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Simple calculations of groundwater flow
in EXCEL, testing of key parameters
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2, Dupuit aassumptions and derivation of governing
eqguation; Determination of boundary conditions
and resultted equations;

3. Derivation key input data from explanatory notes:
hydraulic heads, hydraulic gradient, hydraulic
conductivity, aquifer base, aqguifer thickness and
aquifer width.
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Contanr;

4.

geomeitry, Calibration;

Comparisons of groundwater flow derived from
different approaches;

6. Discussions, uncertainity;

7. Evaluation of quality.

Addis Ababa 14.10.2013 wAaquatest



Addis Ababa

N%ﬁwm ND 37-8
f£ 37-9 | ND37-10 | ND37-1 | ND 3%
ND 37-13 | ND 37-14 | ND 37-15 | ND 37-16 >D 38-13
NC 37-1 | NC37-2 | NC37-3 | NC 37-{ NC 38-1
NC36-7( NC368 NC37-5  NC37-6 | NC37-7 | NC37-8 | NC38-5
NC 3&(1 NC 3612 | NC37-9 | NC37-10 | NC37-11 | NC 37-12 | NC 38-9 ‘Ei 38-10
rc.qw’s NC 36-16 | NC37-13 | NC 37-14 | NC 37-15 | NC 37-16 | NC 38-13 | NC 38-14 -15 | NC 38-16
\
NB 36-4 | NB37-1 | NB37-2 | NB37-3 | NB37-4 | NB38-1 | NB38-2 | NB38-3 | NB 384
. i
NB 36-7 E 3-8 NB37-5 | NB37-6 NBS7-7 | NB37-8 | NB38-5 | NB386 | NB 38—/7/ NB 38-8
NB\@Q, NB 37-9 | NB 37-1 NB 37-12 | NB 38-9 | NB 38-10 | NB/38-11
| i
NB 36-16 :13 | NB 37-14 NB 37-16 ’N_ejy{ NB 38-14 | NB 38-15
NA'37- NA 37-4

14.10.2013

aquatest




‘a
.
N

=
f
0
)
8
-
C
0
%

@U{a@gﬁ &g

14.10.2013

ASELANB 37-3

mmL.DZ >ED.F<Z<JQXN

SdVIN TTVYIOINTHOOdAAH AONY 1vJI90070390dAAH

8
2
@
3
<




Contents
Extended
1. Basic Characteristics of the Area
11 Location and
1.2 Population, Settiements and Health Statu
1.3 Land Cover and Land Use
2. Selected Physical and Settings
2.1 Geomorphalogy 27
2.2 Soil and Vegetation Cover. 31
2.3 Climatic Characteristics. 34
2.3.1 Climatic Zones and Measurements. 34
2.3.2 Precipitation -1
2.4 Hydrography and Hydmlugv of me Area - 47
2.4.1 Surface Water Network Development 48
2.4.2 Surface Water Reglme 50
2.4.3 Baseflow.............. U -1 |
2.5 Water balance. 66
2.6 Drought and Climate Changes 69
logical Settings. 73
3.1 Previous Work 73
32 74
3.3 Lithology 75
3.3.1 Mesozoic Sedimentary Formation: 76
3.3.2 Lithological Units of the Transition Zone 80
3.4 Structure 84
35 History 84
4. Hy 87
4.1 Water Point Inventory. - . . . .87
4.2 Hydrogeological Classification/Characterization 91
4.3 Elements of the Hydrogeological System of the Area (Aquifers). 92
4.3.1 Local and Moderately Productive Porous Aquifers ........... SR——-
4.3.2 Extensive Moderately Productive or Locally Developed and Highly Productive Mixed Porous.
and Fissured Aquifers, 98
4.3.3 Extensive and Highly Productive Fissured and Karstic Aquifers... S—— )
4.3.4 Extensive and Moderately Productive or Locally Developed and ghlv Productive Fissured {Karst)
Aquifers........... 100
4.3.5 Local Formation Consisting Minor Fissured Aquifer with Local and Limited Groundwater
Resources - Aquitard 103
44 Conceptual Model 104
4.5 Annual Recharge in the Area 106
5. Hy ¥ 109
5.1 Sampling and Analysi: 109
5.2 Classification of Natural WEters ... s 110

Addis Ababa 14.10.2013 aquatest



Addis Ababa

Under Separate Cover (see attached CD)

Annexes:
Annex 1 Field Inventory Data
Annex 2 Water Chemistry

Maps:
Hydrogeological Map of Asala NB 37-3 - full size and A3 size
Hydrochemical Map of Asela NB 37-3 - full size and A3 size
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bounded by the Nazret sheet to the north, the Hosaina sheet to the west, the Ginnir sheet to the
east and the Dodola sheet to the south.

