
















































































































































































































































































The infiltrated rain water has short residence time at recharge area due to undulated
| ale

topographic nature of the area and high permeability of geological formation and so there is

no significant hydrochemical special variation within the catchment

Nitrate ions concentration is above the permissible leve] of WHO and Ethiopia drinking
water standards. These water samples source might be contaminated from disposal of the

town municipal solid and liquid wastes released to open land surface

From 10 water sample microbiological test, 6 samples water source polluted by coliform

bacteria due to waste disposal and poor sanitary protection.

9.1 Recommendation

Based on available data, analysis and the out come of this study, the following
recommendations are given.

e In order to minimize land degradation, recover the degraded land and increase
infiltration rate or maximize groundwater potential, land and water conservation
activities should be practiced in highly degraded land of the catchment that is
terracing, forestation, etc.

e The present water resource development activities like water harvesting, spring
development, hand dug well constructions or shallow wells machine drilling
particularly in rural areas are very low. In order to solve drinking water supply and
food deficiencies problems, water resource development activities should be practiced
in most of the rural areas within the catchment.

e In order to understand well and evaluate the aquifer behavior and groundwater
potential zone precisely, additional test wells could be drilled which can be used as
productive well for required purposes keeping fair distribution within the catchment
with appropriate drilling and pumping test is recommended.

e Water wells drilled for Debr-Beirhan town water supply are concentrated and have
small inter well spacing in small sub- catchment or Dalecha well field (9 boreholes).
With the same distance and relatively big sub-catchment and high groundwater
potential area (Beressa well field), only three water wells were drilled. It is
recommended to minimize the number of pumping wells in Dalecha well fields and

drilling additional wells with full aquifer penetration in Beressa well field
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e TTI borehole, Divine providence sister s borehole and Zerayakobe spring have nitrate
pollution and Zerayakobe spring has microbiological pollution. Using these water
sources has health risk and it is recommended not to use these water sources for any
domestic purposes.

e Due to poor sanitary protection many springs and hand dug wells are
microbiologically polluted. There for, these water sources needs continuous follow
up, sanitary protection and disinfection to keep healthy and productive the rural
community.

e The geology where the town and the well ﬁelds located is highly fractured, faulted
and permeable. Unless. proper municipal and industrial waste management is
practiced, it is preferable not to expand the town to these well fields to protect

groundwater from the contamination or pollution.
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Annex 1. Monthly total rain fall at DEBRE-% Station

Alt

2750m

Lon

0 0
1984 | 00] 00]266| 00| 80.0| 9021812 [1227] 106| 00| 00 eoco T:Ot;l1
1985 | 1741 001273} 586| 832) 15831463766 (884 65| 57| 00| o041
1986 | 00174719921 525| 27.0| 142)271.3|2747| 116|113 | 00| 00| 10683
1987 | 501192 108 517 |1002| 00| 323)|3095|475[187| 00| &3 6985‘
1988 | 10.6 | 346 | 16.9 | 831 | 162 | 16.0|286.2 [ 2900 | 153 | 12.1 | 0.0 00| 9182
1989 | 23 1405|976 427| 14| 4112113 |177.4|677[186{ 00| 307| 7313
1990 | 00 595| 09| 16]321.0|217.2]| 169| 06| 00| 00| 7695
1991 | 48| 83|646| 21.0| 120| 63.7|2156|387.5[866| 64| 00| 64| 8769/
1992 | 30.3 | 26.7 | 19.4 | 80.2| 193 | 13.3|307.6 | 2676|902 | 419 | 05| 18| sess
1993 | 43|632] 001169 605| 9.1]|4055]| 1684 | 108|432 | 00| 11 979;"
1994 | 00| 00]956| 00| 232| 927 (2817|2229 102 35| 00 854;
1995 | 0.0 [ 285 | 19.1| 684 | 265| 233 2338 |604| 51| 00| 17| asss
1996 | 207 | 28754 | 9712921380 336.4[2525|243| 00| 30| 00| 9920
1997 | 295 | 40| 412 | 824 | 259 | 951 |272.1 | 2006 | 34.8 | 89.1 874.7 |
1998 | 267 | 13.2 | 14.9 | 493 | 430 135[337.3[289.0(706| 52| 00| 00| 8627
1999 | 00| 00[265| 28| 11.8| 4893624 | 3651|524 [506| 14| 00| 9309
2000 | 00| 00[259| 47.3| 37.1| 4663524 |3175| 105 |285|188| 68| 9861 |
2001 | 00]338[705| 188 | 646 | 3494063 | 2604|322 41| 00| 34 92901
2002 | 18.1 | 28.0 | 60.6 | 46.1| 18.4| 28.4 | 2144 | 2958 | 109| 31| 00| 84| 8304
2003 | 156 | 36.3 | 602 | 857 | 38| 9035|3341 [ 2887 [742| 00| 00| 74| 9995
Mean | 9.3|21.8|500| 488 | 39.2| 50.4 | 286.5| 2659 |84.8 186 | 35| 3.9 882.7‘

