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Annex 1

Monthly Stations Rainfall (1962-1999)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Monthly average 278 38.2 80.3 957 7551 404| 2823 291.6[ 149.9 53.2 242 20.3
Yearly average 1149.6
Monthly minimum 0.0 0.0 19.5 18.5 0.0 0.0 679 91.3 60.9 0.0 0. 0.0
pmftly miax. 108.5 118.5] 211.0] 275.1] 292.5] "203.6] 555.0] 485.0] 305.1| 172.5] 1315 98.0

Jan Feb Mar Apr May Jul Aug Sep Oct Nov Dec
Monthly average 304 42.6 T3 954 65.4 32.7| 261.1] 2563 123.0 374 19.9 17.0
Yearly average 1050
Min. 0 0 0 7.3 0 0 50.1 46.6 373 0 0 0
Max. 168.7 184 2659 239.9 272 1182 542.8| 427.6] 247.1] 154.6 100 104

Jan Feb Mar Jun Jul Aug Sep Oct Nov Dec
Monthly average 3251 | 49.01 | 77.72 | 98.05 | 7523 | 26.04 | 19531 | 247.46 | 102.10 | 38.66 | 25.60 | 14.58
Yearly average 848.9
Min. 0 0 0 2.8 0 0 0 92:5 8.1 0 0 0
Max. 167.6| 161.9| 281.2| 217.6] 219.1 92.7) 408.4| 3705 222 133.9 147 76.9

Jan Feb Mar Apr May  |Jun Jul Aug Sep Oct Nov Dec
Meonthly average 12.60| 25.17| 51.34| 57.92| 70.03| 40.19] 272.52( 309.36| 119.10] 35.02| 13.23 6.63
Yearly Average 1987
Min. 0 0 0 3 0 0 11 393 0 0 0 0
Max. 65 75.6 151 136.3| 341.2] 212.6| 584.8| 456.8] 244.4| 1675 89.8 28
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Jan Mar Apr May Jun Jul Aug Oct Nov Dec
Monthly average 33.98] 64.69] 120.11| 118.87| 75.09| 25.35| 254.08| 249.28| 134.21| 40.08| 19.06| 17.07
Yearly average 1136
Min 0 0 14.4 19.1 6 0 40 26.3 76.6 0 0 0
Max. 1191 192.5( 318.5| 2392 219.7| 151.3| 5034 442.1| 221.6] 1615 1338 74.9

Continued

1975 1119.1 11353 1101.7
Year Cheffa | Kombolcha | Dessie | Kutaber | Haik 1976 956.8 1057.9 914.1
1952 956.1 1977 1180.6 1091.9 1229.7
1953 1293.9 1978 875 857.5 942.1 1007.7
1954 1144.1 1979 1166.2 1021.6 1206.3 464
1955 1183 1980 863.7 995.7 967.9 1021.3 990.2
1956 936.7 235 1981 934.1 983.8 1131 672.2 1340.6
1957 1205.3 269 1982 1215.8 11115 1105.1 1066 921.2
1958 1071.7 0 1983 487.5 1032.1 632.5 1022.5 1235.5
1959 11954 123.6 1984 598.5 706.8 480.7 572.8
1960 913.6 672 1985 523.3 1005.3 1111.3 997.9 1004.35
1961 1073 919.8 1986 1085 1254.8 12423 1152.3
1962 193.4 1102.9 950.2 1987 511.3 800.2 914.4 1095.3 1038.9
1963 753.7 1093.3 323.5 1988 74 1194.1 1439.3 1253.8 1368
1964 694.8 1324.6 101 1989 1149 975.8 974.4 703
1965 750.5 741.5 376 1990 893.8 810.7 139.9 1088.8
1966 4994 913 210 1991 672 1160.9 1077 1161.2
1967 1012.5 1131.1 1992 1451.1 1191.5 1003.1 1290.2
1968 1254.5 1076.1 1993 1280 1439.5 988.5 1216.9
1969 1320 1307.6 1994 1204.9 1337.1 1418.8 1153.7
1970 0208 1067 1995 1096 1434.7 1129.6 12349
1971 931.5 8395 1996 1127.5 1320.7 12204 1364.5
1972 9274 822 1997 1016.5 1248.6 1218.5 1330.1
1973 841.6 719.5 1998 1319.3 1486.3 1289.8 1453.6
1974 1207.2 1034 4 1999 10534 10534 1191.8 1107.1
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Annex 1A

Isohyetal method of computing monthly Rainfall

Effective rainfall depth of January Isohyet

Contour interval

area b/n contour

ave. contour

% of tolal area

weighted ppt (inm)

30-33

326

13-14 0.9 13.5 0.003 0.037
14-18 16.4 16 0.050 0.805
18-22 16.4 20 0.050 1.006
22-26 18.1 24 0.056 1,333
26-30 114.8 28 0.352 9.860
159.4 31.5 0.489 15

A

Effective rainfall depth of february Isohyet

Contour interval

area b/n contour

ave. contour

% of total arca

weighted ppt (mm)

25-28 3.9 26.5 0.081 2.155
28-32 9.85 30 0.092 2.762
32-36 11.425 34 0.104 3.548
3640 20.85 38 0.117 4.432
40-44 118.225 42 0.129 5414
44-48 115.925 46 0.141 6.495
48-52 34.45 50 0.153 7.673
52-56 2.175 54 0.166 8.950
: 25.8] ' 41431

