
ADDIS ABABA UNIVERSITY 
SCHOOL OF GRADUATE STUDIES 

WATER RESOURCES POTENTIAL EVALUATION 
OF BERESSA RIVER CATCHMENT, IN NORTH 

SHOWA, AMHARA REGION 

By 

NIGUSSIE KEBEDE 
Faculty of Natural Science 

Departmen t of Earth Sciences 

Approval by board of examiners 

Dr. Dereje Ayalew 
(Chairman, Department 
Graduate Committee) 

Dr. Tenalem Ayenew 
(Advisor) 

Dr Tamiru Alemayehu 
(Examiner) 

Dr. Seifu Kebede 
(Examiner) 

~4V' • ¥ ~~t&fuA 
r1 ~ , 



K 

I am grat ull e pre J11 

tI t· mu h hi tim ntinu u ad i an 

rk . 

i r I . I CJl<11c111 

urog Jl1 nt at al l 

en ' \\ \\ hu 

th is 

uld like t thank at r Re ur e • cl meJ1l !3ur 'au r mhal'tl I ~' Ii nul Wt · I ~)I 

ivin me an pp rtunity t parti ipate in the raduat pr 'raml1'l nd upp rtin m durin ' 

field w rk . 

I am grateful t Mini try wat r , thi pia gi al ur gl 

, Tr pi ' n ulting - I) 'ineer P and Yad lip PI. pr idin 1 m ' ra\, 

and pr ce ed data free f harge. 

uld like t thank the taff f -arth ien' departrn 'nt r: all1iru 

AI 'rna ehu, r. eifu Kebede and WI A inal'm cbe ehu f, r th ,ir 

I am ai ' vcr grateful t I r. himeli Fi iha fr 111 ddi nl 

and ndarge Yitbarck wh ad i cd and a i t l11e n ge ph Khalid dern , hil11ia 

ngidaw rk Mulatu and W nd en M k nnin helped rn ' in di itizing and editin 

map . 

I \! uld al e pre m In erel thank t Dr. Alel11a ehu ek nln T h me aru Dr. 

Abreham e um, Abera A an Dr. Ta e Tulcma urgi Ze lc e, lIa F tene, f, r lh ir 

dire t and indire t upp rt to m ueee . 

Finall i' wi h t expre m deep l thank t m famil ndle en uragemenl and 

'UPI" rt ere thc ur e f 111 in pirati n during 111 nlir a ad tnl or' r. 



nt nt p 

1\ ck n 1 cd gem en! -------- ------- ---------- ---------- --- ------------- --- --------------------------- ------- i 

A b tra t ------------------------------------------------------------------------------------------------- -VIII 

1 I NTR 0 U TI N ---------------------------------------------------------------------------------- 1 

1.1 Back Gr und -------------------------------------------------------------------------------------1 

1 .2 b j ecti ve -----------------------------------------------------------------------------------------

1.3 Method 1 gy -----------------------------------------------------------------------------------

2 G N RAL V R VI W F TH T Y ARLA -----------------------------------

2. 1 L ca ti on -------------------------------------------------------------------------------------------

2.2 1 i mate ------------------------------------------------------------------'--------------------------

3.3 ~h ysiograph y and dra i nage ------------------------:-------------------------------------------

2.4 ii , land u c and land vcr ------------------------------------------------------------------

2.4 . Iii ------------------------------------------------------------------------------------------

2.4.2 Land u e and land ver ------------------------------------------------------------------8 

3 BY 0 RO M T Y ------------------------------------------------------------------ 1 

3. 1 enera I -------------------------------------------------------- ---------------------------------- 1 

3.2 Preci pita tion ana I y i --------------------------------------------------------------------------1 0 

3.2. 1 Determinati n f aerial depth f rai nfa ll --------------------------------------------- 1 1 

3.2.2 haracteri tic f ra in fa ll ------------------------------------------------------------- 12 

3.3 Tem perature ------------------------------------------------------------------------------------- 1 

3.4 Re lat i ve hum id i ty ----------- - ------------------------------------ -- --- ~ ------- ----------------- 1 

3.5 \y ind speed --------------------------------------------'------------------------------------------ 1 7 

3.6 S u nsh ine hour -------------------------------------------------------- -------------------------- 1 7 

3.7 Method of e ti mating evapotran pirati n -------------------------------------------------- 1 

3.7.1 Penman combi ned method of e ap ration e timat i n -----------------------1 

3.7.2 Estimation of potential evapotran pi ration (P T) -----------------------------------2 

3. 7.3 E timation of actual evap tran pi rat i n (A T) --------------------------------------2 

3.8 Ru no ff ------------------------------------------- ------------------ ---- -- --------- -- ------- -- -----

3.8 .1 Sa e fl o eparation meth d ----------------------------------------- ---------------- 0 

3.8.2 Runoff - rai nfa ll relati n hip -------------------------------------------- ------------

4, G AO LOG Y ------------- -------- ------------------ -------- ------- --- --- ----------- ------------------

4. 1 Regi ona 1 eo log --------------------- ------- ----- -- ---------- -- -- ------ -- -- ---- ---- -- ---------

II 



4. I . I Genera I -------------------------------------------------------------------------------------

4. 1.2 Volcan ism of the Trap series -----------------------------------------------------------

4.1.2 .1 Ashangi Basa lts -----------------------------------------------------------------

4.1.2 .2 A iba basalt ----------------------------- ~------------ ------------ - ----- ------------33 

4. 1.2.3 A laj i- formation ------------------------------------------------------------------ 4 

4.1 .2.4 Tarrmaber ba alt ----------------------------------------------------------------

4. I .3 The Rift Series ---------------------------------------------------------------------------- 5 

4.2 Loca I Geo logy -----------------------------------------------------------------------------------36 

4. 2. I General ------------------------------------------------------------------------------------37 

4.2 .2 Li thologic un i ts ------------------------------------------------.--------------------------- 7 

4 .2.2.1 Lower basalt (LB) --------------------~------------------- - ---------------------- 9 

4.2.2.2 Ign imbrite. rhyol ite and tuff (I RT) ----------------------------------------- 9 

4.2.2.3 Upper basalt (U B) ---------------------------------------------------------------4 I 

4 .2.2.4 Alluvial and residual silt clay o il -------------------:-------------------------4 I 

4.~.3 Geological Structure ---------------------------~----------------------------------------- 42 

5 HYD ROG EO PHYS Ie S -----------------------------------------------------------------------43 

5.1 I ntroduction -------------------------------------------------------------------------------------4 

5.2 Electrical resisti v i t y survey -------------------------------------------------------------------4 

5.2 .1 Electrode layout in resistivity survey -----------------------------------------------43 

5.2.1 .1 Schlumberger array ---------------------------------------------------------- 44 

5.2.1.2 Wenner Array -----------------------------------------------------------------4 5 

5.2 .2 Data acquisition and processing -----------"------------------------------------------45 

5.2.3 Result and interpretation -------------------------------------------------------------- 5 1 

6 HYDROGEO LOG Y ---------------------------------------------------------------------------- 4 

6.1 Aquifer characterization ------------------------------------------------------------------------ 54 

6.1.1. High permeability and groundwater potential zone ----------------------------------57 

6.1 .2. Moderate permeability and medium groundwater potential zone ------------------57 

6.1.3 High permeability and low-very low groundwater potenti a l z ne ------------------58 

6.1.4 Moderate permeability and low-very low ground water potential zone ----------- 58 

6.2 Recharge and discharge area ------------------------------------------------------------------- 58 

6.3 Water resources ---------------------------------------------------------------------------------- 59 

6.3. 1 S pring ------------------------------------------------------------------------- --- -------- 59 

6.3 .2 Hand dug wells--------------------------------------------------------------------------- 60 

III 



6.3.3 Boreholes and their hydraulic characteri tic ---------------------___________________ _ 

7 WATER RESOURCE EV ALUA TlON -------------------------------------------------- 5 

7. I Genera I ------------------------------------------------------------------------------------------6 

7.2 Water balance method of the catchments ---------------------------------------------------66 

7.3 Ground water re ource evaluation of well field ------------------------------------------- 7 

7.3 . I Beressa well field ---------------------------,------------------------------------------67 

7.3.2 Dalecha well fie Id -------------------------------------------------------------------- 67 

8 HYD ROC HEMI S TRY -----------------------------------------------------------------------68 

8. I Ge nera I -------------------------------------------------------------~ ------- ---------------------6 ~ 

8.2 Water sampling and analysis ----------------------~------------------------------------------68 

8.3 Water type classification ---------------------------------------------------------------------- 69 

8.3 .1 Classification based on total hardne ------------------------------------------------ 9 

8.3.2 Classi fication based on total dissolved oli.ds (TD ) -------------------------------71 

8.3 .3 Classification based on major cation and anions --------------------------------- 72 

8.3.3.1 Chemical behaviour of water ample -------------------------------------7 

8.4 Water qual i ty -----------------------------------------------------------"------------------------7 

8.4.1. Water quality for domestic use -----------~----------------------------------------- 75 

8.5 Water pollution --------------------------------------------------- ------------------------------ 75 

8.5 .1 Nitrate pollution ------------------------------------------------------------------------ -76 

8.5 .2 Ch loride ----------------------------------------------------------------------------------7 7 

8.5.3 Fluoride -----------------------------------------------------------------------------------77 

8.5.4 Microbiological water poll ution ------------------------------------------------------ 78 

9 Conclusion and Recommendation --------------------------------------------------------- 80 

9. I Cone I us ion ------------------------------------------------------------------------------------- 80 

9.2 Recommendation ------------------------------------------------------------------------------82 

References ------------------------------------------------------------------------------------------------84 

Annexes -------------------------------------------------------------------------" ------------------------ 87 

iv 



LI T or rIG R · 

Figure2 .1 The location and drainage map of Bere sa river catchment ----------------------_____ _ 

Figure 2.2 Soi I maps of Bere sa river catchment --------------------------------------------------- 8 

Figure 2.3 Land use I land cover map of Bere a river catchment ------------------------------­

Figure 3. I Theissen Polygon map --------------------------------------------------------------------- 12 

Figure 3.2 Isohyetal map ------------------------------------------------------------------------------ 1 

Figure 3.3 Monthly rainfall di stributions of Bere a river catchment --------------------------- 15 

Figure 3'.4 Base flow (mcm) separations from the river di charge ------------------------------- 1 

Figure3. 5 Bar graph showing the relation hip between river di harge and pr cipitali 11 -----2 

Figure 4.1 Map of the northern part of Ethiop ian plateau h win g v I ani pr inc. 

(Source: kiffer et aI., 2004) ----------------------------------------------------------------6 

Figure 4.2 Geological map of Beress a river catchmen -~------------------------------------------ 8 

Figure 5.1 Current and potential electrode arrangement in chlumberger array ------------- 44 

Figure 5.2 Current and potential electrode arrangements in Wenner array ----------------------45 

Figure 5.3 Locations of YES and Profile stations --------~ --------------------- ---------------------46 

Figure5.6 Geo-electrical sections and apparent re i tivity p eud ecti n f 

YES I, 2, 3, 4 data -------------------------------------------------------------------------- 7 

Figure 5.7 Geo-electrical sections apparent re i tivity p elldo ecti n V - 5 7-------------48 

Figure5.8. Wenner array apparent resi stivity profiling graph ------------------------------------49 

Figure 5.9 Wenner array apparent resistivity profiling contour map -----------------------------50 

Figure 6.1 Hydrogeological map Beressa river catchment ---------------------------------------56 

Figure 6.2 Borehole logging geological - section of Dalecha and Bere a we ll fi eld ---------62 

Figure 6.3 Log-log and semi-log plots of time-draw down of pumping te t data ---------------63 

Figure 8. I Piper tri- I inear plots of water samples of Beressa river catchments ----------------72 

LIST OF TABLES 

Table 2.1 Soil type and aerial coverage in Beressa ri ver catchment ----------------------------7 

Table 2.2 Land use II and cover and aerial coverage of Beressa ri ver catchments --------------9 

Table 3.1 Meteorological stations within and around Beressa ri ver catchment ------------- 10 

Table3 .2.Theissen polygon method to calculate the annual rainfall of 

Beressa ri ver catchment -------------------------------------------------------------------- 1 1 

Table3.3. Isohyetal method of calculating annual rainfall in Bere a ri er cat hment---------I 

Table3.4 Classification scheme of monthly rain fall va lue 

v 



Table3.S ·Monthly average, rainfall coefficient and classification of rainfall f 

Beressa ri ver atchments ------------------------------------------------- -___________________________ . I 

Table 3.6 Monthly maximum mean and minimum mean tem perature 

variab iii ty of the three stations-----------------------,--------------------- ___________________________________ 1 

Table 3.7 Monthly mean temperatures of the three stations---------------------------------------- I 

Table 3.8 Monthly mean relative humidity of Oebre birhan station ------------------------------ 16 

Table 3.9 Monthly wind speed ofDebre birhan station 2m above ground urface -------------- 17 

Table 3. 10 Monthly mean sunshine hours of Oebre birhan tat ion ------------------------------- 17 

Table 3. 11 Evaporation from open water body using penman combined method ~ r 

Beressa river catchment ----------------------------------------.----------------------- 21 

Table 3.12 Calculated potential evapotranspiration of B~res a river catchment 

. using Penman modified method --------------------------------------------------------- 25 

Table 3.13 Monthly actual evapotranspiration (AET) of Bere a riv r catchm ent 

summarized from table 3.14, 3.15 , 3.16 and 3. 17 ------------------------------------27 

Table 3.14 Monthly actual evapotranspiration of Beres a river catchment I' r fine -and 

covered with wheat, barley, beans, peas and 125 mm maximum ava ilable water 

capacity root depth ----------------------------------------------------------------------28 

Table 3.15 Monthly actual evapotranspiration of Beressa river catchment for fine and il 

covered with Eucalyptus trees, shrubs, bushes and 150 mm max imum available 

water capacity root depth -------------------------------------------------------------- 28 

Table 3.16 Monthly actual evapotranspiration of Beressa river catchm~nt ~ r fin e and 

soil covered with matured forest and 250 mm max imum available water 

capacity root depth ---------------------------------------------------------------------- 29 

Table 3.17 Long term actual evapotranspiration (AET) of Bel'essa river catchment --------- 29 

Table 3.18 Amount of base flow and surface runoff (l11cm) 'cparatcd rrol11 Ikrcssa ri cr 

discharge -------------------------------- --- ----~---------------------------------------- 3 I 
, 

Table 6.1 Hydraulic characteristics of some boreholes within Beressa river catchment ----- 64 

Table 7.1 General summery of analyzed hydrological data of Bere sa river catchments ---- 67 

Table 8.1 Hardness classification of water -------------------------------------------------------------------- 70 

Table 8.2 Water classification of Beressa river catchments based on hardne s----------------70 

Table 8.3 Water classification based on TDS values (Source: Freeze and Cherr , 1979) ------------- 71 

Table 8.4 Water classifications of Beressa river catchments based on TO va lue ------------7 1 

Table 8.5 Comparison of water quality with WHO and Ethiopia water qualit standard 

. or gu idel ine. ----------------------------------------"---------------- --------------------------7 4 



Table 8.6 Nitrate ions concentration in Beres a river catchment \ atcr am pic -------------- 7 

Table 8.7 Chloride ions concentration in Bere a river cat hmcnt atcr <1m p it: . ----------- -- 77 

Table 8.~ Fluoride ions concentration in Beressa river cCitchment water ample -------------- 78 

Table8.9 Bacteriological laboratory result for different water ource ---------------------------79 

LIST OF PLATES 

Plate 4.1 Fractured and jointed lower basalt located in Beressa ri ver gorge-------------------- 39 

Plate 4.2 Weathered, fractured and jointed Ignimbrite / Rhyolite at Keba area ---------------- 40 

Plate 4.3 Quarry site of ignimbrite / rhyolite at Wushawshigne ----------------------------------40 

Plate 4.4 spheroidally weathered upper basalt at Tora Mest area----------------------------------4 I 

Plate 4.5 Alluvial and residual silty clay soil along river valley at Tora Me k area------------ 42 

LIST OF ANNEXES 

Annex I., Monthly total rain fall at Oebre Sirhan tation '------------------------------------------87 
" 

Annex 2. Monthly maximum temperature at Oebre Birhan lalion ---------------------------- 87 

Anncx 3. Monthly minimum temperatur in ·c at Oebre-Birhan tati n ------------------------- RR 

Annex 4. Summary of mean monthly of BERE A RIV R (ncar Debre Berhan town) 

flow in m3 /s----------------------------------------~------------------------------------------89 

Annex 5. Processed vertical electrical sounding (YES) data---------------------------------------90 

Annex 6 Wanner array electrical resistivity data-------------------------:-------------------------- 93 

Annex.7 Time -drawdown graph of analyzed pumping ~est data--------------------------------- 94 

Annex 8.1 Water points physical parameters and laboratory chemical analy i re ult---------95 

Annex 8.2 Location of springs and type in Beressa river catchment------------------------------96 

Annex 8.3 Water points ' physical parameters and laboratory chemical 

in Beressa river catchment----------------------------------------------------------------- 97 

" 

VII 



Table 8.6 itrate ion con entration in Bere a ri er at hm ent \ t r mp l -------------- 7 

Table S.7 Chloride ion concentrati on in Bere a ri er at hm ent \ ater ampk ------------- 77 

Table S . ~ Fluoride ions concentration in Beres a river c<ltchment ater ample -------------- 7 

TableS.9 Bacteriological laboratory re ult for di fferent ater our e ---------------------------7 

LIST OF PLATES 

Plate 4.1 Fractured and jointed lower basalt located in Bere a ri ver g rge-------------------­

Plate 4.2 Weathered, fractured and jointed Ignimbrite / Rhyolite at Keba area ---------------- 4 

Plate 4.3 Quarry site of ignimbrite / rhyolite at Wu haw hi gne ----------------------------------4 

Plate 4.4 spheroidally weathered upper ba alt at Tora Me t area----------------------------------4 I 

Plate 4.5 Alluvial and residual ilty clay oil along river valley at T ra Me k area------------ 42 

LIST OF ANN XES 

Annex I.. Monthly total rain fall at Oebre Birhan tati n ·------------------------------------------87 

Annex 2. Monthly maximum temperature at Debre Birhan tati n ---------------------------- 87 

Annex 3. Monthly minimum temperatur in ·c at =~~~=~ 

Annex 4. Summary of mean monthly of B RE A RIV R (near Ocbre Berhan I wn) 

flow in m 3 
/ s----------------------------------------~--- - ------ - -- - ----------------------------8 9 

Annex 5. Processed vertical electrical sounding (VE ) data---------------------------------------90 

Annex 6 Wanner array electrical resistivity data-------------------------:-------------------------- 9 

Annex.7 Time -drawdown graph of analyzed pumping t.est data--------------------------------- 94 

Annex 8.1 Water points physical parameters and laboratory chemica l analy i re ult---------9 

Annex 8.2 Location of springs and type in Beressa river catchment------------------------------96 

Annex 8.3 Water points ' phys ical parameters and laboratory chem ica l 

in Beressa ri ver catchment ----------------------------------------------------------------- 97 

II 



ABSTRACT 

Water resource potential evaluation is carried out on Beres a ri er at hm en t \ hi h i I at d 

about 130 Ian from Addis Ababa on the way to Dessie. The tudy area c er 3 6 km 2 and 

having average elevation ranges from 21 OOm to 3675 m above m an ' ea Ie el. The area ha 

13-16 °c average annual temperature, 1120 mm annual rainfall and temperate weyna daga) t 

cool (kur) climate. It is located in the Ethiopian highland plateau adjo ining the we tern 

escarpmcnt of the rift vallcy and the area is within Jcma riv r basin whic h is Olll: or the ll1 a in 

tributaries of Blue Nile River. 

By analyzing the available meteorological data, open water evaporation and p tential 

evapotranspiration is calculated using penman combined method and the re ult are I 111111 

and 1180mm respectively. The actual evapotranspiratio.n of the catchment i ca lcul ated u ing 

Thornthwait and Mather soil water balance model and the annual A -T i 731111111. fr 111 the 

computed water balance, the amount of water infiltrated to ub urface i 122.46 111m. 

The local geology of the study area is Tertiary volcanic rock which are lower ba alt, 

ignimbrite I rhyolite, upper ba alt and residual illy clay oi l patche al ng the river valley. 

These rock units are weathered, fractured and jointed. 

Based on groundwater circulation and storage controllillg factor of the area that i degree r 
weathering, fracturing, faulting of the geological formation, topographic nature recharge and 

discharge condition of the area; the hydrogeological map is produced clas i fyin g thearea into 

3 'Similar hydrostratigraphie units having high , mediun~ and low-very groundwater potenti al 

zone. From available pumping test data the high groundwater potential zone has 5-15 1/ ec 

yield, 10-332 m2/d transmissivity and 0.3-7.8 mid hydraulic-conductivity and where a the 

medium groundwater potential zone has 1- 4 I/sec yield, 1.5-2 .. 22 111 2/d tran mi ivitya nd 

0.04-0.045 mid hydraul ie-conductivity. 

Physical parameters measurements chem ical and bacteriological laborator ana I i 0 r \ ater 

samples were conducted to study the water quality and the pollution f water rc ouree. of the 

catchmrnt. Accordingly, almost all sampled water show fre h water (TO =55-307 mg/I) 

soft to moderately hard, CaHC03 and Ca-Na- HC03 water type. But two boreholes and one 

spring water sampled from water schemes located in the to\ n ho'V hard \ ater and a-
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HCO -CI , Ca-Na-HC03- I and a- Cl-H 0 3 type \! ater. The c thr at r ur c ha e 

55 mgll nitrate and 46-63 mgll chloride ion concentrati n. The ur e the e i n in the 

three water samples might be due to contamination from di po al f the t \ n muni ipal lid 

and liquid wastes released to open land surface. From 10 water ample mi r bi I gi al te t, 

6 water samples were polluted by coliform bacteria due to wa te di p . al and p r . anitar 

protection. 