Annex 2. Monthly maximum temperature at DEBRE-BERHAN Station

Alt 2750 m _Long 39°,30'ELat 9°,38'N

Year | Jan | Feb | Mar | Apr | May | June | July | Aug | Sep | Oct Nov | Dec
1984 | 200 | 21.3 | 22.0| 235|21.0| 203 | 19.3 202 | 184 19.8 | 19.4 | 18.0
1985 | 19.5 | 19.8 | 20.4 | 189 19.7| 217|187 184 | 182 | 18.2 18.6
1986 | 20.4 | 19.9 | 19.1 | 19.0 | 20.9| 194 | 186 | 18.1 | 18.3 | 18.5 19.0 | 19.5
1987 | 19.5 | 20.9 | 19.5| 19.7 [ 19.5| 22.0 | 224 | 195 19.8 19.5 | 19.8 | 20.1
1988 | 18.9 | 18.7 | 21.5| 206 | 22.1| 221| 17176 18 | 17.4 | 17.9 | 183
1989 | 19.0 | 18.5 | 19.7| 18.120.5| 214 | 18.8 | 183 18.2 | 18.0
1990 | 19.0 201 |226| 230 186 | 189 18.4 | 18.2 | 18.5 | 18.8
1991 | 19.9 | 20.0 | 206 | 208 | 22| 225 18.0 178| 19]18.2| 186|183
1992 | 18.1 | 18.9 | 21.7| 21.5|21.6 | 226 | 18.3 166 | 17.5 | 17.3 | 17.3 | 18.7 |
7993 189 | 187 | 206 | 19.4 [ 19.9 219|185 (189 | 177 18.0 | 18.2 | 18.9
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20.9
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214

22.4

23.3

17.8
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18.6

1999

19.4

21.5

20.5

21.8
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18.4 | 18.4

22.4

17.1

18.1

18.5

17.9

17.7 | 18.5
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19.6
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21.5

20.7

21.8

22.7

18.3

17.7

18.5

18.4

18.5 | 194

2001
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19.2

21.2
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21.5

17.9

17.5

19.5

19.8

19.5 1193

2002

19.5

21.2

20.6

214

23

22.8

21.5

18.1

18.4

19.6

19.7 [ 19.3

2003

20.3

214

21.2

20.8

22.5
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19.4

19.1 | 19.4
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Annex 3. Monthly minimum temperatur in ‘c at DEBRE-BERHAN

