere which is only 0.03% Ihal 0[501 1 . ) U J'ke the volume 0 2 ' from coolmg magma . n I 

o Oil ier ( 1975), or it is greater by 10 to 100 ti mes, Davis 
atmosphere can reach up to about 9Yo t 

(1966). 
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Hence, the infiltrated water to the ground reacts w'th CO d . cd , . , 
I 2 cnv IJom vanous sources [onnmg 

carbonic acid that will be reactive toward the di ssolution of some ' I ' II I ' 
mlOcra 5, esPCC Hl Y en clUm 

carbonates. The fannatian of carbonic acid from CO
2 

can be wrincn 35: 

co, (gas) + H,O CO, (aq) 

CO, (aq)+ H,O ~~ H,CO, 

The role of this carbonic acid will be seen in the (onnation oftravcrt illc deposit in Ambo area, In 

addition to the CO2 that fonns carbonic acid, others arc found as a free CO2• Thermol waters 

includ ing the mineral water in Ambo area show high gas bubble (C02) . Although not analyzed in 

the current research work, the past analysis from Herrick, el 01 ( J 9 0) for the minera l water 

shows very high free CO2 content that is 4497 mglL on average. The source for such high free 

CO2 content can be attributed mainly to the release from cooling magma chamber lhat fonns lhe 

Wanchi crater. 

5.6.2 Calcium Carbonate/or travertine deposits 

As has been seen above, the generated carbonic acid/or bicarbonate when it moves down in soil 

(during infiltration) can leach any calcium carbonate present in the soil. It shou ld be noted that 

slightl y acidic water dissolves more calcium carbonate as compared to C0 2 free water. For 

I t 23 'c can dissolve only about 13ppm calcium carbonate, or about 5ppm examp e, pure water a 

I ' h h' h calcium carbonate is soluble in the presence of C0 2. In addi tion to ca c!Urn. Hence, rnuc Ig er 

, ' d t . m salts also increase Ihe solubility of calcium carbonate, thiS, the presence of sodIUm an po asslU 

Davis ( 1966), 
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The dissolution of calcium carbonate ca b . 
n c Wntten as shown below, Lang Muir (1997). 

CaCO) + H2CO) == Ca +2HCO)' 

Or in another form the reaction can be presented as: 

CaCO) + CO2 (g) +H20 == Ca2 • +2HCO) " 

The equilibrium constant,!ceq at 25 °c for the equat ion is: 

Keq= rcah] [HCQiV :: 10 '5 .97 

Peo2 

In terms of H+, the reaction is given as: 

Keq = [Cal. ] [HCQil::1o· 1.85 

[WI 

According to these equations, addition of more CO2 to the system favors the fo reword reaction, 

i. c. calcite dissolution (or any other carbonate dissolution is favored by an increase in C0 2 

pressure and a decrease in pH), On the other hand, the removal of C0 2 by any means frolll the 

system for that matter an increase in pH favors the backward reaction precip itating calcium 

carbonate. 

The precipitation of calcium carbonate from the solution can happen undcr onc of the following 

condit ions: 

• Evaporation 

• Increase in temperature 

• The release of C02 by any means such as a decrease in pressure 
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If we consider the travertine deposits of Abo ' 
m area, the most likely mechanism for ils formation 

is the release of CO2 due to pressure release h 
w en the thermal waler comes to the surface. In fac l, 

all the above mechanisms are interrelat d' d h ' , e • an I crc forc It IS dimeuh to anribu te only II single 

mechanism to a given travertine deposit. 

Gypsum and/or anhydrite is also another possible source of calcium to react with hydrogen 

carbonate fonning calcium carbonate, According to Langmuir (1 997), the dissolution of gypsum 

can be written as: 

This possibility can also be attributed 10 the source of travertine deposits in Ambo area provided 

that there exists gypsum layer beneath the surface. But in order to consider this possibi lity, the 

sulphate content of the thermal water (spring) that is thought to precipitate the travertine should 

be reasonable; On the contrary, the sol content of the Ambo thennal spring is very low, I mglL. 

Hence, gypsum cannot be at least the major source for the travertine. Therefore, the major source 

for the travertine should be the dissolution of calcium carbonatc. The implication of this is tha t 

there is limestone layer deep in the earth beneath the Sandstone, which in tum wi lilcad us to the 

conclusion that the sandstone outcrop in Ambo area is not thc Lower sandstone but Upper 

sandstone. 

