Ministry of Water & Energy (MoWE)
The Federal Democratic Republic of Ethiopia

THE STUDY ON GROUNDWATER RESOURCES
ASSESSMENT IN THE RIFT VALLEY LAKES BASIN
IN THE FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

FINAL REPORT

DATA BOOK

March 2012

Japan International Cooperation Agency (JICA)

Kokusai Kogyo Co., Ltd.



I Ahis eeprned, dhe peegect coved o estaled pxiog e BMevemdse 2000 preice wanb ol o eselongp:
pade ol b LR S H Jppiese o, DOEH P Riogdn el L A8 Dapninese Yon



Contents

1. Meteorology and Hydrology

Data 1.1 Daily Rainfall Graph of 18 Major Meteorological Stations ..................... D1-1
2. Geology

Data 2.1 Geological Map (WhOI€ area) .........ccccecvevieiiereeieiiese e D2-1

Data 2.2 Geological Profiles (16 CrosSS-SECtIONS) .......cccocerverreriuererrenieesieenieneesneas D2-2

Data 2.3 Stratigraphy of the Study Area with Measured Absolute Ages ............... D2-8

Data 2.4 Petrographical Description of K-Ar Dated Rock Samples ...........c.......... D2-9

3. Hydrogeology

Data 3.1 Hydrogeological Map (Whole area) ..........ccccooveveiieiievicie e D3-1
Data 3.2 Hydrogeological Profiles (16 Cross-Sections) ......c.ccccccevvvveeriverenieesnenens D3-2
Data 3.3 Hexa Diagram of Water Quality samples (by sub-basin) .............c.......... D3-8
Data 3.4 Water Quality Analysis Results (site measurement) ...........cccccceeveenne D3-19
Data 3.5 Water Quality Analysis Results (Laboratory measurement) ................. D3-22
Data 3.6 Isotope Analysis RESUIL .........ccoiiiiiiiiiieiiee e D3-25
Data 3.7 Specification for Ethiopian Water Quality Guidelines ..........c.c.cceevenee D3-27

4. Geophysical Survey

4.1 Vertical Electric Survey (VES)

Data 4.1.1 VES PROTO ...ooveiieiiiciecee et D4-1
Data 4.1.2 Apparent Resistivity Profiling .......ccccccooeiieiieiieiice e D4-3
Data 4.1.3 VES and Analysis Graph .........ccccooieiiiiiiec e D4-13
Data 4.1.4 ReSiStiVity CrosS-SECHIONS ......cccviiririeiiiene et D4-26
Data 4.1.5 Geophysical SUrVEY Data ..........cccccoveieeiiiiieiiese e D4-60
4.2 TEM Electromagnetic Survey
Data 4.2.1 SUIVEY PROTO ...c.eoiieiiic e D4-101
Data 4.2.2 Locations of TEM Survey Points and LiNeS .......c.ccccoevvvvvrivereiiiennnns D4-103

Data 4.2.3 Apparent Resistivity Curve and Analysis Results for TEM Survey .D4-115

5. Observation Well Drilling

Data 5.1 Well Drilling Geological Log Data ..........ccccccevervienieninienie e D5-1
Data 5.2 Borehole Logging Data ........cccccocveieeiieiieiieiesie e D5-49
Data 5.3 PUMPING TSt DAta ......c.cccveviviiiiieiece e D5-77

Data 5.4 Water Quality Indication with Depth during Drilling ..........cccceovennne, D5-139



6. Groundwater Modelling

Data 6.1 Geological Layers in the Model .........ccccoovevieviieieiiese e D6-1
Data 6.2 Results of Model Calibration ..........c.ccoooveiiiininiire e D6-8
Data 6.3 Modelling RESUITS ......ccoiiiieieiee e D6-11
Data 6.4 Water Level Fluctuation FOrecast .........ccocoevviiniiniininininne e D6-15
7. Small Town Water Supply Plan

Data 7.1 Summary of 82 Small TOWNS  ......coiiiiiiiiiieee e D7-1
Data 7.2 Small Town Profile of Oromia Region ..........ccccovveviiiiiievicic e D7-33
Data 7.3 Small Town Profile of SNNPRS ..o D7-123
Data 7.4 Approximate Scale of Water Supply Facilities and Project Cost

TOr 82 SMall TOWNS ..o e D7-282

Data 7.5 Approximate Scale of Water Supply Facilities and Project Cost

for Priority Small TOWNS ...ooviiiiiiice e e D7-285



1. Meteorology and Hydrology




JICA

KOKUSAI KOGYO CO. LTD.