" 
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CHAPTER ONE 

INTRODUCTION 

1.1 Back Ground 

Water is an essential and basic component of life .The need for water i tr nglya cending 

and has a diversified purpose which is not only important for drinking purp e but i al 

vital for any developmental activities. The need of water get more complex due t p pulati n 

growth, urbanization and industrialization . 

Water related constraints are also becoming serous problem threatening the food el f­

sufficiency potential. Rainfall variability is for in tance the coml11 n pI' blel11 rc lilting in vcr 

low yielqs on the agriculture in our country. To address 'the va ri u pr blel11 related t watcr 

resources development hydrologica l and hydrogeo logica l in ve ti ga ti n are rucial. 

Development of any country is the result of integrated appr a h f different devel pl11cntal 

activities. Country especially drought prone like Ethi op ia illten ive water re ur e 

development and management can have dec isive role in the econ mic and cial gr wth f 

the country and in reducing the recurrent drought problem . 

The sources of water in the earth are surface (ocean , lake and river) and ub urfacc water 

(groundwater contained in geological formations) . Subsurface water resou rces are finite ill 

extent. It could be available in specific parts of the subsurface . Un less the balance between 

recharge and discharge managed properly, extracting water greater than recharged may br ing 

the possibility of exhausting the groundwater resource. Even if ground water is limited 

resource, it is relatively the most widely distri buted re ource of the ea rth and unli ke any other 

mineral resource. It gets annual replenishment from the meteoric precipitati on. 

In an area where surface water is not available, ground water is the econd alternati vc for 

irrigation purpose if the demand for irrigation and ground water potential i promising 'V ith 

out negative environmental impact. 

To use water for drinking purpose, the water hould be analyzed in term of qualit , 4ualltit 

and environmental impact .By doing so obtain ing hea lth and pI' du ti e community \ ill b-: 



the fin al out put of supplying potable water. A that of water upp l n d hem i al ph i al 

and bacteriological analysis irrigation water also need hydrochemi al an'al i fI r diffe rent 

major ion espec ially for sodium ca lcium, magne ium b r n, ni tratc, hi ride ph ph I' ll ' 

etc. Water used for industri al input al so needs water quality standard a ording t the type f 

industries . After analyzing, the result will guide whether the water i all wab le fI r irri ga ti n 

or not 

The communities living in Beresa river catchment u e urface and gr und water fo r dome ti 

and agri cultural purposes. Some development activities like u in g hand dug well pring 

boreholes for water supply, spring and river water for mall ca lc irrigati n are mm n in the 

tudy area. Oebre Birhan town is also located within this area . It water upp ly depend 

mainly on groundwater resource extracted from Beres a and Daleeha we ll fi eld. 

Even though the water demand for di fferent deve lopment acti viti e within the at hmcl1 t 

have bee.n increasing; surface and groundwater potential of the catchment i not tudied in 

detail. Utilization of surface and groundwater without ba ic under tanding of the 

hydrogeological setting; surface and groundwater potential of an area may lead t irrever iblc 

problems various environmental impacts and other socio-ec nomic pI' blem . Therefore th is 

tudy tries to address the hydrogeological set up of the catchment and eva luate mainl y 

groundwater resource based on available hydrometeorological and hydrogeo logica l data by 

applying conventional method so as to come out with reli abl e re ul t . 
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1.2 OBJECIVE OF THE STUDY 

1.2.1 General Objective: To tudy the hydrogeo logy of 8 re a ri 

particular emphasis on groundwater re ource eva luati n and aquifer hara t ri ati n. 

1.2.2 Specific objectives 

• To evaluate the components of hydrologic cycle in the catchments to e timatc the 

water balance 

• To study surface and ground watcr intera ti n within the at hm nl. 

• To study the hydrochemistry of the catchmcnt from quality and p Iluti n pint f 

view. 

• To produce hydrogeological maps of the catchment at the ea le f 

I : 50,000. 

• To delineate groundwater potential zone for future devel pment. 

• To suggest possible measures for u tainable uti I izat ion f the urface water and 

groundwater resources I 

1.3 METHODOLOGY 

To achieve these objectives the following different act ivitie have been carried OUI. 

Literature, report and map rev iew. oncerning thi s area, n peeific literature are 

published except some geological publication describing the general geo logy of 

volcanic rocks in western highland and rift valley. Abbay Basin rn a tel' plan 

studies carried out by BCEOM (1999) concerning soi l type land u efland cover, 

geology and hydrogeology is reviewed and important ideas and data were taken 

and incorporated in concerned chapters of thi work. Water upply inve ti gation 

reports and well data were reviewed and important information ' like 'Veil log, 

pumping test data were analyzed and included in thi w rk.· 

2 River discharge and meteorological records were collected from Mini try of Water 

Resource and National Meteorological Agency re pe ti e l . The data \J ere 

analyzed and used to compute open 'Vater e aporation potential 

evapotranspiration, actual evapotranspiration and finall \J ater balance of the area 

is calculated 
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8a n t P gr phi map f I : 0 0 ale, a map \' 

hydr geologica l mapp ing. 

Aerial photo interpretati n a arr ied ut t pr du e 

of I : 50000. 

pr p r dIu ' 

gi al map at th al 

5 The field work wa pe r~ rmed in the m nth f Augu t 2 0 nd Fcbruar - ar h 

2005. During the fir t fi eld w rk under tanding the gener I er ie f the ar a 

inventory of ome water pint water ampling ~ r ph 

mea urement and chemica l analy i had been a Id 

work, using y tematic geo-traver e' detailed ge I gi al and hydr ge I gi I 

mapping, geophy ica l urvey additi nal water ampling ~ r ph i al parameter 

mea urement and chemi al analy i pring di h rge m a ur ment < nd th ' cr 

all data c lie ted at ffi e and field leve l were refined and he ked . 

6 Water ample hemi allab rat ryanaly i wa d ne in ,thi pia ge 

and Addi Ababa Water upply !\uth rity lab rat rie and th re lilt i anal z d 

u ing Aquachem oftware and interpreted a rding t h dr ge I gi al nditi n 

of the environment. 

7 The pumping te t data were analyzed u ing Aquite t ftware and the re ult u cd 

to characterize the aquifer 

8 The geophy ical urvey data were analyzed u ing ex el, ur fer and Re i plu, 'oll 

ware, interpreted according to geo log ica l and hydr ge logica l c nditi 11 f the 

area and the result is used to characterize the aquifer with other hyd r gco log ica l 

data. 

9 The hard copy of geol gica l and hydr geo log ica l map pr ' pared at the field 

digitized u ing AutoCad map and arcv iev ft are to pr duce ft copie . 
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CHAPTER TWO 

GENERAL OVER VIEW OF THE T DY AREA 

2.1 Location 

The tudy area is located in Amhara Regional tate, North h wa admini trati e z ne ar und 

Oebre Birhan town (Beressa river catchment). It i about 130 km fr m Addi Ababa n the 

way to Oessie. Beressa river catchment is about 336 km 2 area (i. e. 3 600 hectare). The 

average elevation of the catchments area range from 21 OOm t 3675 m ab v mean a Ie el 

and bounded within 39°,27',20" to 39°,44' 14" longitude and 9° . " 0" t 9°,44', 8" 

latitude. 

2.2 Climate 

The climate of any area mostly dependent on altitud . The area ha 13- 1 I) and 11 20111 111 

average temperature and precipitation re pectively. According t Te faye hernet (199 ) 

Tenalem Ayenew and Tamru Alemayehu (2001) the climate f l3 ere a river cat hment 

ranges from temprate ( weyna daga) to cool (kur). 

3.3 Physiography and Drainage 

The geomorphology of an area depends on the general geology and climatic c nditi n r that 

particular area. Beressa river catchment is situated in the Ethiopian hi ghl and pl ateau adj Il1ln g 

the western escarpment of the ri fl valley and the up stream of the catchment are~ i . the w~te r 

divide of Abbay and Awash river basins. 

The general topography of the catchment is undulatin g hill and ail e . It gradu all 

decreases in elevation to the north and north-west. umerous narrow and hallow ri ver 

valleys originated from mountain ranges and merge subsequently and form Sere a perennial 

river. Oalecha (intermittent) river is among the main tributary of Bere a ri er. Sere a 1'1 er 

flow to Jemma river and which is one of the main tributaries of Slue ile Ri er. 



mall va lleys originated from ridge and hill ~ rm den e dendr it i drain g p tl rn in Ih 

area. The e sma ll va lley and treams are controll ed b in ferred and main inl . 

fracture or a combination of them. The top graphy of ~h e area i th main e pre i n f th 

north-we'sterl y oriented drainage 

+ + + . 
A 

+ 

+ 

+ + + + 

. __ .... = .... ___ .. 3 KIOf1"I.t . ,. 

Figure 2.1 . The location and drainage map of Beressa river catchment 

2.4 Soil, land use and land cover 

2.4 .1. Soil 

l¥' M.l nto 
Ci:)To........n 

NO ... "n ... 

. 110,),:,11',,, 

- l nO(lI'lM 

Soil characteristics of an area depends on land escape, geo logy (parent material), the type of 

land use practice and agricultural acti vities. From fi eld ob ervation and accordi ng to Abba 

bas in land resource development ma ter pl an tudy (8 OM , 1999), the domi nant il I pc 

of the study area is class ified in to four: 
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a) Fractured rock with boulders and coble : It i rm d at high r Ii hill idc ' S 

and hi ghly u ceptible to ero ion. Thi 

hills. It is highly drained oil. 

il unit i hara teri ed b and 

b) Silty sand with rock fragment : Thi oil unit i chara teri z db br \' n re idual il 

having an average of 30-50 cm thickne wit~ ignimbrite and ri gin r k 

fragments. It is formed mainly on dominantly culti va ted land f the tudy arca. Th 

bed rock is basa lt and ignimbrite. There i al 0 n ne mapab le ma ll hi ll t cp land 

with n I1 C dcvcl ped il and pcn bcd r k al ng th c ri ' r aile . I ecause or th in 

oil thickness, the prec ipitated moi ture drained immcd iately. 

c) Alluvial and residual silty clay soil : Thi oil i devel ped al ng fl at land ri er 

channels. The soi I has up to 4 m thickne a b crvcd fr m well I ggi ng. It ha br wn 

co lor. mall irrigated marshy and grazing land n th i i I un it. 

Table 2. 1 Soil type and aerial coverage in Bere a ri ver catchment . 

No Area 

Soil type verage(kIl12
) Weighted area C%) 

I Fractured rock with big boulders and 

cobles .53 .6 15.9 

2 Silty sand with rock fragment 271 80.6 

3 Alluvial res idual silty clay 7.2 2, I 

4 Town 4 ,2 1.4 
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Figure 2.2 Soil map of Bere a river catchment 

2.4.2 Land use and land cover 

The land use and land cover of an area depend on climatic factor land e cape agr e 

land u e practice and agricultural activitie of the area. Acc rdingly the land u e f the tud 

area mainly classified in to cultivation, pasture, grazing.and plantation.The plantation pecie 

in the area is "Eucalyptus" tree ( Nech bahirzaf) and rarely "Yeferenji Tid", orne hrub and 

bushes. The area has very poor indigenous plant specie . 

The magnitude and variety of the vegetation covers of an area is an indicator of the physica l 

cnvironment and the degree of human interference. Vegetation give an excell ent oil c vcr 

from eros ion, provide protection by its roots and form thick litter on land urface. It al 

increases the infiltration capacity of the oil, reduce urface run ff and n ure c nti nu u 

base fl ow or groundwater potential. 

The main plantation area is Wofwasha state forest at the upper catchment f the tud area. 

There is also patch of barren land which needs pecial land u e treatment. The major cerea l 

grown in the area are wheat, barley, beans, pea etc and ome egetab le like cabbage potato 

etc. 
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Table 2.2 Land u e Iland cover and aerial co erage f 8 re a ri cr at hment 

No Type of land u e and land cover Area crag (km ~) WI ight d 

%) 
-I Dominantly cu ltivated agricultural area 25 1.3 74.8 

2 Moderately cu ltivated agro- pa toral area 43.6 13.0 

3 Grass land sylvo-pastoral area 27.8 8.3 
-4 Plantation sylvicultural area 9.0 2.7 

5 Town 4.2 1.2 

Total 335.9 100.00 
--- --
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Figure 2.3 Land use I land cover map of Beres a river catchment 
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CHAPT R THRE 

HYDROMET ORaL Y 
3.1 General 

Hydrometeorology is the branch of tudy which link 

(S haw, 1988). Hydrometeorological data are required to determ ine th \: at r alan e f < 

ba in for developing and manag in g it water re ur e . The m t u eful h dr mctc r I gic il 

elements are precipitation, evaporation, evapotran piration, olar radiati n ( un hine h ur ) 

air temperature, humidity, soil moisture, water level ( urface and underground) tream 

discharge, water quality ( Raghunath, 1987). 

In thi s work, the main objective of analyz ing hydr mete r I gi al data t c I11pu tC 

evaporation, evapotranspiration, soil 1110i ture and the re ult f the analy i fu rther u 'cd in 

ca lculation of the water balance of the study area. 

3.2. Precipitation analysis. 

The phys iography and topography of the drainage ba in, t gether with the vegctati 11 , 

influcnce the relati onship between prec ipitati on ver the ba in and th wa ter drained fr III it. 

The creation and distribution of prec ipitation i heav ily influenced by the pre ence f the 

mountain ranges and other topographic features (Fetter, 1994) . Precipi tati n i the 111 t 

commonly measured meteorological data. Accordingly there are fi ve l11 eteorol gica !. lations 

within and around the study area (Table. 3.1 ) 

Table 3. 1 Meteorological stations within and around Beressa ri ver catchl11ent . 

Location ( UTM) Altitude Annual Recording 
No Stations Latitude Longitude (111 ) a.l11 . . 1. Rain fa ll period ( ear ) 

(111111 ) 
I Oebre Birhan 556250 1068300 2780 111 882.7 1969-2003 1 
2 Chacha 549500 1053650 2770111 865.4 1987-2003 3 
3 Mendida 534000 1067250 2800 111 932.7 1955-2003 2 --
4 Gudobcrct 574500 1083300 3 100 111 1150.9 1987-200] 2 
5 Ankober 580400 1060400 2970 m 1677 1969-2003 3 

Records of ralllfall, temperature, relative humidi ty, wllld peed and un hlne hour . 

2 "Records of rain fall and tel11perature. 3" Records of rain fa ll onl 

10 



3.2. 1 D termination of aerial depth of raine II. 

A rainfa ll mea urement i a point ob ervation and rna n t b u e a a repr 

the area under con ideration ( ay for a ba in) . There fi r the pint mea urcm nl ha 

averaged over the area (Tenalem Ayenew and Tamiru Alema hu 20 I . Th r ar thr 

different methods to determine the average depth of rainfall ver the tud area i. c. ar ithm ti 

mean, theissen polygon and isohyetal methods. 

3.2.1.1 An arithmetic mean : This method i reliable when th t p graph i ' fl at· the win 

gauge t~tions are closely and evenly spaced. 

It is computed as the arithmetic mean of the am unt rainfall mca ur d . ta li 

within the study area only. Therefore, Oebre birhan tati nil atcd \ ithin thc lLI d area 

and it is the only station uses for arithmetic mean aerial depth rainfall dcterminati n and the 

re ult i 882.7.5mm. 

3.2.1.2 Theissen polygon method: this method pr vide fi r n ne unifi rm di tri uti n f 

rain gauge by determining a weighted factor for each gauge. vcnth ugh, fi c tati n GI n ; 

con idered to construct the theissen polygon, only three (Oebre birhan Ank er and ha ha) 

tation are used for computing weighted annual rainfall and the re ult 

(Table3.? and Fig 3.1). 

I I I .2 /11/11 

Table 3.2. Thei sen polygon method to calculate the annual rainfa ll f Bere a 1'1 er 

catchment 

Mean annual Area of Weighted Weighted 

Ser.no Stations rain fall influence Area rai nfall 

(mm) (km2
) (%) (mm) 

I Oebre birhan 882.70 233.7 1 69.59 614 .27 

2 Ankober 1677.00 100.07 29. 80 499 .74 

3 Chacha 865.40 2.03 0.6 1 5.28 
-

Total 335. 81 100.00 III .2 
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3.2.1.3 Isohyetal method : this method makes use of joining p inl f equal rainfall alue 

and then measures their inter-isohyetal area. The annual rainfall of Bere a ri er atchl11 ent 

computed by isohyetal method is 1120.66 (Table 3.3 and Fig 3.2) . 

The calculation of mean annual rainfall computed by arithmetic mean meth d undere timate 

lhe value. The cause may be due to uneven distribution of lalion or undulated nature f the 

topography or both. Where as the result of mean annual rainfall 111 pUled thei ell 

polygon and isohyetal methods 1119.29mm and 1120.66ml11 re peeti el ha e equal alue. 

This indicates that the topography has no effect on rainfall. Therefore, it i I gi al t lake 

11 20l11m (the average value of thei sen polygon and i oh elal meth d) a the mean annual 

rainfall of the studied catchment area. 
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Tab le 3.3 . I ohyetal method of ca lculating annual rain fa ll in B rc a ri cr at hl11 nt. 

Is hyeta l ra nge A verage i ohyetal Net enclosed Wei hted are:,r- eighlcd 

cr. o. (mm) (mm) area km' (% r'III1,.,, 1I ( 111 11 , ) . 
I < 950 900 11 8.08 35 .16 I . 

2 950- 1050 1000 42.26 12.58 125 .83 

3 1050- 11 50 11 00 35 .48 10.56 II .21 
- -4 11 50- 1250 1200 33. 10 9.86 11 11 27 
- -5 1250- 1350 1300 35 .67 I . 2 I l! 07 

6 1350-1450 1400 42.67 12.71 177. 
- -7 1450-- 1550 1500 26.75 7. 7 II .47 
- -8 > 1550 1575 1.83 4 8.5 
- -Total 11 20. 

o • • • ".'>00 

+ + 
• Gudob rei 

+ 

+ + + + 

1010000 + + + + 
Mendlda 

1OG60 00 + + + 

1060000 + + + + 

Legend 
1 0000 + + + Chaa,a + hoos 

• 
0 4 

1<000 + + 
el~O .. 000 . 

Figure 3.2 Isohyetal map 



3.2.2 Characteristics of rain fall 

The am unt of rain fa ll in rea c whcn altitude in rca c . It am un t and r 

gr atcr n the wind ward ide f thc r graph r m untain barr i r nalcm ncv and 

Tamiru Alemayehu, 200 I). A it i indi ated in tablc .1 thc ann ua l rai n fa ll in rca v ilh 

altitude. ven though, the altitude f Ak ber tati n I wcr than ud bcrct tati n it 

annual rainfall hi gher than ud bcrct and thcr tati n du th .. ind \ ard idc thc 

r graphy or mounta in barrier . 

T compare m nthly di tributi n f ra infall and t idcnti C dr and rain n; rain a ll 

c effi cicnt hould be empl yed. The rain fa ll al ul atcd 

III nthl y rainfa llt ne twe lve f the annual mcan rain fa ll emcchu , 

to Daneil emcchu ( 1977) cia ificati n di playcd n Tab le .4 and ., the tudy arca ha 

tw rain fa ll regime ( bim dal rain fa ll hara teri ti ). unn the m nth f Mar h and Apri l 

thc arca got small rain (bulg ea n) whi le July Augu t and cptCI11 ' I'm nth g t m rc than 

0% annul ra infall r big rain (kircl11t ea n). 

Tab le .4 la ifi cati n chelne fm nthl y rain fa ll va luc ' ( ur c: alli cl CI11 hu I 77) 

Designation Rlii nfull coc ffi clcnt 
Dry month less than 0.6 
Rainy month 0.6 and above 
Small ra ins 0.6 t()0.9 
Big rains 1.0 and over 
Moderate concentration 1.0 to 1.9 
Il igh concentration 2.0 t02.9 
Very high concentration 3.0 and above 

Table 3.5 Monthly average, rainfall coeffi cient and classifica ti on f rainfall fBere a ri er 

l.:a tchmcnts. 

MClhods Jan Feb Ma r Apr May Jun Jul Aug Sep Oel Nov Dce TOlal 

I hC ISSCIl 32 .6 III H 1 
31 .43 3 78.8 72 .1 54.20 59.91 286.90 293.45 111 .46 50.4 27 .48 193 

Isohyctal 31.5 32 .7 79 72.3 54.32 60.05 287.56 294 .13 111 .72 50.5 27 .54 19.3 11206 

Comblncd 11194 
192 

." crage 31.47 32.7 78.9 72.2 54.26 59.98 287 .23 293.79 111.59 505 27.51 9 
~ oColllnbu llO Il 2.81 2.92 7.05 6.45 4.85 5.36 2566 2625 999 4 50 2 42 172 

Ralnrall 

cocmciclll 0.34 
0.35 0.85 077 0.5 0 0 15 1 20 054 029 021 

Dcs lgm llon dry dry rain rain dry rainY ra Iny raIny rainY dry dry dry 
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Figure 3.3 Monthly rainfall distribution of Bere a river catchment 

3.3 Temperature 

Air and water temperature are dependent on olar rad iati n and ha dire t innuen e n 

~vapo ra ti on . It governs the rate at which waler m lecul e leave the urra e and enter the ver 

lying air. 