Effective rainfall depth of March Isohyet

Contour interval

area b/n contour

ave, contour

% of total arca

weighted ppt (mm)

98-102

52-54 1.075 53 0.003 0.175
54-58 3.075 56 0.009 0.529
58-62 5.625 60 0.017 1.036
62-66 6.6 64 0.020 1.297
66-70 7 68 0.021 1.461
70-74 20.45 72 0.063 4.521
74-78 84.65 76 0.260 19.753
78-82 100.075 80 0.307 24.581
82-86 38.775 84 0.119 10.000
86-90 29.8 88 0.091 8.052
90-94 19.225 92 0.059 5.430
94-98 8.575 96 0.026

0.77 100 0.002

Fata

325

Effective rainfall depth of A

ril Isohvet

Contour interval

area b/n contour

ave, contour

% of total area

weighted ppt (mm)

58-60 0.275 59 0.001 0.050
60-64 4.55 62 0.014 ().868
64-68 6.25 66 0.019 1.269
68-72 5.85 70 0.018 1.260
72-76 5.675 74 0.017 1.292
76-80 6.025 78 0.019 1.446
80-84 6.375 82 (1.020 1.608
84-88 7.395 86 0.023 1.957
88-92 9.35 90 0.029 2.589
92-96 14.525 94 0.045 4,201
96-96 - 158.875 96 0.489 46.926
96-100 45.65 98 0.140 13.764
100-104 11.475 102 0.035 3.601
104-108 42.75 106 0.132 13.942
Fath T L
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Effective rainfall depth of May Isohyet

Contour interval

area b/n contour

ave. contour

% of total area

weighted ppt (mm)

75-78

65-68 59.55 66.5 0.183 12.149
68-72 74.75 70 0.229 16.053
70-72 25.8 71 0.079 5.620
72-75 132.85 735 0.408 29.957

33 76.5 0.101 7.745

Effective rainfall depth of June [sohyet
Contour interval | area b/n contour | ave. contour |% of total area| weighted ppt (inm)
26-28 245 27 0.008 0.203
28-32 86.75 30 0.266 7.988
32-36 146.8235 34 0.451 15.322
36-40 87.825 38 0.270
40-42 1.95 41 0.006

T

Effective rainfall depth of July Isohyet

Contour interval | area b/n contour | ave. contour |% of total area| weighted ppt (mm)
208-212 0.125 210 0.000 0.081
212-216 4.15 214 0.013 20727,
216-220 6.925 218 0.021 4.636
220-224 7775 222 0.024 5.300
224-228 8 226 0.025 5.552
228-232 7.95 230 0.024 5.615
232-236 8.1 234 0.025 5.820
236-240 8.625 238 0.026 6.304
240-244 8.5 242 0.026 6.317
244-248 8.3 246 0.025 6.270
248-252 10.45 250 0.032 8.022
252-256 26.45 254 0.081 20.630
256-260 30.225 258 0.093 23.946
260-264 23.25 262 0.071 18.706
264-268 34.275 266 0.105 27.997
268-272 71.65 270 0.220 59.406
272-276 42.75 274 0.131 35.970
276-280 15.575 278 0.048 13.296
28 281 0.008

575
65

Effective rainfall depth of August Isohyet

Contour interval | area b/n contour | ave. contour |% of total area| weighted ppt (mn)
248-252 32.1 250 0.099 24.643
252-256 32.8 254 0.101 25.583
256-260 23.375 258 0.072 18.519
260-264 22.575 262 0.069 18.163
264-268 26.325 266 0.081 21.503
2068-272 27.775 270 0.085 23.029
272-276 29.8 274 0.092 25.074
276-280 29.325 278 0.090 25.034
280-284 29.1 282 0.089 25.199
284-288 26.25 286 0.081 23.054
288-292 17.725 290 0.054 15.785
292-296 8.675 294 0.027 7.832
296-300 8.65 298 0.027 7.916
300-304 6.45 302 0.020 5.982
304-308 3.625 306 0.011 3.406
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308.5 0.003
Effective rainfall depth of September [sohvet

Contour interval | area b/n contour | ave. contour |% of total arca| weighted ppt (mm)
104-108 2.65 106 0.008 0.862
108-112 71 110 0.022 2.397
112-116 11.65 114 0.036 4.075
116-120 30.525 118 0.094 11.053
120-124 51758 122 0.159 19.374
124-128 47.225 126 0.145 18.260
128-132 39.15 130 0.120 15.618
132-136 36.85 134 0.113 15.153
136-140 38.95 138 0.120 16.494
140-144 FLLTS 142 0.114 16.199
144-148 21:1 146 0.065 9.453

149 0.005 0.800

Effective rainfall depth of October Isohyet

Contour interval

area b/n contour

ave, contour

% of total area

weighted ppt (mm)

35-36 7.325 35.5 0.023 0.799
36-40 106.675 38 0.328 12.456
40-44 70.65 42 0217 9:118
44-48 83.675 46 0.257 11.827
48-52 56.45 50 0.173 8.673
52-53 0.675 52.5 0.002 0.109
Total 5 80

Effective rainfall depth of November Isohyet

Contour interval

area b/n contour

ave. contour

% of total area

weighted ppt (mm)

13-16 24.85 14.5 0.076 1.108
16-20 81.95 18 0.252 4.535
20-24 164.65 22 0.506 11.136
24-28 26 0.165

