3.03km

6.0
0.3
3,030% 6.0x 0.3 5,454 m?
Birr/m* Birr)
5,454 228 1,243,512
(16,961,504 )
10.0mx  10.0mx 15
12
(10.0x 4-5.0)x 12 420 m
(m) Birr/m Birr)
420 86 36,120
(492,677 )
28
1 (5.5+0.5%x 2 x 4-2.5 23.5m
23.5x 28 658 m
Birr/m Birr)
658 86 56,588
(771,861 )
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1.1 GENERAL
The purpose of the geophysical survey was to obtain information on the nature of the subsurface,

thereby getting indirect information about the occurrence of groundwater. The main objectives of
the survey were
e to estimate the thickness different layers,

e to estimate the depth to water bearing horizons

1.2 INSTRUMENTATION AND FIELD PROCEDURE
e Type of instruments

» ABEM TERRAMETER SAS 300B
» ABEM TERRAMETER SAS 300C
e Type of geophysical survey
e Vertical Electrical Sounding (VES)
o Type of electrode configuration Schlumberger array

e 2D survey

1.3 DATA PROCESSING AND PRESENTATION
The field curves were manually interpreted using the two-layer master curves and auxiliary point

charts to obtain starting model parameters for the more rigorous inverse modeling using the
computer software " RESIST".
The best-fit layer parameters obtained from the inversion process were used to produce the

geoelectric interpretation.

1.4 PROJECT TOWN
The project towns are:

No. Town Woreda No. of VES No. of 2D
1 Gubi Dowra Yalo 8

2 Kelwan Gulina 4

3 Derayitu Awra 4

4 Chflra Chifra 7 1

5 Eli Wuha Mille 8 1

6 Nemelefen Telalak 7 1

7 Wederage Dawe 10

8 Kumami Simi Robi 2

9 Dulecha Dulecha 8

TOTAL 58 3 (BlineX2Times=6)
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2 ELWUHA TOWN

2.1 LOCATION OF VES SITES

VES No UTM E UTM N Remark

1 652611 1242385

2 651931 1242915

3 653402 1242123 No.2 Drilling Site

4 650697 1242642

5 651256 1243282 No.1 Drilling Site — abandoned
6 652367 1243645

7 651642 1245475

8 651530 1242973

2.2 VERTICAL ELECTRICAL SOUNDING (VES) FIELD DATA

VES-1 | VES-2 | VES-3 | VES-4 VES-5 VES-6 VES-7 VES-8
AB/2(m)| RHO-A | RHO-A | RHO-A| RHO-A | RHO-A | RHO-A | RHO-A RHO-A
1.5 27.883] 52.878 7.22 40.56 8.22 5.42 65.68 9.21
2.1 26.135 87.25 5.62 29.21 4.76 10.16 66.42 4.45
3.0l 17.958| 86.625 5.48 33.27 3.46 22.27 45.80 3.9
4.2| 38.235 113.78 8.19 38.45 59.29 16.52 36.21 5.36
6.0] 28.589/110.175] 10.48 41.02 54.58 16.04 24.63 15.82
9.0] 59.944| 214.63] 16.71 31.75 30.48 13.60 30.98 27.43
13.5| 50.107| 497.07| 22.19 38.22 31.46 8.00 34.72 58.91
20.0] 54.875| 910.00] 33.75 51.25 42.5 27.50 40.00 68.75
20.0] 57.752|1183.72] 28.00 28.11 35.73 29.54 48.12 55.27
30.0] 42.733| 322.62] 45.28 96.2 37.92 39.62 74.43 67.92
30.0 32.14] 395.95 30.6 81.81 23.5 39.32 76.16 70.51
45.0] 39.16] 638.04] 19.35 133.64 22.88 36.40 46.8 109.20
66.0] 36.27| 698.34] 25.99 128.82 19.21 49.72 25.99 157.07
100.0] 42.182| 903.90, 31.18 123.14 10.48 102.18 62.09 277.72
150.0] 42.924|2704.80 58.8 352.80 21.22 117.60 170.52 1569.96
150.0f 31.10{2709.85] 75.07 129.41 11.29 43.61 143.00 787.21
220.0] 36.54| 4359.6] 176.00 98.40 17.76 113.40 92.23 945.00
220.0f 40.66|3787.20] 45.36 270 21.06 110.16 152.28 1283.00
330.0] 39.38] 1470| 64.87 375.00 67.50 112.50 150.00 1087.50
500.0 57.09] 1181.6 51.2 553.6 72.66 121.10
750.0
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2.3 VERTICAL ELECTRICAL SOUNDING (VES) CURVES AND INTERPRETATION.

| #AMS-arraor :

Pesistivity [Ohmm]

ﬁppar.

- Ela lha VESL

25 | Sehlunbst ger on%?w.u‘ation
104 F : =
103 —
i0~2 =

I +
101 L L
10~0 103

101 ) 10~z
Current Electrode Distance ©AE-2) Cml

#AMS-arraor :
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Mo Res Thick Oepth
1 23. 4 1.4 1.4
Z2 7.3 Al 3.7
3 25.8 31.0 3537
4 4.3 10l 141.3
=] 53.8 275 43.8
] 1.5 - -

* AMS on smoothed data

Mo Res Thick Oepth
1 2,7 0.8 0.5
2 130.5 12.7 43. 4
3 8020.1 47.3 90. 7
4 2337.7 42.8 133.5
5 20°.8 - -

* AMS on smoothed data

Mo Res  Thick O=pth
1 15.3 0.5 0.5
z 27 0. 5 1.5
3 24.3 3.5 32.0
4 52.0 12.0 48.0
5 3F3.8 53.1 103.0
=] 7.2 528,86 628.4
7 40.2 -- -.=

# HMS on smoothed data




_ . Ela lha VES4 M R Thick Oepth
*RMS—errar 5.9 Sd'lll.unher?:ner %on ?w.u'ation 2 ) L =
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_ . Ela lhx VESS
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Mo Res Thick Oepth
1 84.3 0.9 0.5
z 2.3 14,9 15.3
3 259 - =3.3
4 1473 15.2 23.9
5 7&rl.7 - -

* AMS on smoothed data

Mo Res  Thick O=pth
1 45, 1 0.4 0.4
2 2.3 0.3 1.2
3 &3l 2.1 3.3
4+ 45702.3 - -

* AMS on smoothed data




INVERTED MODEL RESISTIVITY AND INTERPRETED GEOELECTRIC SECTION.
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3 CHIFRA

3.1 LOCATION OF VES SITES
VES No UTM E UTM N Remark
1 611463 1283004
2 611486 1282880
3 611410 1283298
4 610328 1283377 Drilling Site
5 610784 1283430
6 610561 1283729
7 611270 1282612
3.2 VERTICAL ELECTRICAL SOUNDING (VES) FIELD DATA
VES-1 VES-2 VES-3 VES-4 VES-5 VES-6 VES-7 VES-8
AB/2(m) | RHO-A | RHO-A | RHO-A | RHO-A | RHO-A | RHO-A | RHO-A | RHO-A
15 12.27 40.56 18.46 22.92 13.062 52.12 46.53
2.1 8.59 33.92 17.03 22.75 16.03 36.68 30.65
3.0 10.58 36.9 18.53 215 18.86 34.18 30.36
4.2 13.07 39.71 21.44 20.35 17.44 35.12 30.79
6.0 13.44 40 25.99 18.76 18.87 31.3 31.07
9.0 20.7 42.42 32.00 17.19 17.78 23.87 36.83
135 18.87 44.61 35 24.02 13.09 30.88 46.33
20.0 30.75 43.50 37.50 33.75 14 81.25 25
20.0 27.92 34.21 21.34 21.91 18.29 24.96 29.83
30.0 43.1 39.05 30.28 34.09 12.59 31.69 50.94
30.0 30.28 24.63 27.12 30.28 15.14 19.21 32.54
45.0 60.84 36.92 20.8 50.96 26 21.32 37.96
66.0 37.63 41.81 30.62 66.33 16.95 63.28 33.9
100.0 36.68 32.48 75.72 74.93 10.48 68.12 34.06
150.0 82.32 33.51 79.38 53.51 52.92 52.92 32.34
150.0 48.62 45.04 23.6 38.61 25.74 42.18 25.03
220.0 34.90 63.00 37.8 34.39 45.36 32.38 27.21
220.0 30.13 40.5 19.44 29.97 15.47 68.04 22.68
330.0 105.375 375 83.25 93.37 18.56 41.25 20.96
500.0
750.0
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3.3  VERTICAL ELECTRICAL SOUNDING (VES) CURVES AND INTERPRETATION.

_ . Chit LIE! M R Thick Oepth
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r . . * AMS on smoothed data
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#AMS—error :
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Mo Res Thick Oepth
1 24.1 20 2.0
Z2 14. 7 8.2 3.1
3 81. 4 24.1 32.2
4 42.0 -- -=

# AMS on smoothed data

Mo Res Thick Oepth
1 10.9 0.3 0.3
2 258.8 3.4 4.2
3 12.2 23.3 24.0
4 97.3 90.3  129.0
=] 273 135.7 2ae0.7
] 241 - -

* AMS on smoothed data

Mo Res Thick Oepth
1 a4, 8 0.3 0.3
Z2 28.7 1.5 22. 4
3 141.1 43.1 1.4
4 135 2127 284.2
5 1.8 -.= --

# AMS on smoothed data
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INVERTED MODEL RESISTIVITY AND INTERPRETED GEOELECTRIC SECTION (2D)

3.4
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4 DERAYITU

4.1 LOCATION OF VES SITES
VES No UTM E UTM N Remark
1 616686 1334202
2 616525 1333286
3 616087 1334043 Drilling Site
4 616406 1334550
4.2 VERTICAL ELECTRICAL SOUNDING (VES) FIELD DATA
VES-1 VES-2 VES-3 VES-4
AB/2(m) | RHO-A | RHO-A | RHO-A | RHO-A
15 88.98 14.51 56.83 7.79
2.1 78.34 6.06 61.04 16.28
3.0 72.05 6.65 51.26 22.85
4.2 47.81 10.57 39.44 9.95
6.0 45.31 14.24 22.14 7.79
9.0 35.56 14.73 21.00 7.39
13.5 22.76 25.74 24.71 8.01
20.0 225 45.00 31.25 9.25
20.0 42.22 30.49 18.79 14.1
30.0 45.28 45.56 25.27 11.32
30.0 30.51 33.42 41.36 16.04
45.0 72.80 32.24 26.88 18.20
66.0 45.20 30.96 29.38 19.21
100.0 73.36 29.87 52.14 20.96
150.0 57.92 29.69 82.32 25.87
150.0 35.75 18.59 27.88 21.45
220.0 50.02 37.80 83.16 37.80
220.0 24.99 27.54 64.80 22.68
330.0 33.00 33.75 41.25 23.25
500.0 43.25
750.0
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4.3 VERTICAL ELECTRICAL SOUNDING (VES) CURVES AND INTERPRETATION.
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5 KELEWAN

5.1 LOCATION OF VES SITES
VES No UTM E UTM N Remark
1 606029 1342144 Drilling Site
2 606725 1342866
3 606410 1341976
4 606413 1342943
5.2 VERTICAL ELECTRICAL SOUNDING (VES) FIELD DATA
VES-1 VES-2 VES-3 VES-4
AB/2(m) | RHO-A | RHO-A | RHO-A | RHO-A
15 69.02 135 224.82 14.13
2.1 62.62 14.77 241.56 16.33
3.0 47.68 16.11 254.37 20.79
4.2 44.69 22.09 285.53 29.32
6.0 43.28 24.97 279.11 34.46
9.0 33.78 32 263.65 31.49
13.5 27.34 39.12 285.37 42.9
20.0 20 44.12 179.00 46.25
20.0 25.35 34.68 146.57 27.82
30.0 22.64 48.11 138.67 21.22
30.0 17.4 29.60 84.97 42.94
45.0 24.44 47.32 80.49 33.28
66.0 36.16 39.55 55.93 59.89
100.0 41.92 34.06 41.92 183.40
150.0 123.48 23.52 28.28 170.50
150.0 60.77 35.75 15.51 110.82
220.0 78.75 18.02 26.46 138.6
220.0 68.04 55.08 13.67 120
330.0 225 25.31 225 956.30
500.0 63.75
750.0
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5.3 VERTICAL ELECTRICAL SOUNDING (VES) CURVES AND INTERPRETATION.
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6 GUBI DOWRA