From five meteorological stations u ed for thi work, only three station (8ebre birhan, 

Godoberet and Mendida) have records of monthly maximum and minimum temperature. The 

least minimum and the most maximum air temperature i recorded in the m nth or vel11ber 

and June respectively (Table 3.6). 

Table 3.6 Monthly maximum mean and minimum mean temperature variability of the three 

tations. 

Stalion. Jan . Feb Mar Apr. May Jun Jul Aug Scp O CI No\ 

Max. 19.5 1 20.32 20.66 20.6 1 2 1.49 21.86 18.67 18 25 18 63 186 1873 

Bcbrc Min. 4 .28 5.51 7.6 1 7.62 7.21 7.23 8.75 8.72 7.15 348 226 

hlllw l1 Ave. 11.89 12.9 1 14. 13 14.11 14.35 1454 1371 1348 12 89 11.0 1052 

-
I)ec 

18 99 

3.37 

II 18 
I-

Max. 17.76 18.04 17.99 17.73 18.42 18.82 16.94 1683 16.33 158 1618 1667 

Godo Min. 7.8 8.09 8.50 8.75 9.09 9.00 828 834 84 5 73 726 747 

haci II v~ 12.78 13.07 1325 13.24 13.73 13.91 12 61 1258 1239 11 6 11 72 1207 
I-

M (t'( , 2 1.75 22.35 22. 14 22.08 22.51 2256 18.74 1876 1949 196 20 82 2076 

Mcndi Mm. 7.28 7.82 8.55 9.46 9.71 961 929 9 36 8 86 777 630 (, 36 

do II vc. 14.52 15.08 15.35 15.77 16. 11 1609 14 0 1 14 06 14 17 137 1356 IJ 58 



Table .7 Monthly mean temperature f th thr e tati n . 

Stalion . .Jan. Ftb /\Iar Apr. h Jun Jul U2 P I ' \ ' 0 
Debre 11.89 12.9 1 14 13 14 II 105 14 .54 13 71 13 48 1289 II 03 10 52 II 18 
blrahan 

Godobcrel 12.78 1307 13 25 1324 137J 1391 1261 12 58 1239 II Sf> IIj"F"" """T3"ii7 
Mcndldo 14.52 15.08 1535 1577 16 II 1609 14 01 14 06 14 17 1370 13 56 I 5 
Average 13.06 1508 1535 1577 16 II 1609 14 01 14 06 14 17 1370 1356 13 58 

3.4 Relative humidity 

Relative humidity is the relative mea ure of the amount f m i ture in the air t the am un! 

needed to saturate the air at the ame temperature ed/ ea . and repr ent a a per entage 

( haw, 1988). 

lUI = 100 ed/ea 

Where lUI is relative humidity 

ed is actual vapor pre ure. 

ea I aturated vap r pre ure 

( . I 

As air humidity increases, its ability to ab orb water vap r decrea e and the evap rati n rate 

slow down. For evaporation to take place there mu t be a difference in humidity (Tena lcm 

Ayenew and Tamiru Alemayehu, 2001). 

From available data of five stations used for thi work, only Debre birhan tation ha relati e 

humidity records 

Table 3.8 Monthly mean relative humidity of Debre birhan tatio n. 

St~li o n Jan. Feb Mllr Apr. May Jun Jul Aug ep Ocl ov Dec 

600 83 .62 82.55 84 .52 86 84 .4 86.55 93 .42 94 .05 92.52 90.56 84.34 80.56 

1200 55 .62 54 .89 56.86 58 .09 49.9 49.44 75 .63 79.16 68 76 58.74 56 81 564<) 

IllOO 64 .76 57 .55 60.67 6 1.05 53.52 52.7 1 75 .42 79.7 1 70.116 64 72 6 1.69 (,2 7 

1\ vcragc 6H 65 67.35 68.38 62.61 62.57 81 .49 84.3 1 77.38 7 1.34 67.63 66.60 
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3.5 Wind speed 

The horizontal component of the air movement parallel to the earth 's urface i generall y 

referred to as wind while the vertical components are referred to as the ai r current r 

turbulence (Jayarami, 1996). The movement of the air and moisture tran fer depend on thc 

spced and turbulence. Evaporation has a direct relation with the wind speed and turbulence 

(Tenalem Ayenew and Tamiru Alemayehu, 2001). Wind speed and air temperature removes 

water vapor molecules from the air in contact with the water holding surface and enab le 

evaporation to proceed at maximum rate governing with the exist\ng ration, temperaturc and 

humidity conditions. Wind speed varies with height above the ground. 

The wind speed data of the study area, i.e., at Debre birhan stations measured at 2m above the 

ground surface. The average wind speed value reaches maximum and minimum in the month 

of November and August respectively (Table 3.9) 

Tab le 3.9 Monthly wind speed of Debre birhan station 2m above ground sur face (m /s) 

Station Jan. Feb Mar Apr. May Jun J.ul Aug Sep Oct Nov Dec 

Debre Max. 3.2 3.3 3.4 3.6 4.6 3 2.2 2.1 2.3 2.2 2.6 2.9 

bi rhan Min . 1.2 1.5 1.3 1.3 1.2 0.2 0.8 0.7 I 0. 1 1.3 1.4 

Ave. 2.4 2.6 2.6 2.3 2.6 2.1 1.6 1.5 1.7 1.7 2. 1 2.'" 

3.6 Sunshine hours 

Sunshine hour is the time· in hours of sunshine in a day. It has direct relationship with 

evaporation. When the day is cloudy, the sunshine hours decreases and evaporation rate also 

decrease with the existing other meteorological factors. As shown from the table3.1 0, the 

average sunshine hours gets maximum and minimum in the month of January and Jul y 

respectively. It has direct relationship with dry and rainy season. 

Tab le 3. 10 Monthly mean sunshine hours of Debre birhan station. 

Station Jan. Feb Mar Apr. May Jun Jul Aug Scp Oct Nov Dec 

D<:br<: Max. 10.4 II 10 10 9.9 9.6 7 8. 1 7.4 10 .1 10.4 10'-
--

bi rhan Min. 6.9 4.8 4.2 4.7 6.4 5.6 3.4 2.K 4.3 5.4 6.5 (Ll! 

Ave. 9.3 8.42 7.41 7.07 8.29 7.5 2 ~ . 1 2 5.32 6. 14 11.08 9.21 9.07 
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"'.7 Methods of estimating evapotranspiration 

Evaporation is the process that water molecules changes from liquid pha e to vapor pha e 

and escapes into the atmosphere. Water evaporate from land, either bare so il or oil covered 

with vegetation and from trees, impervious surface like roofs and roads, open water bodie 

and stream. Growing vegetation needs water to sustain life. Only small amount of the water 

needs by plant is retained in the plant structure but most of the water pas es the roots t the 

'te rn or trunk and is transported into the atmosphere through the leaf part or the plan t. 

In the fi eld, it is practically impossible to differentiate between evaporation and transpi ration 

if ground is covered with vegetation. There fore, the two combined proce ses are term ed a 

evapotranspiration (Wilson, 1983). The rate of evaporation varies with the co lor and rc ll CC li vc 

propert ies of the surface (albedo). 

In the study are, there is no direct measured value of evaporation from open water body or 

pan evaporation and there is no studies that shows the. evapotranspiration. Therefore, it is 

necessary to calculate evaporation and evapotranspiration using diffe rent conventional 

methods and available hydrometeorological data. 

3.7.1 Penman combined methods of evaporation (Eo) estimation 

The physical principles to calculate evaporation are the · mass transfer method and the energy 

budget method. The basic equations are modified and rearranged to use meteorologica l 

constants and measurements of variables made regularly at cli mato logica l station (S haw. 

1988). 

A simplified energy balance equation: 

H = Eo+Q 

Where H is the available heat. 

Eo is the energy for evaporation or rate of evaporation. 

Q is energy for heating air. 

L1 = ea -ed 
Ta - Td 

Ea = f {u Xea - ed) 

Eo = f{u Xes - ed) 
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Q = y Eo/ tl + Y Ea/ tl (3.6) 

Where tl is the slope of the curve of saturated vapor pressure plotted again t temperature. 

ed is actual vapor pressure at dew point temperature (Td) 

ea is saturated vapor pressure at air temperature (Ta) 

ea - ed is the saturation deficit 

es is saturation vapour pressure of the air at the water surface (mm of mercury) 

j(u) is a function of wind speed 

To is easily measured and ea is also obtained from table against Ta 

ed is ca lculated from equation 3.1 

Sub tituting for Q in the energy balance equation (3.2), then Eo could be derived t b 

t\ H + Ea 

Eo =...:..y- -­
tl 
- + 1 
r 

(3.7) 

Equation 3.7 is the basic Penman formula for open water evaporation. It req uire the value of 

Hand Ea as well as~. 

More often, H is calculated from incoming radiation (RI)and out go ing rad iation (Ro) 

determined from the sunshine records, temperature and humidity using. 

H = RIO - r)-Ro (3.8) 

Where r is the albedo and equals 0.05 for water. 

RI is a function of the solar radiation (Ra) which is fi xed by altitude and season 

modulated by a function of ratio, n/ N, of measu'red to maximum possible sunshine 

duration, for r =0.05, gives 

RI(I - r) = 0.95Raja(n/ N) (3 .9) 

Penman used ja(n/ N) = (0.16 + 0.62n/ N)for latitude south of 54
112 
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1<0 = (J r: (0.56 - 0 .09~X.0.1 + 0.90 n/ N) 

Where (J r: is the theoretical blank body radiation at Ta 

. n is bright sunshine hours over the some period. 

N is mean daily duration of maximum possible sunshine hour 

Ra is solar radiation 

(3. 10) 

Nand Ra expressed in mm/day and taken from standard meteorolog ica l table , fo r 

this Work, Nand Ra is taken from Shaw, (1988) at 10° north latitude. 

Then Hin equation 3.7 is obtained from value found via equation 3.9 an3. 10 inserted into 

equation 3.8 

Ea = 0.35(0.5 + u2 /100Xea- ed) (3 .11 ) 

Where Ll 2 is mean wind speed at 2m above the ground surface. 

Knowing open water evaporation of the study area is important fo r dam des ign in the area and 

surrounding for irrigation, hydropower and water supply purpose. Accordingly, annual open 

water evaporation rate within the catchments is calculated to be 1336 mm (Table 3.11 ) 
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Month Temp e, RH ed U2 Tk n N nlN fa(nIN ) R. RI( I-r) crTa" R. H Ea t./-y 
Eo 1 

(Oc) (%) (mm/d) (mile/d) (Ok) (hr/d). (hr/d) (mm/d) (mmld) mmld mmld mrn/d mm/m (mmld.y) 

Jan 13 .06 11 .28 0.68 7.67 128.80 286.10 9.30 11.6 0.802 0.66 12.80 8.03 13 .06 3.83 4.70 3.26 1.52 127.89 

Feb 13 .69 11.75 0.65 7.64 144.36 286.70 8.42 11.8 0.714 0.60 13.90 7.92 13.17 3.04 4.88 2.79 1.57 11 3.87 

March 14.24 12.18 0.67 8.20 139.53 287.20 7.41 12.0 0.617 0.54 14.80 7.59 13 .26 2.63 4.96 2.64 1.62 126.3 1 

April 14.37 12.28 0.68 8.40 125.04 287.40 7.08 12.3 0.576 0.52 15.20 7.51 13.30 2.46 5.05 2.38 1.64 121.16 

May 14.73 12.57 0.63 7.87 139.53 287.70 8.29 12.6 0.658 0.57 15.00 8.12 13 .36 2.84 5.28 3.12 1.67 138.60 

Jun 14.85 12.67 0.63 7.93 114.84 287.90 7.52 12.7 0.592 0.53 14.80 7.45 13.40 2.60 4.85 2.73 1.68 121.77 

July 13.44 11.56 0.81 9.42 85.86 286.40 5.12 12.6 0.406 0.41 14.90 5.80 13.12 1.73 4.07 1.02 1.54 88.95 

Aug 13 .37 11.51 0.84 9.70 78.79 . 286.40 5.32 12.4 0.429 0.42 15.00 5.99 13 .12 1.78 4.21 0.82 1.54 89.14 

Sept 13 .15 11.34 0.77 8.77 91.22 286.20 6.14 12.1 0.507 0.47 14.80 6.61 13 .08 2.13 4.48 1.27 1.52 96.19 

Oct 12.10 10.59 0.71 7.55 92.30 285.100 8.09 11.8 0.685 0.58 14.20 7.15 12.88 2.89 4.26 1.51 1.43 96.97 

Nov 11.93 10.47 0.67 7.08 112.70 284.90 9.21 11.6 0.794 0.65 13 .10 8.09 12.85 3.35 4.74 1.93 1.41 107.22 

Dec 12.28 10.72 0.66 7.14 125.04 285.30 9.08 11 .5 0.789 0.65 12.50 7.72 12.92 3.34 4.38 2.19 1.45 108.07 

Total Jjjb. 14 

~-- - -- - -

Table 3. 11 Evaporation from open water body using penman combined method for Beressa river catchment 
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\Vh 're ea ::: saturation vapour pressure (rnmHg) 
ed ::: actual vapour pressure (mmHg) 

RH ::: relative humidity (%) 
::: maximum possible sunshine hours determined by latitude and ea n ( lOll latitude is 

taken from standard tables for the study). 

U2 ::: wind speed (mile/day) 
n ::: daily mean bright sunshine hour (hr/day) 
fa ::: a function of sun shine hour 
Ra ::: solar radiation which depends on latitude and season (10° N latitude i for the study 

area) taken from standard tables . 
R\ :::: incoming solar radiation (mmlday), 

r :::: albedo (reflection coefficient for incident radiation :::: 0.05 for water) 
(J :::: Stephan-Boltzman constant (5 .67 x 10-

8 
x Wm-

2 
T-4), 

T :::: air temperature (Oc) , 
TK:::: temperature in Kelvin 
Ro :::: out going solar radiation (mmlday), 

H :::: available heat (mm/day), 
Ea :::: energy for evaporation (mm/day) 

(J r :::: theoretical black body radiation (mm/day) 
6. :::: slop of saturation vapour pressure plotted against temperature 

r :::: hygrometric constant (0.27mmHgfc), 

Eo :::: open water evaporation (mm/month) 
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3.7.2 Estimation of potential evapotranspiration (PET) 

I' tential evapotranspiration is "the water loss which will occur if at no time there I a 

defic iency of water in the soil for the use of vegetation" (Thorn thwa ite 1944 in Fetter, 1994 ). 

It is evapotranspiration if adequate water supply is available to a vegetated surface . Potent ia l 

evapotranspiration is dependent on the evaporative capacity of the atmo phere or it i 

theoretical calculation based on meteorological data (Freeze and Cherry, 1979). 

Though, there are different potential evapotranspiration calculating method , as resulted from 

experience, Penman combined method used to allow for the condition under which 

~ vapo ra t ion and transpiration takes place from vegetated surface (MAFF,1967 in haw, 

1988): 

~ Ht + Eat 

PET = ~r--­
~ 
- + 1 
r 

Where sl;lbscript t signifies inclusion of transpiration effects. 

(3. 12) 

Ht = lU(l - r) - Ro where r is the albedo of the vegetation covers of the catchment and 0.23 

is taken for Beressa river catchment. 

Ht = O.77lU - Ro (3 .13 ) 

Eat very similar to Ea in equation 3.11 except the coefficient 0.5 is being replaced by 1 to 

allow fo r the extra roughness in wind speed function (Shaw, 1988). 

Eat = 0.35(1 + u2 /100 Xea - ed) (3 .14) 

lU(I - r}= 0.77 Raja(n/ N) (3 .15) 

ja(n/ N) = (0 .16 + 0.62 n/ N) for latitude south of 54 In 
(3. 16) 

Ro = aT: (0.47 - 0.075~XO. 17 + 0.83n/ N ) (3 .17) 
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---

it is displayed in table 3.12, annual potential evapotranspiration rate r Sere a ri er 

catchmcnts is 1180 mm. It is calculated using Penman combined mcth d. L "cr 111 nthl 

p tcntial evapotranspiration is occurred in the months of July and Aug t (74. 10 111111 and 

72.05 mm respectively) because of high humidity in the atmosphcrc, lowcr \ ind SlIccd and 

1 wer daily sunshine hours due to cloudiness (Tab. 3,8, 3.9 and 3.10). 
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Mon th Temp Co RH Ed U2 Tk n N n/N fa(nF.\) Ra R1( I- r) crTa' ~ HT Eat t:,/'f PET 

(~e) (mm'da~) (%) (mmJd) (mile/d) (Ok) (h ~/d) (hr/d) mrnld (mm/d) mrnld mrnld mrnld mmm . 

Jan 13.06 11.28 0.68 7.67 128.80 286. 10 9.30 11.6 0.802 0.66 12.80 6.50 13.06 3.00 3.50 2.89 1.52 100.99 

Feb 13.69 11.75 0.65 7.64 144.36 286.70 8.42 11.8 0.714 0.60 13.90 6.40 13 .17 2.76 3.64 3.51 1.57 100.50 

Mar 14.24 12. 18 0.67 8.20 139.53 287 .20 7.41 12.0 0.617 0.54 14.80 6.20 13 .26 2.41 3.79 3.34 1.62 11 2. 16 

Apr 14.37 12.28 0.68 8.40 125.04 287.40 7.08 12.3 0.576 0.52 15.20 6.10 13.30 2.27 3.83 3.83 1.64 114.90 

May 14.73 12.57 0.63 7.87 139.53 287.70 8.29 12.6 0.658 0.57 15.00 6.60 13.36 2.60 4.00 3.94 1.67 123.30 

Jun 14.85 12.67 0.63 7.93 114.84 287.90 7.52 12.7 0.592 0.53 14.80 6.60 13.40 2.40 4.20 3.56 1.68 118.83 

July 13.44 11.56 0.81 9.42 85.86 286.40 5.12 12.6 0.406 0.41 14.90 4.70 13 .12 1.66 3.04 1.39 1.54 74. 10 

Aug 13.37 11.51 0.84 9.70 78.79 286.40 5.32 12.4 0.429 0.42 15 .00 4.80 13.12 1.70 3.10 1.13 1.54 ' 72.05 

Sept 13.15 11 .34 0.77 8.77 91.22 286.20 6.14 12.1 0.507 0.47 14.80 5.40 13.08 2.0 3.40 1.72 1.52 82.00 

Oet 12.10 10.59 0.71 7.55 92.30 285 .100 8.09 11.8 0.685 0.58 14.20 6.30 12.88 2.63 3.67 2.05 1.43 93. 10 

Nov 11.93 10.47 0.67 7.08 112.70 284.90 9.21 11.6 0.794 0.65 13 .10 6.50 12.85 3.02 3.48 2.52 1.41 92 .45 

Dee 12.28 10.72 0.66 7.14 125.04 285.30 9.08 11.5 0.789 0.65 12.50 6.30 12.92 3.01 3.29 2.82 1.45 96.04 

Total . 11 80.42 

Table 3.1 2 Calculated potential evapotranspiration of Beressa river catchments using Penman modified method 
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].7.3 Estimation of actual evapotranspiration ·(AET). 

\ctual evapotranspiration is actually evapotranspired under the exi ting il m i lure uppl . 

II is derendcnt on the unsaturated moisture storage propertie of the i I. It i al ' affec ted b 

\ egetated factors such as plant type and stage of growth (Freeze and Cherry 1979). 

ctual evapotranspiration is the amount of evaporation that occur under fi eld conditi n . . If 

there is abundant moisture in the soil, the actual evapotranspiration rate i eq ual to potential 

evapotranspiration. When the moisture content in the .soil limited and vegetation unab le to 

abstract enough water from the soil, then actual evapotranspiration become Ie than the 

potential evapotranspiration. Thus the relationship between AET and PET depends upon the 

oil moisture content. 

If there is no rain to replenish the water supply, the soil moisture gradually become depleted 

by the demands of the vegetation to produce a soil moisture deficit (I). As s il Ill uisture 

deficit increases, the AET become increasingly less than PET. Thc valuc of s il 111 isture 

deficit and AET vary with soil type .and vegetation (Shaw, 1988).Accordingly the tudy area 

has been classified into three major groups of soil type with their vegetation cover. Based on 

these categories and meteorological data the actual evapotranspiration of the ba in i 

calculated using Thornthwait and Mather soil water balance 1110del (Table.3 .13, 3. 14,an I 

3.15). 

Inputs of this model consist of monthly rainfall (Pm) and monthly potential evapotranpirati on 

(PETm) (Dingman, 1994). The soil-water storage capacity of the region is represented by a 

single value Smax and an initial value of soil moisture by So· 

According to Alley (1984), cited Dingman (1994), iffor a given month P'" > PET,,, ' the va lue 

of the soil moisture at the end of that month, S m' is found as 

SIll = min[((Pm - PET)+ Sm_1 + Sm_I)] 3.18) 

If [>,,, < PET ,a soil moisture deficit develops or increases. The so il moisture for thi s case i 

given as (3. 19) 
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The month ly actual evapotranspiration (AET) is then found a 

AETm = PETm if Pm > PETm 

Otherwise 

Where Sm is soil moisture of the month m 

Smax is maximum soil moisture capacity of the soil 

Sill_I is soi l moisture in previous month 

(3 .20) 

(3 .21 ) 

land u e land cover Finally, as it is computed from three soil type and the correspondi~g 

units, annual actual evapotranspiration (AET) loss from the catchment i 

i.e ., 65.3 '% of the annual mean rainfall (Table 3.13 and 3.17). The annual 

so il is 388.38 mm occurred in the month of July, August and September. 

s about 730.98 mm, 

surplu water in the 

Item Jan. Feb. Mar. Apr. May Jun. July Aug. Sep. OCI. Nov. Dec. Tolul 

I\ I ~T 36.63 35.70 79.97 73 .28 55.49 60.70 74.10 72.05 82 .00 8128 49.32 30.46 730.98 

S 0 0 0 0 0 0 137.23 221.55 29.29 0 0 0 3Hll .3!! 