Station

Alt 2750 m Long_39°.30" Lat 9°,38'
Year | Jan | Feb | Mar | Apr | May | June | July | Aug | Sep | Oct | Nov | Dec
1984 | 09| 09| 68| 56| 80| 79| 84| 78| 65| 11| 35| 35
1985 | 53| 48| 7| 79| 81| 74| 84| 84| 7| 45| 43| 49
1986 | 38| 74| 76| 86| 77| 87| 83| 8| 61| 45| 43| 5.1
1987 | 34| 66| 88| 80107 | 77| 82| 89| 76| 55| 42| 50
1988 | 66| 67| 84| 82| 7| 66[128| 90| 74| 40| 18] 1.1
1989 | 05| 62| 74| 81| 55| 63| 88| 92| 94 12| 6.7
1990 | 3.1 68| 55| 59| 86| 89| 73| 20| 20| 02|
1991 | 53| 61| 84| 77| 81| 74| 90| 89| 71| 16| 18] 0.8
1992 | 68| 79| 85| 73| 65| 69| 82| 90| 7|36 39| 42
1993 | 58| 69| 58| 82| 68| 65| 88| 86| 81| 44| 15| 25
1994 | 36| 51| 87| 81| 71| 71| 84| 78] 6.7 08| 25
1995 | 28| 75| 67| 87| 65| 6.7 92| 7| 28| 12] 5.9
1996 | 63| 46| 74|71 | 69| 77| 82| 85| 63] 14| 21] 32
1997 | 6.1 | 22| 82| 70| 67| 85| 86| 81| 7.1 6.1
1008 | 77| 85| 93| 96| 76| 72| 93| 94| 73]37| 10| 21
1999 | 22| 31| 59| 55| 58| 63| 86| 86| 62| 46|12} 18
00| 21| 34| 5| 7| 70| 57| 86| 81| 68]33] 17} 1.0
2001 | 31| 52| 83| 6| 81| 79| 92| 91| 64]33] 31| 47
2002 | 49| 62| 84| 75| 76| 76| 62| 9.1 g? 3.2 3; :z
2003 | 53| 53| 79| 95| 7 8| 97 gf; T ETVEY
Mean | 43| 65| 76| 76| 72| 72| 88} 8 }
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Annex 4. Summary of mean monthly of BERESSA RIVER (near Debre
longitude ______ latitude __ Apitude

Berhan town) flow in m%/s

YEAR | JAN. | FEB. | MAR. | APR. | MAY. | JUN. [JUL [AUG [ e | ocT [ Nov | oec

1973 | 0.10 | 0.09 | 0.07 | 010 | 046 | 016 | 6.7 | 1973 | 1432 048 | 014 | 011 3“:;"&’&
tor4 | 0.12 | 0081 012 019] 012 015 [ 1261|2041 418|491 418 015 30
1975 | 010 | 008 | 010 | 018 018 0.39| 455 15.78 | 12.49 20] 0 i

028 | 020 008|287
1976 | 0.04 | 0.04 | 012 | 013 | 0.23 | 011 | 5502422 | 465 016 |

033|014 | 297 |
1977 | 0.14| 010 | 0.08| 00| 012] 0.14| 7.46 | 890| 043 ] 1.73| 025] 012 | 163
1978 | 013 | 010 | 016 | 013 | 0.16| 0.14 | 4.85 [ 1482 | 556 | 124 | 015 022 | 231

1979 | 017 | 010 | 010 | 016| 031 033 | 7.25] 1042 | 079 024] 003 ] 004 | 166
1980 | 0.05] 008 | 010] 0.10| 0.10| 0.08 | 1.43 1340 11.01| 1.71| 016 0.06 | 236
1981 ] 0.16 | 013 | 014 | 025)| 018 016 | 0.2226.15| 669 1.75| 012 | 012 | 301
1982 | 014 | 018 | 016 | 0.35| 027 | 026 | 1384412 | 236 | 179] 015 011 | 427
1983 | 009 | 007 | 011 | 021| 058 036 280]2022] 143] 045] 011 011|219
1984 | 0.07 | 006 | 006| 0.06| 026 | 0.36| 7.44| 344| 169 016| 010 007 | 115

1985 | 0.08 | 0.07 | 0.07 | 012| 018 | 014 | 3551456 | 259 | 0.12| 008 008|180 |

1986 | 008 | 0.09 | 033 | 028 | 016 ] 017 | 909 | 2761 | 652|022 015| 014 | 374

1987 | 012 | 014 | 018 | 040 | 050 | 021 | 018 | 514 | 035| 053 | 017| 016 | 067

1988 | 017 | 016 | 019 | 023 | 027 ] 029 | 499 |3087| 850| 050 | 016 | 0.14 | 387

1989 | 014 | 013 | 014 ] 025| 0.15| 019 | 250 | 11.57 | 3.31| 025| 018 | 0.19 | 1.58

1990 | 016 | 020 | 022 | 053 | 0.24 | 020 | 6.51 [ 10.89 | 13.60 | 0.35| 0.12 | 0.12 | 2.76

1991 1012 | 011 ] 012 ] 016 | 024 | 031 | 526 [37.09| 400| 026 | 0.11] 0.10 | 3.99