The Study on Groundwater Resources Assessment

in the Rift Valley Lakes Basin in Ethiopia, Final Report (Data Book)

Data 1.1 Daily Rainfall Graph of 18 Major Meteorological Stations (1/9)
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Data 1.1 Daily Rainfall Graph of 18 Major Meteorological Stations (2/9)

3. Arba Minch
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Data 1.1 Daily Rainfall Graph of 18 Major Meteorological Stations (3/9)
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Data 1.1 Daily Rainfall Graph of 18 Major Meteorological Stations (4/9)
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Data 1.1 Daily Rainfall Graph of 18 Major Meteorological Stations (5/9)
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Data 1.1 Daily Rainfall Graph of 18 Major Meteorological Stations (6/9)
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Data 1.1 Daily Rainfall Graph of 18 Major Meteorological Stations (7/9)
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Data 1.1 Daily Rainfall Graph of 18 Major Meteorological Stations (8/9)
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Data 1.1 Daily Rainfall Graph of 18 Major Meteorological Stations (9/9)
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) Geology
A A Holocene
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Data 2.3 Stratigraphy of the Study Area with Measured Absolute Ages
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. . . . . . Lacustrine deposites such as mud, sand,
Bulbula lacustrine deposits Bulbula lacustrine deposits Shalo lacustrine deposits f
gravel sediments
INANNANNANANANHA
° 0.04+0.01My(1) Ryolitic | ice fall ice fl
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0.26:+0.04Ma 023£0.03My(2)
! (Uk110129-01SP02,Kulmusa) ) 02240.03My(2) ! ! 1.28+0.03Ma ! " "
> Kulmusa highly Welded-Tuff 1.97+0.04Ma Kuyera highly Welded-Tuff 0.18+0.03My(2) Koshe highly Welded-Tuff Mt. Kuwe highly Welded-Tuff (UKL10128-015P04 Mt Kuwe) Samero highly Welded-Tuff Rhyolitic to Andesitic welded tuff
g (Uk110i22?01SP01 Kibet) 02120.01Ma ‘
o ' (Uk110126-01SP03,L.Shala)
2
© INANNANNANNANA INANNANNANNANA
é Ketar river acidic volcano- Lake Shala acidic volcano- 059£0.04My(2) Kurito acidic volcano- Yiega Alem acidic volcano- Yirga Alem acidic volcano- Rhvolitic pumice tuff and tuff
sedimentary rocks sedimentary rocks -30.00My sedimentary rocks sedimentary rocks sedimentary rocks V! P
0.21+0.01My(1)
o N .
g Gonde Strongly Green 0.210.01My(1) Bilate river Strongly Green ggéfggimyg; Bilate river Strongly Green Hantate Strongly Green 0192£002Ma Hantate Strongly Green 0.21:0.01My(3) Postift Volcanics
S 9y 0.2240.04Ma 9y O DAY 9y 0.21:+0.01My(1) il (UK110125-01SP08 Kulito) i 0.91%0.03Ma Degabulae Basalt(Qd) |Rhyolitic to Andesitic welded tuff
b Welded-Tuff Welded-Tuff 1.35+1.05Ma Welded-Tuff Welded-Tuff Welded-Tuff ’
3 (Uk110129-02SP06,Deneba) (UK110127-01SP07,L.Shala) 2.33+0.05Ma (Uk110124-01SP10,Dila)
o " (Uk110124-03SP09,Hantate)
Adami Tulu basaltic Shala Senbete basaltic Abaye ridge basaltic 1.2740.1My(1) . . Bridge of God Basalt(Qb) . . -
pyroclastics pyroclastics pyloclastics 096:0.1My(1) Donga basaltic pyroclastics 0.68-0.99Ma(2) Basaltic tuff breccia to Lapili tuff
. 0.860.15My(2) Segen Basaltic lava .
Lake Chitu Basalt 1.02-£0.03My(2) cones(Qs) Basaltic lave dome
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o Ogolche Basalt 1.16-1.97My(1) Deneba Basalt 1.16-1.97My(1) Yubo Basalt 1.60+0.1My(1) Kebado Basalt 134Ma(2) Massive basalt lava
§ ....................................................
S . Lacustrine deposites such as mud, sand
5] X
3 Lekansho Lake deposits and gravel layers
g 1.30+0.1My(1)
g -3020.1My 1.30£0.1M
g ! ) ' ' .30£0.1My(1) ) 1.10-1.85My(1) ) ) ) "
% Gademotta rhyolite 1.27-1.28My(3) Aje rhyolite Gademotta rhyolite 127-1.28My(3) Wendo Genet Rhyolite 2.49:0.1My(1) Hobicha rhyolite 1.57My(2) Gecho Rhyolite Rhyolitic lava and tuff
4
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b5 . N2b . .
= Bofa Basalt Lepis Basalt 2.54+0.1My(1) (GSE.2003) Basaltic lava and pyroclastics
(Gs’\éQz;m) Rhyolitic tuff
3.53+0.2My(1)
' ' N1_2n 2.59-2.67My(1) ! ) "
+ - -
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wo
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Lower Basalt 37.6-44.9My(1) Lower Basalt 37.6-44.9My(1) Porous basaltic lava
Mesozoic AA[::?:; a::;t;:: sandstone, limestone
Pre—Cambrian Biotite Gneiss, Granite Biotite Gneiss Gneiss, Biotite Metagranite Biotite gneiss and granite
References: (1)WoldeGabriel et. al., 1990 (2)EIGS- References: (1)WoldeGabriel et al, 1990 (2)Mohr et. References: (1)WoldeGabriel et. al., 1990 (2)EIGS- . . References: (1)GSE, 1994 (2)GSE,2002 . .
References GLE, 1985 (3) Laury and Albritton, 1975 al. 1980 GLE, 1985 (3) Laury and Albritton, 1975 References: (1)WoldeGabriel et. al., 1990 (3)WoldeGabriel et. al., 1990 References: (1)GSE, 1994 (2)Ebinger et al., 1991