D 64 .36 64 .80 31.44 41.62 67.81 58.13 0.00 0.00 0.00 J 1.82 43 .13 65.58 448.69 

Table 3. 13 Monthly actual evapotranspiration (AET) of Beressa river catel lments summarized 
from table 3.14, 3.15 , 3.16 and 3.17 
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No hems Jan. Feb - Mar. 
- - -

S"P 
-Apr. :-I J~ JW1" Ju l ~ .\ ug Od """ ne. 

I 
1 P 31.47 32.67 78.9 1 72.22 5·U6 59.98 287 .23 293.79 11 1.59 50.45 27 .51 19.29 

2 PET 100.99 100.50 11 2. 16 114.90 123.3 118.83 7-1 .10 72.05 82.00 93 .10 92.45 96.0-1 

3 P-PET -69.52 -67.83 -33.25 -42.68 -69.04 -58.85 213. 13 221.74 29 .59 -42.65 .-64 .94 -76.75 

4 Acc.pot WL -253.86 -321.69 -354.94 -397.62 -466.66 -525.5 1 - - - -42.65 -107.59 -184.34 

5 SOl 0.31 0.08 0.04 0.02 0.0 1 0.003 50 50 50 2 1.3 1 5.81 1.25 

6 6 Sm -0.94 -0 .. 23 -0.04 -0.02 -0.01 -0.01 -50 0 0 -28.69 -15.5 -4.56 

7 AET 32.41 32.90 78.95 72.24 54 .27 59.98 74.10 72.05 82.00 79.14 43.01 23.85 

8 D 68.58 67.60 32.21 42.66 69.03 58.85 0 0 0 13.96 49.44 72.19 

9 S 0 0 0 0 0 0 163.13 221.74 29.59 
'------

Table 3.14 Monthly actual evapotranspiration of Beressa river catchments for fine sand covered with wheat, barley, beans, peas 
and 125 mm maximum available water capacity root depth. 

No Items Jan. Feb Mar. Apr. May June July Aug Sep Oct. Nov. Dec. 

1 P 31.47 32.67 78.91 72.22 54.26 59.98 287.23 293 .79 111.59 50.45 27.51 19.29 

2 PET 100.99 100.50 112. 16 114.90 123.3 118.83 74.10 72.05 82 .00 93.10 92.45 96.04 

3 P-PET -69.52 -67.83 -3.3.25 -42.68 -69.04 -58.85 2 13. \3 221.74 29.59 -42.65 -64.94 -76.75 

4 Ace.pol WL -251.86 -319.69 · -352 .94 -395:62 -464.66 -523.51 - - - -42 .65 -107.59 -182.34 

5 SOl 27 .65 17.58 14.08 10.60 6.70 4.53 150 150 150 11 3.00 73.29 43.9-1 

6 6S m -1 6.30 -1 0.06 -3.50 -3.48 -3.90 -2.17 I 145.47 0 0 -37 .00 -39.7 1 -29.35 

7 AET 47 .77 42.73 82.4 1 75.70 58.16 62.15 I 74 .10 72.05 82.00 87.4 5 67 .22 48.6-1 

8 D 53.22 57.77 29.75 39.20 65 . 14 56.68 0 0 0 5.65 25 .23 47.-10 

9 S 0 0 0 0 0 0 67 .66 221.74 29.59 0 0 0 

- - . . 
y p p p 

bushes and 150 mm maximum available water capacity root depth . 
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t,,' 1,1, 

1119.37 

1180.-12 

704.9 

474.52 

414.46 
- - _ .-

Total 

1119.37 

1180.42 

800.38 

380.0-1 

3 18.99 



b/e 3. /6 jVlonlh /y ac tua l evapotranspirat ion of 8crc:.:.a river catchments lo r fine sand ~oi I cO' cred \\ ith m:ltured forest 

and 25 0 mm maximum ava il ab le water capac ity root depth . 

No Items Jan. Feb Mar. Apr. May June Jul y Aug Sep Oct. Nov. Dec. Total \ 

I P 31.47 32.67 78.9 1 72.22 54.26 59.98 287.23 293 .79 11 1.59 50.45 27 .51 19.29 111 9.37 1 

2 PET 100.99 100.50 112. 16 114.90 123.3 118.83 74.1 0 72.05 82.00 93. 10 92.45 96.04 11 80.42 

3 P-PET -69.52 -67 .83 -33 .25 -42.68 -69.04 -58.85 213 .13 221.74 29.59 -42 .65 -64 .94 -76.75 

4 Acc.pot WL -251.86 -319.69 -352.94 -395.62 -464.66 -523.51 - - - -42.65 -107.59 -182.34 

5 Sm 90.65 69.11 60.50 51.15 38.80 30.66 243 .79 250 250 211 162.73 119.71 

6 6Sm -29.06 -21 .54 --8.61 -9.35 -12.35 -8 .14 213 .13 6.21 0 -39 -48.27 -43 .02 

7 AET 60.53 54.21 87.52 81.57 66.55 68.12 74.10 72.05 82.00 89.45 75.78 62.31 874. 19 

8 0 40.46 46.29 · 24.64 33.33 56.75 50.71 0 0 0 3.65 16.67 33.73 306.23 

9 S 0 0 0 0 0 0 0 215.53 29.59 0 0 0 245. 12 
1 

Table 3. 17 Long term actual evapotranspiration (AET) of Beressa river catchments 

Ser. Aerial coverage AET Weighted AET Moisture Weighted Moisture 

no Soil type Land use/ Land covere (km2/ %) (rnm) (rnm) surplus Surplus 

(rnm) (rnm) 

Silt loam Dominantly cultivated land covered with 

Wheat, barley, beans, peas and open grass 252 / 75 704.9 528.67 41 4.46 3 10.85 

2 Fi.ne sand Scattered plantation , i.e ., Eucalyptus wooded 

plant, Shrubs, Bushes 73.9 / 22 800.38 176.08 3 18.99 70.18 I 

3 Fine sand Matured forest Ie . 1 / 3 874.19 26.23 245: 12 7.35 

Total 73 1 I 388.85 

Where p = prec IpitatIOn PET = Poten tia l evapotransptratlon AET = Actua l evapotranspiration 

Sm = Mo nthly soi l moisture t.Sm = Monthly change of so il mo isture 0 = Soi l mo isture defici t 

Acc.pot. WL = Accumul a ted potentia l wate r loss S = Su rplus moisture 
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3.8 Runoff 

RUll off is the water which moves in defined channel or all the water that 1110 es er th e lalld 

surfacc in undefined channel. The runoff process is . influenced by rainfa ll inten it and 

infiltration capacity of soil. The infiltration capacity varies not only from so il to oil , but al 

different for dry versus moist conditions in the same soil. If the rai nfa ll inten ity i I r than 

the infiltration equilibrium capacity, then all water reaching the land surface will infiltrate. If 

the rainfall intensity is greater than infiltration equilibtium capacity at the beginning all the 

water wi ll infiltrate, but when the infiltration capacity drops below the rainfa ll inten ity . me 

of the water starts to remain on the land surface. That water which i not infiltrate, ~ rm . 

flows as thin sheet of across the land surface, which is called over land flow or urface run rf 

(Tenalem Ayenew and Tamiru Alemayehu, 2001and Fetter, 1994). In exceptional t rmy 

rains, runoff might occur before the rainfall exceeds the infiltration capacity of oi I. 

The pattern of runoff volume of any catchments or basin is a function of duration of inten ity 

and aer ial distribution of rainfall and other factors such as size, shape, geology, top graphy, 

slope, land use and land cover of catchments 

In the study area, there is one river gauge station on Seressa river near Oebre Sirhan town . 

The river discharge of data collected from this station by the Ministry of Water res urce 

shows that the 87.51million cubic meter (mcm) of water leaves annually from catchment of 

2 11 km2
. This amount of water is not surface runoff only but there is base flow component 

within it (Table 3.18). 

3.8.1. Base flow separation method 

From river discharge, surface runoff and base flow should be separated usi ng conventiona l 

graphic separation and spreadsheet program (software) called TIMEPLOT method. The 

conventional graphic base flow separation method may either under estimate or over estimate 

the components of river discharge where as the 'spreadsheet program (software) could 

estimate reasonably by taking in to consideration the topographic characteri tics of the ba in . 

From soft ware base flow separation methods, the annual base fl ow and surface runoff of 

Beressa river catchment is 149mm and 265 .93mm respecti vely. 
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Base flow (mcm) and runoff separation from the river di charge . 

Table 3.18 Amount of base flow and surface runoff (mcm) separated from Bere a river 

discharge 

Year Jan Feb Mar Apr May June Jul Aug Sep Oct Nov Dec /\ nnua I 

SRO(mcm) 0 .1 6 0 .12 0 .22 0 .34 0.49 0.8 13.4 29.82 8.19 UlS 0.54 0. 15 56. 11 

Il F( Ill CIll) 0. 19 0 .16 0.01 0 .27 0 .39 0.46 5.98 18.9 3.93 0.66 0.26 0. 18 3 1.4 

Q(IllCIll) 0 .35 0 .28 0.23 0.61 0.88 1.26 19.4 48 .72 12. 1 2.5 0.8 1 0.33 87.5 1 

SRO( mm ) 0.78 0 .56 1.04 1.61 2.33 3.77 63 .7 141.3 38.8 8.75 2.57 0. 71 265.93 

l3 F = Base flow. SRO = surface runoff. Q = Total river discharge. mcm =Million cubic 

meter. 

3.8.2 Runoff - rainfall relationship 

The nature of the runoff to rainfall relationship over long periods depends primarily 011 th e 

structure of the catchments area, but it can also be affected by climate of the area (Shaw, 

1988). The runoff - rainfall relationship is useful to understand the geomorphologic and 

hydrogeological condition of the catchments because runoff depends on size, shape, geo logy, 

topography, slope, land use and land cover of catchments. 

As it is shown from bar graph figure 3.18, the most maximum rainfall occurred in the month 

of Jul y and August, but the maximum river discharge recorded in the month of August. From 

hydrogeological point of view, even though there is 'maximum rainfall in the month of Jul y 

1110st part of it infiltrate to the subsurface to saturate or up to its infiltration capacity. The 

catchments 
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d not how fast response to rainfall. This means, there is time lag bet" en high rain fa ll and 

ru noff This explains relatively higher residence time and storage of gr und\ atcr, 
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• R iv e r d isch a rg 

Figure 3. 5 Bar graph showing the relationship between river discharge and prec ipitati n 
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4.1 Regional Geology 

4.1.1 General 

CHAPTER FOUR 

GEOLOGY 

The Eth iopian highlands were characterized and mapped as a flood ba alt province and 

dominated by a Tertiary volcano (Mohr, 1983). As a res.ult of the tectonic pro e the ·thi pi a 

plateau (western highlands) as whole is a great horst narrowing n rthward and gent ly 

dipping from eastern boarder (3000-4000 m above MSL) to western b rder (1000- 1 OOm 

above M L) (Marla, et. ai, 1979) 

4.1.2 Volcanism of the Trap series 

4.1. 2. 1 Ashangi Basalts 

The A hangi basalt chronologically belongs to Paleocene to Eocene. It i the Ide t and th 

fir t cycle of Tertiary volcanic rocks. The type of volcanism is characterized by fi ural. 

These volcanic very often turn out to be crushed by tectonics and the large- cale er i n 

probably removed the upper portions (Zanettin and Justin- Vi entin, 1974). Thi gr up 

consists predominantly alkaline basalts with inter bedded pyroclastics and rare rhy lite 

erupted from fissures. They are injected dololarite sills, acidic dykes, and gabro diaba e 

intrusions. The flow ranges in total thickness from 200 to 1200m. The thickest expo cd 

reaction occurs close to the rift escarpment suggesting that the main source wa a 'soc iatcd 

with the rift faults (Kazmin, 1975) 

The upper part of Ashangi group is more tuffaceous and conta in lacu trine deposits incluclin l! 

lignite seams and acidic volcanic and locally over lies the older part of the group with angular 

unconformity (Katmin, 1975).The out crops of Ashangi basalts are restricted to the northern 

central part of Ethiopian plateau (Zanettin and Justin - Visentin, 1975) 

4.1.2.2 Aiba basalt 

The Aiba basalts were separated on Ethiopian plateau as the units comprising the econd 

major volcanic cycle. The basalts of this formation were produced by fi ural erupti n and 

attai n a thickness of 200 to 600m meter. They are generally aphyritic compact rock in place 

showing . 
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d ear tratification. Their absolute age ranges from 34 to 28 m. placing th 

(%ancttin and Justin- Visentin, 1973 cited in kazmin,1979). 

iba ba ,alts are flood basalts with rare tuffs. The flows are alway ev ident wi th co lumnar 

inting, The Aiba basalts pinch out southward and westward (Merla et al 1979 

4. 1.2.3 Alaji- formation 

Oil til l: I ~ thior ian plateau the Alaji formation is represented mainly by aphyric trat id 

ba alt assoc iated with rhyolites and ingnibrite and to a lesser extent with trachyte (Katmin , 

1979) 

According to Zanettin and Justin-Visentin,( 1973 i'n kazmin ,1979) the ac idi r k 

interbedded with greater or lesser amounts of statiform basalts) of central-ea tern -thi pi an 

plateau form a large and continuous cover extending from Amba Alaji t Oebre Berh an an I 

Mugher areas. These acidic rocks lie on the "Aiba Flood basa lts" and are over laid by the 

"Tarmaber basalts" which are the products of a central type volcanism. 

orthwest of the line joining Ambo and Fichie, on the Addis Ababa- Des ie r ad , the A laj i 

ba alt is Oligocene age, from 36-34 to 28-26 m.y (Alaji~ Molale), while to the outhea t f 

thi ' line they are lower - middle Miocene, from 26 to 16-13 m.y (Alaji-Sirro) . Thu the 

mi gration ofthl: Alaji - type volcanism from north to south is established (Zanettin et al. 

1974a, cited in kazmin, 1979). 

4,1 .2 .4 Tarrmaber basalts 

The Tarmaber basalts which are considered to be shield groups wer.e cruptcd from ccntral 

vo lcano of Hawaiian type and the formation is represen~ed by various femic pyroxine-o li vene 

porphyritic varieties to plagioclase porphyritc types, also contains large amounts of tu ff 

scoraceous lava flows, and red paleosoils. Sometimes the lava flows fill s ancien t ero ion 

chan nels cuts in the paleosoils are frequent (Merla et aI. , 1979 and kazmin 1979). 

The Tarmaber basalts occupy large area in the more elevated area of northern Ethiopian 

plateau (northern high lands) and escarpment (Zanettin and Justin-Vi enttin , 1973 in 

kazmin , 1979) On Ethiopian plateau the shield volc~no of the Tarmaber forma ti on become 

progressively younger from north to south. Central- type vo lcani m started in the north abou t 

26m,y in lower Miocene (Tarmaber Guassa).In southern part of the pl ateau the hicld 
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olcanoes were formed from 15-16 to 13m.y in middle- Miocene( Tarmabler M ghezcz) 

(Zanettin et aI., 1974). 

4.1.3 The Rift Series 

After the formation of the escarpment of south-western Afar and of the proto-Ethiopian rift, 

fissural volcanism become confined to the rifts. At the' foot of the escarpment the titled and 

eroded lavas of the preceding stage were covered unconformably by transitional flood basa lt 

(Fursa basalts; 12-10 m.y. ago). Later, a long strip of the escarpment wa up lifted in 

Karakore area, forming a horst of separated from th~ Ethiopian plateau by the marginal 

graben of the Sorkena river and about the same time, a great fault running E-W via the 

assam river, Addis Ababa and Ambo, cut across the escarpment. Then fi ssural basalIs 

accompanied by emission of rhyolites continuously. 'South of the Ambo- a sam river fau lt, 

ignimbrite volcanic were emitted (Salehi rhyolite; 8-2 m.y. ago) that buried the southern mo t 

part of the Miocene escarpment. Many well known Ethiopian volcanic cones, . II h as 

Wochacha, Yerer, Zuquala etc are belong to Salehi formation and locally central volcani m 

was followed ( Sishoftu basalts 1.5 m.y old.) (Zanettin and Justin - Visentin , 1978) 
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Figure 4. 1. Map of the northern part of Ethiopian plateau showing vo lcanic 

province (Source: kiffer et al., 2004). 
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.... 2.1 Local Geology 

.2. 1 General 

. n ideri ng the previous work, it is not possible to get large ale ge I gi al map ' which 

sh w the geo logy of Beressa river catchments except l:250,000 cale he l 7- 11 \ hi h 

had bcen done by BCEOM-French Engineering Consultant , (1998), during Abbay Ri er 

l3a in integrated development master plan project. This map mainly ad pt d fr m thi pia 

and omalia I :2,000,000 scale geological map prepared by Merla et. al. (1979) and th r 

pub licat ion like Zanettin and lusttin-Visentin (1974)' supported with atell itc image and 

mini mum fie ld visit (BCEOM, 1999). The map has certain limitation t indi ate the I al 

geology of the study area. 

According to Zanettin and Justin-Visentin (1974), in the central ea tern "lh i pi an platea u 

ex tcndi ng from Amba-Alaji to Debrebirhan and Muger area, the a idic r ck Ii n the "Aiba 

11 0 d basa lt" and overl aid by the "Tarmaber basa lt" whi ch i ' the PI' duct r central I pc 

vo lca nism. 

4.2 .2 Lithologic units 

. From aerial photograph interpretation and intensive field geo logica l mapp ing of the ·tudy 

area, 4 main lithologic units are identified and mapped With the sca le of 1:50000 (F igA.2). 

Accordingly the following 4 lithologic units are outcropped from lower (Sere a ri ver g rgc) 

to upper limit (WefWasha Mountain). 

Lower basalt 

2 Ignimbrite, rhyolite, tuff 

3 Upper basalt 

4 Alluvial and residual silt clay soil 
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4.2.2.1 Lower basalt (LB) 

The I wcr most part of the lithologic unit of the study area i characterized b ba alt. This 

~ rmat ion is located in the Beresa and Dalecha river gorge forming teep cliff at n rthern 

part of the investigated area. It has up to 600 m thickeners. The ucce ivc n w thi 

~ rmation deeply eroded by the rivers determining steep cliff alternatin g \. ith h uldcr 

haped gentle slope. This rock unit is highly jointed and fractured by minor loca l fault (Phtc 

4.1). It has dark grey colour and aphanitic texture. This rock is very imilar with Aiba ba alt 

d<.:sc ribco in the regional geology (Section 2.1.2.2) 

Plate 4.1. Fractured and jointed lower basalt located in Beressa river gorge. 

4.2.2.2 Rhyolitic ignimbrite and tuffs (IRT) 

On the top of the lower basaltic unit silicic volcanic pr?ducts of ignimbrite rhyo lite and tuff 

have been out cropped in the area as the second major volcanic rock unit . The ignimbrite, 

rhyolite rock units are joined, fractured and weathered (plate 4.2).The coar er grain ignimbrite 

rock contains phenocrysts of quartz and feldspars . The fresh rock ha e g t li ght gre . li ght 

greeni sh and white colour. These rock unites are similar with Alaji formati on de ribed in 

regional geology (section 2.1.2.3) 
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Plate 4. 2 Weathered, fractured and jointed Rhyolitic ignimbrite at Keba area 

Plate 4.3 Quarry site of rhyolitic ignimbrite at Wushawshigne. 
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4.2.2.3 Upper basalt (UB) 

The third main volcanic unit overlay on the top of ignimbrite rh olit and tuff i Ball. h re 

arc paleo oil in between different flows. Its thickness varie I call. Thi r k unit i hi ghl 

weathered and fractured. It has aphanatic and porphyritic texture. The main phen 

plagioclase feldspars. This rock covers the upper and middle catchm ent f til(; ·tud area . I t ~ 

textural feature very similar with Tarmaber basalt described in this chapter ection 4.1.2.4. 

Plate 4.4 Spheroidally weathered upper basalt at Tora Mest area 

4.2.2.4 Alluvial and residual silt clay soil 

Due to highly undulated topographic nature of the area; most of the stream and river bed out 

crops rock units. On the gentle slope of the hills, there is a wide area of cultivated land 

having brown clay and silt residual soil with an average depth of 0.50m 0 erla in g on 

ignimbrite, rhyolite and basaltic bed rock. This thin thickne s re idual oil unit mapped 

according to the bed rock lithologic type. But there are 'somc so il patch mappcd as . il unit 

which covers relatively wide area along flat rivers and small valley coarse. 
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Ihe il thickness varies locally and reaches up to 4m thickne In me pia e . Thi il htl 
111 tl br wn co lour. 

Plate 4.5. Alluvial and residual silty clay soil along river valley at Tora Me k area . 

4.2.3 qeological Structure 

A indicated on the geological map (Fig 4.2) there are clears major and inferred fault having 

E- W trend. These faults have the same orientation with major fau lt forming the ,,,estern 

escarpment of the rift valley adjacent to the study area. 