6.1 LOCATION OF VES SITES
VES No UTM E UTM N Remark
1 596365 1366048
2 596106 1366351
3 595828 1366765
4 595555 1367182
5 596125 1366985 Drilling Site
6 596257 1367209
7 595061 1366486
8 596550 1367054
6.2 VERTICAL ELECTRICAL SOUNDING (VES) FIELD DATA
VES-1 VES-2 VES-3 VES-4 VES-5 VES-6 VES-7 VES-8
AB/2(m) | RHO-A | RHO-A | RHO-A | RHO-A | RHO-A | RHO-A | RHO-A | RHO-A
15 44.46 22.42 28.57 80.00 35.86 28.64 63.74 184.63
2.1 53.05 27.38 27.38 92.48 23.77 28.95 0.40 199.51
3.0 59.12 23.21 31.39 70.68 30.55 33.08 64.90 172.15
4.2 58.09 17.94 33.75 62.85 27.57 43.98 67.61 136.75
6.0 58.31 13.81 35.25 40.45 25.99 52.66 69.043 90.40
9.0 38.86 21.89 44.70 38.35 25.40 60.70 146.30 58.93
135 24.19 21.50 57.77 42.33 31.28 82.37 45.07 37.75
20.0 31.25 39.50 82.50 54.12 67.37 93.50 48.75 31.25
20.0 79.19 15.72 32.12 56.22 22.68 72.52 46.22 24.87
30.0 103.86 31.13 67.35 70.18 16.98 74.43 45.28 25.61
30.0 54.46 39.30 98.76 73.22 20.79 72.52 37.52 13.56
45.0 150.80 35.10 113.88 78.00 37.18 46.85 38.58 26.00
66.0 160.00 55.20 109.61 42.71 15.48 55.37 54.8 32.77
100.0 145.93 68.12 141.48 75.72 37.20 107.42 41.92 65.50
150.0 223.44 63.44 163.46 52.80 79.67 94.08 34.4 37.81
150.0 168.74 52.55 95.09 43.82 32.17 26.45 44.33 30.03
220.0 78.49 71.60 59.85 39.18 43.09 84.42 109.62 25.20
220.0 283.50 44.48 101.25 35.32 40.50 74.52 40.50 27.54
330.0 265.12 26.32 39.37 24.26 30.30 37.50 78.75 21.00
500.0 259.50 244.33
750.0
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6.3 VERTICAL ELECTRICAL SOUNDING (VES) CURVES AND INTERPRETATION.
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Mo Res Thick Oepth
1 28.4 0.8 0.5
Z2 145.5 3 .0
3 10.2 4.1 =
4 415.3 184.7 130. 3
5 162, 68 -.= --

# AMS on smoothed data

Mo Res  Thick O=pth
1 27.2 1.8 1.3
2 12.0 L2 3.0
3 7.3 .4 a4
4 12310 3a8.0 42,4
g 28.2 1438 132.0
g 110.3 - -

* AMS on smoothed data

Mo Res Thick Oepth
1 9.3 1.5 1.5
Z2 a2 5.0 8.5
3 53.0 5. 65 13.1
4 114.3 38.3 52.0
5 34.4 137.5 18%.5
=] 27.8 -- -.=

# AMS on smoothed data




_ . ubi 0 55 N R Thick Oepth
*RMS—errar &3 | Sdﬂlwnﬁhet}qet?rggnyfwation 2 22 L =
10+4 F T T 1 30.5 1.7 1.7
F Z2 258.8 17.1 28.7
N 3 115.0 53.8 82.5
E 4 10.5 -.= --
L # HMS on smoothed data
"E' . .
Elung:__
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i E
= [
ot [
=
& |
i
ki
& 102
P
g
o
o
T
101
100 101 . 102 103
Current Electrode Distance (AB-2) [ml
_ . ubi 0 56 N R Thick Oepth
*RMS—errar 42 | Sdﬂlwnﬁhet}qet?rggnyfm'ation 2 22 L =
10+3 F T T 1 24.1 1.3 1.3
F Z2 135. 4 3.3 10.4
N 3 33.0 27.5 38.0
F 4 132.1 732 111.2
r 5 11. -- -.=
I # AMS on smoothed data
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g
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10+0 L L
100 101 . 10+2 103
Current Electrode Distance (AB-2) [ml
_ . ubi 0 57 N R Thick Oepth
*RMS—errar 8 | Sdﬂlwnﬁhet}qet?rggnyfm'ation 2 22 L =
10+3 F T T 1 78,2 4.2 4.2
F Z2 36.8 12.3 17.0
N 3 45.5 43.8 0.8
F 4 731 218. 4 2752
r 5 43.3 -- -=
I # AMS on smoothed data
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_ . ubi 0 53 N R Thick Oepth
*AMS—errar 3.4 | Sdﬂlwnﬁhet}qet?rggnyfwation 2 = L il
10+4 F T T 1 203.7 2.3 2.3
F Z2 23.2 27.8 30.7
N 3 55.5 32.6 63.2
F 4 27.7 6l.8  125.1
F 5 10.6 1732 304.3
F =] 16.2 -.= --
r . . # AMS on smoothed data
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7 WEDERAGE

7.1 LOCATION OF VES SITES

VES No UTM E UTM N Remark
1 626341 1195314
2 629299 1195775
3 629666 1113198
4 629944 1196442
5 629021 1195627 Drilling Site
6 628594 1112445
7 629202 1113477
8 628677 1111906
9 628432 1111788
10 629100 1112384
7.2 VERTICAL ELECTRICAL SOUNDING (VES) FIELD DATA
VES-1 | VES-2 | VES-3 | VES-4 | VES-5 | VES-6 | VES-7 | VES-8 | VES-9 |VES-10
AB/2(m)|RHO-A | RHO-A |RHO-A |RHO-A | RHO-A | RHO-A | RHO-A |RHO-A| RHO-A | RHO-A
15| 38.496| 84.28| 8.59| 37.87] 91.94| 83.90| 64.872| 6.92 16.58|  8.63
2.1| 34.977| 123.40, 6.08/ 31.571] 108.6| 96.55| 52.40] 10.23 14.514| 9.353
3.0| 38.335| 139.15| 7.45| 32.42| 113.57| 114.40| 59.95 14.41 13.78| 12.787
4.2| 47.315] 117.60 8.37| 34.08 109.4|123.075| 70.782| 12.14 14.00] 16.63
6.0| 49.268| 110.514| 10.27| 43.84| 106.33| 120.91| 77.744| 25.43 14.37| 24.29
9.0| 52.07| 104.65| 20.32| 43.43| 116.58| 125.48| 84.84| 41.15 22.71] 381
13.5] 49.936] 94.38] 32.60] 68.07|113.256] 124.12| 105.248] 61.78 34.89] 51.48
20.0| 59.625| 82.50| 45.00] 83.75| 116.125] 123.00| 132.50| 90.00 30.125| 375
20.0| 57.466| 100.54| 15.25 41.93| 117.41| 152.48| 95.967| 44.41 23.223| 68.14
30.0] 40.47| 77.26| 25.47| 87.73] 96.50| 92.54| 118.86| 101.88 11.66| 62.26
30.0f 40.00f 89.04] 18.08] 62.83] 106.45 115.94| 98.536| 80.00 64.184| 73.45
45.0 19.76| 56.16| 18.20] 90.48| 76.23| 84.24| 98.88| 113.36 54.08 52
66.0) 37.29| 61.02] 18.08] 103.96] 60.34] 60.23| 180.00] 77.97 86| 45.20
100.0{ 31.44| 47.16] 18.34] 86.46 2.48| 56.85| 235.80] 104.07 364.18] 28.82
150.0/ 33.04| 29.40| 31.75| 152.88) 64.68] 52.16| 200.508| 105.82 393.96| 41.16
150.0f 22.88| 35.04| 16.44| 36.46| 37.75 34.32| 64.07| 72.93 240.24| 32.175
220.0] 37.80 37.8 69.3] 63.00] 46.87] 31.50[ 113.40] 340.20 264.60] 32.76
220.0] 21.06] 30.13 24.3] 43.74] 24.30] 43.74] 132.84| 127.98 612.3| 25.92
330.0] 22.50 52.5| 48.75| 63.75] 18.75 22.50 145.00 1113.73| 24.375
500.0
750.0
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7.3 VERTICAL ELECTRICAL SOUNDING (VES) CURVES AND INTERPRETATION.

it -error 8 LA o Bl L cpar wi i e . o Thi et
104 T T

we s . e e e -

fppar. Besastivity (Dhes]

g L 4
[ep]

Do r st EI&-I:J:-\ri-ndl- [l EEI!I [l i

S -error 8 46 o i crr i o . o Thi et
104 T T

fppar. Besastivity (Dhes]

W2 g T Ct 3
?-:-\-"'l‘\.‘ S '-._-_.-"P.-

I
gl L :

e Do r st EI&-I:J:-\ri-ndl- [l EEI!I [l i

dLgraed st 4,2 himbar e EonT i gur widor : - Ttact
1z T T

(] H""':._,...--v-.{"" ...... |

fppar.: Pesddtivitg D0hes]

104 L A
100

Do r it EI&E;’M- Mo e EEIBI [wl i

A-47



Hirighv i mRTE

fppar. Bmsaativitg (0haes]

104

£

=it
Sohlbumbsrger LonlLgursiion

L

L0t " dembsieciailh PR i P PR
foea (= L nkg:qrnﬁl [H et s EEE‘I!I [ml iz
|ﬂﬁ—n-'r-cr| L2 ! w=hlommbear :+'l'£':-r||:\.| w3 o
14 T T
g 13 F -
2 .
¥
W i
foea Correni ﬂkg:qrn:b I =1 srecw EE‘I!I [ml iomF
|ﬂ'|3—u'rcr| L3 ! S hilmbenr :|+'l'l.k:nr||:|l.| w1 o
14 T T
g 12 -1
Ey
x
w
-!E:
L=t & PR | PR i P ik
fie Curr st n%ﬂm [H 7 s Eﬁm [ml i

A-48

5 on mmocihed dsis

U -

1 emosibed dala

P = Tk Doz b
i 3,0 ] o 8
o 145.4 1.5 |- |
4 I.‘_u..l - -5
1 e 1555,

i laf =i -
a BHS on mmaothed dses




- T 0

104

fppar. Bmsaativitg (0haes]

1070

A3

!
Zohlumbsroger Lonllogurstion

L d L

L] = <k Dz b

i ] -] il |
o i W
1. 1 13-4

7Bk 5 LS

i I d

a EHS on mmocihesd dsis

Do rant nmnn- ot wrec e

etz twa

=hrfarrer 1 13 w=hlommbear I'I-'I'*:H'II o 3 3

1z T T

® BHE on pmootbisd e s

E
¥
W
-E-

100 " PP | PR i P PR

f = ﬂkg:qrn:b I et wrece EE‘I!I [wml i
Wighued shifs 15,7 Zeshilomnkenr :H-'l' i'-:nrn P I 3 O Tho et el
14 L - |
1 » GHE

fppar: Fesaativityg [0has]

i i amaik i

N d Pa—

Curr st n%ﬂm [H 7 s Eﬁm [ml

| L

A-49



fppar. Bmsaativitg (0haes]