Note: The dating data in red are those analuzed in this JICA study and the sample ID in parenthesis is shown below
Note: Numbers in parenthesis indicate the references (see the bottom of each column)
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Data 2.4 Petrographycal Description of K-Ar Dated Rock Samples (1/2)

KOKUSAI KOGYO CO.

No 1 - No.2 : Kulmusa Highly Welded Tuff

No 6 - No 10: Gonde Strongly Green Welded Tuff

Photo under microscope
No | Sample No Points Strata Name/Lithology K-Ar Resuls Photo in the field . : - Phenocryst
Opennicol Crossnicol Description Texture - ) . ; .
Sanidine Anorthoclase | Amphibole Biotite Clino pyroxene [Fe-Ti mineralg
The sample is least welded among the Euhedral to
10 samples. The texture of the essential Most of them are subhedral forms.
South Highly Welded-Tuff(Ob- pumicel fradgr_r;ﬁnts cijn glelarly b ;euhedralt 0'; . Eu[:]:d,;al lto Me;n):jarlefin Mabr;]y ZreI . T -
o recognized. The welded glass is brown ; ragmented. Few subhedral are euhedral forms. |subhedral. Forms )
- +
1{Uk110122-01SP01 B!Jta“ra' Wt)l, 1.27Ma+0.04Ma and the essential pumice fragments ELiaNg have melted dominant. Max  [Max diameter cluster phenocrysts (l;/lg;(nt;l]ameter
Kibet Felsic Welded Tuff show pale brown color. The outlines. Max diameter 0.4mm. |0.6mm. with Fe-Ti minerals. [~
phenocsysts (and the crystals of this diameter 2 mm. Max diameter
size) are sanidein, amphibole, biotite, 0.4mm.
The glass is brown and the welded
Highly Welded-Tuff(Ob- glass lenses became pearlite. The Euhedral or SE:S::c;?;ItOMany Granular forms
West Asela: phenocrysts include sanidine fragmented ’ :
| + b i i
2|Uk110129-01SP02 Kulumsa Wt)/. 0.26Ma+0.04Ma g Eutaxic shape. Max 3:)(532;?:{::' L\)/Igfnt:l]ameter
Felsic Welded Tuff minerals. The sample is rick in rock diameter 1.8mm. D Db
fragments. : )
The glass is brown. Some welded glass
lenses originated from the essential Ny elE Subhedral or
Higth Welded-Tuff(Ob- pumice fragments are observed. corroyded outline Many have fragmented forms. SO S
3|uk110126-015P03[KWYe™@ Iy 0.21Ma+0.01Ma Spherulites appear in these lenses. The|o .oy 1 sfil euhedral eIl s, i ltametss Max diameter
Quarry Felsic Welded Tuff phonocwstgs are sgnld}ne, amphybole, shpes. Max Max diameter 0.4mm. Fragmented 0.5mm.
o e e e e ot
sanidine and amphibole phenocrysts.
The sample is highly welded. The Many show
welded lenses are elongated and show corroded, or
South Highly Welded-Tuff(Ob- M- PGSR e, D (e (5 (pefd eded Fragmented form.| Euhedral to Fragmented forms. |Granular forms
brown and are pearlite overall. The Eutaxic and |euhedral or " : " ) . :
- +
4|Uk110128-01SP04 ;:/Ivt\lisa \(/3v|t)/ Welded Tuit 1.28Ma+0.03Ma gt gt gt S | e —— l;/l;fnﬁ‘llameter Z?fmhz?erfli g;ﬁ-. g/lifndnllameter g/lgxmdnllameter
-Kuwe assy Welded Tu amphybole, clino-pyroxine, Fe-Ti forms. Max : : : : : : : :
minerals, and opaque minerals. The diameter 2.4mm.
sample is also rich in rock fragments
The sample is highly welded. The glass
is pale brown and are pearlite. Corroded Euhedralito
Highly Welded-Tuff(Ob- Spherulites appear in the glass. The euhedral forms or Pl i) S
West Dila: phonocrysts are sanidine, Eutaxic and [fragmented Granular forms.