Major faults are seen NE and SW of Debre Berhan town . The town i si tuated on the hor t 

li ke NE- SW elongated ridge. Different set of joints are observable along the stream bed and 

cli ff forming lower basalt and ignimbrite rocks. 
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pparent resistivity is determined using ob er ed alu P I nli 
by current flow (I). 

The relation between these parameter expre ed b hm I w R t1 Id 

R = V 
I 

Where R is resistance the formation that the current pa 

V- is potential difference aero f, rmali n ( II 

J I is current passing through form ati n (ampere 

The apparent resistivity of ground section i related t the re i Ian 

reJled 

7. 

. 1 

In Iri 

factors which specify a current path length and cr 

flows 

u h \ hi h th u rr n t 

L 
R = p ­

A 

Where p is electrical resistivity or electrical pe ific re i tan h l11 - 111 . 

L is the length of the material thr ugh whi h the urrcnl n " s 

A is cross-sectional area through which the urrent n 

5.2.1.1. Schlumberger array 

.2 

chlumberger array is mostly used f, r quantitati e inlerpr 'La li n 111 v -rli J I ' Ie trica l 

sounding (VES). When compared with Wenner array it ff, r Ih > imp rlanl ad < nla 'e 

being less sensitive to unknown lateral inhom genetie be au e th > P 

(M and N) remain in fixed position during a large num urr nl 

electrode. In field operation, the Schlumberger arra i fa tcr and ca i >r than enn 'r arra 

because in Wenner array all four electrodes move between u e i e mea uremenl and ne d 

more time and labour. 

v 

Figure 5.1 Current and potential electr de arrangement 111 hlum rg r arr , 
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_ K t::.UMN 
P" - I 

here K i geometric factor 

20 
K = --:------ -_ 

1 1 1 
- -- - - + -

AM BM AN BN 

and Ail hould be at least five times greater than M 

.5.2. 1.2. Wenner Array 

M tly Wenner array is used to investigate lateral ehan e in app r nl r i Ii tin lat ra l 
an malous features. This array consist 

denoted by" a ". (Fig 5.3) 
in l in 's 'lra t b 'qual 1111'1\,11 " 

\ .. .. , .. co - 1-
Figure 5.2 Current and potential electrode arrangement In '1111 'I' ' IiTa , 

t::.U t::.U 
p = K MN =2Da~ 

a J . J 

Where K is geometric factor 

K = 2Da and a=AM=MN=NB 

5.2.2 Data acquisition and processing 

The main objectives of electrical resistivity survey in thjs rk ar' : 

I, To know the depth of aquifer 

2. To identify the main fracture of the fault zone 

To understand whether or not there i aquifer tran fer 1\ 'n ad'a nl 'u - at hmcn . 

( Dalecha and Beressa well fields). 

Within these contexts, electrical resistivit in lrum 

survey was conducted using Schlumberger arra b , pan In th 
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maxi mum spacing of AB/2 = 420 meter. The V 

tv 0 layers master and auxiliary curves. Then the ra\ d ta w 

RE IXI'LUS software package. With the RE I PL the 

c mpared with manually interpreted data. Then me adju tm nt wer 

the errors as much as possible and to know the re i tivit and thi kne 

5) . With processed data two geo-electrical section wa pr du cd u in th 

electrical soundings (YES) considering their separation (F ig. . and .7 

/1,. nu ' " u in ' 

m nu II int 

and 

nne 

ni al 

8ased on YES apparent resistivity values, two p eud r pr du d u in I LJ rf r 

oftware for qualitative interpretation. These p eud ecti n pr filin g 

lateral and vertical variations of electrical propertie within u tl ntl .7 

Three profiling data was gathered using Wenner ele tr de Itfi'lIriti n v ith 

pacing 

a = 60 meter at Dalecha well fields. Each pr filin g ur 111 di wn . 'Inti --

readi ngs. The separation distance between each pr file i itlt til' dal<! pr dll 'd b 

Wenner array, three profiling graph (Fig. 5.8) and ne pr filin g nl lIr map Fi ' . . v ' I" 

produced using Microsoft excel and surfer software re pectivel 
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b) Geo-clcctrical ofYES5, 6, 7 

APPARENT RESISTIVITY PSEUDOSECTION PROFI LE 2 

Distance between VES stations (m) 10 DO 

Figure 5.7 Geo-electrical sections apparent res istivity p eud 7 
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5.2.3. Result and interpretation 

Two geo-electric section and apparent re i ti it c ti n r din 

V · data uses for quantitative and qualitati e interpret ti n re 

graph and contours produced from Wenner arra apparent r 

qualitati ve interpretation with the considerati n f g I gi 1 an 

of the area. 

The geo- e lectric secti on produced from V . and 

pr lilin' 

fi gure 5.6 shows mainly four lithostratigraphi unit . Fr 111 t P t tl 111 the .. tllllt., .lIe 

- Silty clay soil. 

- Fragmented rock associated tuff . 

- Ignimbrite / rhyolite 

- Fragmented rock associated tu ff . 

The silt clay soil has resistively values 14.6 ohm-meter and 4. 4 thi kn . ti t I ~ - I 'lnd 

11 .39 ohm-meter resistively values and 5.28m thi kne at V ' - . 

Fragmented rock associated tuffs have an average re i ti virt 

thickness. This formation has minimum 15m thi knc" at 

thickness at YES-3 . As result of borehole I ggi ng, thi ~ rm ali 11 i 

hm -m and 1 - 111 

and l11 a ' imum 111 

ignifi cant water bearing formation (aq ui fer z nc) depend ing 11 r ck Ira 'Ill 'n l IO[)OIlI \1 11 

Hav ing higher rock fragm ent proportion ha better tran mi 'i it and h dr(l ul i I1 dll Ii il . 

At YES-3, the top 10m thickness of thi ft rm ati n ha relati cl hi gh ' r r ' i ti irt 7 

ohms-m). 

The third litthostratigraphic unit is ignimbrite / rh lite ha an a era e r 71-_ 

ohms-m and 100- 170m thickness. The minimum re i ti it alue i 7 

and maximum resistivity value is 246 at YE -2. Fr m g 'ing, degree of 

weathering and fracturing effects of thi s formation arie with d plh . 1 hi rmali n I an 

aquifer· and is its transmissivi ty and 

weathering and fracturing. 

The fourth litthostratigraphic units i fragmented r k 

alue ar \ ilh d re' 

ialcd LU r . 1 hi r rmation ha ... 

an average resistivity 20-80 ohm -\11 and lInkno\ 11 th i I1C • h lea I d plh lhl 



form ation is 100m at Y " -2 . Thi ~ rmati n i 

5.7 geo-electrica l section produced b V " _ • -7 

. \\ell Ii 'kl 

YE - I, VES-2, YES-3 and YES-4 were condu ted al ng th Il1 in aul t lin runnin 1 uth 

we t to north east. VES-I at Dalecha well fi eld and \\ 1\ iel • the r -.. t 

Y -2 and YES-3 are conduced near water di ide 

va lues at YES-2 and YES-3 has higher re i ti 

w 1\ I Id . I h 

Il1 

g 

objectives. As observed from geo-electrical section I and app rent re i ti 

profilel(Fig5) fragmented rock associated tuf~ in lined fr m 

nd I 

... lIl\ e) 

we ll fi elds. There for, there should be groundwater n 
we ll fie lds up to 20-40 m depth . Due to relati ve l hi h 

rhyo lite at VES-2 and YES-3, there i a Ie pr ba ili t 

we ll fie ld to Beressa well fields from 30m -168m depth. 

aille., l I Ignllnillt , 

r und" at 'r n \ r m I al ' ha 

As indicated in geo- electrical section fi gure 5.6, the ~ urth litth tra ti gral hi unit I., c.:r 

shallow in VES-2 than the adjacent YE _ I and VB - 2 and th li lth tnlli grap hi unit i ~ 

very deep in YES-I and YES-3 than VE -2. Thi nditi n indi at· that th 'r' h lIld b ' 

buried parallel fault on both side of YE -2 (water di ide lin ' than ' ing lith I gi al n O\\ 

contact. 

VES-5 , VES-6 and VES-7 were conducted along Bere a ri er n B' r ' a \ -1\ (j -Id . e­

electrical section produced by these data how mainl ~ ur litth trati grnphi unit except 

YES-5 which shows an additional highly re i ti ve lh litth trati raphi unit . 1 h 

strati graphic sequences of these formations from top t b tt m ar' 

- Silt clay soil with an average resistivity 11-1 6 hm -m and I. - II m thi knc 

Fragmented rock associated tuffs with an a 

48m thickness 

h\11 -m and I -

_ High to medium weathered and fractured ignim brite / rh lit \ ith an ra ' 

45-110 ohms-m and 40-76 m thickness. 

Fragmented rock associated tuffs with an a hm -\11 and \11 

thickness at VES-5 and unknown thicknes at - -6 and -7. 

Less weathered and fractured ignimbrite / rh olite \ ith an ra 
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hm -111 and unknown thickness. This formation i en um r d I ' 1 -

_ cept the 5th formation, the rest four formati n ha e the m h dr l r. I I r phi 

with lithostratigraphy identified by YES-I , Y . - and 

Wenner array apparent resistivity profiling ur e \ a \l1 

Dalecha well field . This well field is suitable to c ndu t app rent r i livi l 

In rca t 

its fl at topography. The profiling graph and contour pr du ed thi In th ul 

lateral vari ation of formation and used for qualitati e int rprelali n. 

As it i indicated on figures 5.8 and 5.9, lower apparent re i ti nl III 

vales are displayed around SSW and NN E of the area. There i a hi ling I wcr valu '\ r. m 

SW to NNE of the area, When this condition compared with 

map of the area, there is an indication of shifting ffa ult fr 111 ulh I n nh . 
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CHAPT R 

HYDROGEOL 

6.1 Aquifer characterization 

The term hydrogeology encompa e the interrelali n hip Ih Ill, len I In Ih ' 
p rocesse~ with water (Fetter, 1994). It deal ilh Ihe 

f ground water in addition 10 phy ica l and 

l:conomical and social problems to human n ern , i. '. gr lind \ :I I ' r "lI J)r l . ( 111.11111110111011 . 

etc. 

A explained by Meinzer (1923) in Sen (1 99 ) an aq ui r i ) g I gi ti l r Imali 11 , 'I )U 

formation or part of a formation that contain uffi ien! al ural d p rm 0 I m a l 'riu l I idd 

ignificant quantities of water to well or pring. Thi v 

usable quantities (Fetter, 1994). 

The aqu!fer in a given geologic media i largely a fLin ti n f til ' d 'sr . 
fracturing and faulting, the nature of the ge I gi material th ' 

\ 'a lh 'rin " 

sorting and packing, Accordingly, con idering all Ihe fa I I ge lh 'r II ilh Ihe ~ 1111' I( <lIl t n 

and corresponding discharge, topographic and ge m rphi v r and 

settlement patterns were used to classify the different lilh tratigraphi Llnil int imilar 

groups of hydrostratigraphic units which h w h m 'en 'i t in lil 'ir h 

characteristics 

Aquifer is characterized according to sub urface ge I gi al and h dr n 'l 

The nature and distribution of an aquifer in a ge I gi al tem ar' nlr li ed lilh I ' 

stratigraphy and structural features, Accordingl the lith 

volcanic rocks, 

r Ih ' Iud area i 1 crllJI) 

In this work, due to lack of evenly distributed borehole pUll1p in ' Ie I daw, Ull L1lal '0 lIno 

steep nature of the topography; the description and interpret Ii n r th litho tr Ii raphi 
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uni t are given qualitati el ith th ir imil ril in h or rat i I, 
hom gini ty in hydrogeologica l 

fault in g, topographic feature , prin g di 

and in t(; rpretati on, the lithostrati graphi penn abi lil 

i ' giv(; 11 and hydrogcologicical map i pr du d \ ilh Ihe 

h. In I 

i fi Ii II 

I I' . 

A explained in section 3.3 the t p graph f th Iud < r ' <I i., hi ,hi un ul. Ie , rll' t 'u 
va ll eys and ridges. These condition lead t high run 

rate and each valley; ridges have their own gr lI nd\, at r 

and d re. n in \\ J I r In 1i11 ;J l i 11 

Depcnding on hydrometeorological and ava ilable b reh I 

degrec of weathering, fracturing, faulting, t p graphi alur 

11., .,1 'Ill 

the relative lithostratigraphic permeability and gr lI nd\ at r p t ' nli. 11 n ' f I ' le,.1 II \ CI 

catchments are classified as below 

High permeability and high gr und t r p t 'nt il ll n ' 

Moderate permeability and med ium gr lin \ at 'r p I 'ntial I n ' 

High permeability and I w t ver n ' 

Moderate permeability and I w t er 11 ' 
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6.1.1. High permeability and high groundwater p tential Z n 
The hyd rostratigraphic units of this zone are highl fra tur d n ult 

ri l . / rh iiI\: . 
The permeability become higher due to fracturing e e t I fault runnin . uth 
we t to north east about 2-3 km . distance outh f De r Oirh n I \\ 11 . I 

mediulll permeability of recharge area relati el I \! 

the area. the rain water percolate at higher ele ati n (1 \\ ., t Ih 

i'ractured and faulted zone. In addition to the ab e rea n the h r I " uth \\C~ t t Jl rlh 

cast elongated ridge formed probably by two parallel Cult n rth 

Sirhan town may act as ground water damming. uld 

groundwater circulation and storage of the area . Thi area 

ridges and valleys or undulated topography of the cat hl11 Ill. 

The wells drilled on faulty area give 5-15 lis yield, 10-28 m2/d and . -7ml tran'lmi ~., i it 

and hydraulic conductivity respectively (Tab.6.1 ). The pring mandC I' m thi ., hult ,11 \.:,1 

have 2-10 lis discharge rate. There for, the aquifer ~ t thi area i highl I I'm l I· nd 

productive. 

6.1.2. Moderate permeability and medium ground, atcr potclltial 1.011 ' 

The second hydrostratigraphic units are characteri zed by it m d 'rot I \V 'a th 'r d, . int'd 

and fractured ignimbritel rhyolite. Those ignimbrite I rhy lite ~ rm ali 11 far r 111 aull I 11' 

are less weathered, fractured and jointed where compared t a alt i ~ rJlluti n . 

The area found south of the town is faulted and fractured but r und, at r p tential i 
oF' 

moderate due to the damming of south west to north ea t el ngated rid e , her> th' t '\ n 

situated. Even though some part of this area above the outh, e t t 11 rth ea t ·1 ngated rid 'e 

is faulted and fractured, due to small recharge area and l!ndulated nature r th t p raph the 

groundwater potential is moderate. 

From 8 boreholes drilled in the area, only two borehole 

AFBBH) have complete pumping test data . The rest 6 b reh 

ale ha 811 and Dal ha 

d n t ha e a m let > 

pumping test data except well yield, static water table and, ell d pth et . 

data obtained from "Debre Barman water re ource erifi ati 11 rep rt " 

m r the ewell 

ndu ted b 113 n 

EASTERNRICA PLC. (1995). According to a ailable pumping t t nd th r da : th 
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boreholes have \-4 lis yield, 1.54-2.22m2/d tr n mi 

conductivity. 
i vi t nd m h d auli 

6.1.3. High permeability and low to very low ground, ater p t IIti ~tl 1.. 11 

The third type of hydrostratigraphic units are chara terized hi .hl \ C thcl 'd fr , tllr 

basalt, and jointed and fractured lower ba all. The upper a It ut r 

of the catchments where as the lower basalt expo ed in Bere 

topography of the study area. 
t \ h 'm t I \\ C r 

Even if the permeability of this formation relativel hi gh be au ' r unduIJ\' \ 

rugged valleys and ridges, most of the precipitation g e a and th in r1trat d 

water immediately drained and leave the area t 

catchments (discharge area). Within this area, there are pring ha in g 

hand dug wells used for local community. 

6.1.4 Moderate permeability and low to very low grOlllldwat r pot IItial 

zone 

til . 

The fourth type of hydrostratigraphic unit are moderately ca ther 'd j int d and r tllr'd 

ignimbrite I rhyolite. As indicated in chapter 4 ecti n 4.2.2.2 thi ' ~ rm ali n ul r p 

upper basalt and above the lower basalt. 

Groundwater potential of this zone become very low due t undulat'd ru g'd all' and 

ridges and the precipitation goes as surface runoff and the infiltrat' d \ atcr ill1l11 'dial" 

drained and leaves the area to relatively lower topograph rthe at hl11enl di harge alca) 

The same to hydrostratigraphic units described in thi chapter e ti n .1. , there ar ' pring 

hav ing very low discharge and hand dug wells u ed fi r I ca l I11l11un il . 

6.2 Recharge and discharge area 

A rechar~e area can be defined as that portion of the drainage ba in in" hi h th > 11 t aluralcd 

flow of groundwater is directed away from the urface and the \ al r labl > i u uall Ii at 

some depth where as discharge area can be defined a th m ement r the nct aturatcd fl \\ 

of groundwater is directed to word the surface and the " ater La I u uall ' Ii I 
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to thc surface (Freeze and Cherry, 1979).Re harg 

higher and lower topography in a given ba in re p 

, arc.. r 

r ' 

ne low to vcry low groundwater potential zone and high I 

respectively (Fig.6.1). Identifying the recharge and di harg ar In I irn nan! r 

water resource management and utilization. 

;\s indicated in hydrogeological map (Fig. 6.1), thc main re harg ar th tud ' ar a i" the 

upper catchments of Beressa river that is undulated, rugged lie and rid I 

Akober town and Mitak Amanuael and Wushawshign. Recharge ar w, a Itlrgc 

part of study area when compared to discharge area. Th~ lower ele at d land tud r < 

gets rech'arge not only from precipitation but also groundwater n fr m up Ir < m id th 

catchments. 

Discharge areas are low lands of the study area that i ar und 

we ll and Beressa well fields. The discharge area c vcr 

r -13 i rh an t \ n I al' IIa 

ma ll or < tllon r h< rg 

arca. It is possible to identify small patche po ible di harge ar a ~ ithin limil '> r' 11:\1 I ' 

area along rivers valley (Fig.6.1). 

6.3 Water resources 

Springs, hand dug wells, boreholes and streams are con idered a "at r re ur c in the '> lud) 

area. These water resources have been used for different cial and e n mi al purp e 

the community within the study area. The availability f the \! at r r' llr ' an' 

according to geomorphologic set up of the area. 

6.3.1 Spring 
Natural springs may be defined as points, lines or limited ar a f earth' urfa e thr u 'h 

which groundwater rise up according to the hydrological characteri tic r til > ari u \ aler 

. . . h II eat depth Spring ur in man ~ rm and ha bearing formatIOns occurnng at s a ow or gr . 

been classified by means of their origin, rock structure, di charge, temper lur ' and aria ilit 

(Tenalem and Tamiru, 2001). Very small discharge said t be epag "her a 

larger discharge could be defined as springs. 
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Within the study area springs are the most c mm n a il 
\ d r I ' . ur I h ir dl har '~ 

va ri es according to the recharge area coverage fra turi n 
\ e n tr n. I h 

di play some seasonal discharge variation throughout th 

May and June. The availability of springs and th ir di h r 

topography. The discharge rate varies from 0.2- 10 II c and m 't 

Springs within the catchments are fractured spring (Annex .2 

m hi .11 'I III I( " ~I 

lh 'm ar unpl If.! I d 

6.3.2 Hand dug wells. 

Hand dug wells are very shallow groundwater. Due to I 

conducti vity (K) of some upper layer soil and rock typc in fi lt rat I r in 

shallow depth. Where the local or regional groundwater tablc i 

hand dug wells. 

an h dr uli -

' UI1Wkl1 .t1 a l 

ssi I ' 10 I I 

In the study area, local people's use manually dug w II fr 111 all u i I an J' 'sidlk I sill 1,1\ 'io li 

and from some very less fractured volcanic rock (ignimbritc/ rh lit· .' me 

are seepage emanate at the contact between bed rock and the cr laid ' il at 

are very few properly constructed and hand pump in tailed hand du ell ' ithin th o r '~ . 

6.3.3 Boreholes and their hydraulic characteristics 

Boreholes are drilled wells with drilling machine (rig) fo r di ffer 'nt purp "'. B reh I· ' al . llsl:d 

fo r water supply, industries, irrigation, explorations, groundwot r 111 nit rin ' , and in ', ti n \\ ell s 

for industrial waste disposal purposes. But the available borehol . in th tud area mainl u d 

for water supply purposes. 

Almost all boreholes in the study area were dri lied around De r B i rhon t \: n c cpt IlC \\ d I 

about 10 km south west from the town. The borehole drill d n high p mlea il it and 

groundwater potential zone have relatively good yield (5-1 5 V ec , tran mi i it 

and hydraulic-conductivity (0.3-7.8 mid) and where a tho e b r h Ie drill d 

permeable and groundwater potential zone have relati e ~y mall ield 1- 4 II e 

(1.5-2 .. 22 m2/d) and hydraulic-conductivity (0.04-0.045 d . Th ir tran mi 
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hydraulic-conductivity (K) varies according to h dr t t' h' , , r I rap I unll 
degree of weathering, fracturing, faulting, topograp hi featur 

Eve n though, there is uneven distribution of \J ell \ ithin th 

data of 10 wells is being analyzed to understand the h drauli 
~-~-.;;,;.;.:::.;..:,.:..:..:.:..:..::..:..:== 

First, semi-log and log-log time-draw down curve i dra n and 

standard curves given by Kruseman and de Ri dder 19 t 

confined or leaky aquifer, These theoretical curve a umed t 

infinite lateral extent. But in practical world it is difficult t ha 

for , it is impossible to get the exact similar curve with the reti al ur c , 

u h 

lin nfincd 

I Jnd 

ui r, 'I her 

As indicated borehole logging (Fig, 6.2) and geo-electrica l c ti n I·i " , and ,7 \ at'r 

bearing formations of the boreholes are multiple volcanic aq ui ~ r that i 

and fragmented rock associated tuffs. In these types of aqui fe r th rc ma 

and confined behaviour. But in drawn time-drawdown 

behav iour dominates. 