(R

4

Currant El ILEI:-;IMI-

ot wrec e EEIBI [ml

10~z

A-50




8 NEMELEFEN

8.1 LOCATION OF VES SITES

VES No UTM E UTM N Remark
1 631821 1207215
2 632026 1207419
3 632469 1207916
4 632224 1207685
5 632657 1207888
6 633010 1207833
7 633286 1207414 Drilling Site

8.2 VERTICAL ELECTRICAL SOUNDING (VES) FIELD DATA

VES-1 VES-2 VES-3 VES-4 VES-5 VES-6 VES-7
AB/2(m) RHO-A RHO-A RHO-A RHO-A RHO-A RHO-A RHO-A
15 7.329 125.6 4.371 44.46 54.76 47.92 41.01
2.1 6.851 94.058 3.642 46.112 66.02 58.64 46.77
3.0 8.61 92.675 4.045 41.525 67.65 70.4 42.63
4.2 12.64 82.71 4.485 37.47 68.43 77.4 54.7
6.0 17.628 77.066 4.972 36.386 48.43 82.83 43.166
9.0 26.162 67.056 5.84 35.306 29.54 76.45 34.04
135 40.212 56.06 6.978 31.689 28.2 81.08 24.02
20.0 60.625 45.00 10.00 28.5 47.5 61.25 225
20.0 45.649 44.60 14.43 47.841 25.06 94.73 16.2
30.0 73.58 38.77 8.49 22.923 42.45 65.09 26.06
30.0 61.698 39.78 16.046 42.94 21.696 80.456 13.56
45.0 74.41 39.31 15 35.88 34.37 51.48 19.76
66.0 56.80 31.64 16.95 46.33 36.16 57.97 14.916
100.0 49.78 45.85 18.602 44.54 44.02 75.98 28.82
150.0 38.808 66.44 20.58 41.16 76.44 135.24 41.16
150.0 47.09 31.46 35.75 46.475 42.9 118.69 21.45
220.0 34.02 75.60 20.16 37.8 99.54 88.2 37.80
220.0 32.00 46.98 29.16 35 66.42 72.9 35.00
330.0 30 60 225 33.00 90.00 48.88 30.00
500.0
750.0

A-51



8.3  VERTICAL ELECTRICAL SOUNDING (VES) CURVES AND INTERPRETATION.
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INVERTED MODEL RESISTIVITY AND INTERPRETED GEOELECTRIC SECTION.
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1. Dirilling Results
2. Aquifer Testing
3. Water Quality Test Results
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1. Drilling Results

Surmary
No. Town Depth(m) Proposed Status
Pumping
Rate(L/s)
1 | Dulecha 73.0 4.5 | Completed
2 | Wderage 110.0 2.0 | completed
3 | Nemelefen 60.0 1.5 | Completed
4 | Chifra 99.0 6.7 | Completed
5 | Deryitu 57.7 3.0 | Completed
6 | Gubi Dowra 149.0 1.0 | Completed
Water quality problem
Not Install Casing/Screen
7 | El Wuha 130 <1.0 | Abandoned
131 4.5 | Completed
8 | Kelewan - - | Interrupted due to  access
conditions
9 | Kumami - - | Did not plan
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Gubi Dorwa Test Borehole

BS = Bentnaite sealed

Well No. Location Coordination Altitude Town Wareda State Cuntry
Gobi Dorwa TW1 Gubi Dorwa 596077 E 1367056 N 856 mamsl/ Yalo Afar Ethiopia
Date: from to Drilling : Equipment Type Method Flow Depth Depth Depth Final Depth
Rotation DTH 149.0mm
Casing Type : Type Inside Dia. Outside Dia. Joint Type Installation depth: Total Length
Steel
Screen Pipe : Material Diameter Silot Size Open Rate Joint Type Installation depth: Total Length
Steel
Gravel Pakking Origin Gravel Size Location Volume Divelopment :  Static Water Leve Method Duration Descharge
Air lifting GL -33.3m
Submergible pump : Installation Date :
D 16 in Normal
Bit Diameter Position of Pipes and __ 6ainNormal LITOLOGIA
(mm) Well Structure
and Method 0 100 200 300 400
0 ; ; ;
TB: 311.4: Surface Silt deposit with pebbles
RL casing 10 4
14 m
ENCE
sielehs
120 an
:{:{:{:
-20 4 eI
:{:{:{:
:{:{:{:
:{:{:{:
:{:{:{:
+:7: 7| Higly fractured and weathered basalt
2pn
-30 4 I
:{:{:{:
:{:{:{:
:{:{:{:
:{:{:{:
2Hte 40 m
:{:{:{:
-40 4
-50
-60
-70 -
Altered greenish basalt
-80 -
MA
269.9
DTH
-90 -
100 m
-100 1+
-110 4
Fractured Basalt
-120
130 m
-130
-140 -
Fractured and moderatelv weathered
149.0
-150 149 m
SIMBOL:
CO = Concrete PC = PVC Casing B R M = Rotary with Mud
HB = Hammer Bit S = Screen |:| DTH = Drilled with Hammer using compressed air
TB = Tricon Bit G = Grabel Pacing P = Pump Position B R A = Rotary with compressed air and tricone bit

A-59




Derayitu Test Borehole

HB = Hammer Bit
TB = Tricon Bit

S = Screen
G = Grabel Pacing P = Pump Position

BS = Bentnaite sealed

|
E=

DTH = Drilled with Hammer using compressed air
R A = Rotary with compressed air and tricone bit

Well No. Location Coordination Altitude Town Wareda State Cuntry
BZDP/TW1 Yalo Woreda, Afar 616087 E 1334043 N 816mams| Derayitu Aura Afar Ethiopia
Date: from to Drilling : Equipment Type Method Flow Depth Depth Depth Final Depth
4, mar, 2006 9, apr, 2006 DTH/Mud mouth : 27.0m  depth.: 62.0m  Tub.: 57.7m 57.7
Casing Type : Type Inside Dia. Outside Dia. Joint Type Installation depth: Total Length
PVC 6" 150.0mm 165.0mm Screw+welding +1.0-32.23; 40-72-43.55; 52.04-57.70. 41.7m
Screen Pipe : Material Diameter Silot Size Open Rate Joint Type Installation depth: Total Length
PVC 150.0mm 1.0mm 10% Screw 32.23-40.72; 43.55-52.04 17.0m
Gravel Pakking Origin Gravel Size Location Volume Divelopment : ~ Static Water Leve Method Duration Descharge
g _6-9mm GL -27.5m
Submergible pump : Installation Date not installed
it Di — 16 in Normal
o ?:.:; e Position of Pipes and —— 64 in Normal LITHOLOGY
and Method +1.0 WellStucture 0 100 200 300 400
F 0 ; ; ; =
N Em =
.10 5
TB:311.4: &
RA [
[- Silt Mixed with Rock Frogments
-20 - L
270 E
-30 K
I 31m
32.23 b
= Wethered Gravel
I 37m
B
B
B
B
B
-40 - :
40.72 :
B
B
B
B 43.55 B
269.9 : Hiahlv Wethered Volcanic Rock
RM +
B
B
B
B
B
B
B
-50 B 51m
B
52.04 5
B
B
B
B
B
B
B
: : Rhvaoli
57.7: : volite
T B
B
B
B
-60 - H
B
62.0m > 62 m
2
-70
SIMBOL:
CO = Concrete PC = PVC Casing =R R M = Rotary with Mud
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Chifra Test Borehole

Well No. Location Coordination Altitude Town Wareda State Cuntry
BZDP/TW1 Chifra Woreda, Afar 610328 £ 1283377 N chifra chifra afar Ethiopia
Date: from to Drilling : Equipment Type Method Flow Depth Depth Depth Final Depth
10, feb, 2006 22, feb, 2006 DTH mouth : 14.0m  depth.: 122.0m  Tub.: 99.0m 122
Casing Type : Type Inside Dia. Outside Dia. Joint Type Installation depth: Total Length
PVC 6" 150.0mm 165.0mm Screw+welding +1.0-76.36; 84.85-87.68, 93.34-99.0: 85.9m
Screen Pipe : Material Diameter Silot Size Open Rate Joint Type Installation depth: Total Length
PVC 150.0mm 1.0mm 10% Screw 76.36-84.85; 87.68-93.34 14.2m
Gravel Pakking Origin Gravel Size Location Volume Divelopment :  Static Water Leve Method Duration Descharge
g _6-9mm GL -43.0m
Submergible pump : Installation Date not installed
it Di —16in Normal
Bit Diameter Position of Pipes and 64 in Normal LITOLOGIA
(mm) +1.0 Well Structure
and Method - +0.7 0 100 200 300 400
| 0 ; ; ;
Sediment
TB:311.4: 7m
RA
Quartzite
-10 A 11m
L silt 13m
e
<ele
*.% %27 Volcanic rock 15 m
Gravel 17 m
-20 Fracture lainimbrite
23m
Scoria 25 m
Fracture Rasalt 28 m
-30 q Fracture Trachitic Rock 31m
Grahel
38 m
s
-40 | I
B
2
:::::: Volcanic Rock
I 51
Db
sl 48m
34,3
-50 Gravel
52m
EFEE
*4*2"4] Volcanic Rock
LS 55 m
B
e
I 61
:<:<:<
aiala
-60 4 EIERCH
:<:<:<
. *.%. %] Volcanic Ash with Gravel
aiala
:<:<:<
aiala
e 2B,
269.9 4
DTH S
=70 + I "
aiala m
EE
<ele
OO
OO
ENEEN 3
*.7.* .1 Wethered Granitic Rock
ENEEN a1
EENE
R 80 m
-80 I
2
4iala
ity
ity
ity
ity
ity
:<:<:<
SR
-90 4iala
ity
ity
ity
#.5.7.1 Wethered Rhvolitic Rock
B
4iala
ity
:<:<:<
4iala
:<:<:<
-100 - 4iala
:<:<:<
2 130m
4iala
ity
ity
ity
Pelals 108 m
PR,
N
4iala
-110 Pelals
ity
ity
:<:<:<
s 52 4 Wethered / Fractured Rhylitic
:{:{:{ Rock
4iala
B
4iala
ity
-120 Pelals 122 m
ity
SIMBOL:

HB = Hammer Bit
TB = Tricon Bit

=

E
|

CO = Concrete PC = PVC Casing
S = Screen

P = Pump Position

R M = Rotary with Mud
DTH = Drilled with Hammer using compressed air
G = Grabel Pacing R A = Rotary with compressed air and tricone bit

BS = Bentnaite sealed
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Eli Wuha No.2 Test Borehole

CO = Concrete
HB = Hammer Bit
TB = Tricon Bit

|
]