- e )
5|Uk110124-02SP05 Walem hill W/ 22:55Ma=0:65Ma pseudomorphs of mafic minerals, Fe-Ti |pearlite forms. Many are ::/Irzxng:::tr:rorphs. Max 0.3mm.
Glassy Welded Tuff minerals, and opaque minerals. The corroded. Max -
pseudomorp are concidered those of diameter 1.8mm . .
clino-pyroxine from their shapes. The
The glass is brown and recrystalized. Euhedral to
Strongly Green Welded- Micro crystals of biotite and spherulites Euhedral or Euhedral in forms.
West Asela: appear in the glass. The phenocrysts fragmented Sl N | [EisiE) (s All are in Granular forms
" o b ) . ) b
6|Uk110129-02SP06 Deneba Tuff{ 0.22Ma+0.04Ma are sanidine, amphybole, clino-pyroxine, Ry forms. Max Z}r:msu;l;idral n (l\)/lgfndnllameter pseudomorph. Max [Max 0.4mm.
Felsic Welded Tuff biotite, Fe-Ti minerals and opaque diameter 1.6mm. i WHNE | diameter 1.2mm
minerals. : :
. . Subhedral to
The glass is brown and recrystalized
overall. Small crystals of amphybole can e EZQST';IE”:;? if::;: Euhedral to fsrz?nlzefzt:r(ljsf(?lrlﬂlr
Lake Shala Strongly Green Welded- be seen in welded lenses. The — from no);l- 9 subhedral. Many henocrysts with | Granuiar forms.
7|Uk110127-01SP07 Tuff/ 1.35Ma+0.05Ma phenocrysts are sanidine, anorthoclase, | Eutaxic d - are in euhedral phenocty: Max diameter
East wall . e . forms. Max. essential rock i, Wi Fe-Ti minerals. 0.6mm
Felsic Welded Tuff npnybo'e, pyroxine, diameter 1.5mm. |fragments. Max : Fragmented ones [~
minerals and opaque minerals. The . 0.8mm.
X diameter 0.4mm. may have come
amout of anorthoclase is very small. .
from non-essential
The glass is brown and partially
) Corroded
creescsr:r?:zllzf‘::ér\:le?rseg;s r;ze::efn and Gl {90 & Many are in
8|uk110125-015P08 Kulito: along _?erof/ngly (S 0.19Ma+0.02Ma they contain spherulite micro-crystals. Eutaxic flg:\?vn;ir;:/id e euhedral forms. |Euhedral forms. Granular forms.
Riv.Bilate ) : . The phonocrysts are sanidine, TR IS Max diameter Max. 0.3mm. Max 0.4mm.
Felsic Welded Tuff amphybile, biotite, Fe-Ti crystals, and a— 0.6mm.
opaque minerals. The sample is rich in DA
amphybole and poor in rock fragments. .u..w'w
The glass is pale brown and et an
recrystalized overall. Spherulite crystals fragmented
West Strongly Green Welded- appear in the essential glass lenses. forgws Some
Tuff/ Micro-crystals of amphybole can only . . Euhedral forms. Granular forms.
- " +
9|Uk110124-03SP09|Hantate: Biotite Rhyolitic Welded 2.33Ma0.05Ma been seen in the glass. The e ig::(jr::fe:;l:ble Max. 0.4mm. Max 0.3mm.
Balto Quarry| Tuff phenocrysts are sanidine, biotete, Fe-Ti Max diameteré 2
minerals, opaque minerals. The sample mm :
is rich in sanidine and biotite crystals :
The sample is highly welded and the
essential welded lenses are remarkably Manyjare Many are in Euhedral to
WestDia |Stongly Green Welde:
. o b b ) )
10]|Uk110124-01SP10|Walem Tuff{ 0.91Ma+0.03Ma amphybole, clino-pyroxine, Fe-Ti Ry :Larg’]n;e:\::: pseudomorphs. phenocrysts with z\)/lgfndnllameter
Quarry Felsic Welded Tuff minerals and opague minerals. The . Max diameter Fe-Ti minerals. Max |~~~
sample is rich in sanidine cystals and ) : 0.8mm diameter 0.8mm.
mafic phenocrysts mostly remain as