33.825

'S

Effective rainfall depth of December Isohvet

Contour interval

area b/n contour

ave, contour

% ol total area

weighted ppt (mm)

&

06-8 10.8 2 0.033 0.232
8-12 23.425 10 0.072 0.719
12-16 235 14 0.072 1.009
16-16 225 16 0.823 3.166
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Annex 1B

1.27<en polygon method of computing weighted monthly rainfall

Weighted precinitation of each month for five stations using Thiessen polygon method

Station Areal influence(km?) Jan Fet. | Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Cheffa 329 3.28 4.95 784 9.90 7.59 2,63 19.71] 24.98] 10.31 3.90 2.58 1.47 132.05
Kombolcha 129.5( 12.06| 16.92| 30.72{ 37.92| 25.98] 13.00{ 103.73| 101.83] 48.88| 14.87 7.90 6.75 550.06
Dessie 106.5 8.98| 1247 26.22| 31.28| 24.66| 13.19| 92.24| 095.26| 48.96] 17.37 7.90 6.64 491.68
Kutaber 53.325 2.06 4.12 8.43 948 11.46 6.57( 44.58] 50.61| 19.48 5.73 2.16 1.08 219.10
Haik 3725 0.39 0.74 1:3% 1.36 0.86 0.29 2.90 2.85 1.53 0.46 0.22 0.20 16.89
£

Annex 1C  Computation of mean monthly rainfall by using arithmetic mean method

Station Jan Feb Mar Apr | May | Jun Jul Aug Sep Oct | Nov | Dec
Cheffa 32.51] 49.01 T2 98.05[ 75.23] 26.04] 195.31] 247.46] 102.10] 38.66] 25.60] 14.58
Kombolch | 30.36| 42.58] 77.32] 95.44| 65.38] 32.73| 261.09] 256.31| 123.03] 37.43] 19.89 16.99
d

Dessie 27.47) 38.16 80.26] 95.73] 75.46] 40.36| 282.32] 291.56| 149.85| 53.17] 24.18] 20.34
Kutaber 12.60| 25.17 51.54] 57.92| 70.03| 40.19] 272.52| 309.36| 119.10] 35.02] 13.23| 6.63
Haik 33.98] 64.69] 120.11| 118.87| 75.09] 25.35| 254.08| 249.28| 134.21] 40.08f 19.06] 17.07
Total ... {27390 43920 8139} 9320 283068 X
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Annex 1D Comparison of rainfall computed using different methods

Month Arithmetic mean Thiessen Polygon Isohyetal Average of the three Average of thiessen and isohyetal
method method method methods method
Jan 27.385 26.770 28.510 27.555 27.640
Feb 43.923 39.191 41.430 41515 40.310
Mar 81.389 - 74.593 79.600 - 78.527 77.096
Apr 93.202 89.927 94.770 92.633 92,348
May 72.237 70.540 71.524 71.434 71.032
Jun 32.931 35.682 34.003 34.206 34.843
Jul 253.063 263.175 258.816 258.352 260.996
Aug 270.793 275.532 271.763 272.696 273.647
Sep 125.656 129.164 129.738 128.186 129.451
Oct 40.872 42333 42.980 42.062 42.657
Nov 20.393 20.772 20.749 20.926
Dec 15.120 15.463 15.635
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Annex 2 Monthly Temperature At Kombolcha

Apr Ma\ 'Jun Aug ”Sep Oct Nov Dec

Jan

Mean 23.91] 24.85] 26.19] 26.67| 28.27| 29.97| 2745| 26.17) 2559 24.75| 24.11] 23.6l
Min. 21.5] 21.5] 232 238 258 243 236 208 2060 204 209] 204
Max. 283 276] 293] 297 30.6] 319/ 307 289 27.5] 26.7] 262] 255

Jan Feb ”Mur Apr -May ;hm Jul Aug Sep Oct Nov Dec

Mean 9.82| 11.01] 12.43] 13.12] 13.52] 14.27] 13.93[ 13.59] 12.88] 10.19] 8.40[ 8.56
Min. 4.1 4.8 6.4 Tl i 72 6.3 5.9 4.8 2.6 1.5 4.5
Max. 154] 14.8] 168 14.9 15 16.4 16.2[ 15.9 14.5 13.1 122{ 13.1

Annex 3 Monthly Relative Humidity At Kombolcha

Jan Feb Mar  [Apr May [Jun Jul Aug  [Sep Oct Nov  [Dec
Mean 78.57| 77.52| 77.32| 7842 66.95| 56.52| 76.59| 82.14| 80.73| 79.64| 78.55| 77.71
Min. 64 57 41 47 35 24 39 41 56 52 38 36
Max. 94 97 92 96 81 74 89 90 90 92 94 91
Mar May Aug  |Sep  |Oct Nov  [Dec
Mean 49.91| 49.53| 47.70| 47.37] 3824 53.00] 52.13| 45.57] 44.27| 47.10
Min. 30 28 23 27 24 33 43 30 31 3l
Max. 70 73 63 67 52 65 65/ 64 63 71

Jan Feb | Mar | Apr Mavml Jun Tul | Aug “Sep Oct Nov Dec

Mean 57.02| 5577| 55.74[ 53.15| 41.98 32.86| 51.35| 57.85| 59.48 52.81] 50.02| 54385
Min. 35 30 33 25 24 20 29 33 45 28 3l 33
Max. 91 93 85 92 87 60 70 84 89 91 90 89