G = Grabel Pacing
BS = Bentnaite sealed
R M = Rotary with mud water

DTH = Percation with air

PC = PVC Casing
S = Screen
P = Pump Position

Well No. Location Coordination Altitude Town Wareda State Cuntry
El Wuha TW2 Mille Woreda, Afar 653402 E 1242123 N 645 mams/ El Wuha Mille afar Ethiopia
Date: from to Drilling : Equipment Type Method Flow Depth Depth Depth Final Depth
28, may, 2006 10, May, 2006 Mud circulation mouth : 130.0m -131
Casing Type : Type Inside Dia. Outside Dia. Joint Type Installation depth: Total Length
PVC 6" 150.0mm 165.0mm Screw+welding +0.65 -62.7, -74.02 - 108.46; -125.5 - 131.0: -102.6m
Screen Pipe : Material Diameter Silot Size Open Rate Joint Type Installation depth: Total Length
PVC 150.0mm 1.0mm 10% Screw -62.7- 74.02;  -108.46-125.0 28.4m
Observation Pipe: Material Diameter Silot Size Open Rate Joint Type Installation depth: Total Length
GS Pipe 19.0mm Screw +0.65 -125.37; 28.49m
Gravel Pakking Origin Gravel Size Location Volume Divelopment :  Static Water Level Method Duration Descharge
g_6-9mm GL -33.0m
Submergible pump : Installation Date not installed
it Di =16 in Normal
Bit Diameter Position of Pipes and .
{mm) Well Structure ~— =~ 64inNormal LITOLOGIA
and Method +0 AR - +na 0 100 200 300 400 500 600
k9 — 0 ' ' '
HB : 311.4: - Silty clay Sediment am
DTH
Moderately Weathered Ashanai Basalt
-10 4
-15m
Weathered Ashanai Basalt -18m
-20
Highly Weathered Ashangi Basalt
-27m
-30 ! Weathered Ashanai Basalt
N
-33m
/ Moderatelv Weathered Ashanai Basalt
. = -36m
- "
- Weathered Ashanni Rasalt
-40 (’ Brown clay -40m
C Highly Weathered Ashangi Basalt
~
—
—
-
-50 -51m
~ n
" — - e Weathered Ashanai Basalt 5am
- -
v
< Hiahlv Weathered Ashanai Basalt
-60 1 £ L
-62.7 ™~ -62m
L~ —
( Weathered Ashanai Rasalt
nl <\ - - Hiahly Weathered Ashanai Basalt _gg m
250 -
-70 4 -
DTH _
- -
-74m = .
~ .
> ~
— - T
N
P~
-80 e I
e - — " d Weathered Ashanai Basalt
-
~ .
(’ - -
-90 4 ~—
= -92 m
- —
.
- ~-)‘
|- _— -
-100 -
Mareratelv Weathered Ashanai Rasalt
-108.46 m C L
-
4 -110 +
dg—  Observation pipe Moderatelv to hiahlv Weathered Ashanai Basalt
| -112m
Moderatelv Weathered Fractured Ashanai
-117m
—~
= Weathered and fractirad Achanai Rasalt
-120 4 <
k)
-125m k
Moderately Weathered Fractured Ashangi
Basalt
-130 -131m
SIMBOL:
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Nemelefen Test Borehole

BS = Bentnaite sealed

Well No. Location Coordination Altitude Town Wareda State Cuntry
Nemelefen TW1 Nemelefen Town 633319 £ 1207437 N 858mams/ Nemelefen Telalak Afar
Date: from to Drilling : Equipment Type Method Flow Depth Depth Depth Final Depth
Rotation Mud 168 -61.0mm
Casing Type : Type Inside Dia. Outside Dia. Joint Type Installation depth: Total Length
PVC 6"x6 150.0mm 165.0mm Screw +1- 33.06; 41.55 - 47.28; 55.7- 60; 43.1m
Screen Pipe : Material Diameter Silot Size Open Rate Joint Type Installation depth: Total Length
Stee/ 150.0mm 1.0mm 10% Screw 33.06 -41.55, 47.28 - 55.7, 16.9m
Gravel Pakking Origin Gravel Size Location Volume Divelopment :  Static Water Level Method Duration Descharge
g 2-6mm Air lifting GL -8.0m
Submergible pump : Installation Date :
D ——16 in Normal
Bit Diameter Position of Pipes and .
(mm) ——64 in Normal LITOLOGY
+1 n Well Structure
and Method +07 0 100 200 300 400
0 , ,
N Em
54
TB : 311.4:
RA Silt deposit with boulders
(between 13 and 16 m)
-10
14.0
-15 16 m
Coarse Gravel
201 21 m
-25
Fine grained Gravel
-30 1
33.06 32m
-35
HB
269,9
DTH
41.55 -40 1
-45 Medium grained Gravel
47.28
-50
-55
55.7 56 m
Fine grained gravel
59 m
60.0
— -60
61.0 Weathered Basalt
SIMBOL:
CO = Concrete PC = PVC Casing B R M = Rotary with Mud
HB = Hammer Bit S = Screen |:| DTH = Drilled with Hammer using compressed air
TB = Tricon Bit G = Grabel Pacing P = Pump Position B R A = Rotary with compressed air and tricone bit
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Wederage Test Borehole

Well No. Location Coordination Altitude Town Wareda State Cuntry
BZDP/TW Dewe Woreda, Afar 629021 E 1195627 N 994 mams/ wederage dewa afar Ethiopia
Date: from to Drilling : Equipment Type Method Flow Depth Depth Depth Final Depth
20, feb, 2006 27, feb, 2006 DTH mouth : 3.0m  depth.: 110.0m Tub.: 110.0m 110
Casing Type : Type Inside Dia. Outside Dia. Joint Type Installation depth: Total Length
PVC 6" 150.0mm 165.0mm Screw+welding +1.0-73.21; 76.04-78.8; 90.19-95.85;  104.3-110.0: 88.3m
Screen Pipe : Material Diameter Silot Size Open Rate Joint Type Installation depth: Total Length
PVC 150.0mm 1.0mm 10% Screw 73.21-76.04, 78.8-90.19; 95.85-104.3: 22.7m
Gravel Pakking Origin Gravel Size Location Volume Divelopment : Static Water Leve Method Duration Descharge
g _6-9mm GL -28.0m
Submergible pump : Installation Date not installed
it D 16 in Normal
Bit Diameter Position of Pipes and .
(mm) — - — - 64in Normal LITOLOGIA
+1 n Well Structure
and Method +0N 7 0 100 200 300 400
0 ,
RS e R 0.5m i
RA Black Cotton Soil om
3.0m R
* * * * * * *
* * * * * * *
Bo
R
SN
-10 P
* * * * * * *
SN
ralale| Fractured / Wethered Basalt
* * * * * * *
SN
St
* * * * * * *
SN
2 el
SN 23 m
Redish Scoria 25m
|' Scoracious Basalt
304 |
\\ 32m
AN
>~
-40 -
Fractured Basalt
-50 4
55m
HB
269.9 Massive Basalt 57 m
DTH
-60 —— Fractured Grav Basalt
)5) —-{- 62m
o Fine Basalt 65m
-70
Wethered Greenish Basalt
73.21
76.04 77m
78.80 Fractured Scoracious Basalt
a0 | 80 m
80
Wethered Greenish Basalt 83 m
A\
90.19 -90
N
-
I} Fractured Scoracious Basalt
95.85 i
1'
|
-100 1
; |
104.30 m 108 m
Basaltic Clav
-110 110 m
SIMBOL:

HB = Hammer Bit
TB = Tricon Bit

CO = Concrete

G = Grabel Pacing
BS = Bentnaite sealed

PC = PVC Casing
S = Screen
P = Pump Position

B R M = Rotary with Mud
|:| DTH = Drilled with Hammer using compressed air
B R A = Rotary with compressed air and tricone bit
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Dulecha Test Borehole

Well No. Location Coordination Altitude Town Wareda State Cuntry
Dulecha TW1 Dulecha Town 605196 E 1055622 N 1021mams/ Dulecha Dulecha Afar Ethiopia
Date: from to Drilling : Equipment Type Method Flow Depth Depth Depth Final Depth
Rotation DTH 168 -149m
Casing Type : Type Inside Dia. Outside Dia. Joint Type Installation depth: Total Length
pPVC 6"x6 150.0mm 165.0mm Screw +1-34; 46 - 52; 43.0m
Screen Pipe : Material Diameter Silot Size Open Rate Joint Type Installation depth: Total Length
PVC 150.0mm 1.0mm 10% Screw 34-46, 52-70, 30.0m
Gravel Pakking Origin Gravel Size Location Volume Divelopment :  Static Water Level Method Duration Descharge
g 2-6mm Air lifting GL -25.9m
Submergible pump : Installation Date :
D — 16 in Normal
Bit Diameter Position of Pipes and .
(mm) Well Structi ——64 in Normal LITHOLOGY
and Method +1 n Well Structure 407 0 100 200 300 400
0 ; ;
Black silty soil 2m
Basltic boulder deposits 4m
TB:311.4: silt With Clay 6m
RA
11.0 -10 1 Basaltic pebbles
14 m
Moderately wellded tuff with clay
18 m
_:'_':'_':'_'_ Gravel Rounded to sub rounded 19 m
-20 4
1 Tuff with clay
-30 1
g 31 m
> Ignimbrite moderately fractured
34.0 _—
— Scoria Moderately weathered
— 43 m
HB — e
269,9 — N
46.0 —
DTH I IO o
:<:<:<: Ignimbrite moderately weathered
-50 L
PP 51m
52.0
— Black soil with gravel
— 58 m
— -60
=—=
— Poorly sorted clayey Gravels and pabbles
— 69 m
70.0 = -70 4
P
73.0 h—
Well sorted Gravels and pabbles
78 m
78.0
-80
SIMBOL:
CO = Concrete PC = PVC Casing B3 R M = Rotary with Mud
HB = Hammer Bit S = Screen |:| DTH = Drilled with Hammer using compressed air
TB = Tricon Bit G = Grabel Pacing P = Pump Position B R A = Rotary with compressed air and tricone bit

BS = Bentnaite sealed




2. Aquifer Testing

Summary
. Cased : Proposed
Town [Zin”t?\d Well lsézefﬁ Constant c?c:\m, Aquifer Transmissivity Potg?tlal :
O | depth 9 test (I/9) Material (m2/day) : Pumping
(m) m) (m) (m) aquifer
Rate(L/s)
Dulecha 8| 73 30 67| 325 Gravel 153 | 101020 45
Weathered
Wederage 110 110 22.64 15| 36.23 | andfractured 25 2l/s 2.0
Volcanic rock
Nemelefen 61 60 16.98 15| 30.69 Gravel 155 2l/s 15
Weathered
Chifra 122 99 14.15 6.3 4.76 | and fractured 1881 101020 6.7
volcanic rock
Derytu 63 57.7 15 5 291 Gravel 898 Stolo 3.0
Gubi No Weathered
D 149 . 15| 7357 | andfractured 12 151/s 1.0
orwa casing -
volcanic rock
Highly
weathered 510 10
Eli Wuha 131 131 27.8 45 9.27 and 38.59 s 45
fractured
Basalt
(1) Dulecha
Table - Summary of test pumping result
Ground level (m.a.s.l) 1021
Pumping rate (m3/day) 578.9 (6.7 I/s)
Pumping test length 24 hours
Static Water Level Below ground (m) 25.95
Pumping water level (m) 29.2
Drawdown (m) 3.25
Specific Capacity (M3/day/m) 178.12
Transmissivity from time drawdown plot (m?d) 106
Transmissivity from constant rate pumping recovery (m?/d) 177
Transmissivity from step test recovery (m%/d) 177
Average transmissivity of aquifer (m?/d) 153
Hydraulic Conductivity m/d (Transmissivity divided by screen length) 5.1
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Dulecha Time-DD Plot

time (min)
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Figure - Dulecha Town Time Drawdown plot
Dulecha Time-Recovery Plot
Time (T/t)
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Figure - Dulecha Town Water Level Recovery plot
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Recovery (m)

Dulecha Time-Recovery plot from step test

10

T

100

1000

0.2

0.4 -

0.6 -

0.8

1

1.2 1

14

Figure - Dulecha Town Water Level Recovery plot from Step test

Table 3: Result of Step Drawdown test

DD, | Specific
Qnl| Qn . | SW/Qn 5 2 >| 100*BQn/
Step Sy | Capacity B (d/n) C B*Qn |CQN°| Syn= B*on+co
(I/9) |[(m*/d) @) | () (@m) = ERNTERN | (BQ+CQN2)
1 ]145388.80 1.55| 250.84 |0.004|0.00385|2.22E-06| 1.50 | 0.34 1.83 82%
2 |6.7]578.88 2.55| 227.01 |0.004 223 |0.74 2.97 75%
3 |5.51475.20 2.06| 230.68 |0.004 1.83 | 0.50 2.33 78%
Time Step Drawdown Dulecha
Time (min)
0 100 200 300 400 500 600
0.0
0.5 ”
1.0 451/s f
2 :
5 15 \ 0000
i 2.0 4 3 isl/so o0
25 - \\@ﬂ./s. L X .“’“
3.0