1992 | 011 | 011 010 012 | 011 ] 0:43 | 3115|1553 | 830] 0.37| 0.14] 0.11 ] 2.36

1993 |1 009 ] 013 | 010 | 023 | 143 | 0252488 | 524 | 151|286 | 016 | 012 | 308

1994 | 0.11 | 0.1 014 | 015] 023 | 0.29 | 1558 [ 39.97 [ 1247 [ 015 | 014 | 010 | 679

1995 | 0.09 | 0.08 | 0.10| 020 | 022 | 024 | 5161534 | 536 | 020 | 018 | 020 | 228

1996 | 0.19 | 016 | 040 | 077 | 164 | 1381267 | 1668 | 250 | 264 | 037 | 0.31 | 331

1997 | 0.30| 028 | 035| 063 | 048 | 0.88 | 13.20 [ 11.67 | 053 [ 234 | 061 | 0.18 | 2.62

1998 | 0.35| 024 | 025| 044 | 070 | 048 | 8.00|2056| 575|071 | 020]| 0.20 | 3.16

1999 | 0.12| 010 | 012 | 0.10| 014 | 0231273 |20.00 | 3.63 | 127 | 0.08 | 004 | 3.21

2000 | 0.03 | 004 | 003]| 005| 013 | 010 | 4.65|2203 | 417 | 145| 026 004 | 275

2001 | 0.06 | 0.35| 056 | 025| 033 | 019 | 966 |13.61]| 093] 030 | 025 017|222

2002 | 0.15] 0.15| 017 | 013] 017] 024 125[21.11| 478|010 | 007 | 009 | 237

2003 | 008 | 009 | 007 | 035| 015[ 023| 654 | 821 | 183 | 0.11] 000 001 ] 147
MEAN | 0.12| 012| 016| 024| 033| 028| 681|1836| 504| 094| 030 012|274
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Annex 5.1 Water points physical parameters and laboratory chemical analysis result

Location (UTM) Tested | HrTestedQ | Aq.Th K.
No Source code X Y Alt.(m) | Aquifer | Depth(m) | SWL(m) DWL(m) (/s) (b)(m) T (md) | (m/d)
Dalecha Ign/
1 | Borehole NBH1 562106 | 1070685 2807 | rhyolite 108 12.79 39.68 7217 35.74 12.7 0.35
Dalecha Ign/
2 | Borehole NBH2 562015 | 1071000 2806 | rhyolite 95.56 11.68 21.39 7217 37.99 80.93 2.13
Dalecha Ign/
3 | Borehole NBH4 561880 | 1069590 2810 | rhyolite 125 9.2 35.65 72/5 42 11.96 0.28
Dalecha Ign/
4 | Borehole NBH5 563330 | 1070084 2812 | rhyolite 150 7.33 61.86 72/2.5 54 222 0.04
Dalecha Ign/
5 | Borehole NBH6 560803 | 1070784 2807 | rhyolite 108 7.4 40 72/12 48.9 181.44 6.04
Dalecha Ign/
6 | Borehole NBH7 561594 | 1071660 2804 | rhyolite 72 9.6 40 72/14.2 30.99 224.64 7.25
: Dalecha Ign/
7 | Borehole OBH1 561269 | 1070401 2806 | rhyolite 70 6.66 44.97 5l/s
Dalecha Ign/
8 | Borehole OBH2 562001 1070430 2805 | rhyolite 70 6.66 44.97 Sl/s
Beressa Ign/
9 | Borehole NBH2 559369 | 1067258 2780 | rhyolite 100.49 5.3 20.3 72/15.3 36.59 80.78 2.21
Ign/
10 | Borehole BressaNBH4 559318 | 1066823 2787 | rhyolite 92 6.25 11 72/15 42.66 332.56 7.8
: Ign/ >
11 | Borehole B ressaNBH5 559432 | 1066077 2789 | rhyolite | . 102 8 - 40 72117 - 42.59 80.93- 237
Sheep breed. Ign/
12 | Borehole BH 560400 | 1069750 2790 | rhyolite 96 0.7l/s
Divine Ign/
13 | Borehole pro.s.BH 557750 1069300 2785 | rhyolite 111 29.6 1.6l/s
Ign/
14 | Borehole LB 557442 | 1069410 2800 | rhyolite 67 335 3.5l/s
Military camp. Ign/
15 | Borehole BH 556150 | 1067600 2825 | rhyolite
Marine com Ign/ ! T
16 | Borehole BH 555400 | 1066500 2785 | rhyolite 90 11.9 | 4 /sec 3
| Ign/ |
17 | Borehole LLCA BH | 555750 | 1061500 | 2750 | r?\yolite g7 1Ws |
Dalcha 560800 1071004 2830 | Ign/ | I
18 | Borehole AFBBH | rhyolite 150 11.72 62.53 | 24/15 34.58 154 0.05
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Annex 5.2 Location of springs and type in Beressa river catchment