Annex 3JA  Mean Minimum Relative Humidity At Kombolcha

Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Min at 6:00 64 37 41 47 35 24 39 41 56 52 38 36
Min at 12:00 30 28 23 27 24 21 24 33 43 30 31 31
Min at 18:00 35 30 33 25 24 20 29 33 45 28 31 33

Annex 3B Mean Maximum Relative Humidity At Kombolcha

Month Jan | Feb | Mar | Apr | May | Jun Jul | Aug | Sep | Oct | Nov | Dec
Max at 6:00 94 97 92 96 81 74 89 90 90 92 94 91
Max at 12:00 70 73 63 67 52 43 63 65 65 64 63 71

Max at 18:00

85 92 87 60 70 84 89 91 90 89
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Annex 4 Computed Mean Monthly Saturation and Actual Vapor Pressure At Kombolcha

Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Mean temp.("C) 16,9 17.9] 193] 199 209 22.1| 20.7| 19.9] 192 17.5] 16.3| 16.1
Sat. vapor pressure (¢,) | 16.0{ 17.2| 19.0] 19.8] 21.2] 23.0{ 209 19.8] 189 16.7| 15.3] 15.1
Mean Rel. humidity 61.8] 60.9| 60.3] 59.6] 49.1] 40.1| 583 64.3| 64.1| 59.3| 57.6] 59.9
A.Vapor pressure (ey) 988| 1051 1144| 1179 1038| 922| 1217({1270.5| 1211] 990] 881| 905

Annex § One Year Daily Piechie Evaporation At Kombolcha

Jan | Feb | Mar | Apr [ May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
mean 5.50] 4.80] 4.50] 3.68] 5.46| 8.03] 4.99] 3.29] 3.67| 431| 447 396
Daily total 170.5] 134.4] 139.6] 110.5] 169.4| 240.8| 154.8] 102.1] 110.2| 133.6] 134.1| L18.7
Min. 3 0.6 2 1.l 1.4 4.2 1.5 1.5 1.7 1.4 1.2 1.3
Max. 70 107 9.3 7.8 8.6 114] 114 5.6 6.2 6.3 6.4 5.8
Annual 1203.1

Annex 6 Monthly Wind speed At Kombolcha

Jan  |[Feb [Mar [Apr [May [Jun  |Jul Aug  [Sep |Oct  |Nov |Dec
Monthly mean 1.39( 1.53] 1.46] 144 141 1.60] 1.59] 1.43] 1.08] 0.94] 1.01f 1.16
Min. 1 1.1 1 | 1] 1.26] 1.15 1.03] 0.67[ 0.57 0.8] 0.8l
Max. L8[ 185 1.71] 299] 1.82] 1.91 2.1 1.81 1.5 1.4 15 1.4

Annex 7 Monthly Sun shine Hour At Kombolcha

Jan |Feb [Mar [Apr [May [Jun Aug |Sep [Oct |Nov |Dec
Mean 7400 7.26] 674 685 7.74] 6.30[ 504 570] 576] 7.89 847 7.94
Min, 4200 4.1 39 38 5.1 2.8 1.8 3.4 33 47 6 34
Max. 10 102 93] 9.1 109 9.1 8.9 9.8] 85 94 10.5] 10.2
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Where

Annex 8

Computation of potential evapotranspiration by Penman (1)

Month [T(c)l e | R | e | U [TCH|TK)|n | N [oN| f, | R | 'R |*R;|'R| H | E | & Es PE
Jan 16.9] 13.80] 0.618] 8.53| 73.65| 62.36| 289.87|7.40| 11.54] 0.54]| 0.533| 12.6] 6.38| 13.77| 2.77 361 2.28(1.22 104.35| 73.04
Feb 17.9] 14.83] 0.609| 9.04| 81.10| 64.28| 290.93[7.26| 11.76| 0.52| 0.519] 13.75| 6.78| 13.96| 2.65 4.14] 2.66|1.30 108.67| 84.22
Mar 19.3| 16.26| 0.603] 9.80| 77.26] 66.76] 292.31|6.74 12| 0.56] 0.489| 14.72] 6.84| 14.23| 2.40 4.44] 2.88| 1.40 129.78|  90.84
Apr 19.9] 16.90| 0.596[ 10.08| 76.46 67.81| 292.89|6.85| 12.34| 0.56| 0.485| 15.2| 7.01| 14.35] 2.36 4.65| 3.02| 1.45 131.75 95.30
May 20.9] 18.05] 0.491] 8.86] 74.91] 69.61] 293.89[7.74 12.64| 0s61] 0517 15.07] 7.40] 14.55] 2.77]  4.63] 4.02[1.53] 140.70] 98.49
Jun 22.1] 19.56| 0.401| 7.85| 84.81| 71.81| 295.12|16.30| 12.76| 0.49( 0.451] 14.9| 6.39| 14.79| 2.48 3911 5.52] 1.63 124.27( 89.89
Jul 20.7| 17.82| 0.583| 10.39| 84.31| 69.24| 293.69|5.04| 12.66| 0.40( 0.399| 14.99| 5.68| 14.51| 1.79 3.891 3.49|1.51 118.63| 83.04
Aug 19.9] 16.89] 0.643| 10.86 75.53| 67.78| 292.88]5.70[ 12.44] 0.46| 0432 15.04| 6.17] 14.35| 1.94]  423] 2.65|1.44] 123.52| 86.47
Sep 19.2] 16.18| 0.641] 10.37| 57.14| 66.62| 292.23[5.76| 12.12| 0.48| 0.441| 14.76| 6.19( 14.21| 2.03 4.16] 2.18]| 1.39 115.23] 83.35
Oct 17.5] 14.37] 0593 853 49.76[ 63.45] 290.47[7.89] 11.8] 067[ 0.548] 14.07] 7.32 13.89] 2.90] 4.43] 2.04[127] 124.23] 86.96
Nov 16.3] 13.24] 0.576] 7.63] 53.69 61.25] 289.25[8.47| 11.56] 0.73] 0.583[ 12.92] 7.15] 13.66] 3.23] 3.92] 2.04[1.18] 107.22] 7755
Dec 16.1] 13.09] 0.399] 7.84| 61.58| 60.96] 289.09|7.94] 11.44| 0.69] 0.562| 12.29| 6.56| 13.62| 3.04 3:52| 2.05]1.1% 97.301 70.38