Figure - Dulecha Town, Plot of drawdown vs time of the step test
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0.0045
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£ 0.0041
A=A i /
oy
& 0.0040 1 /’
&
0.0039 -
0.0038 -
0.0037 -
0.0036
300 350 400 450 500 550 600
Qn (m3/d)
Figure - Dulecha Town, Plot of Specific capacity vs discharge
Dulecha DD (s,) - Discharge (Q,)Plot
3
2.5 1 /’
2 4

E

= 151

(2]

1
0.5 |
0
4 45 5 55 6 6.5

Q, (Is)

Figure 6. Dulecha Town Plot of Drawdown vs discharge
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(2) Wederage

Table - Summary of test pumping result

Ground level (m.a.s.l) 994
Static water Level below ground (m) 30.49
Pumping rate (m3/day) 216 (2.51/5)
Pumping test length 24 hours
pumping water level (m) 70.83
Drawdown (m) 40.34
Specific Capacity (M3/day/m) 5.35
Transmissivity from time drawdown plot (m?d) 1.75
Transmissivity from constant rate pumping recovery (m?/d) 2.2
Transmissivity from step test recovery (m*/d) 3
Average transmissivity of aguifer (m?/d) 25
Hydraulic Conductivity m/d (Transmissivity divided by screen length) 0.11

Wederage Time-DD Plot

time (min)
0.1 1 10 100 1000 10000

*e
10 S

15 o~

20 *

DD (m)

25 *

g’
N
- \

40

Figure - Wederage Town Time Drawdown plot
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Wederage Time-Recovery Plot
Time (T/t')
1 10 100 1000 10000
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Figure - Wederage Town Water Level Recovery plot
Wederage Time-Recovery plot from step test
T
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0
*
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25 *
¢ L 4
30 A *
35

Figure - Wederage Town Water Level Recovery plot from Step test

Table - Result of Step Drawdown test
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DD, | Specific
Qn Qn . S/ Qn 2 2 2 100* BQn /
Steps Sy | Capacity B (d/m") C B*Qn |CON"| Syn= Bon+con
I/s) |(m%d 5 - BQ+CQn2
1 15 12960 96 13.50 0.07 0.032  0.000333 415 5.60 9.75 43%
2 25 216.00 22.25 9.71 0.10 6.91 15.55 22.46 31%
3 3.5 30240 39.38 768 0.13 9.68 30.48 40.16 24%
Time Step Drawdown plot Wederage
Time (min)
0 100 200 300 400 500 600 700
0 P
5 151/s
L‘ * .
10 LY W'Y PS i
15 - 251/s
- ‘\ <
E 201 M X TP ¢
Q 25| 351is $
30 . *
L
35 * .
e
40 - ¢
45

Figure - Wederage Town, Plot of drawdown vs time of the step test
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Figure - Wederage Town, Plot of Specific capacity vs discharge
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Wederage DD (s,) - Discharge (Q,)Plot

S,, (m)

15 4
10 -

0 0.5 1 15 2 25 3 3.5
Q, (Is)

Figure - Wederage Town Plot of Drawdown vs discharge

(3) Nemelefen

Table - Summary of test pumping result

Ground level (m.asl) 858
Static water Level below ground (m) 8
Pumping rate (m3/day) 129.6 (1.51/s)
Pumping test length 24 hours
Pumping water level (m) 38.69
Drawdown (m) 30.69
Specific Capacity (M3/day/m) 4.22
Transmissivity from time drawdown plot (m%d) 1.59
Transmissivity from constant rate pumping recovery (m?/d) 1.48
Transmissivity from step test recovery (m%/d) 1.58
Average transmissivity of aguifer (m?d) 1.55
Hydraulic Conductivity m/d (Transmissivity divided by screen length) 0.09
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Nemelefen Time-DD Plot
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Figure 13 Nemelefen Town Time Drawdown plot
Nemelefen Time-Recovery Plot
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Figure 14 Nemelefen Town Water Level Recovery plot
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Nemelefen Time-Recovery plot from step test

T
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0
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Figure - Nemelefen Town Water Level Recovery plot from Step test

Table - Result of Step Drawdown test

DD, [Specific
Qn Qv [Sw  [Capacity [Su/Qn 100*BQn/
Steps|(I/s) (m¥/d) (m) (mP/d)  |um) |B (d/m?)[C B*Qn ICQN* |Sun= Bron+cor [(BQ+CQN2)
1/1.04 89.8611.45 785 013 0.065 0.00] 5.84 8.07 13.91 42%
2 1.5129.60 29.53 439 0.23 8.42 16.80 25.22 33%
3 2172.8035.56 486 0.21] 11.23 29.86 41.09 27%
Time Step Drawdown Nemelefen
time (min)
0 100 200 300 400 500 600 700
O P | | | | |
5 }\\ *
| *
o IR /
~ 15 »
= 20 - ’.
8 151/s
25 . 4
L& P
30 *e 21/s 3
35 W
40

Figure - Nemelefen Town, Plot of drawdown vs time of the step test
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Figure - Nemelefen Town, Plot of Specific capacity vs discharge
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Figure - Nemelefen Town Plot of Drawdown vs discharge
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(4) Chifra

Table - Summary of test pumping result

Ground level (m.as.l) 928
Static water Level below ground (m) 40.1
Pumping rate (m3/day) 544.32 (6.3 1/9)
Pumping test length 24 hours
Pumping water level (m) 44.86
Drawdown (m) 4.76
Specific Capacity (M3/day/m) 114.35
Transmissivity from time drawdown plot (m?d) 1660
Transmissivity from constant rate pumping recovery (m?/d) 1992
Transmissivity from step test recovery (m%/d) 1992
Average transmissivity of aguifer (m?d) 1881
Hydraulic Conductivity m/d (Transmissivity divided by screen length) 133

Chifra Time-DD Plot
time (min)
1 10 100 1000 10000
0
1
2 P S
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* O & 900000NNID
X220
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Figure - Chifra Town Time Drawdown plot
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Chifra Time-Recovery Plot
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Figure - Chifra Town Water Level Recovery plot

Chifra Time-Recovery plot from step test
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Figure - Chifra Town Water Level Recovery plot from Step test
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Table - Result of Step Drawdown test

Steps

Qn
(/9

Qn
(m?/d)

DD, [Specific
Sy |Capacity [Sw/Qn
(m) [(M%d)  jam) B (dm)|C B*Qn [CQN* [Sun= &*on+con’

100*BQn /
(BQ+CQN2)

345.60

3.54 97.63 0.01

N

6.3

544.32

5.57 97.720 0.01

432.00

252 17143 0.01

Time Step Drawdown

Time (min)

1 101 201 301 401 501 601

’gz 5l/s
g ONNG ¢ ¢ ¢ 60 o
-83 4l/s
= ® 000600
© 4
[a)]
5 \&.‘G.SVS
o ¢
*
L 2K 2R 2R 2K 4
6

Figure - Chifra Town, Plot of drawdown vs time of the step test
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Figure - Chifra Town, Plot of Specific capacity vs discharge
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S,, (m)
w

Chifra DD (s,,) - Discharge (Q,)Plot

Q, (Ifs)

(5) Derayitu

Figure - Chifra Town Plot of Drawdown vs discharge

Table - Summary of test pumping result

Ground level (m.a.s.l) 816
Pumping rate (m3/day) 432 (51/s)
Pumping test length 24 hours
Static water level below ground (m) 27.55
Pumping water level (m) 30.46
Drawdown (m) 291
Specific Capacity (M3/day/m) 148.45
Transmissivity from time drawdown plot (m?d) 1317
Transmissivity from constant rate pumping recovery (m?/d) 718
Transmissivity from step test recovery (m%/d) 659
Average transmissivity of aquifer (m?/d) 898
Hydraulic Conductivity m/d (Transmissivity divided by screen length) 60
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Derytu Time-DD Plot
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Figure - Derytu Town Test Well Time Drawdown plot
Derytu Time-Recovery Plot
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Figure - Deraytu Town Test Well Water Level Recovery plot
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Recovery (m)

Derytu Time-Recovery plot from step test
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Figure - Derytu Town Test Well Water Level Recovery plot from Step test

Table- Result of Step Drawdown test

DD, |Specific
Qn Qn Sy [Capacity |S./Qn 100*BQn/
Steps (I/9) (m™/d) [(m) (m*/d)  jam) |B (&/m?) C B*Qn |CQN* |Sun= sron+con” |(BQ+CQN2)
1 325920 157 165.10 0.01 0.0049 4.55E-06 1.27| 0.31 1.58 81%
2 434560 214 161.50 0.01 1.69 0.54 2.24 76%
3 543200 294 146.94 0.01 212 0.85 2.97 71%
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Time- Step Drawdown test, Derytu
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Figure - Drytu Town, Plot of drawdown vs time of the step test
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Figure - Derayitu Town Test well, Plot of Specific capacity vs discharge
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Derytu DD (s,,) - Discharge (Q,)Plot
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Figure - Derytu Town Test well Plot of Drawdown vs discharge

(6) Gubi Dowra

Table - Summary of test pumping result

Ground level (m.a.s.l) 1021
Static Water level below ground (m) 33.25
Pumping rate (m3/day) 129.6 (1.51/s)
Pumping test length 24 hours
Pumping water level (m) 106.82
Drawdown (m) 73.57
Specific Capacity (M3/day/m) 1.76
Transmissivity from time drawdown plot (m%d) 0.8
Transmissivity from constant rate pumping recovery (m?/d) 1.6
Transmissivity from step test recovery (m%/d) 1.2
Average transmissivity of aguifer (m?d) 1.2
Hydraulic Conductivity m/d (Transmissivity divided by screen length) No screen
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Figure - Gubi Dorwa Town test borehole Time Drawdown plot
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Figure - Gubi Dorwa Town test borehole Water Level Recovery plot
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Figure - Gubi Dorwa Town test borehole Water Level Recovery plot from Step test

Table - Result of Step Drawdown test

DD, |Specific
Qn Qn Sy [Capacity |S./Qn 100*BQn/
Steps|(1/s) (m/d) [(m) (m*d)  |am’ |B (@/m?)|C B*Qn_(CQN” |Sun= sran+con” [(BR+CQN2)
11.05 90.7244.28 205 0.49 0.48 0.000125 43.55 1.03 44.57 98%
2 1.5129.6068.84 1.8 0.53 62.21 2.10 64.31 97%
3 2172.8086.75 199 0.50 82.94 3.73 86.68 96%
Time Step Drawdown plot Gubi Dorwa
Time (min)
0 100 200 300 400 500 600 700 800
O o

10Ny

20 | \.