Location (UTM) Q
No | Source Name Code X Y Alt.(m) | (/s) | Obs.date | Formation Type TCc) | Ph | EC(us/cm)| TDS
1 | spring Kosso DBKsp3 562549 | 1066364 2943 0.5 | 28/12/96 | basalt Fractute 17 6.73 122.7 70
rhyolite/
2 | spring Zerayakob DBZsp4 558582 | 1068197 2766 2| 28/12/96 | Ign. Fractute 17.2 6.4 485 250
3 | spring Diwit DBDsp5 571880 | 1063194 3065 | 0.4 | 29/12/96 | rhyilite/lgn Fractute 16.5 7.2 163 90
4 | spring Cheffe DBCHsp6 568550 | 1066600 3050 1 30/06/97 | basalt Fractute 16 7.33 148 81
5 | spring Akober DBAKsp7 581565 | 1066250 3100 7/7/1967 | basalt Fractute 199 | 7.73 92.6 55.7
Power
6 | spring station DBBPSsp8 | 556084 | 1069716 2724 1 8/7/1997 | basalt Fractute 19.4 6.84 190.6 113.4
7 | spring Atakilt DBAsp1 561770 | 1067129 2850 1| 28/12/96 | basalt Fractute 16.7 6.6 154 73
8 | spring Gorto DBGsp2 562170 | 1066504 2915 | 0.2 | 28/12/96 | basalt Fractute 18 6.8 144.5 68
9 | spring Mesno 566770 | 1066800 2930 | 0.2 | 30/6/97 | basalt Fractute 16:3°F 725 171.5 105
10 | Spring Wonna | 566700 | 1065750 2980 2 Jan-97 | basalt Fractute 17.1 7.45 175.5 108
11 | Spring Malefia | 557163 | 1068633 2769 0.5 | 8/7/1996 | Rhyolite/lgn | Fracture 17.1 6.69 616 307
12 | Spring | Gashemeda | 558372 | 1068195 2760 10 | 7/8/1997 Fracture 18 | 6.68 150 80

Rhyolite/ign
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Annex 5.3 Water points’ physical parameters and laboratory chemical in Beressa river catchment