JICA
LTD.
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Data 2.4 Petrographycal Description of K-Ar Dated Rock Samples (2/2)

Description of feldsper (Sanidine)

Description of anorthoclase

No Sample No Points Strata Name/Lithology K-Ar Resuls Groundmass
. Rock fragment - . ) ) ) ) Angle of ; ) ) ) ) ) Angle of
(Essential lense) Alteration | Zoning Reaction fring| Inclusion [twin crystal axis(2V) Alteration | Zoning [eaction frind Inclusion |twin crystal axis(2V)
Brown glass with Volcanic rocks, tuff.
South Highly Welded-Tuff(Ob- f::r_"Tdi'”m‘?H:r”;Iph'b"'e' ﬁ;é“rsez"l'g;"c'lcugk Glass ling|Carisbad  [Less than 40°
1{Uk110122-01SPO1 B_utajlra: Wt)/‘ 1.27Ma+0.04Ma Slightly altered. S, e, Fresh None None ———— t\ty,\l;?rt]e simple ir;sail:)zed
Kibet Felsic Welded Tuff Supherulite crystals |clino-pyroxene - 409
appear in the glass.
. oo win 106 ok s
. |Highly Welded-Tuff(Ob- sanidine, amphible, . . |Carlsbad Less than 40°,
West Asela: L are dominant. Some Glass, Fe-Ti ;
2|Uk110129-01SP02 Wt)/ 0.26Ma+0.04Ma Fe-Ti minerals. The . . |Fresh None None ) type simple |(measured
Kulumsa ) ass is slightl volcanic rocks contain minerals win o A
Felsic Welded Tuff gltered ghtly clino-pyroxene as 15° - 40°)
) phenocryst.
S;z‘;;?ngla;;;ﬁ:me Volcanic rocks, altered Glass,
Highly Welded-Tuff(Ob- clino r’oxine Fe—Tiv CElEE [ Elie iy Ee Amphlbole, Carlsbad Less than 40°
3|Uk110126-01SP03 Kuyera Wt)/ 0.21Ma+0.01Ma miner?lls Sli r’m QIEENE, ST freshand e None elhie e simple |(measured 0
Quarry ) ) : . e S hgruli};e volcanic rocks contain [some are pyroxene, t\ty/v?n P
Felsic Welded Tuff - 9P . many clino-pyroxene |altered. Fe-Ti -40°)
CIREEDD Eeer henocrysts minerals
the welded glass. P ysts.
i [P Grou gfEes Altered volcanic rocks. Glass,
South Highly Welded-Tuff(Ob- and became pearlite tff. and volcanic rock; Slightly am hivbole Carlshad Less than 40° i Small cluster Around 40°
4|Uk110128-01SP04|Awasa Wt)/ 1.28Ma+0.03Ma overall. Includes L altered None None ph ' |type simple |(measured Y None None None (measured
s : with anorthoclase Fe-Ti , 0 o altered phenocrysts [* " "
Mt.Kuwe Glassy Welded Tuff iir»]ﬁ:ﬁﬁ:r;zh'bo'e' phenocrysts. overall minerals, twin 15°-40°%) 40° - 45%)
- i Some are
. ngth Welded-Tuff(Ob- Pale brown glass Vs Gl (s Observed in |Glass,