The area is accessible by the road connecting Addis Ababa - Dukem - Ziway - Arsi Negele
- Shashemene - Dodola - Bale Robe or by the road connecting Addis Ababa - Adama - Asela
- Dodola - Bale Robe, which is half asphalted and half graveled. At Shashemene, the gravel
road which branches to east and passes through Dodola, Arsi Robe, Goba and Dello Mena links
the study area to the Borena administrative zone and renders it fairly accessible. There are also
seasonal roads that connect different districts of Asela, West Arsi and Bale zones. A few sparsely
disseminated trails and negotiable tracks of the Bale Zone readily provide access to the intended
sites. The northeastern part of the area, consisting of the volca|
the river valleys is totally The main roa
Fig. 1.2.

1.2 Population, Settlements and Heal,

Basic Characteristics of the Area

The study area is administrated mostly by the Asela, West Arsi and Bale zones of the Oromia
 — regional state. The population of the study area and its surrounding is unevenly distributed. This
unevenness is primarily the result of the differences in the suitability of environmental conditions

for settlement and also the result of socio-economic factors.

Among the major environmental factors that influence population distribution in the area are the
terrain characteristics (relief), the presence or absence of perennial water points, and the suitability
of the land for farming and cattle breeding. The non-environmental factors that contribute to the
variation of population distribution are the development of communication networks and a basic
social infrastructure such as schools, health facilities, drinking water, etc
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Fig. 1.2 The main roads and settlements
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Precipitation infiltrate in the highlands into aquifers developed in outcropping volcanic
and sedimentary rocks. The groundwater flow direction in the whole area coincides with the
topography following the surface water flow direction. Infiltrated groundwater forms shallow local
groundwater flow which drained by local perennial and/or intermittent rivers of the plateau area.
Some of the groundwater infiltrates to deeper aquifers developed by deeper located volcanic as
well as by sedimentary rocks. This deep groundwater flows to the northwest to the Rift Valley and

to the southeast to the adjacent lowlands.

LI'e el
-...,.s.hallw local gw. flow

-

I Deep regional groundwater flow

Fig. 4.8 Conceptual hydrogeological model of the Asela highland area
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Duoguit Assurnotions:

slightly inclined
2) Streamlines may be considered horizontal
and equipotential lines, vertical
3) Slopes of the free surface and hydraulic
gradient are equal
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Aquifer
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DENVAL GO END It Eejicition = Urigeorififisiel Flewy

| ) I
=0 X x=L

q=—k 2 h(x h(%)?
dx /qx =—k
qdx = | — kh(x)dh 2
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Plgrivzition af in Dueguit Sejuzitior - Urnigariiinsel Fleyy

n0=H, 0=0=-K-—:+4c¢

h(L)=H, qL =-k = +¢C
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For given one-dimensional :
flow yields: x=0 X x=L

However, this example does not
consider recharge to the aquifer.
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Inflow hydral. Head H1 is known, no infiltration
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Aquifer
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ouit SEejuizition - Infllirzitior)

q(X) :—e*x+q+%e*L
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= GWL (with infiltration)
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Natural Resources of the Area

122

The area of active aquifers that store and transmit water was calculated based on the
hydrogeological map. The active aquifers (Tab. 6.1) of porous, karst and fissured permeability in

the sheet cover an area of 18,225 km?.

Tab, 6.1 Aquifers in the area

Aquifers

Porous

Fissured and karst in sedimentary
and volcanic rocl

Total

The runoff char
hydrogeological ch.

The surface river
stations within the
about water resour t
of groundwater reso e
map sheet. Data from other river gauging stations within the Genale-Dawa, Wabe Shebelle and the
Rift Valley Lakes basin (Katar basins) were considered in the assessment of surface and baseflow
values. The surface flow as well as baseflow assessment is highly affected by short and incomplete
data series and the intermittent character of some rivers in some years. Data can be also highly
influenced by the effect of bank d storage, difficulties in flow of wide
and river and unk ar flow beneath gauging stations. For further
calculations, the value of specific surface runoff of 8.0 I/s.km’ and specific baseflow of
2.6 I/s.km? for areas consisting volcanic rocks and is used also for sedimentary rocks of the
Asela area. The assessed water resources of the Asela area are shown in Tab. 6.2.