Location }
Saample |
NO D Site Date Lithology Y b'd z PH T(°c) EC TDS Na | K Mg Ca Mn Fe NH4 F Cl S04 NO3 NO2 | HCO3 | CO2
Dalecha |
1 | 019/96 BH4 29/06/03 | Ign/rhyolite | 1 561880 | 2810 | 7.69 210 132 10 | 2.2 | 535 28 0.96 3 | 078 438 113
Dalecha - . :
2 11935 | OBH1 29/12/96 | Ignirhyolite | 1070520 | 561780 | 2805 | 6.95 19.3 188 122 76 | 27 4.2 21 0.41 6 2 6.2 93 17
3 11938 | TTIBH1 28/12/96 | Ign/rhyolite | 1069410 | 557442 | 2800 | 6.47 19 425 255 12 | 2.8 | 105 | 46.5 0.19 46 16 | 46.52 83
Dalecha
4 11942 | OBH2 29/12/96 1070730 | 561330 | 2800 7.2 19 198 125 6.8 2 4.6 23 0.42 6 1 7.92 98 1
Dalecha Ign
5 | 168/96 NBH1 28/11/03 | /Rhyolite 1070685 | 562106 | 2807 | 7.27 204 146 9.2 | 32 51 | 25.2 0.2 0.017 0.28 0.58 | 5.96 0 108
Dalecha ign/
6 | 184/96 NBH2 18/12/03 | rhyolite 1071000 | 562015 | 2806 | 7.12 205 124 8.2 3 41 | 25.2 0.1 0.04 042 | 578 0.6 19.8 87.9
Dalecha Ign/
7 | 185196 AFBBH 22/12/186 | rhyolite 1071004 2830 | 7.78 288 164 | 285 5 26 | 314 0.1 0.022 0.58 | 8.86 | 114 4.84 155
Beressa
8 | 203/96 NBH4 20/01/04 | Ign/rhyolite | 1066823 | 559318 | 2787 | 7.93 229 150 13 | 441 41 | 302 0.1 0.024 5.8 1.1 13.6 114
Beressa
9 | 215/96 NBH2 28/01/¢c4 | Igni/rhyolite | 1067258 | 559369 | 2780 | 7.16 203 132 8.2 | 3.8 46 | 25.2 0.007 0.84 58 0.1 7.04 17
Dalecha
10 228/96 NBHE 4/2/2004 Ign/rhyolite 1070784 560803 2807 7.28 188 116 7.7 2.6 5.1 25.2 8E-04 0.35 2.9 0.3 7.5 [ 103
Beressa X
11 | 229/96 NBHS 10/2/200 | Ign/rhyolite | 1066077 | 559432 | 2789 | 7.24 190 123 8.7 3 5.6 | 244 0.012 0.42 3.9 0.4 7.04 108
Dalecha
12 230/96 NBH7 16/02/04 Ign/rhyolite 1071660 561594 2804 715 194 128 7.4 2.7 5.6 25.2 0.011 0.46 3.9 04 11.9 99.6
Dalecha
13 384/03 NBHS 9/3/2003 | Ign/rhyolite 1070084 563330 2812 7.73 205 162 20 4.5 4.86 31.2 0.96 7.94 7.65 7 0 132
Hand dug
14 DBAHW-1 well 29/12/96 Basalt 1072335 563678 2845 6.87 132 80 3.2 1.6 3.6 15 0.12 3 1 12.85 61 15
Hand dug
15 DBAHW-2 well 29/12/96 Basalt 1068740 576165 3170 6 122 63 3.6 0.2 3.6 13.6 0.06 3 3 63 6.16
16 DBAKsp7 Spring 7711996 Basalt 1066250 581565 3100 7.73 19.9 92.6 55.7 6 1.3 1.94 13.6 0.73 o 1 6.42 58.6
17 DBBPSsp8 Spring 8711997 Basalt 1069716 556084 2724 6.84 19.4 191 113 9.8 3 5.83 23.2 0.35 1.5 7.2 5.97 107
e Beressa E ’ i = K -
18 DBBR-1 river 71711997 Ign /rhyolit 1 559269 2750 7.5 176 106 £ 4 35 3.89 21.6 0.5 6 2.9 212 112 3
Beressa
19 DBBR-2 river 71711997 1069250 556250 2740 8.02 196 119 6 34 4.86 224 0.003 0.059 0.5 8 2.9 1.2 88 3
20 DBCHspé Spring 30/06/97 Basalt 106600 3050 7.33 16 148 81 8 0.9 0 224 0.59 1.5 1.1 8.19 I 78.1 I
21 | DBDsps Spring 29/12/96 | Ignirhyolite | 1063194 | 571880 | 3065 7.2 | 165 | 163 90 36 | 08 4| 20 0.36 4 | 036 4.87 I 85 I 14
|
22 DBKsp3 spring | 28/12/96 Basalt 1066364 558582 2766 6.73 123 | 70 4 0.8 34 | 1386 0.11 3 0 7.92 ll 61 ' 36
ign/ . z I T
23 DBZsp4 Sprigs l 28/12/96 rgyolite 1068187 558582 2766 6.4 172 485 232 15 34 11 50 0.16 57 22 53.16 ’I 83 |
D. ign 7 [ I J
24 DPSBH pro.sisters ‘ 17/09/91 rhyolite 1069300 557750 2785 6.6 27.2 4.6 11.7 54.5 0.4 63.8 ] 32.5 146

Remark Unless Stated in bracket, all concentrayions are in mg/l




DECLARATION

I, the undersigned, declare that my thesis being entitled in my original work has not presented
for a degree in any other university. Sources of relevant materials taken from books and

articles have been duly acknowledged.

Name: Nigussie Kebede

Signature: %

Date: 3, O TAne, 2005

This thesis has been submitted for examination with my approval as University advisor

Name: Dr. Tenalem Aysnew (advisor)

Signature: ., &
e

Date: 320, TG, 200C