West Dila: with sanidine, clino- ) p_ " " [Slightly large clino- pyroxene, |Calsbad type|over 40°
5|Uk110124-02SP05 Walem hill Wt)/ 22.55Ma+0.65Ma g cBot:[;zntam sanidine Sitred overall|None . e A | r————
Glassy Welded Tuff minerals. rystais. phenocrists  [minerals 40° - 60°)
Brown glass with
Strongly Green Welded- sanidine, ampibole, Carlsbad  |Less than 40°
West Asela: biotite, Fe-Ti Volcanic rocks, tuff, Slightly Glass, Fe-Ti ; 3
6|Uk110129-02SP06 Deneba TUﬁ/_ 0.22Ma+0.04Ma minerals. The glass |altered volcanic rocks. |altered N2 N2 minerals type simple |(measured O
Felsic Welded Tuff is moderately twin - 40°
recrystalized overall.
Vlocanic rocks, tuff.
Some volcanic rocks
Strongly Green Welded- i are altered and some o o
Lake Shala 9y Browp s ‘”f“h contain clino-pyroxene Glass, Fe-Ti Carlspad less (4l clustered (A
7|Uk110127-01SP07 East wall Tuff/ 1.35Ma+0.05Ma sanidine, ampibole, R Fresh None None minerals type simple [(measured |Fresh None None None b (measured
Felsic Welded Tuff Fe-Ti minerals. Anorthoclase Lty 15°- 40°) 40° - 45°)
phenocrysts in tuff
fragments.
Volcanic rocks, tuff.
: Strongly Green Welded- Ry €10 izl Clkss, Carlsbad  |Less than 40°
Kulito: along Brown glass and Contain relatively mafic |Slightly amphibole, A
8|Uk110125-01SP08 Riv.Bilate TUﬁ/_ 0.19Ma0.02Ma slightly altered. volcanic rocks and altered Role Role biotite, Fe-Ti E\y/v?: S (m:-asuzed
Felsic Welded Tuff many clino-pyroxene minerals 15°-30%
crystals.
Brown glass with
Strongly Green Welded- sanidine, biotie Some are
West Tuff/ amphibo’le |l s Many Carlsbad o 400
9|Uk110124-03SP09|Hantate: Biotite Rhvolitic Welded 2.33Ma+0.05Ma e, Tie gkss | e Fresh None None Glass, biotite|type simple (measured
y twin
Balto Quarry| Tuff is recrl?/stalized 40° - 60°)
overall.
West Dila:  [Strongly Green Welded- S;?‘m?ngla;z;:gh Volcanic rocks. Carlsbad Less than 40°
10|{Uk110124-01SP10|Walem Tuff/ 0.91Ma+0.03Ma ampibolé and Fe.Ti_|Contains sanidine as  |Fresh None None Glass, biotite|type simple [(measured
Quarry Felsic Welded Tuff " phenocrysts i 30°- 40°)

No 1 - No.2 : Kulmusa Highly Welded Tuff

No 6 - No 10: Gonde Strongly Green Welded Tuff

JICA
KOKUSAI KOGYO CO. LTD.
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