€d Actual vapor pressure

8 Saturation vapor pressure

R Relative humidity in percent

U, Wind speed in mile/day

n Daily mean bright sunshine hour

N Maximum possible sunshine hour determined by latitude and season and available in standard

meteorological table

£ a function of sunshine hour and is given by eq. 4.14

R, solar radiation fixed by latitude and season

'R Incoming solar radiation given by eq. 4.12

ARy =o*T,” theoretical black body radiation

T Temperature in degree Kelvin ("k)

o) Stephan Boltzman constant (5.67*10™**Wm~k™)

'Ry Out going solar radiation and given by Eq. 4.13

H Available heat, given by eq. 4.11




Where

Energy for Evaporation (mm/day), given by eq. 4.15

The slope of the Saturation vapor pressure plotted against temperature and given eq. 4.8

Open water evaporation (mm/month) given by eq. 4.10
Potential evapotranspiration (mm/month) and given by eq. 4.16

Annex 8A Computation of potential evapotranspiration by using modified Penman method (Penman 2)

Month | T(%) | e, R. ea | U TR 1K) n N [oN| & | R | R | Re | *Ro Eat A Hr | PE™
Jan 16.9] 13.80] 0.618] 8.53| 73.65] 62.36 289.87| 7.40| 11.54] 064] 056 5535 243 126| 13.77] 99.23] 1.22] 3.12] 9726
Feb 17.9] 14.83] 0.609] 9.04] 81.10| 64.28 290.93] 7.26] 11.76] 0.62] 0.54] s5.89] 2.33] 13.75] 13.96] 102.78] 1.30] 3.56] 111.06
Mar 19.3] 16.26] 0.603] 9.80| 77.26| 66.76 292.31] 6.74] 12| 0.6 051 s5.91] 2.13] 14.72] 14.23] 124.27] 140 3.78] 11833
Apr 19.9] 16.90] 0.596] 10.08| 76.46] 67.81 292.89] 6.85] 12.34] 0.56] 0.50] 6.05] 2.10] 152] 14.35] 126.37] 1.45] 3.96] 123.87
May 20.9] 18.05] 0.491] 8.86] 74.91] 69.61 293.89] 7.74] 12.64] 0.61] 0.54] 6.42] 2.43] 15.07] 14.55] 174.54] 1.53] 3.99] 131.30
Jun 22.1] 19.56] 0.401] 7.85] 84.81] 71.81 295.12] 6.30] 12.76] 0.49] 0.47] 5.48] 2.23] 14.9] 14.79] 22722] 1.63] 3.26| 120.02
Jul 20.7 17.82] 0.583] 10.39| 84.31| 69.24 293.69] 5.04] 12.66] 040] 041] 4.82] 1.66] 14.99] 14.51] 14856 1.51] 3.16] 10565
Aug 19.9] 16.89] 0.643] 10.86[ 75.33] 67.78 292.88) 3.70] 1244 046] 044] 3527 1.76] 15.04] 1435] 114.71] 1.44] 3.52] 109.89
Sep 19.2] 16.18] 0.641] 10.37] 57.14] 66.62 20223 5.76] 12.12] 048] 0435] 5300 1.83] 14.76] 14211 95.78] 1.39] 3.47] 106.15
Oct 17.5] 14.37] 0593 8.53| 49.76| 63.45 29047 789 11.8] 067 037 6.39] 2.53] 14.07| 13.89] 9497 1.27] 386 11533
Nov 16.3] 13.24] 0.576] 7.63] 353.69] 61.25 289.25] 847 11.56] 0.73] 0.61] 6.27] 2.79] 12.92] 13.66] 90.36] 1.18] 3.48] 105.11
Dec 16.1] 13.09] 0.599] 7.84| 61.58] 60.96 289.09] 7.94] 11.44] 0.69] 0.39] 5.73] 2.64] 12.29] 13.62] 89.10] 1.17] 3.09] 95.06

function of wind speed, given in eq. 4.21
Incoming solar radiation, given in eq. 4.20
Outgoing solar radiation, given by eq. 4.22
Energy for evaporation, given in eq. 4.19
Available heat, givenby eq. 4.18

potential evapotranspiration (mm/month), given ineq. 4.17
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Annex 9  Computation actual evapotranspiration (ET,,) from Soil-water balance approach developed by Thorntwaite and Mather. The

maximum soil moisture holding capacity of all the soil is 150 but the mean value (116.67mm) was used for calculation actual
evapotranspiration of the catchment.