Dalccha BH2 and Dalech BH7 curves (hg,6.3) behave den cl I'm ·tu r·d und 

confined aquifer. ~g pumping test, the borehole tr t 'ta 

show that the wells get continuous recharge from wide fra tu re r rclati 

aqui fe r zone 

n In'd 

ne.!llIon 

Dalecha BH6 curve (Fig. 6.3) behaves pumped well in ingle plan' rti al raclllr' r 

confined aquifer. During pumping test this well tries to tab ilize after 4 minute ' pumpin 

times, The well gets contentious recharge from groundwater p tential , ide fra lure r highl 

permeable aquifer zone. 

I ' I ~ t fractured Bcrcssa 'BH4 curve (Fig.6.3) behaves, single p ane ve rtlca J ra ur 

dike confined aquifer. The fracture mi ght have a fi nit length and a hi 'h h drallii 

conductivity, 
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To calculate hydraulic characteristics of the well aquifer te t 1 r III 

available pumping test data, COOPER & JACOB c nfincd a uif r mClh 1 h 

result of calculated Hydraulic characteristic that i tran mii il -I and h drauli . 

conductivity (K) is displayed in table 6.1 

Beressa B 
Bh4 r 

Beressa ~- '''-'O Bh5 0 
o Bh2 ---------;".",.,...X-"'X·. fl"·:,':.:.::::---------------------- -- --- - -~~--. 4 
4:-:~:-!:~~--- •• --· ", ~ ~2 .------ __ _ 

>-x··)(· ", X X' -- ... ---, --- .. 
:" )<"X" ,## X X '~ ...... 
:··X··X·· ,/ XX) 
··· X·· X·· ,.. XX 1 . : : ,,' , ' . .' X •••• 46 X X ) 

40'··)(· ·)(·· , , . . , ••••• - • 
. 1\-A -J, ", X' "X' "X' '. •••• X > , -.... _- ..... 
,X X " ,' : : : -...... X X ) 
' ~ ", X·X·x. ---"-_ 1\ 
IX X' ", x.x·)< 
iX-X 1 ,,/ X ·X··~ 
X X:> ", X·X ·)I 

7a X"X>' ,:. ,:. ,: 92 

90 , " ,' . " 

100>< X > 

Dalcha 

Dalcha Bh~ 
Bh7 ----- --~ . .. __ ....... -_ .. -_....... X - - --

o _-__ -.. ___ ---- 10 
--------- --_ ...... -........ ...---- . "X"XI , ...... - . . . , 

.......... X-X··X '\ . .. --- " ,'. , _ .. _.... x'· X·' x '." 
X X"- ' ' . 35 , 

30 ...... --- ......... -_ .. X v , . . ' j ........ (') , 
X··X··X\ _-------- 'X X " 

42 : : : - - - - - - . v X ' ~~ ~, 

XX , XX ~ 

~XX XX' 
XX . 

76 "" XX 
\ Le-gend .i X >.< 

X X 95 ~ Silty Clay 

r7S'" Fragmented Rock with Tuff 
I .... · ~ 

~ Ignimbrite / Rhyolite 

. I t' n of Dalecha and Ber> 
Figure 6.2 Borehole logging geologica - sec 10 
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Table 6. 1 Hydraulic characteristics of some borehole \ ithin Bcr 
t hrncnt • 

Location(UTM) 
Ie ted 11 1\1 ' '1U'" Alt. Aquifer Depth \ D t I ted I r 

" 
l1orchol' X Y ( 111) type ( m) (m ( m) (II II,,, (m) (m 

c 
n (m) ) 

I Dalecha Ignimbl 

NBIII 562106 1070685 2708 rhyolite 108 12.7 7211 71 12 II 
2 Dalecha Ignimbl 

NBI-I2 562015 1071000 2806 rhyolite 95.56 11.6 21. 7211 7 , 1 

3 Dalccha Ignimbl 

NBH4 561880 1069590 2810 rhyolite 125 9.2 3 . 7 '12 II (J 2 
4 Dalccha Ignimbl 1-

NBH5 563330 1070084 2812 rhyolite 150 7.33 1.8 7212 . <l 222 0 I 

5 Dalccha Ignimbl 

NBH6 560803 1070784 2707 rhyolite 108 7.4 40 7 12 <l I 1 II 71 

6 Dalecha Ignimbl 

NBI-I7 561594 1071660 2804 rhyolite 72 9.6 4 721142 ( 224 I 7 

7 Bcressa . Ignimbl 

NBII2 559369 1067258 2780 rhyolite 100.49 5.3 2 . 7 I . t\ R 7K I 
-X Ilcrcssa Ignimbl 

NI1I14 55931!! 1066823 2787 rhyo lite n 6.2 II 7211 ' . (,II ", (t 7 H 

9 Bcrcssa Ignimbl 

NBI-I5 559432 1066077 2789 rhyolite 102 2.8 40 72117 " . 80 

10 Aqua 107100 Ignimbl 

fine BH 560800 4 2818 rhyolite ISO 11.72 2. 4/ 1. 8 I I 00 
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CHAPTERS V 

WATER RESOURCE EV AL 

7.1 General 

As explained by Freeze and Cheery (1979), the devel pment 

viewed as sequential processes with the foll owing three pha c . 

I . Exploration stage: surface and subsurface geol gi al and 

brought to bear on the search for suitable aqui fe r. 

'r undw t'r r '. ur C <In • 

, ph ' i I Ie hni ue. ar 

2. Evaluation stage that encompasses the mea urcment h r I gi 01 P< rarnctcr\. th' 

design and analysis of wells and analysis of aquifer yield . 

3. Exploitation or management stage which mu t in lude rati n 

development stages and an assessment of the 

exploitation and regional ground water sy tem . 

ur ~ Nowadays, detail evaluation of known aquifer and careful managemen t 

will take on great importance. The scope of ground water , eluoli 11 nd 

management studies might best be indicated by the foil wlI1g erie r qll C ti n. 

1. Where the best well fields should be found? 

2. What are the long term-yield capabilities of the aquifer? 

3. How much water will be stored in the ba in and h w mu h" ill I 'a . lh' 0 in? 

4. Ilow surface watcr and ground watcr potcntials di tribu lcd in th' ba"in tlnd ho\ ,II ' 

they interact each other? 

Therefore evaluation of water resource witliin a given ba in r at hm cnt i . ' I1t ial 

efficient planning, exploration, utilization and management of ava ilable" ater re urce . Th ' 

practical work of water resources evaluation require under tanding and anal in ' 

hydrometeorological and hydrogeological parameters. 

In the previous chapters; with available data, meteorological and h dr ge gi al param ler 

are analyzed to evaluate water resource of Beressa ri ver at hmenl . ne f th main 

objectives of this work is to evaluate water resource of the area in " at r alan appr a h 

Water balance method is achieved through analy i of the ari u inn \ , utn \\ ilnd 

change of storage of water within the specified basinlcatchment and p ri d. 
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7.2 Water balance method of the catchments. 

The water balance represents the hydrological gain and I 
I III rc Cr" Ir. 

column of soil, aquifer, river basin, etc) over a pecific peri d. II r quir 
III In 

out fl owing amount of water within the area under on idcrali n "I n
l 

1'111 an l am iru 
2001 ). 

Generally water balance has the followin g form . 

Inflow = Out flow ± Change in storage 

Where inflow includes precipitation (P) and ground water infl 

Outflow are actual evapotranspiration (AET) and gr Li nd \ alcr Ll l n \\ 10) 

± Change in storage (±t1 S) are taken as change in water t r ge in lh i \ rk . 

Therefore the relation of these water balance component i a ~ II \ : 

P + Gi AET + SRO +I +Go ± t1S 7.1 

Where I is infiltrated water to subsurface and it might recharge the r Lind .. at r th' Iud 

area. 

The annual change of water storage assumed to be negli gible r zcr and ' I' und \. at 'r 

inflow . (Gi) assumed to be equal to ground water out'fl w ( . Finall \ <Iter ba lan 

eq uation of the study area could be: 

P = AET + SRO + I 

I = P - AET - SRO 

P (annual precipitation) = 1119.37mm 

AET (annual actual evapotranspiration) = 730.98mm 

SRO (annual surface runoff) = 265.93mm 

I (annual infiltrated water to subsurface) = P - AET - SRO = 122.461/11/1 

7.2 

The amount of water infiltrated to subsurface is 10.9% of pre ipi tati n. F r m" r lh ' 

' 11 ' b' eter ( m'cm) of \ ater mighl e inriltr led I study ar~a, that means 41.15 m I Ion cu IC m 

subsurface. 
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7.1 General summery of analyzed hydrological data of Ber 
nv r t 11m nt 

Item Jan . Feb. Mar. Apr. May Jun . Jul 
32.67 

Aug 5.:p I S 'h 1>« low I' (l1l1n) 3 1.47 78.67 72.22 54 .26 5998 28723 29379 III SO IS 
I'I :T(mm) 100.99 100.5 112.16 114.9 123 .3 118.83 

~HI I"N 11191'-
74 I 72 05 n ~J I 112 AS \l6U1 '-II 1 

AET (mm) 36.63 35 .70 79.97 73.28 55.49 60.70 741 0 72 05 8200 XU , ~ 9 .}~ JO :!J 7l11Y); 
S(mm) 0 0 0 0 0 0 137.23 22155 2929 0 Ilii"'.1I 0 0 
J) (mm) 64 .36 64 .80 31.44 41.62 67.81 58.13 0.00 17JTf I (;IT;" 000 000 11 .82 I~ SJ(() (11lcm ) 0 .16 0 .12 0.22 0.34 0.49 0.8 134 2982 8 19 ~ 0-I--on- i~ 

UF(mcm) 0 .19 0.16 0.0 1 0.27 0.39 0.46 5.98 189 3 93 066 0 2" I """Oil 31·4 
Q (mcm) 0 .35 0 .28 0.23 0.6 1 0.88 1.26 19.4 4872 1'""O=j'"" Ion-12 I 25 'iSl 
SJ(O( ml1l ) 0 .78 0 .56 1.04 1.6 1 2.33 3.77 63.7 1413 38 8 875 1"0"7'1 2.57 Zl.~ YJ 

7.3 Ground water resource evaluation of well fi eld . 

As explai ned in chapter one section 1.1, Debrebirl1an t WI1 \ at r uppl c.J 'P 'nc.J~ 11 

groundwater resource exploited from boreholes. Eva luating gr und " at r r 

we ll fie lds (Beressa and Dalecha well fields) is importan t for effi ient pi'lnnil1 " 

uti lization and management of ava ilable water re ource wi thin ea h u . at 1111'1 ' 111 th l: \\ ' \I 

fie lds. 

7.3.1 Beressa well field 

Beressa we ll field has 210 km2 recharge area. It cover 62.5% r the tud ar 'a . 'I h ' \ tit '/ 

infi ltrated to this sub-catchment is 25,78 mcm. If th is water i ' c n 'idt,;rcd t 

groundwater storage and 50% of it is exploited for town and p pU IHli n \J al 'r 1I1 pi ~ ith in 

sub-catchments; 12.89 mcm could be exploited annuall \J ith ut a~' tin ' th' 

hydrogeological conditions of the sub-catchments. 

7.3.2 Dalecha well field. 

Da lecha we ll field has 50 km2 recharge area. It cover 14.88% f the tud area. -I he am unt 

water infil trated to subsurface of sub-catchment is 6.12 !TIcm. With ame n iderali n 

Beressa well field, if 50% of it is exploited for town and p pulali n uppl v ilhin 1I ­

catchments; 3.06 mcm could be exploited. 
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8.1 General 

CHAPTER EIGHT 

HYDROCHEMISTRY 

The chemical composition of natural water is derived from d' rr 
many I Icrcnt UJ' c of S IUIC ', 

including gases and aerosols from the atmospheres weather'lng d ' f ' . ] an erOSI n r k and 
solution and precipitation reactions occurring below the land surca d I I 

Ii ce, an eu tura c C t 
resulting from human activities, The ways in which solutes are taken " d up or pre Ipilat nd 
the amounts present in solution are influenced by many environmental fact r ep 

climate, structure and position of rock strata, and biochemical effects a 0 iatcd \ ilh Ii 

cycle of plants and animals, both microscopic and macroscopic (Hem, 1992). 

As a result of chemical and biochemical interaction between groundwater and the ge 1 gi 01 

materials through which it flows, and to a lesser extent because of c ntributi n fr 111 

atmosphere and surface water bodies, ground water contains a wide va riet 

inorganic chemical constituents in various concentrations (rrl:cze and hm , 7). I It , 

concentrations, relative proportions and rates of transport of dissolved material in v at 'r 

sample reflect their sources path and interactions with different substance (Tenalel11 A cn \ 

1998), Therefore, hydrochemical data are important tools to study different water ampl ' and 

safely limit of their utilization for various purposes, 

8.2. Water sampling and analysis. 

In any type of study in which if small samples of the whole substa n~e under enid ration 

are taken to be examined, there is inherent uncertainty because of possible ampling err r. 

The extent to which small samples may be considered to be reliable representati ve of a large 

volume of material depends on several factors such as the homogeneity of the material b' in 

sampled and the number of samples, the manner of collection and the size or the ind i idllal 

sample (Hem, 1992), 

" 'th' the Beressa ri ver eatehl11 'nt , watcr To analyse geochemical properties of water WI In ' 

. . f th catchments A total of 19 " alcr 
samples were taken from upstream to lower stream 0 e ' . 

, h' distribution and sO Lind h dr ge 1 1 al 
points were sampled depending on their geograp IC 
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reasoning. Among these 19 water samples 3 were b h I ore 0 es, 2 from hand du I W II 
river and the rest 12 were from springs. But due t . r . . o Imitation of budget 14 \ ater 
chemical laboratory analysis were done in Ethiopia geol . I oglca survey and Addi 
Supply and Sewerage Authority laboratory. Additionally lOb I . . ore lole h ml 
data analysed by water work design and supervision ente . lb ' rpnse a oratory In 20 _ 
obtained from Tropics Business group PLC. To understand th h d '1 . e y roc lemlca l pr pen Ih 
study area a total of 13 boreholes, 6 springs 2 sample~ from B . , ere sa ri ver and 2 hand du I 

wells water samples chemically analysed data were used. These sample are pi II d n 

hydrogeological map (Fig.6.1) and displayed on annex 5.3 . 

8.3 Water type classification 

The presentation, classification and interpretation of chemically analy ed water r ult dep nd 

on the specific objective of the analysis. For instance water intended to u e ~ r dr inkin l i ~ 

quite different water for industries or agriculture. 

In order to identify groundwater interaction with subsurface geology and utili zati n f \ cl r 

for various purposes, it is essential to categorize and classify water on the ba i of 

- Total hardness 

- Electrical conductivity (EC) and total dissolved so lid (TD ) 

- Major cations and anions 

8.3.1 Classification based on total hardness 

Hardness might be considered to be the soap consuming property of water and u uall 

expressed in terms of calcium carbonate. Hardness of water may be di vided int t\ typc : 

carbonate and non-carbonate. Carbonate hardness includes that portion of ca lcium ( a) and. 

magnesium (Mg) ions that combines with bicarbonate and the small amount r car nalc 

present. This is called temporary hardness because it can be removed b b ilin g. on­

carbonate hardness is the difference between total hardness and carbonate hardnc . Th' 

amounts .calcium and magnesium that combines normaily with sulphate, chloride and nilrat 

ions (Tenalem Ayenew and Tamiru Alemayehu, 2001). 
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Where HT, Ca and Mg are expressed in mg/1. 

Each concentration is mUltiplied by the ratio of the formula weight of a 

weight of the ion (Freeze and Cherry, 1979). 

The ratio in equivalent weight is given by: 

Hardness (HT ) = 2.5(Ca2+) +4.1 (Mg2+) 

·1 

t 111 i 

8.2 

Based on table 8.2, the water types in the study area grouped as soft and m derately hard 

except one spring and two boreholes. The laboratory results of th ree water amp le 

hard due to contamination of ground water from town effluent. 

Table 8.1 Hardness classification of water (Durfer and Becker, 1964), as eited in Tanalcm and Tamiru 

( 200 I) 

Hardness in mg/I as CaC03 Water classes 

0-60 Soft 

61-120 Moderately hard 

121-1800 Hard 

>180 Very hard 

Table 8 2 Water classification of Beressa river catchments based on hard nes . 
----,-, '-

No. of samples Minimum maximum Average 
value(mgll) value Water cia Water source considered value(mgll) 

Bore holes 13 69.7 98 Moderatel 
hard 

158.46 184 171.23 Hard 2 
50.56 So ft --- - _. 

48.81 52.31 I-land dug wells 2 
Soft 42 48 45 2 

. 82 Moderatel 
springs 3 64 

hard 
170.27 Hard 

1 
76 73 Moderatel 

River 2 70 
hard 
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8.3.2. Classification based on total dissolved solids (TDS) 

Total dissolved solid include all solid materials in solution, whether ioniz d 
r n l. 

related to the sum of the concentration of all ions, it is di rectly r~ l ated I lh 

conductivity. TDS of natural water range from less than 10ppm of di 01 ed 
lr i < I 

and snow, to more than 300,000ppm for some brine (Tenalem Ayene, and all1iru 

Alemayehu, 2001). Water type classification based on their total concentrati n di~ "co 
solids is the simplest classification (Devis and DeWiest, 1991 ). 

More than 90% of the dissolved solids in ground water can be attributed to eight i n , a, 

K+, Ca
2
+, Mg

2
+, cr, cot, HC03-, and sol These ions are usually present at n cnt rali n 

greater than 1 mg/l (Fetter, 1994). 

As di splayed on table 7.4, the water type of Beressa river catchments is ba ed n their TO 

value is fresh water, this is because of short residence time within the catchl11 enl . 

Table 8.3 Water classification based on TDS values (Source: Freeze and Cherry, I 79) 

Water type Total dissolved solids 

Fresh water 0-1000 

Brackish water 1000-10,000 

Sal ine water 10,000-100,000 

Brine water >100,000 

Table 8.4 Water classifications of Beressa river catchrrients based on TDS va lues. 

No. of samples 

Waler source considered Minimum Maximum roup 

Bore hole 14 103 255 Fresh 

70 80 Fresh 
Il und dug well 2 -

spring 12 55.7 307 Fresh 

River 2 70 106 Fresh 
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8.3.3. Classification based on major cations and anions 

In order to categorize and classify water on the basis of their re pecti e per nl 

composition of cations and anions, different graphical presentation is essential. Among th 

graphical presentation, Piper tri-linear diagram is the most useful methods. Th maj r i ni ' 

. tit N + K+ C 2+ M 2+ CI' CO 2, , 2 species 111 most na ura wa ers are a, , a, g, . ' 3, HC03 , and 0 4 ' . A Pip r 

tri-linear diagram can show the percentage composition of these ions. By grouping a and 

K+ together, the major cations can be displayed on one tri-linear diagram . Likewi c 2, and 

HC03' should be grouped in to one. Piper tri-linear diagram plotting points were d nc ba cd 

on computer software package called Aquachem. In tbis work, classification and gr uping 

was done for boreholes, springs, hand dug wells and rivers water resources (Fig. 8.1 ) 

80 kO 

00 '''i 60 

~ :' ~ :; ;:::;.~)\ .. " '~ .. 
"~<·;. , \ •..• ·····/'Wlt,:· " 
80 60 40 20 Na HcofO 40 60 80 CI 

Borehole 
Hand dug wells 

80 80 
60 

60 60 
40 

" " .. /'><;>/" " 20 

80 .:: ..... / 

60 .::: .. .. )<:: ... : .. :. 
40 .. .. .... ~: ... ... :.,: .. ...... 

20 . ~r;~~ .... ·.)<:· .. :.': ;<:< ... 
80 60 40 20 N. HCQ10 

CI 

Ca 80 60 40 20 20 40 60 80 
Ha HeOl' 

CI Ca 

Springs 
River 

I of 8eressa river catchments. 
Figure 8:1 Piper tri- linear plots of water samp es 
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8.3.3.1 . Chemical behaviour of water samples 

The chemical composition of groundwater is the c b' d 
om me results of the Il1p iti n r 

water that enters the groundwater reservoirs and reactions 'th ' , 
WI mll1erals pre nt In the r ~ 

that may modify the water composition Apart from natural ' 
, . processes as controll ing fa t r n 

the groundwater quality, In recent years, also the effect of II t' , 
. po u lon, such as nitrate fr In 

fertilizers and acid rains influence groundwater chemistry (Appel d P o an ostma, 1994), 

The chemical behaviour of water in the catchments is fresh water and soft to modcratel hard ' 

except TTl borehole (DBTTIBH2), Divine providence sister's borehole (DP BH) and 

Zerayakobe (DBZsp5) spring water showing unique behaviour due to contamination at thc 

vicinity of Debre-birhan town (the cause will be discussed briefly in this chapter c tion 8, , 

As already discussed in chapter 1 and 2, the study area is highland physiography and Tcrtiary 

volcan ic (basa lt, ignimbrite, rhyolite and tuff) rocks, Weathering and dis luti n f thc.e 

volcanic rock release elements in to the water, Calcium is the dominant con titucnt r thc 'c 

rocks having sil icate minerals of pyroxene, amphiboles and feldspar. Accordingly, thc 

hydrochemical laboratory result of the study area show dominantly calcium ~ lIowcd 

magnesium, sodium cations and bicarbonate anion, As displayed in figure 8. 1 Piper tri -linca r 

diagram, almost all water samples are Ca-HC03 and Ca-Na - HC03 type water; but thcrc arc 

some deviations by TTl borehole, Divine providence sister's and Zerayakobe pring \ ater 

sample which shows Ca-HC03-CI, Ca-Na-HC03~Cl and Ca-CI-HC03 water typc, Th 

physical parameters and chemical constituents of each water sample displaycd ill annex . 

