Hydrogeological and hydrochemical map of the Kebri Debar (NB 38-6) sheet

Contents
ACKNOWLEDGMENT

EXTENDED SUMMARY

1. INTRODUCTION. ..ot

1.1 General objective of the study.......

1.2 Specific objectives of the study......

1.3 Phases ofthe study......ccoccveviviinneennn.

1.4 Location of the study area

1.5 Accessibility to the study area.........

1.6 Population and settlement ofthe study area

1.7 Waterdemand
1.8 Previous work

1.9 Methodology.....coceevvveeeeiiciienee e,

2. PHSIOGRAPHY, VEGETATION COVER, SOIL AND LAND COVER

2.1 Physiography....ccccccoviiiiiieiiiiiiieeeces
2.2 Vegetation COVer....cooccrnieerninnrennn.

2.3 Land COVEer ..

2.4 SO0l
3. HYDROMETEOROLOGY.......ccceiiiiiienenne

T R O [T 1 -1 (YR

3.1.1 Precipitation......c..cccecvvereeriinnnnnn.

3.1.2 Temperature......cccooeevvveeeenrcnnnnn.

3.1.3Wind speed.....cccocceieeiiiiiiiieannns

3.1.4 Sunshine hours

3.1.5 Potential Evapotranspiration (PET)

3.2 Hydrology ..o

3.2.1 Surface water network develo

3.2.2 Surface water flow ......cccccuuennn...

3.2.3 Baseflow.....ccccovreeeniiiiiieciieees
4. GEOLOGY .ottt
4.1 Regional geology....cccccoevveveeeiiiirnnnnnn.
4.2 Stratigraphy...cocoveveiieeeneeee
4.3 Geology of the study area...............

4.3.1 Kebtenak limestone (MKLst)

PMENt. e

10
10
10
11
11
12
13
14
15
16
16
17
18
18
21
21
22
24
26
27
28
29

.29
.30
.30
.32
.32
.33
.33
.33



Hydrogeological and hydrochemical map of the Kebri Debar (NB 38-6) sheet

4.3.2 KOrahe eVaporile (MK @) .ottt ettt e bt e e e st b e e snte e e snbeeeantneeens 34
4.3.3 Kebri Debar IMestone (MKLS) ... ittt e e e et e e e e e s nt e e e e e e anaeeeeeeanees 34
4.3.4 CretaceouUs DASAIT (M D @) .t 34
4.3.5 Ketembur SANASIONE (KESST) . iiiiiiiiiiiiiiiiiiiie et e s e e e e e e e e s st e e e e e s antbeee e e sanarees 34
4.3.6 Quaternary basalt (QD@)....cuii i e e 34
4.3.7 Quaternary alluvial fan (Q af) ... i e e e e e e e e 34
4.3.8 Quaternary alluvium (Qal).....ueio i 35
] § AU o3 (U == TP 35
5. HYDROGEOLOGY ..ttt ettt ettt a4kttt e+ 44kt bttt 4o 4ok bt et e a4 24 s b e e et e o4 e R b bt e e a4 1 bbb et e e e e e s bbe e e e e e e nbb e e e e e e nnrnee s 37
5.1 Hydrogeological CharaCteriZation ...... ..ottt e e et e e e e et e e e e e e sneeeeeaeean 37
5.2 Elements of the hydrogeological system of the study area......cccccccoeiiiieiiiii e, 38
5.2.1 Extensive and moderately to highly productive porous aquifers.....cccocccvvieieiieiviieeccieeee 38
5.2.2 Extensive, moderately and locally highly productive fractured and/or karst aquifers........ 39
5.2.3 Moderately productive aquifers with mixed porous and fissured permeability................... 41
52,4 AQUICTUT RS ettt ekt e e e e bt e ek e e e s e e e et e e e ean e e et e e n e e e e s 42
SRR Ol oY 0L oY KT A N =T g o o 1 11 £ PP 42
LR A = Yo T (=1 [0 ] 1= OSSR PU R PPRRT 43
51302 DUG W B LIS ettt ettt E R e e bt e R e e e s e s 43
IR I IS YT o 1= o= IV B A= S T PP OTPPOPPR 45
5,814 W AT MO IS it 45
I T 3 11 BT N = OO PP PPRR PR 46
5.4 Groundwater flow, recharge and diSCharge @rEas.......ccociiiiiiiiiiiieiee e 47
5.4.1 GroUNAWALET FIOW Loiiiiiiiiiiie et sb et b e sbeeene e 47
5.4.2 GroUNAWaATET FECHAITE BT @ ciiiiiiiiiiie ettt e et e e e e ettt e e e s abb et e e e e e sat e e e e e e e antbeeeeeanebeeeas 48
5.4.3 GroundwWater diSCRAIgE @I @ . ..cuii it a e st e et eebe e 48
5.4.4 Hydrogeological conceptual MOl ...t 49
6. HYDRO CHEMISTRY L.ttt e et e e e ot e e e e e e a bbbttt e o4 e a b bttt e e e aa kb et e e e e e anbb e e e e e e nabbe e e e e e nantneeeeens 51
6.1 Classification Of NATUTAI WaTE IS ...t 51
6.2 MAJOT I0N CONSTITUBNES .oiiiitiiiitiie ittt ettt et e ket e s a et e et e e e s ee e e s s ne e e e b bt e e eabe e e s nbneeeanneeennes 52
6.3 Classification and graphical PreSentatioN ... e 53
6.4 W AEE T QUATITY weeeiiiie ittt ettt e bt e b e bt e b e h e e et bt e aab e e e b e e et een 55
O R I =T 1 o =T = L (U =TT TP PP PP PP TP TPTP R TRTRPRPIR 55
B.4.2 P H oottt 56
B.4.3 HaAIUNMESS ittt ettt E e R R Rt E e et b bt ahe e 58
6.4.4 Electrical CONAUCTIVITY (EC) . ittt ettt ettt e e e st b e e e e e e saab e e e e e s aanbeeeeeeas 58