Month Pm PE, Pm - PEm Awl S, (FS) [ S, (SL) S, (CL) | Mean S, AS, ET, D S
Jan 27.64 97.26 -69.62 -305.92 4.69 19.51 4.69 9.63 -6.99 34.63 62.64 0
Feb 40.31 111.06 -70.75 -376.68 2.31 12.18 2.31 5.60 -4.03 44 .34 66.72 0
Mar 77.10 118.33 -41.23 -417.91 1.53 9.25 1.53 4.10 -1.50 78.59 39.74 0
Apr 92.35 123.87 -31.52 -449.43 1.12 i) 1.J2 3.24 -0.86 93.21 30.66 0
May 71.03 131.30 -60.27 -509.70 0.61 5.02 0.61 2.08 -1.16 72.20 59.10 0
Jun 34.84 120.02 -85.18 -594 .87 0.26 2.84 0.26 1.12 -0.96 35.80 84.22 0
Jul 261.00 105.65 155.35 100 150 100 116.67 115.55 105.65 0 39.80
Aug 273.65 109.89 163.76 100 150 100 116.67 0 109.89 0 163.76
Sep 129.45 106.15 23.30 100 150 100 116.67 0 106.15 0 23.30
Oct 42.66 115.35 -72.69 -72.69 48.34 92.39 48.34 63.02 -53.64 96.30 19.05 0
Nov 20.93 105,11 -84.18 -156.87 20.83 52.71 20.83 31.46 -31.57 52.49 52.62 0
Dec 15.63 95.06 -79.43 -236.30 941 31.04 941 16.62 -14.83 30.47 64.39 U
Total

Where Py Monthly precipitation
PE., Monthly Potential Evapotranspiration
Awl  Accumulated Potential Water Loss
Sis Soil Moisture
FS, SL and CL Fine Sand, Sandy loam and Clay loam respectively
AS,, Change in Soil moisture
ET, Actual Evapotranspiration
D Soil moisture deficit
S Soil moisture surplus
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Annex 10

Daily discharge (m’/sec) measurement of Borkena River near Boru meda

HEEa G 1989
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
Mean 0.157 0.147 0.258 0.299 0.173 0.138 0.409 1.496 0.643 0.134 0.109 0.165
Mean total 421027.2] 356313.6] 691286.4( 774057.6] 462412.8 357264| 1096675.2| 4007145.6| 1665964.8 359424 282009.6] 442972.8
Max 0.173 0.204 1.318 0.954 0.396 0.204 2.965 12.646 2.522 0.237 0.118 0.237
Min 0.118 0.118 0.094 0.173 0.144 0.118 0.118 0.173 0.204 0.094 0.073 0.094
Monthly T 4.873 4.124 8.001 8.959 5352 4.135 12.693 46.379 19.282 4.16 3.264 5.127

Jan Feb Mar. Apr. ay un. Jul. Aug. Nov.
Mean 0.107 0.152 0.164 0.232 0.174 0.325 2195 4.457
Mean total 287712 3673728 438480| 140486.4| 376704.0| 842054.4| 5879347.2| 73165248
Max 0.173 0.204 0.204 0.237 0.204 0.703 22.764 26.536
Min 0.063 0.118 0.094 0.204 0.144 0.173 0.396 0.352
Monthly T. 3.33 4.252 5.075 1.626 4.36 9.746 68.048 84.682

I

Jan

VFt.‘.b

March Apr May Jun Jul Aug Sept Oct Nov Dec
Mean 0.111 0.177 0.188 0.191] 0.138 0.129 2.804 3.901 0.806 0.192] 0.158 0.119
Mean total 298425.6| 429148.8| 502329.6| 494553.6] 369187.2| 335491.2| 7509801.6( 10447574.4| 2090016.0) 514512.0] 408326.4| 318297.6
Max 0.144 0.312 0.396 0.237 0.204 0.173 8.459 26.536 6.332 0312 0173 0.144
Min 0.094 0.118 0.144 0.144 0.118 0.094 0.173 0.237 0.173 0.173]  0.144 0.118
Monthly T. 3.454 4.967 5.814 5.724 4.273 3.883 86.919 120.921 24.19 3.955 4.726 3.684

Jan Feb March Apr May Jun Jul Aug Sept Oct Nov Dec
Mean 0.255 0.830 0.304 0.808 0.265 0.179 0.823 1.998 0.233
mean T. 684288.0] 2079993.6] 814665.6] 2094681.6] 708566.4] 464659.2] 2204668.8| 3798144.0 523756.8
Max. 0.888 3.443 1.738 4.36 0.441 0.204 6.006 7.9 0.396
Min. 0.118 0.173 0.173 0.204 0.173 0.144 0.144 0.352 0.173
Monthly T. 7.92 24.074 9.429 24.244 8.201 5.378 25.517 43.96 6.062
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Jan

S Apr May Jun Jul Aug Sept Oct Nov

Mean 0.191 0.121 0.620 0.408 0.162 0.818 1.661 0.641 0.564] 0.223

Mean total 5107104 292291.2] 138499.2( 1607990.4] 1092096.0f 419817.6] 2190412.8| 4449254.4| 1662508.8] 15112224 578016.0] 428284.8
Max 0.273 0.237 0.094 2.112 1.563 0.273 5.688 21.567 1.921 0.824] 0.312 0.173
Min. 0.094 0.055 0.039 0.055 0.204 0.118 0.118 0.204 0.396 0.352] 0.204 0.144
Monthly T 5.911 3.383 1.603 18.611 12.64 4.859 25.352 51.496 19.242 17.491 6.69 4.957