Tab. 6.2 Assessment of water resources of the Asela area

Input Area [km?] | Resources total Remark
Precipitation 1,060 mm 18,300 19,2156 Mm?/year
I°"‘|°a':’"" e 81/skm? 18300 | 4,620 Mm*/year | 24 % rainfall
Seneishis oo nowate S| 2.6 1/axm* 18,225 | 1,501 Mm?/year | 8% rainfall
resources active aquifers
Static groundwater
resources karst and ‘?(;B Dov::‘snz 18,122 90,610 Mm?*
fissured aquifers mithicxness:
Static groundwater . 15 % porosity 103 463.5 Mm?
resources porous aquifers | 30 m thickness

6.2.1 Surface Water Resources Development

Despite of the fact that river gauge measurements show relatively moderate, but logical,
evapotranspiration when nearly 25 % of precipitation is drained as total runoff from the area. There
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Tab. 5.7 Sustability of water for use in industry

Industry or use

Solids (TDS)
[mg/1)

Chlorides as
G Gl mg/l

Sulfates as
S0, [mg/1|

freezing

Brewing 500-1,500 6.5-70 60-100 o
Carbonated

beverages <850 <250 <260 134
Confectionary 50-100 >70 20
Dairy <500 <30 <680 13
Food canning and <850 >70 123

Food equipment
washing

Food processing
general

<850

<850

<250

134

134

lce manufacture

170-1,300

Addis Ababa

Laundering 60-65 3
Paper and pulp fine | <200 62
Paper groundwoed | <500 <75 118
:L”;;':’:"""d <300 <200 77
Paper unbleached | <500 <200 118
Paper soda and <250 <75 7
sulfate pulps
prentecsre | <o »
Rayon manufacture 7.8-8.3 43
Sugar <100 <20 <20 30
Tanning 6.0-8.0 n9
Textile <100 <100 136
Remark: Sugar requirements for TDS are in general low
Tab. 5.8 Concentration limits for incrustation (Part 1)
‘Component ‘Concentration [mg/1] Number of sample in the range
Bicarbonates (HCO~,) >400 128
Sulfates (SO} > 100 137
Silicon (Si) >40 65

Hydrogeochemistry

117

14.10.2013

TS
BH1 6613 40| 4| 27 26| 64|NA | 296 28| 22| 089| 93| 6553 808 46069
= BHZ | 6618 | 40| 41| 45 30| 38|Na | 336 27 17| 047| 133| 620| B11| 51287
-
E BH3 6620| 33| 36| 51 30| 4z |Na | 34z| 27 21| 047| 186| 643| 79552667
.5‘1 BH4 6621 60| 37| 46 26 39 | NA 332 39 34| 046 102 661 14| 541.36
g BHS 6622 | 22| 16| 68 22| aa|nNa | 21| 47| 29| 031 B2| 619 796 490M
g BHE 6628 | 20| 06| 58 16| 46|NA | 3B 5 9| 052| 58| 487| 79943292
§ BH7 6628 | 40| 06 3 3 20 |6 56 8 8| 038 04 196 | 853 | 12428
ES
g BHE 6632 | 60| 62| 23 8| 48(Na | 9| 45| 32| 133| 16| 475| 80834303
E BHO 6633 | 60| 81| 27 13| 43|NA | 20| @ 45| 064| 27| 648| 81| 41744
E BH10 6634 | 70| 04| 12 1 2|9 79 7 12| 054 14 167 | 888 | 181.54
2 BHI1 6636 | 20| 14| 65 13| 45| NA | 268 17| 22| 39| 1Ba| 603| 78| 4513
% BH12 8641 41| 28| 94 18| 44|mNa | 300| 77| 88| 052| 332 | B8B6| 76865432
§ BH13 6642 | 30| 19| 44 16| 52| NA | 287 14 a| 146 71| 496| 7.97 | 410.46
= BH14 6643 | 21| 2| 43 9| 29|Na | 258 5 9| 055| 27| 409| 7.86|350.25
BHIS 6644 | 30| 2| 38 al a2|Na | 194 18 8| 041| 222 | 406| BO3| 31961
BH16 6645 | 30| 17| 66 24 50 | NA 326 20 13| 069 186 693 | 794 | 48999
BH17 [ 6654 | 47| 83| 44 10 7| NA | 291 '\'J‘ 21| 07| 27 :122' 789 4:507‘
BH18 6656125 46| 43| 105 65|NA | 220 4 a| 051 102 361 BI5| 3133
BH19 I 6667 | 31| 76| 22 65 53 | NA 206 2. 5| 074 04 312' 773 | 27904 ‘
BH20 | 6658 | 19| 34| 59 15| 66 |NMA | 335 7 1| 08 a| s41| BO2| 45831
BH21 6659 | 23| 43| 56 13| 67|NA | 307 7 w| o8 71 5\3. 781 azaz‘
BH22 6669 | 850 | 40| 30 100 86 | NA | 2333 | 363 | 462 07 04| 4840 73| 41791
BH23 7660 | 65| 43| 63 200 68 | NA 406 45 1 13| 545 898 78| 8401
BH24 7561| 18| 18| 65 18| s3|NA | 286| 32 15| 0858 19| 583 8| 46338

nnex No. 2 Chemical
analyses data in mg/l (Part 1)

aquatest