There is no that mach recognized hydrochemical behaviour variation from up per to I wcr 

catchment because the infiltrated rain water leaves the recharge area with short re idence time 

to di scharge area due to undulated topography and relati vely high perl1l eab ilit 

geological formation. 

8.4. Water quality 

r the 

, , " ft · determine its usefuln ess fo r d mc tic I he chemical and biological charactenstJcs 0 wa er 
. 1991) Vi t quality standards are regulation agriculture and industry (Davis and Dewiest, ,a er , 
'I n · t present in the water. Accordmgl , 

that are specific limitation on the chemica cons I uen s , ' 
, are examined in vie\ of rCJe ling and 

their utilization and consumption for vanous purposes ' 
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accepting it depending on intended uses (Fetter, 1994). A classific.ation oh ater a rdin to 

their possible uses is important. 

For successful water quality activities; legal frame work or water quality standard h uld c 

established. Accordingly, in this work, more emphasis .is given to chemical water qualit In 

relation to the WHO and Ethiopia (Ministry of Water Resource) drinking water tandard 

guidelines. 

Table 8.5 Comparison of water quality with WHO and Ethiopia water quality tandard 

guideline. (Source: WHO water quality standard, 1993 and Ethiopia quality 

guideline, 2002) 

Water quality WHO(mg/l) Ethiopia Water source (mg/I) 
parameter standard (mg/I) 

guideline BH HDW Spring Ri ver 

PI-I <8 6.5 - 8.5 6.47 -7.78 6.0 - 6.87 6.4 -7.76 7.5 - 8.02 

Color (TCUO) 15 22 

Turbidity(J,rrU C
) 5 7 0-6 3.24 - 5.77 

TDS 1000 1176 103 - 255 70 - 80 70 -250 106 - 11 8 

Hardness 392 70 - 184 48 - 52 42 - 170 7() -76 

Ammonia 1.5 0.4 0.001 - 0.46 0.038 - 0.074 

Sodium 200 358 6.8 - 28 3.2 - 3.6 4 - 12 9 - 13.5 

Aluminium 0.2 2 

Chloride 250 533 2.5 • 63 3 Nill- 57 2.5 - 8 

copper 1 2 

0.19-0 .96 0.06 - 0.11 - 0.37 0.5 
Fluoride 1.5 3 

0.12 0.73 

Sulphate 250 483 0.1 ·32 I - 3 I - 22 2.9 - 3.3 

4.87 - 55 0.27 0.48 ---
50 50 4.84 - 46 Up to 12 Nitrate (NO) 

Nitrite (N02) 3 6 

0.059 - 0.233 
Iron OJ 0.4 Trace- 0.24 

0.003 - 0.01 
0.1 0.\3 Trace 0.2 Manganese 
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8.4.1. Water quality for domestic use 

Drinking water standards are based on two 't ' cn ena; 1) the pre ence f 
odours or colours, and 2) the presence of substa ' h 

na Ic IC. I, 

, nces Wit, adverse phy i I gi al effc t 
and Dewiest, 1991), For example, nitrate arse' fl ' , mc, uonde, are ome 
elements which adversely affect the health of hu b ' . man emg. The exact pli mum limit II 
the ions are actually controlled by the health size a d f h . .. . , n age 0 t e IIldlvldual a v ell a 
eating and drinking habits, Climate also has an effect th I' 'd ' . on e Iqui IIltake and method 
waste eliminations, 

As di splayed on table 8,5, except nitrate chemicals from TIl b hi D" . , Qre 0 e, IVIl1C pr Id n 

sister s borehole and Zerayakobe spring almost all 'chem 'lcal co st't · . h' " . n I uenl arc Wit III th 

permissible limits of drinking water quality WHO standards and Ethiop ia guidclinc. 

8.5. Water pollution 

Water pollution occurs when a body of water is adversely affected duc to the add iti n f largl: 

amounts of materials to the water or any impairment of the suitability of water r an 

intended uses, actual or potential, by man -caused changes in the quality f water. Til ' d T' ' I!l 

of water pollution are varied, They include poisonous drinking water, p ill U ~ d 

animals, unbalanced river and lake ecosystems that can no longer supp rt full bi I gi al 

diversity, deforestation from acid rain, 

Polluted water contains organisms and substance that make it unsuitable or un fi t fi ru e, 

Water may be polluted as result ofa leakage from septic tank, sewerage efnuent pread ing n 

the ground, garbage waste (Appelo and Postman, 1994), All so lutes introduced in t th 

hydrologic environment as a result of man's activities are referred to a contaminant 

regard less of whether or not the contaminations reach levels that cause significant degradati n 

of water qual ity, The term pollution is reserved for situations where contal11 inanl 

concentrations attain levels that are considered to be objectionable (freezc and herr , 1979), 

In the st~dy area, the possible sources of pollution are municipal and indu trial at the i init 

of Oebre-Birhan town, The town municipal and industrial solid and liq uid \ a te relea ed 10 

open land surface and to Beressa river. Due to fractured and jointed nature r i al ge 1 g , 

these wastes might leach and infiltrate to subsurface and contaminate ground ater. 
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Accordingly, there is an indication of groundwater contaminat ion a 

samples taken from TTl borehole, Divine providence sister's boreh Ie and Zera 

designated by DBTTIBH2, DBDPSBH and DBZsp5 .(Annex 5.3). 

8.5.1 Nitrate pollution 

prin I 

The main source of nitrate can be microbial breakdown of so il organic mailer rgani 

manure, plant residues and agricultural input (fertilizer), From 23 water ample hemi I 

analysis, most of them have very low nitrate ion concentration in the fo rm of 0
3 

except Tn 

borehole, Divine providence sister's and Zerayakobe spring (Tab.8.6· and Annex 5.3) \ ater 

samples .. The most likely cause of nitrate pollution in these water samples might be di po al 

of the town municipal solid and liquid wastes released to open land surface. Due t fra lured 

and jointed nature of local geology of the town situated, these waste might lea h < nd 

infiltrate to subsurface and contaminate groundwater, As indicated. in table 8.5 the ma il11uln 

perm issible limit of WHO standard and Ethiopian water quali ty guideline i 50 m' I. 

Therefore, using TTl borehole, Divine providence sister's borehole and Zerayakobe pring ~ r 

drinking purpose is resulting blue baby disease to infants, gastric tumour and cancer. 

Table 8.6 Nitrate ions concentration in Beressa river catchment water samples. 

No. of samples 

Water source considered Minimum Maximum Average va lue 

Bore.hole 12 4.8 19,8 8.75 

2 46.52 55 50. 76 

Hand dug well 1 12.85 12.85 12.85 

ring 5 4.87 8.1 9 6.6 1 

1 53.16 53. 16 53 .16 

River 2 0.27 0.48 0.38 

76 



S.S.2 Chloride 

I)rinking water quality WHO and Ethiopian guide!' . I 
. me va ue for chloride alue i 20m I nd 

533 mg/I respectively (Tab.8.5). Chloride ions probl 
. ems are more common in plant ralh r 

than human bemg. Except TTl borehole Divine 'd . ' , ProVI ence sister s Boreh I nd 7 k b . 8 7 d /, raya ' () . 
spnng (Tab. . an Annex 5.3) most of the water s 1 h . . . amp es c emlcal analys i ha 10 hi ri 
ion concentration. The relatively higher chloride ion '. , concentratIOn In ITI borehole, Oi ine 
providence sister s Borehole and Zerayakobe spring . may occurred due to det rg nl and 

potassium hypo chloride chemicals used for disinfecting the D b B' 1 e re- Ir lan water upply. 

Table 8.7 Chloride ions concentration in Beressa river catchment water sample . 

No. of samples 

Watcr source considered Minimum Maximum Average va lu 

Bore hole 12 2.5 8.84 5.69 

2 46 63 .8 54 . 

Iland dug well 2 3 3 3 
--

spnng 4 1.5 4 2.5 

1 57 57 57 

River 2 2.5 8 5.25 

8.5.3 Fluoride 

This ion has low solubility and occurs in igneous and sedimentary rock. Apatite, Amphi b Ie 

sueh as hornblende and some of the micas contains fluoride . Rocks in alkali metals and al 

obsidian, are as a class higher in fluoride content than most other igneou rock . Flu ride i 

commonly associated with volcanic or fumarolic gases (Hem, 1992). The ource of Ouorid i n 

in this area might be the presence of tuff formation. 

Fluoride in drinking water can have toxic effects in both excess and defi cienc . 

value set 1.5 mg/l for excess fluoride as susceptibility in deficiency is highl dependent n 

nutritional status. Excess fluoride may lead to dental or skeletallluorosis. A lack r nu ride ma 

cause dental caries, a weakening of the teeth. 
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As observed from table 8.8, all water samples in B . eressa nver catchment 11a ] ] . -. mIl l 
fluoride ions concentration range. These values are d W '. un er HO gUIdeline alLl and th re is J1 

health risk due to fluoride ion. . 

Table 8.8 Fluoride ions concentration in Beressa river t hm ca cent water sample 

No. of samples 

Water source considered Minimum Maximum Average alu 

Bore hole 14 0.19 0.96 0.53 

Hand dug well 2 0.06 0.12 0.09 

spring 6 0.11 0.73 0.38 

River 2 0.37 0.50 0.2 1 

8.5.4 Microbiological water pollution. 

The microbiological quality of drinking water has been implicated in the pread of infc ti LI 

diseases sllch as cholera, typhoid, hepatitis, guinea worm, schistosomiasi etc. Man r th s' 

diseases are associated with water. 

The most likely polluted water by microorganisms are surface water, very hallow gr undwater 

that is hand dug wells, springs emanate from shallow water bearing fo rmation and sw m] area, 

machine drilled wells in shallow aquifer because the sources of these water have a grea t chan 

to be contaminated by diseases causing microorganisms. Most of the time, spring emer cd fr m 

deep aquifer zone and deep water wells have low chance to be contaminated by disea e caLI In g 

microorganisms or the organisms do not survive at deep aquifer zone. 

In this work, some water samples were tested whether or not contaminated by co liform ba tria 

using membrane filtration methods. The coliform bacteria groups are organi 111 ri ginating in the 

intestinal tract of warm blooded animals (Faecal-coli or E-coli) and organi ' 111 ' from ' il 

vegetation (Aero bacteria). As indicated in table 8.9, some of water samples were contaminat d 

with coliform bacteria. WHO standards concerning bacteriological analy i all v n t tal 
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coliform per 100 ml of water sample. The causes of contamination in the e \J 

poor sanitary protection of springs, dug wells and municipal waste di po al. 

Table 8.9 Bacteriological laboratory result for different.water source (anal zed 

Laboratory) 

Total coliform 

Date of Sample Name of water bacteria of the Possiole cause r 
No sampling code source test(cfu/IOOml) contaminati n 

1 28/ 12/96 DBAspl Atikilt spring 3 Poor sanitary protection 

2 28/ 12/96 DBGsp2 Gorto spring free 

3 28/ 12/96 DBKsp3 Kosso spring free 

4 28/12/96 DBZsp4 Zarayakob spring 10 Waste di sposa l 

5 28/ 12/96 DBTTl2 TTl borehole fr.ee 

6 28/ 12/96 DBDBH1 Dalecha borehole free 

7 29/12/96 DBBHWI Beyo dug well 5 Poor sanitary protccti n 

8 29/ 12/96 BDAHDW2 Arguagerdug well 10 Poor sanitary protection 

9 29/ 12/96 DBDsp5 Dawet mesno spring 4 Poor sanitary protection 

10 ] 0/ 12/96 DBMsp Mesno sprig 5 Poor sanitary prot · ti oll 

rnpl 

J> ~ibl\! 

rem die 

I &2 

2 

1 & 2' 
1 & 2' 

1 & 2 

1 & 2 
--'--- .. , - " -1 = Sanitary protectIOn 2 - ChlOrination clu colilorm fOlllllllg ul1l b . 
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9.1 Conclusion 

CHAPTER NINE 

Conclusion and Recommendation 

The study area is the upper catchments of Beressa ri h' I 2 ver w IC 1 cover 33 km L1nd 'd 

within 39°,27',20" E to 39°,44',14" E longitude and 9° 33' 50" N t 9° 44' 38" , 
" 0" latll ud and 

having average elevation ranges from 21 OOm to 3675 m ab I " . ove mean sea e cI. rhe arc. ha 

13-16 °c average annual temperature and temperate (weyna daga) to cool (k ur) climat , 

Five meteorological stations within and around study area had recored 865- 1677mm annual 

rainfall. Chacha and Ankober stations record minimum (865mm) and max imum (1677mm 

annual values respectively, Rainfall values vary with altitude and wi nd ward ide thl! 

orography or mountain barriers. The area has two rainfall regime (b im da l rain fa ll 

characteristics) that is small rain (bulg season) in the month of March and April and bi g rain 

(kiremt season) in the month of July, August and September. Aerial depth of annual rain fa ll 

computed by theissen polygon and isohyetal methods have almost equal value and it i taken 

to be 1 120mm. 

From the available meteorological data, open water evaporation and p tenti al 

evapotranspiration is calculated using penman combined method and the re 'ult are I 111111 

and 1180mm respectively. Lower monthly open ' water evaporation and p tenti al 

evapotranspiration is occurred in the months of July and Augest because of hi gh hUl11 idi t in 

the atmosphere, lower wind speed and lower daily sunshine hour due t 

higher open water evaporation and potential evapotranspiration in the month f l11 a due t 

lower humidity in the atmosphere, higher wind speed and higher daily sunshine hour , Ba ed 

on soil, land use II and cove categories and meteorological data, the actual evapotran pirati n 

of the basin is calculated using-Thornthwait and Mather soil water balance model and th 

annual AET is 731mm. 65% ofthe rainfall leaves the catchments by evapotran pi rat ion, 

From annual average of Beressa river discharge gauged near Debre- Birhan to'-' n, 

87.51 million cubic meter (mcm) or 415mm of water leaves annually frolll catchment f _II 

k 
' t' tllods the annual ba e n O\ and urfa 

m- area. From soft ware base flow separa Ion me , 

runoff of Beressa river catchment is 149mm and 265. 93mm respecti v~ 
I • 
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From the computed water balance of the study area th 
, e amount of vater infilt rated t 

suhsurf~lce is 122.46 mm and 10.9% of precipitation Th;s t . 4 . . . I wa erlS 1.1 5 milll n ubi mt r 
J11cm) for the total 336 km

2 
of the study area. This infiltrated water 

ul d re har 'C thc 
groundwater. 

The local geology of the area is mainly weathered fractured basalt ' . b ' I h . , , Ignlln flte r yo lltc and 
some localized alluvial and residual silt clay soil patches. The upper catchmcnt i relati cl 

undulated, rugged ridges and valleys. Most of the precipitation goes as surfacc run ff and thc 

infiltrated water immediately drained and leaves the area to relatively lower top graph f th 

catchments (discharge area). The groundwater is mainly controlled by its topograph in the 

recharge area. 

Around p ebre-birhan town (discharge), because of high to medium permeability of rechargc 

arca, relatively low topography and flat to gentle slope of the ~rea, the rain wat r p r latc at 

higher elevation (recharge area) of the catchments flows to these highly fractu red and faulted 

zone. In additions to the above reason, the horst like south west to north ca ·t elongatcd rid ,(,; 

may dam the groundwater above thi,:; ridge and increase the groundwater circulati n and 

storage of the area. The wells drilled on this faulty area give 5-15 lis yield, 10-28 m2/d 

transmiss ibility (T) and 0.3-7m/d hydraulic conductivity (K). 

The hydrostratigraphic units of this relatively groundwater potential zone are highly fra tured 

and faulted ignimbrite / rhyolite and fragmented rock tuff. The aquifer is multi ple and main l 

behaves confined aquifer. From geophysical survey data, the aquifer depth reache up t 

200m. 

From 30 water samples field physical parameters measurement and 24 water amp le 

chemical laboratory analysis, all water samples are fresh water (TDS =55-307 mgll) 

moderately hard water while three contaminated water samples are hard water. 

oll t 

Based on chemical laboratory analysis except three contaminated water amp le , all '" ater 
Th e water lypes SllO\ high land 

samples are Ca-HC03 and Ca-Na- HC03 water types. es 

b B' h town is Ca-HCO - I. a- a-H 3-water behaviour. The water sampled from De re- Ir an ' 

CI and Ca-CI-HC0 3 water types respectively. 
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The infiltrated rain water h h 
as s ort residence time at recharge area du I 

undul c I d 
topographic nature of the area and high permeabilit ~ f I ' , 

Y 0 geo oglcal fonnall n and ' (11 're i 
no significant hydrochemical special variation wl'th' th h In e catc ment. 

Nitrate ions concentration is above the permissible I I f WHO ' " " 
eve 0 and ' lhl pia dnnkln I 

water standards. These water samples source might b'e t ' d ~ , 
con amInate Irom dl po al f the 

town municipal solid and liquid wastes released to open land surface, 

From 10 water sample microbiological test, 6 samples water source polluted b lifl I'm 

bacteria due to waste disposal and poor sanitary protection. 

9.1 Recommendation 

Based on available data, analysis and the out come of this study the fI II " Ing 

recommendations are given. 

• In order to minimize land degradation, recover the degraded land and in I' a 

infiltration rate or maximize groundwater potential, land and water c n er ali n 

activities should be practiced in highly degraded land of the catchment lhal i 

terracing, forestation, etc. 

• The present water resource development activities like water harve 'ling. spring 

development, hand dug well constructions .or shallow wells machine dri ll ing 

particularly in rural areas are very low. In order to solve drinking water upply and 

food deficiencies problems, water resource development acti vities hould be praclic d 

in most of the rural areas within the catchment. 

• In order to understand well and evaluate the aquifer behav ior and ground. aiel' 

potential zone precisely, additional test wells could be drilled which can be u ed a 

productive well for required purposes keeping fair distributio,n within th e cal hl11 cnl 

with appropriate drilling and pumping test is recommended, 

• Water wells drilled for Debr-Beirhan town water supply are concentrated and ha e 

small inter well spacing in small sub- catchment or Dalecha we ll fi eld (9 borehole ), 

With the same distance and relatively big sub-catchmen l and high gr un uwa lcr 

potential area (Beressa well field) , only three water wells were drilled, It i 

recommended to minimize the number of pumping wells in Dalecha .. ell fi eld and 

drilling additional wells with full aquifer penetration in l3eressa we ll fi eld 
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• TIl borehole, Divine providence sister's borehqJe and Zerayakob pring h c nitrat 

• 

• 

pollution and Zerayakobe spring has microbiological pollution. ing th e \ at r 

sources has health risk and it is recommended not to li se these \! at r s ur e ~ r an 

domestic purposes. 

Due to poor sanitary protection many springs and hand dug \ ell are 

microbiologically polluted. There for, these water sources need c ntinu u 

up, sanitary protection and disinfection to keep healthy an.d pr du ti the rural 

community. 