5.6.3 Saturation Index (SI) 

Th 
'r. ' f h d of saturation of a given solution with respect 10 a given solute 

e quantl1lcatJon 0 t e egree 

, , I I ' f saturation indcx (51). Bascd on the 51, onc can know whether 
(mmeral) reqUIres the ca cu allon 0 
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a given solution is under saturated, saturated (at Tb . 
CqUi I num). or super saturated. The commonly 

used method of calculating SI is by comparing Lh I b·l· e so U 1 lIy product KJp wilh the analogue 

product of activities/or Ion Activity Product lAP d . d . . • . cnvc from chemIcal analysIs, Appclo li nd 

Postma (1994). 

8I = Log (IAP/K, p) ----------- - - - - - ___ _ ___ ( 1 ) 

If SI = 0, the equilibrium is rcached between the mineral and the solut ion 

SI < 0, the solution is subsaturated with rcspectla a given mineral 

81 > 0, the solution is supersaturated with respect to a given mineral, hence, 

precipitation occurs. 

Although the method has not been applied for all the samples! or minera ls in the study orca, the 

calculation has been carried out for Ambo thermal spring in order to know its stale of saturation 

with respect to calcium carbonate (calcite). The calculation is explained as fo llows: 

The dissolution of calcium carbonate in water can be represented as: 

The method involves first the calculation of the activities (0) of Ca
1
+ and col' from which lAP 

of calcite is obtained as: 
N _ _ _ _ _ _ _ ___ __ _ (2 ) 

IAPcalcite = (lea2.' -..v32 · 

a= 1 m ---------
_______________ _ _ _ (3) 

Where a= chemical activity , 

y= Activity coefficient 
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m = molal concentration 

The activity coefficient '{ for ionic , pc' . . . CICS I IS given b D b , y c yeo Huckel equation as: 

-Log 'Ii ::: 

Where: 

A and B arc temperature d d epell ent constants, and arc 0.5 175 and 0.3297 rcspcclivc ly at 

T~ 35 'c, Fetter (1994). 

aj = effective diameter of the ion 

Zj = the cbarge of ionic species 

I = the ionic strength of a solution 

I = 0.5 (Lm, Z, ' )- - -------- - ------ - (51 

Where, 1= as defined before 

mj= the molality of the jlh ion in the solution 

Zj .. charge of the jlh ion in the solution 

For Ambo thennal spring, the following physicochemical field and laboratory parameters arc 

obtained: 

Parameters No K' Cal' MgJ
' cr NO)' HeOI ' SO: ' T pH 

Units mgJl mgJl mgJl mgJl mgJl mgJl mgJl mgJl " 

Concentration 181 .488 19.101 180 33.' 
,. "8 11834 35 .2 

Molality 7.894 X104 5.04)(10" 4,49b:1O-'l 1.38bl0'" 6.71)(10" 8.5151110" 1 939J1:10' 1 Qot ,.,0" 
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Hence, the ionic strength, I of the solution is found to be 0 026041895 B I . . 
. . y app ylng equatIon (4), 

the act ivity coefficient y for Ca" and HCO,' arc 0 5582 and 0 8534 . I Th I fth . . respecti ve y. e va ue 0 c 

effective diameter, aj is taken to be 6 and 4 respectively fo r Ca2+ and HeO
l
', Again by applying 

equation (3), the activity a of Ca" and HCO,' are calculated to be 0.002507 and 0.016547 

respective ly . 

In order to have the lAP of calcite, we need to know also the activity of CO{, which is not 

detected in the analysis result shown above. This can be obtai ned by knowing the field pH value 

of the sample, and the dissolution equation ofbicarbonalc, HeOl' as fo llows: 

The equilibrium constant K for this dissolution reaction is written as: 

K
HCO

'- = (all' . aco,'- )/( aHCO,-)---------------- (6) 

At 35 0 c. which is the measured field temperature of the water sample, K IlCOJ' at I atmosphere 

pressure is 5.5223 x 10 - \1 (interpolation from standard table). Similarly, knowing the pH of the 

sample, which is 6.2, CtH+ is found to be 10-62 

. . h I f the activities and equ il ibri um constant in equation (6) the 
Therefore, by substitutIng t e va ues 0 

~ 

activity ofCO{ is calculated to be 1.44823 xlO 

.' od lAP for the calcium carbonate (considered to be 
Hence, the calculated Ionic ActiVity Pr uct, 

calcite in this case) is 3.631xlO·
9

. 
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The temperature dependant e Tb ' qUi I num constantlor sol b T 

fi 
. U I lIy product, Ktp of calcite can be 

obtained rom euher the Van' t H ff . o equatIon or from Ih . c analytIcal expression Appclo and 
postma ( 1994). ' 