30 - ” 1.051/s
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Figure - Gubi Dorwa Town, Plot of drawdown vs time of the step test
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Figure - Gubi Dorwa Town test borehole, Plot of Specific capacity vs discharge
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Figure - Gubi Dorwa Town test borehole Plot of Drawdown vs discharge
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(7) Eli Wuha

Table - Summary of test pumping result

Ground level (m.a.s.l) 645
Static water Level below ground (m) 33.03
Pumping rate (m3/day) 388.8 (4.51/9)
Pumping test length 24 hours
Pumping water level (m) 42.3
Drawdown (m) 9.27
Specific Capacity (M3/day/m) 41.94
Transmissivity from time drawdown plot (m?d) 41.6
Transmissivity from constant rate pumping recovery (m?/d) 35.57
Transmissivity from step test recovery (m%/d)
Average transmissivity of aquifer (m?/d) 38.59
Hydraulic Conductivity m/d (Transmissivity divided by screen length) 1.36
El Wuha Time-DD Plot
time (min)
0.1 1 10 100 1000 10000
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Figure - El Wuha Town Time Drawdown plot
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Figure - El Wuha Town Water Level Recovery plot
Table - Result of Step Drawdown test
Specific
Qn  |Qn DD, S, Capacity  |S,/Qn 100*BQn/
Steps |(I/9) [(m%d) (m) (m%d)  femy B (dm?) [C B*Qn  |CQW |Sun- gron+con |[(BQ+CQN2)
1 25 21600 3.65 50.18 0.017] 0.01512 9.29E-06 327 043 3.79 88%
2 35 30240 6.25 48.38 0.021 457 0.85 5.42 84%
3 4.5 38380 7.28 53.41] 0.019 588 140 7.28 81%
Time Step Drawdown plot E Wuha
Time (min)
0 100 200 300 400
0
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2 4 251/s
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Figure - El Wuha Town, Plot of drawdown vs time of the step test
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11

(Chifra, Derayitu, Kelewan)

Actors

Interest

CHIFRA (Chifra Woreda)

Community people (such as women,

e To get water for drinking & agriculture (i.e., for

1) X ; : everyday life)
pastoralists, agriculturalists) e To get water water for animalsin close distance
Water Committee (Chairperson, Secretary, * Tosecure water/genergn ng water
2) ¢ To collect water fee (finance)
Treasurer) I~ . . .
e To facilitate repair& maintenance (technical)
3) Pastoralist Coordination Department (Woreda | e To provide clean water to people
Council Administration ) e To provide water for agricultural purposes
4) | NGOs/Donors e To provide clean & safe water to people

DERAYITU (Aura Woreda)

e To obtain quality of water for domestic uses (As

1) | Women tradition/culture of the area, men does not take
water )
. e To administer public water supply for town
2) | Water Committee (pump operator, care taker) inhabitants
3) | Water Desk e To give technical/mechanical advice to the water

committee to run all the time to whole woreda

KELEWAN (Gulina Woreda)

1)

Public ( Water

Committee)

Women, Men,

Asamain care taker of household, fetching water
for family to support life, for agricultural uses and
for livestock

To secure water for family for domestic purposes,
gardening etc.

Digging traditional wells and guard them
Administrating water for timely supply &
supplying water in adequate volume

2)

Water Desk (Woreda Administrative Council)

e To provide clean water

¢ To strengthening capacity of water providers

e Capacity building for community on ownerships
and supply

3

Hedlth Centre/HC staff

e To verify water provided clean
e To provide guideline of health education

* NGOs:. Thereisaproject by “Lutheran Church” (national NGO) since 2005 in rural woredas
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12

(GubiDowra, Nemelefen, Wederage)

Actors

Interest

GUBI DOWRA (Yalo Woreda)

LOC&\ﬂN%E:]ELean d Children e To get water for drinking, cooking & cleaning
1) Men e To water animals, to find traditional wells
Water Committee e Todistribute water in equal and timely manners
e To provide clean and adequate water to public
Water Desk (Woreda Administrative Council)/ * To es_tl mate and study water supply needs and
2) potentials

Water Technician

To provide equipment for water supply
To report water supply problem to regiona bureau

NEMELEFEN (Talalak Woreda)

To take/secure water for domestic uses such as

1) | Women drinking, cooking preparation, washing, bathing and
washing before praying
2) | Children ¢ Health concerns
3) | Men o To secure water for livestock
o To find water sources for family needs
2) Woreda Council (Pastoralist Development | e To supply clean and sufficient water to public
[ ]

Coordination Office/ Water Desk)

To maintain water facilitiesin good conditions

WEDERAGE (Dewe Woreda)

1) | Water Committee ¢ To supply water to people
o Tofulfill primary roles on water at households

2) | Women & children o Tofetch water and keep water for domestic purposes
o Need of clean water in good timing

3) | Men o Need of water for livestock
o Tofind traditional water source and to dig them

- ¢ To provide health education
4) | Hedlth clinic e To provide treatment for water borne diseases
5) | Woreda Administration

(Pastoralist Development Coordination Office)

To report water problem and to find the solutions
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13 (Dulecha, Kumami)

Actors

Interest

DULECHA (Dulecha Woreda)

1)

Women

To secure clean and safe water for familiesin
order to sustain everyday life

Play greater roles for water supply and most of
works are done by women (men’s role is not
significant and secondary role)

2)

Women Groups (as agent for governing water supply
instead of Water Committee)

To distribute water in town

To collect water fee to sustain water supply to
public

To save money from the fee collected for
replacement and repair of water supply
facilities

3)

Regional Water Bureau, Woreda Pastoralist
Development Coordination Office/ Water Desk

To provide clean and safe water to public uses
To strengthen water supply capacity by
technical support

To find water source/explore potential

KUMAMI (Semu Robi Woreda)

Federal Governement/Woreda

1) | Administration/Pastoralist Devel opment Coordination To provide clean water in good timing
Office/ Water Desk

To make business (by selling water for people

2) | Water vendor from Showa Robi Town in Kumanmi)
Can be supporter for new water source
development (not potential opponent)
To secure water for all domestic uses

3) | Women To give water young animals at home
Playing dominant roles in water preparation
(controller of water at home)

4) | Men To secure water for livestock such as camels

5) | Water Committee (currently it is not active: in 2005

water was distributed from tankers free of charge by
the state government subsidy and it stopped now)

To manage water for equal distribution
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14

(Eliwuha)

Actors

Interest

ELI WUHA (Mille Woreda)

1) | Women

To bring water for domestic uses and for children
(sufficient and clean water)

Play greater roles for water supply and most of
works are done by women (men’s role is not
significant and secondary role)

2) | Water Committee

To response to peopl€' s needs on water supply
To report Kabala council

Equal and fair distribution of water

To hire necessary staff for water supply

To manage water supply in secured ways

Regional Water Bureau, Woreda Pastoralist

3) Development Coordination Office/ Water Desk

To provide technica and materia support to
Kabales
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(i)

ICHIFRA (Chifra Woreda|

The most affected group is women at the current water supply condition

Long time spent for fetching water

?

( 11 1.9)

Health problems
(water born diseases &

in particular high risk for pregnant women)

?

?

Far distance to fetch water

T

T

Water quantity is Core Problem
not enough (Quality isnot a problem)

£ f

#

P_opulation Low yield of the
Increase existing bore hole

Regular breakdown of
the pump

|
I

_ z -
-3 E) Q%
Qg =0 5 g
€a SE g 3
8.9 g & S g
gt =3 g &
® g =3 2 =
oz %Q s Q
IR T
°g < -

8 ® ®
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MOU) 8|oupJoq aAIRRULI e ON
32ouUeualu ew JE|I’159.I ON

11 Chifra
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IDERAYITU (Aura Woreda)|

The most affected group is women at the current water supply condition

Women cannot do
other duties

?

Long time to spend to
fetch water

f

Women need to fetch
water long distance

?

Core Problem

Other problems affecting
water supply supply status

Water Committee does not
have many women members

Limited underground
devel opment opportunity

Breakdown of water
facilities
Y
Damage of parts Availability of Pump attendant’s Tephni cian's No regular
due to (bad) water materials (for repair) is skills are not skillsare not maintenance is
quality limited in Ethiopia adequate adequate done
1.2 Derayitu

IKELEWAN (Gulina Woreda)|

The most affected group is women at the current water supply condition
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Unprotected water
Problem on health status | causes hedlth
problems
? Core

Women's heavy burden on || Problem
domestic works

eg., Highrisk y To find water Water from spring
when women is women haveto go near river is
pregnhant around many places expensive

I

01 ApogeLLs Buse o) Aedendoed

Water supply is not - — Q
adequate in one time Fuel of diesdl isinshort | 3
=
2
@
5]
f t
Reservoir’s capacity is Water in town need to be g
small distributed to rural Kabales =
a
[72]
Water sourcein rural
Kabaesislimited
13 Kelewan
IGUBI DOWRA (Yalo Woreda)|
The most affected group is women and children at the current water supply condition
Caretakers of childrenis - —
busy therefore children Women cannot do Health problems & risk Health & sanitation problems
left out other duties of animal attacks (such as Joint pain, Ameba,
Water borne diseases, Kidney
b L stone incidences)
A
T Distance to find alternative
Time consuming to sourc&sé;::;; 23; aways Quality of unprotected
take water water islow
y A
4
Core
Long queueto take water Probjem
Water volume is not
enough
‘ !
Only one public tap Capacity of engineistoo small Increase of population Wiater tank is leakage and too
to provide enough water small
14 GubiDowra
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INEMELEFEN (Talalak Woreda)|

The most affected group is women at the current water supply condition

. - Wiater is costing (economically Recurrent health problems (Kidney

t ; i

Inadequacy (insufficient Core Problem: Quantity First and

volume) of clean water Quality Second
Water Desk is not Water tank is too small to
fulfilling the duties meet demands in adequate
f ways
Water demand prospect Number of water
(planning) is not techniciansis not
appropriate enough
15 Nemelefen
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WEDERAGE (Dewe Woreda)|

The most affected group iswomen & children at the current water supply condition

Occurrence of sickness

More expense for medication/
treatment

Timeis not used in effective and
efficient ways for other activities

4

y

Health problem (caused by unprotected
water & fetching water long distance)

Core Problem

?

?

?

IDULECHA (Dulecha Woreda)|

The most affected group is women at the current water supply condition

Time consumed to fetch

water

¥

Insufficient No water treatment
water volume
Popu Engine Distribution of Chemical for No technical No trained
increase in town problem water isnot chlorinationis know-how technician
(previous one) good timing not available
Only one
communal tapis
open at onetime
1.6 Wederage

People who live edge of
the town have to fetch
water long distance

4

Health problems

(Backache, internal organ
due to weight of water)

Location of communal
tapsis concentrated in
the centre of town

T

!

Women’s heavy workload to fetch water in

4

area

Expansion of town

one day Core Problem

Conflict among people on water

A-101

Distance to (wmeﬂ me)

household to fetch y
water

A Long queue

No private household 4
connection
Limited opening time of
communal taps
17 Dulecha




IKUMAMI (Semu Robi Woreda)|

The most affected group is women at the current water supply condition

Increasein
poverty
More hedlth Less expense for
expense food
T :
Health problem (sickness) such as diarrhea Economic problems to
for children and backache for women pay water

A

f

Thereisnoimproved water facility Core Problem

A

T

nearby

No aternative
water source

[ELI WUHA (Mille

Woreda)|

f

Survey/investigation | Low water table |
for water sourceis y
not complete
Constraint of geographical
condition
18 Kumami

The most affected group is women and children at the current water supply condition

Emigration of people
such asto Mille town

Distance to buy water from far

place such as Kasagita, 23 Km Unnecessary expense to
away buy water

T

4

Water source does not meet the demand of

S Core Probl
town, especially in high season ore Problem

?

f

y

- - Technical support from Woredais
Distance to water Only one pump Technical problems weak
sourceistoo far attendant of pump (pressureis
(3.5km away from not enough) 4
town)

Insufficient skills for
O&M of Woreda Water

desk staff
4 4
Constraint of natural Water tank is too Water is wasted due
condition (low water table, small to pipe leakage
lessrainfall)
19 Eli Wuha

A-102
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IDERAYITU (Aura Woreda)|

Women's social/economic status

| House interior will be organized better |

Objectives/desirable
situation

Good balanced quality life of
family & community

improvement through productive works such
asincome generation activities in extratime

A

?

| More time to do other domestic works |

|| Short time to fetch water ||

Key objective

f

| Safe water is available nearby houses |

| Less breakdown of pumps |

Possible
improvement/measures

Material for repair is

Technicians skillsare

Pump attendants’ skills Regular preventive

and repair of spare parts

Causes of problems
facing

available improved areimproved maintenance
1 t 1
Networking with f
regions/assistance of Training of staff for technical improvement Spare partsare
NGOS for procurement available

Technical school/courseis
availablein the region

IKELEWAN (Gulina Woreda)|

Objectives/desirable
situation

Possible
improvement/measures

Causes of problems
facing

2.2

T

| Budget for training |

Derayitu

Productive lifefor al
family & society

A

T

T

Development of different

activitiesin spare time

Development of different
activitiesin spare time

Good heath status of
women & children

?