The geology where the town and the well fields located is highly fractured faulted 

and permeable. Unless , proper municipal and industrial wa te managem nl i 

practiced, it is preferable not to expand the town to these we ll field t prOle ' I 

groundwater from the contamination or pollution. 
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Annex 1. Monthly total rain fall at DEBRE-BERHAN Station 

Alt 2750 L m ong 39 300E Lat 9° 38° N 
Year Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Total 1984 0.0 0.0 26.6 0.0 80.0 90.2 181 .2 122.7 106 0.0 0.0 0.0 6071 

1985 17.4 0.0 27.3 58.6 83.2 15.8 314.6 376.6 88.4 6.5 5.7 00 994 1 
1986 0.0 74.7 99.2 52.5 27.0 142 271.3 274.7 116 11 .3 0.0 0.0 10683 
1987 5.0 19.2 108 51 .7 100.2 0.0 32.3 309.5 47.5 18.7 0.0 63 696 5 
1988 10.6 34.6 16.9 83.1 16.2 16.0 286.2 290.0 153 12. 1 0.0 0.0 918 2 
1989 2.3 40.5 97.6 42.7 1.4 41.1 211 .3 177.4 67.7 18.6 0.0 30 7 731 3 

1990 0.0 59.5 0.9 1.6 321 .0 217.2 169 0.6 0.0 0.0 769.5 

1991 '4.8 8.3 64.6 21.0 12.0 63.7 215.6 387.5 86.6 6.4 0.0 6.4 876.9 

1992 30.3 26.7 19.4 80.2 19.3 13.3 307.6 267.6 90.2 41.9 0.5 16 8986 

1993 4.3 63.2 0.0 116.9 60.5 9.1 405.5 168.4 108 43.2 0.0 11 979 9 

1994 0.0 0.0 95.6 0.0 23.2 92.7 281.7 222.9 102 36.5 0.0 8543 

1995 0.0 28.5 19.1 68.4 26.5 23.3 233.8 60.4 5.1 0.0 1.7 466.8 

1996 20.7 2.8 75.4 9.7 129.2 138.0 336.4 252.5 24.3 0.0 3.0 0.0 992.0 

1997 29.5 4.0 41 .2 82.4 25.9 95.1 272.1 200.6 34.8 89.1 8747 

1998 26.7 13.2 14.9 49.3 43.0 13.5 337.3 289.0 70.6 5.2 0.0 0.0 862.7 

1999 0.0 0.0 26.5 2.8 11 .8 48.9 362.4 365.1 52.4 59.6 1.4 0.0 9309 

2000 0.0 0.0 25.9 47.3 37.1 46.6 352.4 317.5 105 28.5 18.8 6.8 986.1 

2001 0.0 33.8 70.5 18.8 64.6 34.9 406.3 260.4 32.2 4.1 0.0 34 9290 

2002 18.1 28.0 60.6 46.1 18.4 28.4 214.4 295.8 109 3.1 0.0 8.4 830.4 

2003 15.6 36.3 60.2 85.7 3.8 93.5 334.1 288.7 74.2 0.0 0.0 7.4 999.5 

Mean 9.3 21.8 50.0 48.8 39.2 50.4 286.5 265.9 84.8 18.6 3.5 3.9 882.7 

Annex 2. Monthly maximum temperature at DEBRE-BERHAN Station 

Alt 2750 L 39' 30' E L t 9' 38' N m ong a 

Year Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec 

1984 20.0 21 .3 22.0 23.5 21 .0 20.3 19.3 20.2 18.4 19.8 19.4 18.0 

1985 19.5 19.8 20.4 18.9 19.7 21 .7 18.7 18.4 18.2 18.2 18.6 

1986 20.4 19.9 19.1 19.0 20.9 19.4 18.6 18.1 18.3 18 .5 19.0 19.5 

1987 19.5 20.9 19.5 19.7 19.5 22.0 22.4 19.5 19.8 19.5 19.8 20.1 

1988 18.9 18.7 21 .5 20 .6 22.1 22.1 17 17.6 18 17.4 17.9 18.3 

1989 19.0 18.5 19.7 18.1 20 .5 21.4 18.8 18.3 18.2 18.0' 

20.1 22.6 23.0 18.6 18 .. 9 18.4 18.2 18.5 18.8 
1990 19.0 

19.9 20.8 22 22.5 18.0 17.8 19 18.2 18.6 18.3 
1991 20.0 20.6 

21 .5 21 .6 22.6 18.3 16.6 17 .5 17 .3 17.3 18.7 
1992 18.1 18.9 21 .7 

19.9 21.9 18.5 18.9 17 .7 18.0 18.2 18.9 
1993 18.9 18.7 20.6 19.4 
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1994 19.7 20.9 20.4 21.4 22 21.4 19.4 17'.6 18.1 19.3 19.8 
1995 20.9 20.8 21 .3 20 .8 22.1 23.6 18.7 19.4 19.2 19.8 19.7 
1996 19.1 21.0 20.7 #### 20.1 19.2 18.5 18.6 19.6 18.9 18.7 18 4 
1997 18.6 20.1 21 .2 19.8 21 .3 21.1 18.0 18.3 19.3 18.3 
1998 19.8 20.9 20.9 21.4 22.4 23.3 17.8 17.7 18.7 18.6 18.4 18.4 
1999 19.4 21 .5 20.5 21 .8 22.6 22.4 17.1 18.1 18.5 17.9 17.7 18.5 
2000 19.6 20.5 21 .5 20 .7 21 .8 22.7 18.3 17.7 18.5 18.4 18.5 19.4 
2001 20 21 19.2 21 .2 22.2 21 .5 17.9 17.5 19.5 19.8 19.5 19.3 
2002 19.5 21 .2 20.6 21.4 23 22.8 21 .5 18.1 18.4 19.6 19.7 19.3 
2003 20 .3 21.4 21.2 20 .8 22.5 22.5 18 18.3 19 19.4 19.1 19.4 

Mean 19.5 20.3 20.7 20.6 21.5 21 .9 18.7 18.2 18.6 18.6 18.8 19.0 

Annex 3. Monthly minimum temperatur in 'c at DEBRE-BERHAN 
Station 

'Alt 2750 L 39' 3~' L t 9' 8' m ong a ,3 

Year Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec 

1984 0.9 0.9 6.8 5.6 8.0 7.9 8.4 7.8 6.5 1.1 3.5 3.5 

1985 5.3 4 .8 7 7.9 8.1 7.4 8.4 8.4 7 4.5 4.3 4.9 

1986 3.8 7.4 7.6 8.6 7.7 8.7 8.3 8 6.1 4.5 4.3 5.1 

1987 3.4 6.6 8.8 8.0 10.7 7.7 8.2 8.9 7.6 5.5 4.2 5.0 

1988 6.6 6 .7 8.4 8.2 7 6.6 12.8 9.0 7.4 4.0 1.8 1.1 

1989 0.5 6.2 7.4 8.1 5.5 6.3 8.8 9.2. 9.4 1.2 6.7 

1990 3.1 6.8 5.5 5.9 8.6 8.9 7.3 2.0 2.0 0.2 

1991 5.3 6.1 8.4 7.7 8.1 7.4 9.0 8.9 7.1 1.6 1.8 0.8 

1992 6.8 7.9 8.5 7.3 6.5 6.9 8.2 9.0 7 3.6 '3.9 4.2 

1993 5.8 6 .9 5.8 8.2 6.8 6.5 8.8 8.6 8.1 4.4 1.5 2.5 

1994 3.6 5.1 8.7 8.1 7.1 7.1 8.4 7.8 6.7 0.8 2.5 

1995 2.8 7.5 6.7 8.7 6.5 6.7 9.2 7 2.8 1.2 5.9 

1996 6.3 4.6 7.4 7.1 6.9 7.7 8.2 8.5 6.3 1.4 2.1 3.2 

1997 6.1 2.2 8.2 7.0 6.7 8.5 8.6 8.1. 7.1 6.1 

1998 7.7 8 .5 9.3 9.6 7.6 7.2 9.3 9.4 7.3 3.7 1.0 2.1 

1999 2.2 3.1 5.9 5.5 5.8 6.3 8.6 8.6 6.2 4.6 -1 .2 1.8 

000 2.1 3.4 5 7 7.0 5.7 8.6 8.1 6.8 3.3 1.7 1.0 

8.1 7.9 9.2 9.1. 6.4 3.3 3.1 4.7 
2001 3.1 5.2 8.3 6 

7.6 7.6 6.2 9.1 7.5 3.2 3.1 7.2 
2002 4 .9 6.2 8.4 7.5 

2.7 1.6 8 9.7 9.5 8.1 3 
2003 5.3 5.3 7.9 9.5 7 

7.2 8.8 8.7 7.1 3.5 2.3 3.4 
Mean 4.3 5.5 7.6 7.6 7.2 
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Annex 4. Summa of mean monthl of BERESSA RIVER 
near Debre Berhan town fl ow in m3/s 

Longitude _____ Latitude Altitude 

YEAR JAN. FEB. MAR. APR. MAY. JUN. JUL. AUG SEP OCT NOV. DEC ~MEA~ 1973 0.10 0.09 0.07 0.10 0.16 0.16 6.17 19.73 14.32 0.18 0.14 0.11 3.44 
1974 '0.12 0.08 0.12 0.19 0.12 0.15 12.61 20.41 4.18 4.91 4.18 0.16 393 
1975 0.10 0.08 0.10 0.18 0.18 0.39 4,55 15,78 12.49 0,28 0.20 0.08 2.87 
1976 0,04 0,04 0.12 0,13 0.23 0,11 5,50 24.22 4,65 0.16 033 0 14 297 
1977 0.14 0.10 0,08 0,10 0,12 0.14 7.46 8,90 0.43 1.73 025 0 12 163 
1978 0,13 0,10 0.16 0.13 0,16 0.14 4,85 14,82 5,56 1.24 0.15 022 231 
1979 0.17 0.10 0,10 0,16 0,31 0,33 7,25 10.42 0,79 0.24 0.03 0,04 1 66 
1980 0,05 0.08 0.10 0.10 0.10 0,08 1.43 13.40 11 .01 1.71 0.16 0.06 2.36 
1981 0.16 0.13 0.14 0.25 0.18 0.16 0.22 26,15 6,69 1,75 0,12 0.12 301 
1982 0,14 0,18 0,16 0,35 0,27 0,26 1.38 44,12 2,36 , 1,79 0,15 0.11 4 27 
1983 0,09 0,07 0,11 0,21 0.58 0,36 2,80 ' 20,22 1.43 0.15 0,11 0.11 2 19 
1984 0,07 0,06 0,06 0,06 0,26 0,36 7.44 3.44 1,69 0,16 0,10 007 1 15 
1985 0,08 0.Q7 0,07 0,12 0,18 0,14 3,55 14,56 2,59 0,12 0,08 008 1 80 
1986 0,08 0,09 0,33 0,28 0,16 0,17 9,09 27,61 6,52 0,22 0,15 014 3 74 
1987 0,12 0,14 0,18 0.40 0,50 0,21 0,18 5,14 0,35 0,53 0,17 0.16 0 67 
1988 0,17 0,16 0,19 0,23 0,27 0,29 4,99 30,87 8,50 0,50 0,16 01 4 387 .-
1989 0,14 0,13 0,14 0,25 0,15 0,19 2,50 11 ,57 3,31 0,25 0,18 0.19 1 58 
1990 0,16 0,20 0,22 0,53 0,24 0,20 6,51 10.89 13,60 0,35 0.12 0.12 2.76 

1991 '0,12 0,11 0,12 0,16 0,24 0,31 5,26 37,09 4,00 0,26 0.11 0.10 3.99 

1992 0,11 0,11 0,10 0,12 0,11 0,13 3,15 15,53 8,30 0,37 0,14 011 2 36 

1993 0,09 0,13 0.10 0,23 1.43 0,25 24,88 5,24 1,51 2.86 0.16 01 2 308 

1994 0,11 0,11 0,14 0,15 0,23 0,29 15,58 39,97 12.47 01 5 014 010 579 

1995 0,09 0,08 0,10 0,20 0,22 0,24 5,16 15,34 5,36 0,20 0,18 0 20 228 

1996 0,19 0,16 0.40 0.77 1.64 1.38 12,67 1-6,68 2,50 2,64 0,37 0.31 3.31 

1997 0,30 0,28 0,35 0,63 0.48 0,88 13,20 ' 11,67 0,53 2,34 0,61 0.18 2.62 

1998 0,35 0,24 0,25 0.44 0,70 0.48 8,00 20,56 5,75 0,71 0,20 0.20 3.16 

1999 0,12 0,10 0,12 0,10 0,14 0,23 12,73 20,00 3,63 1,27 0.08 004 3 21 

2000 0,03 0,04 0,03 0,05 0,13 0,10 4,65 2203 4,17 1.45 0,26 0.04 275 

2001 0,06 0,35 0,56 0,25 0,33 0,19 9,66 13,61 0,93 0,30 0.25 01 7 2.22 

2002 0,15 0,15 0,17 0,13 0,17 0,24 1.25 21,11 4,78 0,10 0,07 0.09 237 

2003 0,08 0,09 0,07 0,35 0,15 0,23 6,54 8,21 1,83 0,11 0,00 001 147 

MEAN 0,12 0,12 0,16 0.24 0,33 0,28 6,81 18,36 5,04 0,94 0.30 0,12 274 
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Annex 5. I Water points physical parameters and laboratory chemical analysis result 

Location (UTM) Tested HrfTested Q Aq. Th. K. 
No Source code X y Alt(m) Aquifer Depth(m) SWL(m) DWL(m) (lis) (b)(m) T (m2/d) (mid) 

Dalecha Ign / 
1 Borehole NBH1 562106 1070685 2807 rhyolite 108 12.79 39.68 7217 35.74 12.7 0.35 

Dalecha Ign / 
2 Borehole NBH2 562015 1071000 2806 rhyolite 95.56 11 .68 21 .39 72/7 37.99 80.93 2.13 

Dalecha Ign / 
3 Borehole NBH4 561880 1069590 2810 rhyolite 125 9.2 35.65 72/5 42 11 .96 0.28 

Dalecha Ign / 
4 Borehole NBH5 563330 1070084 2812 rhyolite 150 7.33 61 .86 7212.5 54 2.22 0.04 

Dalecha Ign / 
5 Borehole NBH6 560803 1070784 2807 rhyolite 108 7.4 40 72112 48.9 181 .44 6.04 

Dalecha Ign / 
6 Borehole NBH7 561594 1071660 2804 rhyolite 72 9.6 40 72/14 .2 30.99 224.64 7.25 

Dalecha Ign I 
7 Borehole OBH1 561269 1070401 2806 rhyolite 70 6.66 44.97 51/s 

Dalecha Ign I 
8 Borehole OBH2 562001 1070430 2805 rhyolite 70 6.66 44.97 51/s 

Beressa Ign I 
9 Borehole NBH2 559369 1067258 2780 rhYOlite 100.49 5.3 20.3 72/15 .3 36.59 80.78 2.21 

Ign I 
10 Borehole BressaNBH4 559318 1066823 2787 rhyolite 92 6.25 11 72115 42.66 332.56 7.8 

Ign I 
11 . Borehole B ressaNBH5 559432 1066077 2789 rhyolite 102 8 · 40 72117 · 42.59 80.93 · 2.37 

Sheep breed. Ign I 
12 Borehole BH 560400 1069750 2790 rhyolite 96 0 .71/s 

Divine Ign I 
13 Borehole pro.s.BH 557750 1069300 2785 rhyolite 111 29.6 1.61/s 

Ign I 
14 Borehole T.T.1. BH 557442 1069410 2800 rhyol ite 67 33.5 3.51/s 

Military camp. Ign 1 
15 Borehole BH 556150 1067600 2825 rhyolite 

Marine com Ign 1 
16 Borehole BH 555400 1066500 2785 rhyolite 90 11 .9 4 1/sec 

Ign 1 
17 Borehole I.L.C.A. BH 555750 1061 500 2750 rhyolite 97 Ws 

Dalcha 560800 107 1004 2830 Ign 1 
18 Borehole AFBBH rhyolite 150 11.72 62.53 24 / 1 5 34 58 1 54 005 

L..--
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Annex 5.2 Location of springs and type in Beressa river catchment 
. . 

Location (UTM) Q 
No Source Name Code X Y Alt.(m) (lIs) Obs.date Formation Type T(oc) Ph EC(us/cm) TDS 

1 spring Kosso DBKsp3 562549 1066364 2943 0.5 28/12196 basalt Fractute 17 6.73 122.7 70 
rhyolitel 

2 spring Zerayakob DBZsp4 558582 1068197 2766 2 28/12196 Ign. Fractute 17.2 6.4 485 250 
I 3 spring Diwit DBDsp5 571880 1063194 3065 0.4 29/12/96 rhyilite/lgn Fractute 16.5 7.2 163 90 

4 sprinQ Cheffe DBCHsp6 568550 1066600 3050 1 30106/97 basalt Fractute 16 7.33 148 81 
5 spring Akober DBAKsp7 581565 1066250 3100 2 7nt1967 basalt Fractute 19.9 7.73 92.6 55.7 

Power 
6 spring station DBBPSsp8 556084 1069716 2724 1 8n/1997 basalt Fractute 19.4 6.84 190.6 113.4 
7 spring Atakilt DBAsp1 561770 1067129 2850 1 28/12196 basalt Fractute 16.7 6.6 154 73 
8 spring Gorto DBGsp2 562170 1066504 2915 0.2 28/12/96 basalt Fractute 18 6.8 144.5 68 
9 spring Mesno 566770 1066800 2930 0.2 30/6/97 basalt Fractute 16.3 7.25 171 .5 105 

10 SprinQ Wonna 566700 1065750 2980 2 Jan-97 basalt Fractute 17.1 7.45 175.5 108 
11 Spring Malefia 557163 1068633 2769 0.5 8/7/1996 Rhyolite/lgn Fracture 17.1 6.69 616 307 
12 Spring Gashemeda 558372 1068195 2760 10 7/8/1997 Rhyolite/ign Fracture 18 6.68 150 80 



Annex 5.3 Water points' physical parameters and laboratory chem ical in Beressa river catchment 
LoatJon 

I s...mpJe 
NO 10 Site Date Litho logy y X Z PH T(Oc) EC TDS Na K Mg Co Mn Fe NIU F CI Sa. N03 N02 HC03 CO2 

Oalecha 
1 01S/S6 BH4 2S/06 /03 Ign/rhyolite 106S5S0 561550 2810 7.6S 210 132 10 2.2 5.35 25 0 .S6 3 0.78 4.8 113 

Oa lecha 
2 lU35 OBHl 2S/12J96 Ign/rhyolite 1070520 661750 2805 6 .S5 U.3 188 122 7.6 2.7 4.2 21 0.41 6 2 6.2 S3 17 

3 11S35 TT1BHl 28/12J96 Igo/rhyollte 106S410 557442 2800 6.47 lS 425 255 12 2.5 10.5 46.5 0.19 46 16 46.52 S3 
Oa lecha 

4 11S42 OBH 2 2S/121S6 1070730 561330 2800 7.2 19 198 125 6.5 2 4.6 23 0.42 6 1 7.92 98 11 
Dalecha Igo 

5 168/96 NBHl 28/11/03 /Rhyolite 1070685 562106 2807 7.27 204 146 9.2 3.2 5.1 25.2 0.2 0.017 0.25 0 .55 5.96 0 108 
Dalecha Igo / 

6 184196 NBH2 18112103 rhyol ite 1071000 562015 2806 7.12 205 124 8.2 3 4.1 25.2 0.1 0.04 0 .42 5.75 0.6 19.5 87.9 
Da lecha Igo/ 

7 185/96 AFBBH 22112/96 rhyolite 1071004 560800 2830 7.78 288 164 28.5 5 2.6 31.1 0.1 0.022 0.58 8.86 11 .4 4.84 155 
Beressa 

8 203/96 NBH4 20/01104 Igo/rhyolite 1066823 559318 2787 7.93 229 150 13 4.1 4.1 30.2 0.1 0.024 5.8 1.1 13.6 114 
Seressa 

S 215/S6 NBH2 28/01l().l .Igo/rhyolite 1067258 55936S 2780 7.16 203 132 8.2 3.8 4.6 25.2 0.007 0 .84 5.8 0.1 7.04 117 
Oalecha 

10 228/96 NBH6 4/212004 Igo/rhyolite 1070784 560803 2807 7.28 188 116 7.7 2.6 5.1 25.2 5E-04 0.35 2.S 0.3 7.5 0 103 
I Be re ssa 

11 22S/96 NBH5 10/21200 Igo/rhyolite 1066077 55S432 278S 7.24 190 123 8.7 3 5.6 24.4 0.012 0.42 3.S 0.4 7.04 105 
Oalecha 

12 230/96· NBH7 16102/04 Igo/rhyolite 1071660 5615S4 2804 7.15 194 128 7.4 2.7 5.6 25.2 0.011 0.46 3.S 0.4 11 .9 SS.6 
Oalecha 

13 384/03 NBH5 9/3/2003 Igo/rhyo lite 1070084 563330 2812 7.73 205 162 20 4 .5 4.86 31.2 0.S6 7.S4 7.65 7 0 132 
Hand dug 

14 DBAHW·l well 29112196 Basalt 1072335 563678 2845 6.57 132 80 3.2 1.6 3.6 15 0.12 3 1 12.85 61 15 
Hand dug 

15 DBAHW· 2 well 29112196 Basalt 1068740 5761 65 3170 6 122 63 3.6 0.2 3.6 13.6 0.06 3 3 63 6.16 

16 DBAKsp7 Sp riog 71711996 Basalt 1066250 581565 3100 7.73 U .S S2.6 55.7 6 1.3 1.!14 13.6 0 .73 0 1 6.42 58.6 

17 DBBPSs p8 Spring 81711997 Basalt 1069716 556084 2724 6.84 U.4 lSI 113 S.8 3 5.83 23.2 0.35 1.5 7.2 5.97 107 
Bere ssa 

18 DBBR-l river 71711 957 Igo/rhyollt 1066000 55S269 2750 7.5 176 106 7 3.5 3. n 21.6 0.5 6 2.9 2.12 112 3 
Beressa 

19 DBBR-2 ri ver 71711997 1069250 556250 2740 8.02 196 119 6 3.4 4.86 22.4 0.003 0.059 0.5 8 2.9 1.2 88 3 

20 DBCHsp6 Sp ring 30/06197 Basalt 106600 568550 3050 7.33 16 148 81 8 0.9 0 22.4 0.59 1.5 1.1 8.19 78.1 

21 DBOs p5 Sp riog 29112/96 Iqo/rhyolite 10631 94 571880 3065 7 .2 16.5 163 90 3.6 0.8 4 20 0.36 4 0.36 4.87 85 14 

22 DBKs p3 spring 28112196 Basalt 1066364 555582 2766 · 6.73 123 70 4 0.8 . 3.4 I 13.6 0.11 3 0 7.92 61 36 
Ign / 

23 DBb .,. S priqs 28/12/96 rgyolite 1068197 558582 27 66 6.4 17.2 48S 232 15 3.4 11 50 0 .16 57 22 53 .16 83 
O. 19n 1 

24 DPS BH pro.sisters 17/09/91 rhyo lite 1069300 5577 50 27 85 6.6 27 .2 4.6 11 .7 54.5 0.4 63.8 32.5 146 

RerNIrk Unless Su ted In bra cket, a U concentr.lylons . re In mg/l 
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