The simplest form of the Van 't Hoffeq t ' . . ua Ion IS given as: 

Log KTl - Log KT2 = i-AH' '/2.303R ) i l/T,- l/T,) 

Where as the analytical expression is given as: 

Log K.:"lci te : -1 71 . 90 65 - 0.077993T+ (2839 . 319/ T)+(71.595 Log T ) 

Where: 

K TI and Kn are equilibrium constants at two different temperatures 

~Hor = reaction enthalpy at 25 DC, lalm (Jlmo] or Kcal/mol) 

R ~ Gas constant ~ 8.3 14 J/mol.deg. 

T = Temperature in Kel vin 

Since the analytical expression involves only a single parameter, it has been applied here at a 

temperature of35 'c (~308. 15 '1<). 

Accordingly, LogKcalci te = - 8.5429 ; hence , Kc,lelte '" 2 . 864 9x l O" 

Therefore, the saturation Index (SI) for calcium carbonate in Ambo thermal spring is found 10 be 

0. l03. Hence, the Ambo thennal spring is supersaturated with respecl to calcite. Actually, this 
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can be observed from the precipitation of calcium ea bo h 
r nate on I c waler supply systems around 

the spring as well as at AARI well. 

5.6.4 Possible sources of some cations in water 

The main sources of major cations as well as some minor ions in natural water arc the weathering 

of rocks. Especially, in volcanic terrain, the weathering of si licate minera ls constitutes the 

dominant source of cation. The weathering of such minera ls usually occurs at the expense of 

proton (hydrogen ion) that is commonly supplied by carbonic acid, Appclo and Postma (1994). 

Other than those contributed from anthropogenic efTect, the contributions of some cat ions from 

si licate weatheri ng can be represented by the following reaction equation: 

• 2NaAISi,O, + 2ff' + 9H,O 

Albite Kaolinite 

• CaAI,Si,O, + 2ff' + 2H,O AI,Si,O, (OH), + Ca' 

Anorthite 

• 2KAISi,O, + 2H' + 9H,O 

K-feldspar 

• [CaMgo.7A1o,S;u[O, + 3.4H' + 1.1H,o 
_ _ ~ O.3AJ,S;,o, (OH). + Ca" + O.7Mg" + 1.1 HoSiO. 

Pyroxene 

. . the weathering of sil icate minerals releases various 
As can be seen from these reactIOn equatlons, 

" Th 'n addition 10 those released from sedimentary 
, " N ' dMg esc arc 1 cations such as K ,Ca , a, an . 

rocks. P
rocesses arc responsible for difTerent ion 

Therefore, such various weathering 
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concentration as well as other species such as sil ica in water along wi th the anthropogenic 

sources. 

5.6.5 Silica Sinter 

The major sources of si lica in natural water are weathering of silicate (e.g. olivine, pyroxene) and 

alumino-silicate minerals. Its concentration in groundwater depends mainly on rock types; High 

silica concentration is usually found in rocks that contain very reactive minerals (fcrrolll3gncsinn 

minerals), which release silica on weathering. On the contrary least silica concentrations is found 

in areas containing dominantly quartz and carbonates. 

The solubi li ty of silica increases with increasing temperature. The strong temperature dependence 

of its solubility makes it to be used as a geochcmicalthennometer, Trainer (198 1). 

The dissolution and precipitation reaction for silica polymorphs can be described by: 

. ..' ronns whose dissolution rate also depends on this fonn. The 
Infact, SI0 2 can eXIst III vanouS II 

. ). h s the least soluble foml is quartz. 
highly soluble form is the amorphous S102(S , were a , 
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Si lica sinter is formed by the precipitation of Si02 from si lica saturat d l ' A ' 1 
- C so Ullon. S II can on y 

be depos ited from thermal waters, it can be used as an evidence for the presence of high 

temperatu re usually exceeding 180
0 
c at depth, Trainer (198 1 and the reference there in). 

In Ambo area, si lica sinter is found associated with travertine deposi ts; therefore, thi shows the 

thennal origin of the travertine deposits as well as its original (initial) high tempera ture. The 

possible mechanism of formation for the silica sinter can be explained as follows: Since the 

solubi lity of silica increases with increasing temperature, large amount of silica will be in 

solut ion when the thermal water attains maximum temperature at depth . The oul now of this 
" 

thennal spring to the surface is fo llowed by a reduction in temperature reducing the SOlubility of 

sil ica that is resulted in the precipitation of silica sinter. 