6.4.5 Total dissolved solids (TDS) 59



Hydrogeological and hydrochemical map of the Kebri Debar (NB 38-6) sheet

6.5 Water qUAlILY STANGAAITS ...ooiiiiiiiii ettt ettt e e et e e an et e e sn b e e e te e e snte e e anbeeeenneeeennnes bl
I R B T a1 T g Ko IRV L= SRR 62
B.5.2 T TIgATION U S B oiiiiiiiiiiiii e e ittt ettt e e ettt e e ettt e e e e e st e et e e e ssatbeeeeeeaasstaeeaeeeasstseeeaasssbeeaeeeanstbaeeeesasbeeaaeeaane 64
IR I [ o LUESY A g F- LIV R A= UL = TR 66

7. GROUNDWATER RESOURCES ASSESSMENT AND DEVELOPMENT .....cociiiiiiiiiiiiiiesie e 68

7.1 Groundwater reSOUICES ASSESSIMEBNT ittt sr et eesar e st e e re et nenes 68

7.2 Groundwater reSOUrCES dEVEIOPIM BN T.. ittt e e st e e s anbr e e nneeeatnee e 69

7.3 Recommended SiteS fOr Well SItiN g ..ottt e e e e e e e eanneeeas 70

8. CONCLUSIONS AND RECOMMENDATIONS ... .ottt ettt ettt ettt sne s abeennn e 73
8.1 CONCIUSIONS ..ttt ettt b e et e bt e e bt e ke e bt e b btk bt e bt e e et ekt et nE e r e et re e "
8.2 RECOMMENUALIONS ..ottt ettt ettt e bt e a e e bt e et e bt e b et e ne e abe e e beesbe e e bt e saneenee e ™"

REFERENGCES........ctt ittt ettt ettt ettt a e b2t e h et e e he e e bt e eh e e Rt e e h bt e ket e e bt e e b s e e ket e bt e s hn e e beeneb e e nbeenane et 74

LIST OF FIGURES

Figure title Palle
Fig. 1.1 Location map Of the StUAY ArEa......cceeiiiiiiiiiiiiee e 11
Fig. 1.2 Accessibility map of the StUAY @rea.......ccciiiiiiiiii e 12
Fig. 1.3 Administration map 0fthe StUAY ArEa ... 13
Fig. 1.4 Caladi borehole used for both domestic water supply and livestock watering............. 14
Fig. 2.1 Physiographic map Of the StUdY @rEa.......ccueiiiiiiiiiiiiie et e 16
Fig. 2.2 3D VIEW OF the STUAY BI@a. ittt e e nre e 17
Fig. 2.3 Bushes in the left image and Acacia (Girar) in the right image 17
Fig. 2.4 Land cover map ofthe study area 16
Fig. 2.5 Soil Map 0f the STUAY AI€@....cciciiiiiiiiie et e e e et e e e e e s staeeeas 26
Fig. 3.1 Climatic zones of the study area based on elevation and temperature classification.. 21
Fig. 3.2 Mean monthlyrainfall at the Dagahabur meteorological station........ccccoooeeeviiiiiiieeinnenn, 22
Fig. 3.3 Mean monthlyrainfall at the Kebri Debar meteorological station.........cccccceeeeiiiieeeeninnns 22
Fig. 3.4 Mean monthlyrainfall at the Gode meteorological Station ......cccooieiiiiiiin e, 23
Fig. 3.5 Mean monthlyrainfall at the Dagahabur, Kebri Debar and Gode meteorological

L3 = Ao o PRSPPI 23
Fig. 3.6 Maximum, minimum and average temperature atthe Gode, Dagahabur and Kebri

Debar meteorologiCal STAtIONS ... . et e ettt e e e e ettt e e e e e s aatbe e e e e e eabeeeeeeeannneeas 24

Fig. 3.7 Mean monthly maximum, minimum, average temperature, mean monthly

precipitation and mean monthly evapotranspiration profile at the Dagahabur

R R=R (Yo R go ] Lo To L To=Y IE=] =N 4 (o ISP PRPUPTPPR 25
Fig. 3.8 Mean monthly maximum, minimum, average temperature, mean monthly

precipitation and mean monthly evapotranspiration profile at the Gode meteorological

53 = L A [0 o TP EPTSOTRRPNE 25
Fig. 3.9 Mean monthly maximum, minimum, average temperature, mean monthly

precipitation and mean monthly evapotranspiration profile at the Kebri Debar

M ETEOTOIOGICAI STATION .eiiiiiiie ittt et ae et e s e s e e s e e s br e e asneeenanes 26
Fig. 3.10 Monthly mean v/ind speed pattern atthe stations overtime 27

Fig. 3.11 Mean monthly SUNSNING NOUTS ...t e e e e e e e e e eneaeeeas 28
Fig. 3.12 Mean monthly evapotranSPiratioN ..o 29

Fig. 3.13 Drainage map 0fthe STUAY Ar€a......cccciiiiiiiiiiiiiee e e e e s eaaae e e e 30