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Mean 0.125 0.094 0.158 0.100 0.070 0.142 9.683 12.993 1.232 0.357]  0.460 0.284
Mean total 333504.0] 227404.8] 423964.8[ 260150.4] 188697.6| 368323.2) 25934860.8| 34801660.8] 3193171.2] 954892.8| 1192320.0{ 759801.6
Max 0.144 0.094 0.539 0.441 0.144 0.396 57.437 166.926 3.502 0.626] 2294 0.303
Min 0.094 0.094 0.094 0.055 0.025 0.025 0.237 1.226 0.375 0.303] 0.258 0.244
Monthly T. 3.86 2.632 4.907 3.011 2.184 4.263 300.172 402.797 36.958 11.052 13.8 8.794

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
Mean 0.208 2.050 4.767 0.289 0.799 18.570 0.633 0.404] 0.256 0.251
Mean total 557798 4| 4959792.0{ 10296115.2 149558 4 2139696.0|49739011.2] 1639526.4| 1080777.6] 662774.4| 6722784
Max 0.225 11.012 31.022 0.329 6.021 209.811 1.803 0.947 0.28 0.251
Min 0.19 0.19 1.44 0.263 0.265 0.381 0.295 0.28] 0.251 0.251
Monthly T. 6.456 37403 119.168 1.731 24.765 575.683 18.976 12.509 7.671 7.781

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
Mean 0.371 0.214 0.195 0.234 (0.483 0.399 1.633 26.964 1.031 0.162 0.146 0.128
Mean total 002822.4| 536019.4] 5215104 6057504 1294185.6] 10335072.0] 4374518.4]|72219340.8| 2671056.0] 434764.8{ 377913.6| 343180.8
Max 2.34 0.28 0.237 0.381 1.44 1.253 7.586 418.715 8.821 0.212] 0.169 0.134
Min 0.251 0.19 0.19 0.19 0.19 0.225 0.329 0.325 0.19 0.151 0.134 0.127
Monthly T. 11.491 5.99 6.036 7.011 14.979 11.98 50.631 835.872 30.913 5.032 4.374 3.972
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Jan Feb Mar Apr May Jun Jul Aug Oct Nov Dec
Mean 0.128 0.107 0.128 0.098 0.084 0.106 1.584 3.455 0.367] 0.892 0.193
mean total 341971.2] 257817.6] 343267.2] 255264.0] 225417.6] 273542.4| 4242758.4| 9254044.8| 852595.2] 984009.6] 2311286.4] 516412.8
Max 0.134 0.127 0.265 0.134 0.094 0.169 4751 27.197 0.675 1.198]  7.302 0.312
Min 0.127 0.083 0.073 0.088 0.078 0.078 0.179 0.225 0.169 0.142] 0.225 0.134
Monthly T. 3.958 2.984 3.973 2.659 2.609 3.166 49.106 107.107 9.868 11.389 26.751 5977

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Mean 0.133 0.142 0.1235 0.118 0.102 0.079 27.216 7.178 0.885 0.319] 0.192 0.178

mean total 357091.2| 342662.4| 333849.6] 306892.8] 273456.0] 204336.0]72894124.8|19224518.4| 2294697.6| 853113.6] 497232.0] 475977.6

Max. 0.151 0.295 0.169 0.329 0.142 0.083 272.646 51.578 4.043 0.581 0.212 0.179

Min. 0.119 0.119 0.112 0.083 0.078 0.078 0.083 0.525 0.312 0.212 0.179 0.169

Monthly T. 4,133 3.966 3.864 3.552 3.165 2.365 843.682 222.506 26.559 9.874 5.755 5.509

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Mean 0.171 0.138 0.130 0.122 0.120 0.121 3.886 4.621 1.767 1.400 0.225 0.191

Mean total 458438.4] 334540.8] 347414.4| 313273.6] 320544.0] 314668.8| 10407830.4] 12376454.4] 4580582.4| 3748464.0] 584323.2] 512697.6

Max. 0,237 0.142 0.134 0.134 0.169 0.169 37.661 46.987 24611 9.504 0.329 0.201

Min 0.151 0.134 0.119 0.119 0.112 0.112 0.169 0.16 0.265 0.251 0.19 0.179

Monthly T. 5.306 3.872 4.021 3.649 3.7 3.642 120.461 143.246 53.016 43.385 6.763 5.934
Annex 11 Springs geographic location, EC and corresponding discharge
Spring code Name Spring type Ownership EC (uS/cm) E. discharge(l/s) | Latitude(UTM) | Longitude(UTM) | Elevation (m)
Spy Bireve EC community 237 0.3-0.5 1240908 566205 2613
Sp; Ulaula FC 274 2.5-3.0 1247081 560034 2659
Sps Kotu Cs - . 1246127 559673 2644
Spa4 Abite DP o 260 0.1-0.12 1228288 568440 2432
Sps Salayesh FC 480 1.5-2.0 1228585 568652 2432
Spe Sire EE€ 240 1.0-1.3 1230873 568443 2554
Sp- Weluko DP 400 1.5-2.0 1231554 568842 2542
Sps Mume EC 220 2.0-2.5 1232333 368677 2547
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Ambo Gideb