A

?

Decrease of women’s burden to
fetch/secure water

Key objective

¢

Accessto water nearby houses

A

Sufficient water volume to both towns
and rural Woredasin good timing

?

Another water source for rural Kabales

2.3

A-104

Need of another bridges to connect
woredas

Kelewan




IGUBI DOWRA (YaloWoreda) |

Development & progress
of peopleintown

A

? A A

- Enough time to do More time to take — —
Better take care of children other duties Rest Better health || Better living conditions
A 1
? A
Waiting time for water is shorten Key objective

?

Sufficient volume of water supply

f

5 7y
E |
B Better planning for Engine needs to be Repair of tanker and capacity Additional community
% Influx of people stronger of tanker isincreased taps
B
a

24 Gubi Dowra

A-105



i)

10 10

90
2
9
9 2006 1
1 4
(
( )
(
(
)
i)
2 2,040 5803
( ) 3686
130 1,600 9

31

A-106



Rl~L i i 1 1 a 1 i | 1 _m_ - Bamqey
o +

I i _ I | | e Tl | l L b1

PFTLAFST
[ T | BEEH G B il T il il 2 (oh) Nl

e G S SR JIT%6E  [PasG O rT%eE P e [l i i P Toek

Gk FREA LA E
- Ty
g nqeiliy
| &1 . _“ ”_

Y g BTy « oW By el L—ary
— . _.“ F o L

R £ oy sl ey g,

e IS0 a4 D

40T~ %5 D o T 45 R L s 40T R AT Loy

e i a1 | B G A g s ok L b “.Th i BTt L mpy
Pl E 170 1y Pall e i Falis il %08 iE18 {8t 511 1% B
i 1195~ | 1) O0g IR 556 rathone  foss nE| Aty fore 0L Bt
[y e Frapooos  feom's (A il e 0T Oz E r.:.*. NEE'T oy
bc : ST wmg  bhemw QA T aE o 4L b
igen g yA0E

L ] 2bARE Oga| I £56] i | i | AT i | L} S007 fnal
- . e A THd
- Wik 4 e s | Apbs | HLLTH ALk cadAL | Sa-tg G b £t % 1n

A-107



2)

37

20
9
3.
6.9
37
4,433

: 1USD=Ethiopian Birr 8.99 (2006

70 99
95

UsD493 !
4 )

A-108

32

59

57

24

28

Chifra



.
o A

4 [ 2 24 v

AFLE o (U 4 e M T

(G 4L
._w.___ b | T ]
[%46i5 | % alls TR R 1T A Lyl [t Sl [ S S e 2 i O 5 o 0 = T
n
Zg Ang _:n_u 75 LIIE] £ d1g] op L] g 411g] ¥ A1IE] 5T 151 £7 Anif] £ 11| i TR oo e B ) S Sy B
1 L0sn) st parasnt o proosnd fonasn) o (eeasn) 1cLsn) a5Isnt [150s0) TELIsn)
T Mg T Rt T L O e N T G M1 4.5 Mg L5 g Lo M1 g Mg G —
TERECI= 1] (T IV T Ty L (T T | T T W VN (ETS T T T TEEdEl  pFords THREIE] TOREIE]
coppang  frecpasg Loresng s ong  feecteang ooy dig 0y 41 bIE'E L Es Hig H55'E 4l G gbE| v ki k)
%k | eli Frad | Tk tall il “uli I.._ﬁ..__..._.. i
ek tuld bl Lk [*alk Yalll YiEE ol tal | Yilll et A i (R )
[falE muu__” B talk [1lE Tl Ll [l Lalk all ﬁﬂw
kT o st il a5t Sl Sl L Salls Sk Hi Mok R
[t el Sall FalE RS o S PR
el ol | [ L %uht wlT it [
OO o e 15
o o L e ik
i1 | Fieh M L L] raia e A1) 2L 2IE | T M B Wy on)
o wenl Ll okl Ll
Lol -1 1= I -t b= ik
EiE N Labkl R B Latk
bl b ol ek i ol | we b TSk e o o U
Tlls L] Sl [ R gk ALk e e
[ wEed -1 T B ol - O o MR - o G e B G g L e ] Wt S Ro g e il G gy
[alt A el 3l Wit “ll | il il T e i) tipﬁiétit ¥
— A & T
L 4 Fi ooy |
[l (o)) S5y Ty [lruinanl sl | (ued g ) ocg RIAIIY
alE -_E._.,p. ralls il s “all | bt il il ] AR LY p-
mals —._.H.J. il T iy “alli T 1Y ey LaRE il BBV oy ol =T
i r I N s ¥ ¥ 'L Ll ¥s el O T T
[XEIEE] ] N St
soalpay | O tag | kgl | FELTH | AFEAFE | £4dAK AL e Joil L L .

A-109



90

15 cents/20L

20 25 cents/25L
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4.1 ()
2 4 1 2 2 3 2 4 3 4 2 4
2 4 2 3 4 3 4 4 4
73 2006 1 70 4
80 3
1
25
cents/25L
30 cents/25L 25 cents/25L 15 cents/20L 20 |25 cents/25L 15 cents/20L 20
cents/25L cents/25L
_ 4 Birrsm3 More than 10 Birrs/ 4 Birrsm3 10Birrd  ( /
c 1)
: 0.6to :0.5t0 : 0.6 to :0.75 to :0.6t0 :0.6 to
1.00 Birr/ : 55%, 1.0 Birr/ ( ) [1.0Birr/ 1 56%, 1.25 Birr/ ( ) |1.00Brr/ - 60% 1.20 Birr/ 83%,
2.00 Birr / : 1.10 to 1.50 Birr/ 1.10 to 1.50 Birr/
27% 22%, 1.60 Birr / 17%
1 22%
1 82% 100% 1 60% :100 1 83%
40 17
50
:80 75 :56 91 :100 75
:25% :146% 9 25

15 Birr | :63%, |26Birr | :42%, |21-26 Birr / 20 Birr [ :40%, 5-|_ 15 Birr 1 :84%,
3.0-5.0Birr/  18%, 20-|16-20 Birr/ : 25%, 60%, 6-15Birr/month: (10 Birr/  : 20%, 20 cents/25L
25cents/bucket: 37%, 15 cents/bucket: 83%|20%, 15 cents/25L |25 cents/25L bucket: bucket: 42%
30-50 cents/bucket: 36%) bucket: 70% 55%

o 90% Bathing Bathing Bathing © 90% © 90%

Bathing facility facility facility Bathing Bathing
facility 100 1100 1100 1100 facility 100 facility 100
75% Fair) 73% 100 75 (Fair)
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4.2 (i)
1 3 90 2 4
3Birr/25L
2 3 3 4
75 85
25
25 cents/25L 10 cents/25L
15 cents/20L 20 25 cents/25L
B B B 4 Birr/m3
10Birr
:0.25t0 [2.10to 3.00 Birr/ :0.6t0 0.6-1.0 Birr
0.75 Birr/ ( ) |83%, morethan 3 Birr/ |1.0 Birr/ 154%, 1.1
$17% to 2.0 Birr/ :31%
: 90%
1 75%
25
17
192 75 77
25 23
_ 20 Birr/month 25 cents/25L bucket:  (|Chifra 20 Birr
92%, 15-20 Birr/  : 8%,|73%, 30-50 cents/25L
25 cents/25L bucket: bucket: 18%,
67%
100
: 90% : 90% : 90% 90
Bathing Bathing Bathing Bathing facility 100

facility 100

facility 100

facility 100

83 (Fain)

53

85
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5 9 ( ): 2006 1
Chifra Derayitu Kelewan Gubi Dorwa Nemelefen Wederage Dulecha Kumami Eli Wuha
1995 2005 ( 1995 ) 1996 2000 1994 1996 1999 1930 (
)
2,850 4,136 3,026 2,040 4,900 (2006 ) 4,099 (2005 ) 4,773 5,803 5000 (
570 410 1611( ) 130 980 700( ) 955 1,160 800( )
(1995 1,660 ) 2005 (2004 ( ) 5 1995 Oromo Amharic Tigray 10 25
182 )
10
(
(1,000 )
! )
( 000-2 000 ( 2 ( /
)
) Oromia
8 2 9 8 9 8 9 10 8 7 8 8 8 8
6 6 6 7 6 12 5 6 2 4 5 6
(2006 1 (2006 2 (2006 2
(WFP) (WFP: (WFP: 100 / (WFP & NGO): UNICEF: 1 : B
(2005 ) ) 100 2005 ) (UNDP: 2005 -) (FAO/ :2005 ) (FAOQ/ )
-) ) ) () & Fam Africa:NGO __ Goal
Ethiopia (NGO):
( (
30 + 19 5 4 0
65 ( 2 103 0 19 12 0 0 77
2 ( 4 3 4 4 1(10 ) 4 ( 1 ) 2 3 0 4
6 2 ( 4 4 2 2 ( 3 4 1 2005
4 2005 9 (- ( 1 Shoa Rob
2006 1 1 1 1
1 3
(25
cents/25L)
9:00-12:00 or 9:00- 1:00(3 ( :8:00-11:00(3 )+ 4:00-6:00 (2 : 6:00- 6:00(11 ) :8:00-12200(4 )+ : 4:00-6:00 (2| :7:00-9:00(2 )+ : 5:00-7:00 (2 1 7:.00-11:00(4 )
4 ) ) ) 6:00-11:00+  4:00-6:00) ): 1 2 )
) 2 /7 ) 1 (UNCEF) 1 UNICEF
200-300m) ( 300m)
2 1 1 1 1 1 / 2005 1
30 cents/25L (2005 ) 25 cents/25L 15 cents/20L 20 cents/25L 25 cents/25L ( 15 cents/20L 20 cents/25L 25 cents/25L 10 cents/25L
/600 Birr/
50 cents/25L 50 cents/25L 50 cents/L ( 25 cents/25L 15 cents/20L 20 cents/25L Shoa Robi 3 25 cents/25L.:
Birr/25L)
1 2 3 ( ) 1 1 2 3 () 1t 2 3 D) 1 2 ( )3 1 2 3 ) 1 2 ( )3 1 2 ( )3 )
2 3
:52L/ :39.5L/ / 315L/ / 1250 431/ 1 : & 16 25/ / :10-17L/ / 138-66L/ / (Washing done at 120-38L/ 1 ( 122-27L1 1
( ) river) )
(2005 ) 0 0 0 110 2-3 0
30 (

:JCA
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Hazen-Williams SP) Cc 110

(m) (m) (m) (m) (m)
™ w7y o hm | (/)

0.00 0.00 SP 0.063 40.30 40.60

170.00 170.00 SP 0.063| 0.002685 0.02199 3.74 0.86 6.10 36.86 30.76

290.00 460.00 SP 0.063| 0.002685 0.02199 6.38 0.86 4.00 30.49 26.49

450.00 910.00 SP 0.050( 0.001101 0.01302 5.86 0.56 15.00 24.62 9.62

LWL 0.3m

(m) (m) (m) (m) (m)
Ul S ) hom) | m/ )

0.00 0.00 SP 0.050 4.00 30.49

100.00 100.00 SP 0.050( 0.000752 0.00643 0.64 0.38 2.80 29.84 27.04

-c6

(m) (m) (m) (m) (m)
™ Wy o hm | (/)