I ~t '. 
If f" 

/ 
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VI. CONCEPTUAL MODELING 

A model is any representation! or simulation of a real system. In hydrogeology, modeling 

technique is employed for various purposes. For example, to rcason out groundwater now 

system, and also to understand how the groundwater now behaves when the system is subjected 

to a given stress such as pumping. 

A conceptual modeling is usually the first step to be undcnakcn in such modeling. It is a method 

of conceptualizing (e.g. by sketch) what the system (e.g. hydrogeologic system) looks like 

geologically and hydrogeologically. It5 quantification and verification is hardly possible by 

current study. but it paves the way for the subsequent investigation. One of the mai n advantages 

of the conceptual model is that it is less complicated than the real system. 

All the prevIOus discussions including geological , structural, hydrogeological, and 

hydrogeochemical investigations in Ambo area will help us to develop/or establish a simplified 

relationships among the recharging meteoric water in Wanchi area, the existing hydrostruclures 

that control the thennal and/or mineral water, and their mode of di sehargc in a nearly cast·wcst 

trend in Ambo area. These relationships are presented in a simplified sketch (or model) shown in 

fi g 6.1. 

. . I (highly pcnneable unwelded tulT 
Th h· II h' h land along with the ex,Slmg gco ogy e topograp lea y Ig 

. . . hi area favors the groundwater recharge that flows 
overlymg the basaltiC lava flow) III Wanc 

h h g,'ng water may also be related with the 
. I (on of t e rcc ar toward Ambo area. The deep clrcu a I 
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northwest~ southeast oriented fractures that are supposed to ronn the youngest scoria cinder cones 

in the area. Finally, the outflowing of the thennal waler in Ambo area is favored by the 

transversally oriented fractures to the supposed groundwater flow direction. 

Thermal springs are generally. non gravity springs, hence their out flowing is not controlled by 

hydrau lic gradient instead it is due to reduction in density caused by heating; as a resu ll it rises up 

to the surface through the available fractures/or conduits as shown in the figure. 

This model also explains why the thermal and! or mineral water in Ambo area is generally 

limited to Ambo town and its western side. 

107 

/ 



s 
1 

2 

lJa.nc:hI 
+--

--- - -­~ 

____ AMbo~ 
I -

-

N 
7 

~v- ;;;;:r--, 
'£, L 

~ Y?-<~X/ ~ ~~=-=~=~=_=_=,I~I r I r J TL~ J- :_I ' 1 : - - --- ----- ----- ¥-,C -1 -I I I I 1 I I I I 4 --_ -- - ---------- I _ . .. _ •. __ _.,. " "_ . -----~--- . L -r r' I r ,-
", , •• 1... " l , I I ." • 1-

.l 
5 

6 
I :.: \Jr'Iwtl'ta.d "t ... r(. 2: Pllo-Qua.t ... no. .-y Dcu;altlc 10."'0. Flow 

3 - D.Iga-M\Qc .. n. Dcu, .. Ltlc 1 .... ' 0 "0. .-, ... Upp.,. .Qnd,. t~ 

~'" LNS-tO"' •. 6 '" n ..... ,..I'IClL . o.t ... cfu;c;h4,.g'"o condui t s 

7- MCljo,... ,. .. d'lClr~ hie;, points (nat to Iic aL.) 

Flg.G,t Scherlo.tlc: Model showing rlo Jo r'"' recharge and dlschor"ge Ql'"'eo.s 



, 

I' 

II 

" \ 

" 

I ' 

VII. CONCLUSION 

Applications of various modeling t h' ec mques show that sandstone outcrops in Ambo area is part 

of the Upper sandstone, which is the Cretac . cous sedimentary sequence in Abay basin. 

The study area is located in Aba draina '. .. y ge basin, and II ronns a tnple-Junction for three (cgioonl 

drainage basins: the Abay basin in which it is D d h· . aun • t c Awash baslIl on eastern & southeastern 

side, and the Ghihe-Omo basin on the south Th t h h " " . e ea c men! as a dendritic and parallel drainage 

pattern with a fifth order stream network. 

The area has a mean total rainfall of I 143.3mmlycar with annual Actual Evapolranspir.uion 

(AET) of 809mm. The annual groundwater recharge to the shallow aquifer is I 62 .8mm, which is 

onl y about 14.24% of the total annual rainfa ll it receives. 