0.00 0.00] sP 0.150 121.30|  121.60

480.00 480.00 SP 0.150( 0.014568 0.00735 3.53 0.82 93.90 118.07 24.17

110.00 590.00 SP 0.150| 0.014568 0.00735 0.81 0.82 98.80 117.26 18.46

290.00 880.00 SP 0.125( 0.008595 0.00673 1.95 0.70 100.70 115.31 14.61

80.00 960.00 SP 0.100( 0.004224 0.00536 0.43 0.54 100.00 114.89 14.89

320.00( 1,280.00 SP 0.075( 0.002622 0.00900 2.88 0.59 98.30 112.00 13.70

LWL 0.3m

(m) (m) (m) (m) (m)
L R ) hym) | (m/ )

0.00 0.00 SP 0.075 100.70 115.31

300.00 300.00 SP 0.075( 0.002040 0.00566 1.70 0.46 104.20 113.62 9.42

(m) (m) (m) (m) (m)
™ w7y o hm | (/)

0.00 0.00 SP 0.050 100.00 114.89

70.00 70.00 SP 0.050( 0.001165 0.01446 1.01 0.59 99.40 113.87 14.47
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" " ™ w0 o |y | ™ ™ o
0.00 0.00( SP 0.075 98.80 117.26
240.00 240.00] SP 0.075( 0.003351| 0.01417 3.40 0.76 98.20 113.86 15.66
" ™ ™ w0 o |y | ™ w ™
0.00 0.00( SP 0.150 9.32 15.42
360.00 360.00] SP 0.150| 0.010486| 0.00400 1.44 0.59 8.89 13.98 5.09
400.00 760.00) SP 0.150( 0.010486| 0.00400 1.60 0.59 6.35 12.38 6.03
330.00 1,090.00| SP 0.100( 0.005243| 0.00799 2.64 0.67 4.65 9.74 5.09
LWL +6.1m
" " ™ wms | | oy | m ™
0.00 0.00| SP 0.125 35.60 35.90
- 90.00 90.00| SP 0.125( 0.016317| 0.02202 1.98 1.33 18.60 33.92 15.32
- 480.00 570.00] SP 0.125| 0.014196| 0.01702 8.17 1.16 17.20 25.75 8.55
980.00| 1,550.00] SP 0.100( 0.005221| 0.00793 7.77 0.66 3.50 17.98 14.48
LWL +0.3m
" " ™ ws |0 o |y ™ ™ ™
0.00 0.00( SP 0.075 18.60 33.92
390.00 390.00] SP 0.075| 0.002121| 0.00608 2.37 0.48 13.40 31.55 18.15
" " ™ wms |0 o |y | ™ o ™
0.00 0.00( SP 0.075 17.20 25.75
600.00 600.00] SP 0.075| 0.001469| 0.00308 1.85 0.33 19.00 23.90 4.90
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" " ™ w0 | oy | ™ ™ ™
0.00 0.00| SP 0.150( 0.013534 59.90 60.20

690.00 690.00] SP 0.150( 0.013534| 0.00641 4.42 0.77 31.80 55.78 23.98
70.00 760.00] SP 0.100{ 0.010286| 0.02780 1.95 1.31 30.30 53.83 23.53
670.00| 1,430.00] SP 0.100( 0.005143| 0.00771 5.17 0.65 29.70 48.66 18.96

LWL +0.3m

™ ™ ™ ws |0 o |y | ™ w ™
0.00 0.00( SP 0.075 31.80 55.78

430.00 430.00( SP 0.075( 0.003248| 0.01338 5.75 0.74 32.30 50.02 17.72
" " ™ w0 | oy | m ™
0.00 0.00| SP 0.075 30.30 53.83

310.00 310.00f SP 0.075( 0.005143| 0.03131 9.70 1.16 32.00 44.12 12.12
" " ™ wms | | oy | ™ ™ ™
0.00 0.00| SP 0.100 155.60 155.90

150.00 150.00f SP 0.100( 0.007917| 0.01713 2.57 1.01 142.60 153.33 10.73
130.00 280.00] SP 0.100|{ 0.005621| 0.00909 1.18 0.72 143.00 152.15 9.15
250.00 530.00] SP 0.075( 0.002692| 0.00945 2.36 0.61 136.50 149.79 13.29
310.00 840.00| SP 0.050| 0.001346| 0.01889 5.86 0.69 126.70 143.93 17.23

LWL +0.3m

" " ™ ws |0 o |y | ™ o ™
0.00 0.00( SP 0.050 143.00 152.15

330.00 330.00] SP 0.050| 0.001346| 0.01889 6.23 0.69 136.00 145.92 9.92
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" " ™ w0 o |y | ™ ™ ™
0.00 0.00( SP 0.063 142.60 153.33
- 350.00 350.00] SP 0.063| 0.002296| 0.01646 5.76 0.74 136.90 147.57 10.67
" " ™ w0 o |y | ™ w w
0.00 0.00( SP 0.125 125.70 131.70
- 400.00 400.00( SP 0.125| 0.006484| 0.00399 1.60 0.53 121.60 130.10 8.50
- 80.00 480.00f SP 0.100( 0.005836| 0.00974 0.78 0.74 119.40 129.32 9.92
- 120.00 600.00] SP 0.100| 0.005836| 0.00974 1.17 0.74 115.00 128.15 13.15
- 390.00 990.00| SP 0.063( 0.003307| 0.03233 12.61 1.06 99.40 115.55 16.15
LWL +6.0m
" " ™ ws |0 o |y | ™ o ™
0.00 0.00( SP 0.125 182.00 182.30
-P4 1,313.00| 1,313.00| SP 0.125| 0.004052| 0.00167 2.20 0.33 158.40 180.10 21.70
P4- 1,417.00| 2,730.00] SP 0.125( 0.004052| 0.00167 2.37 0.33 167.10 177.73 10.63
-P9 2,789.00| 5,519.00| SP 0.100| 0.004052| 0.00496 13.84 0.52 130.80 163.89 33.09
P9-P10 366.00| 5,885.00 SP 0.100( 0.004052| 0.00496 1.82 0.52 104.80 162.08 57.28
P10- - 1,140.00| 7,025.00| SP 0.100| 0.004052| 0.00496 5.66 0.52 132.90 156.42 23.52
-A3 225.00| 7,250.00] SP 0.063( 0.002026| 0.01306 2.94 0.65 134.20 153.48 19.28
A3- 95.00( 7,345.00[ SP 0.063| 0.002026| 0.01306 1.24 0.65 133.50 152.24 18.74
LWL 0.3
™ ™ ™1 me 0 hym) | (m/ ) m m m
0.00 0.00| SP 132.90 156.42
-B1 80.00 80.00| SP 0.063( 0.002026| 0.01306 1.04 0.65 131.90 155.38 23.48
B1- 60.00 140.00| SP 0.063| 0.002026| 0.01306 0.78 0.65 129.90 154.59 24.69
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" " ™ w0 | oy | ™ ™ ™
000 o000] sp | 012 50.00  65.50
- 110.00 110.00] SP 0.125( 0.004138| 0.00174 0.19 0.34 58.00 65.31 7.31
- 170.00 280.00] SP 0.125| 0.001862| 0.00040 0.07 0.15 56.50 65.24 8.74
420.00 700.00] SP 0.050( 0.001034| 0.01160 4.87 0.53 33.30 60.37 27.07
LWL 0.3m
" " ™ wms | | oy | ™ ™
000  000] sp | 0.00 58.00  65.31
180.00 180.00] SP 0.100( 0.001655| 0.00095 0.17 0.21 63.30 65.14 1.84
" " ™ wms | | oy | ™ m
000  o000] sp | 0.063 56.50(  65.24
160.00 160.00] SP 0.063( 0.000828| 0.00249 0.40 0.27 54.00 64.84 10.84
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Birr

10 L 4.6 1,000 4,600
15 15 50Birrx 10 / 500 1 500
5,100
6Birr
Birr Birr Birr Birr Birr Birr Birr Birr Birr
() L 6 720 4,320 6 2,250 13,500 6 1,320 7,920 6 2,250 13,500 6 2,970 17,820 6 2,250 13,500, 6 1,920 11,520 6 1,170 7,020 6 1,080 6,480
(b) (a) 20% 864 1 864 2,700 1 2,700 1,584 1 1,584 2,700 1 2,700 3,564 1 3,564 2,700 1 2,700 2,304 1 2,304 1,404 1 1,404 1,296 1 1,296
5,184 16,200, 9,504 16,200, 21,384 16,200, 13,824 8,424 7,776
5,190Birr| 16,200Birr 9,510Birr| 16,200Birr 21,3908Birr] 16,200Birr 13,830Birr 8,430Birr| 7,780Birr|
Birr Birr Birr Birr Birr Birr Birr Birr Birr
(1 720) 1 720 720) 2 1,440 720) 2 1,440 720) 2 1,440 720 2 1,440 720 2 1,440 720 2 1,440 720) 1 720 720) 2 1,440
2 720 2 1,440 720 3 2,160 720 2 1,440 720 3 2,160 720 3 2,160 720 3 2,160 720 3 2,160 720) 2 1,440 720) 2 1,440
(1 360 1 360 360 2 720 360 1 360) 360 2 720 360 2 720 360 2 720 360 2 720 360 1 360) 360 1 360)
(1 1,290 1 1,290 1,290 1 1,290 1,290 1 1,290 1,290 1 1,290 1,290 1 1,290 1,290 1 1,290 1,290 1 1,290 1,290 1 1,290 1,290 1 1,290
3,810 5,610 4,530 5,610 5,610 5,610 5,610 3,810 4,530
3,810Birr 5,610Birr 4,530Birr]| 5,610Birr 5,610Birr 5,610Birr 5,610Birr 3,810Birr]| 4,530Birr]|
( x 10% x 1/24 5 1 5 13 2 26 7 2 14 16| 2 33 21 2 42 5 3 14 5 3 14 18 1 18, 5 2 9
( x 15% x 1/24 50 1 50 60 2 120 54 2 108| 60 2 120 63 2 126 54 3 162 50 3 150 72 1 72 50 2 100
55 146 122 153 168 176 164] 90 109
1$= 9.08Birr| 500Birr]| 1,330Birr 1,100Birr 1,390Birr 1,520Birr 1,590Birr 1,500Birr 820Birr| 1,000Birr
1,100( ) 3,100( ) 1,550( ) 3,900( ) 5,000( ) 1,100( ) 1,100( ) 4,100( ) 1,100( )
8,000( ) 9,500( ) 8,500( ) 9,500( ) 10,000( ) 8,500( ) 8,000( ) 11,500( ) 8,000( )
( x 1/15 x 1/12 6 1 6 17| 2 34 9 2 17| 22 2 43 28 2 56 6 3 18] 6 3 18] 23 1 23 6 2 12|
( x 1/15 x _1/12 44 1 44 53 2 106 47 2 94 53 2 106 56 2 111 47 3 142 44 3 133 64 1 64 44 2 89
51 140 112 149 167 160 152 87 101
1$= 9.08Birr| 460Birr| 1,280Birr 1,020Birr 1,360Birr 1,520Birr 1,460Birr 1,380Birr 790Birr| 920Birr|
Birr Birr Birr Birr Birr Birr Birr Birr Birr
60| 1 60 60) 1 60 60| 1 60 60| 1 60 60 1 60 60) 1 60 60| 1 60 60) 1 60 60| 1 60
1 2 100 1 100) 100) 1 100) 100) 1 100) 100) 1 100) 100) 1 100 100) 1 100 100) 1 100 100) 1 100 100) 1 100
160 160 160 160 160 160 160 160 160
160Birr 160Birr 160Birr 160Birr 160Birr 160Birr 160Birr 160Birr 160Birr]|
10,120Birn] 24,580Birr] 16,320BirM 24,7208Birr] 30,200Birr} 25,020Birr] 22,480Birr] 14,010Birn] 14,390Birr}
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