There exist multi-layer aquifer systems in the area. The predominant aqui fer, particularly for 

soft/or cold water is the weathered and lor frac tured basaltic lava now fo llowed by alluvial 

sediments along some streams. The aquifer fo r the thermal/or mineral water is the sandstone. Ash 

dominated pyroclastic deposits form the main confining layer around Ambo area, but in Wanchi 

area the pyroclastic deposit (unwelded tuff) fo rms the dominant permeable unils due 10 its coarser 

grain size at the source. 

At tl d h rt the \
"mpermeable unit of mud_gypsum-shalc aclS as a banier 

le western an nort em pa , 

resul ti ng in the outflow of some springs from ba, altie lava flow and sandstone" Relatively less 
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fraclUred/or weathered lava flows (basaltic & trachyti ) c also cause the emergence of some 

springs. 

Based on their origin two categories of sprin ... gs can be Identified In the area: the noo- gravity 

(thermal) springs and the gravity (cold) springs. 

The favorable geological. structural and geographical conditions of Wane hi and Dandi high lands 

cause them to be recharge areas both for thennal and cold groundwater; where as the gentle slope 

of land stretched in an east-west direction between the northern and southern elevated area famls 

the main ground water discharging area. 

The themlal/or mineral water is a structurally controlled; the nearly casHvcS! oriented fault in 

Ambo area fenTIs the main discharging conduits for the thenna! water, and also it is most likely 

the northern limit of the thennaVor mineral water. Similarly, Ambo town seems the eastem limit 

of the thennallor mineral water as no indication of thcrmaVor mincral water has becn observed to 

the east of the town. 

The presence of silica sinter along with travertine deposits in Ambo area shows their thcrnlal 

origin as well as the original high temperature of the thermal water as compared to ,hc currently 

observed/or measured on the surface. The main source of heat supply for the thcnnal water 

. . W h" F r the deep circulation of metcoric water to come in 
should be a magmatic body m anc I area. 0 

. . d d bs quently discharged to the surface, there should be II 

contact with such magmatJc bo y an su e 
""" h f: It " Ambo area is al so of a deep origin. 

fault. The implication of this condItion IS that t e au JO 
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>J The dominant groundwater in the study area is bicarbonates of calcium and magnesium. For the 

thcm1al water and those springs that show anthropogenic effect, sodium is also the dominant 

cation. High sulphate and chloride concentrations present in areas of mud-gypsum-shale unit and 

for anthropogenically affected sources respectively. In comparison to the cold groundwater, 

Ihennal waters show low pH value; where as, surface water shows higher pH value. Heat/or 

temperature & lithology are the dominant controlling factors for the physicochemical chamclcrs 

of groundwater in the area. 

High anthropogenic effect is observed in some sources of water: Hotel spring in Ambo IOwn 

(high j a+, cr & NO"3), wastewater from mineral water bottling factory (high Na' , el), nnd 

Huluka stream at down stream of Ambo town (high NH4+, cr & Cr). 

, I'll aturated with respect to calcium carbonate (calcite); 
The themlal waters In Ambo area are SI S 

around thermal springs as well as ill sollle water 
hence, the precipitation of this mineral 

distribution systems can be verified. 

Recommendation 

• 

. d carbon isotopes may be employed for 
. 1 1 oxygen ISOtope an 

Isotope techniques, parUcu ar Y . of limestone beneath the 
.. he source of travertll1C (or prcsence 

farther venficatlon of t . . . r hcal in themlal watcr. 
r the verification ofthe magmatic ongll1 0 

sandstone), as well as fo I radicnl temperature well 
. . f heat from gcothcnna g , 

In order to know the contnbuuon 0 
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logging is also a useful technique; this can also be . 
used to estImate the temperature: of the 

thennal water at the source. 

A good structural investigation for the area is an invaluable tool in understanding as well 

as establishing the relationships between cold! ft d ' , or so an thermal /or mmeral wBter In 

Ambo area; hence, structural synthesis of the area should be made. 

In order to see the current saturation state of the thermal water with respect to silica, the 

ana lysis of the silica & its saturation index has to be made. 

Geochemical , geological, structural, and hydrogeological investigations in the area arc 

still at their infant stage, especially the geochemical modeling approach to reconstruct the 

stratigraphy of the area as well as to understand the nature of groundwater in the area 

should not be considered as final; hence, all such investigations should be further verified. 

Oromia Water, Mines & Energy Resource Development Bureau should make a close 

6+ d ' fo llow up on some contaminants such as NO)· & Cr observe In some water sources. 
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