441 - - = :
Sps Mumel FC 227 25 1240406 566833 2652
Spio = FC Boru hospital 237 8.0-9.0 1241184 566851 2653
Spuy Mado Gojo FC Community 244 1.0-1.2 1240943 566823 2653
Spiz Mume2 FC Community 243 2.5-3.0 1241732 566917 2653
Spis Guto Beriho DP 380 1.0-1.5 1231963 581386 2538
Spi. Teg Amba DP 368 0.5-0.7 1231963 581386 2538
Spis Aba Kolba Cs 509 0.2-0.5 1232627 578869 2514
Spis Sholla CS 443 0.1-0.2 1225745 574336 1955
Spy+ Chefae cs “ 343 0.3-0.33 1225747 574336 1956
Spis Sholaw Metene CS = 385 0.2-0.3 1225380 571733 1962
Spis GRP FC = 0.12-0.15 1232108 568753 2536
Spao Zeritu Abegaz CS . 1.0-1.5 1233198 568463 2568
Spa Ismano DP - 0.1-0.15 1238223 566693 2656
Spas Soste Gedel DP « z 0.3-0.5 1234794 572548 2503
Spas Aba kasu cS - 0.3-0.35 1221721 572248 2491
Spad - DP . 0.4-0.5 1221773 573426 2436
Spas Bambowuha DP . 0.2-0.3 1222840 573685 2406
Spas Badowuha cs = 0.1-0.13 1220042 383342 2025
Note: FC = fault controlled spring; CS = contact spring; DP = depression spring; E. discharge = estimated discharge

Annex 12 Results of chemical analysis of selected water samples
FIELD No. HW; | HW,; | HW;, | SP;s | SP; SPs | SPy2 | SPay Rs R4 Rg Ry BH, HWsg
LAR No. 4025/01| 4026 4027 4028 4029 4030{ 4031| 4032 4033| 4034| 4035 4036| 4037 4038/01
Carbonate (CO;'2 ) - - - - - - 6 = = 8 - - -
Bicarbonate (HCO5 ) 366 226 205 204 197 236 172 170 255 326 305 257 177 219
Chloride (CI') 11 8 49 12 10 7 10 12 18 19 26 37 10 9
Sulphate(SO47) 10 3 25 9 7 6 4 10 10 20 15 17 3 5
Fluoride(F ) 026] o012 028] 022 o0a12] o016] 03] o0az2] o022 036 029 02 0.1 0.15
Nitrate (NOs ") 14.62] 886 66.45] 12.85] 11.96] 044] 15935] 3088 14.62] 1.77] 3576 31.01] 7.97 10.63
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Sodium (Na'') 7 9 36| 163 8.1 16.7 14/ 202 23 61 49 31 19 14
Potassium (K'") 0.9 0.6 1.7 0.3 2.1 0.5 0.9 0.3 2.5 26 32 7 0.7 0.9
Calcium (Ca™) 70 43 84 63 41 41 37 37 52 27 39 53 29 44
Magnesium (Mg’z) 18 12 20 18 12 9 10 10 13 31 21 20 12 13
Boron (HBO; ) <0.15| 046| <0.15| 046 0.23| <0.15| 0.61| 083 <0.15] 1.37 0.3 0.3] 038 0.3
Silica (810, ) 54 37 64 71 49 37 30 <35 33 31 25 22 36 341
Nitrite (NO; ) <0.01| <0.01 <0.01| <0.01| <0.01f <0.01| <0.01| <0.01| <0.01f <0.01| <0.01] <0.01] <0.01 <0.01
Silver (Ag) - - - - <0.1] <0.1| <0.1 <0.1] <0.1f <0.1] <0.1] <0.1] <0.1 <0.1
Phosphate (PO4?) 0.24] 0.17 0.33 02| 086 042 0.19] 015 1.2 02( 078 7.8 043 0.29
Cadmium (Cd) - B - - <0.1] <0.1] <0.1] <0.1] <0.1] <0.1| <0.1 <0.1f <0.1 <0.1
Chromium (Cr) - - - - <0.1f <0.1f <0.1f <0.1| <0.1] <0.1| <0.1| <0.1] <0.1 <0.1
Lead (Pb) - - - - <0.1| <0.1| <0.1f <0.1| <0.1] <0.1f{ <0.1] <0.1| <0.1 <0.1
Cobalt (Co) - - - - <0.1] <0.1| <0.1] <0.1| <0.1] <0.1f <0.1| <0.1] <0.1 <0.1
Nickel (N1) - - - - <0.1f <0.1] <0.1] <0.1f <0.1] <0.1] <0.1| <0.1] <0.1 <0.1
Zic (Zn) - - - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Copper (Cu) - - - - <0.1] <0.1| <0.1] <0.1] <0.1| <0.1f <0.1] <0.1| <0.1 <0.1
Iron (Fe) Total - - - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Manganese (Mn) - - - - <0.1] <0.1] <0.1] <0.1| <0.1f <0.1] <0.1] <0.1f <0.1 <0.1
DS 396 239 499 355 244 240 218 244 298 372 343 354 208 244

142




Annex 13

Ranges Recommended Limiting Concentration For Industrial Process Waters (units are mg/l, except as noted )
(After Amer. Water Works Asso.”)

Use Turbidity, Color, Taste and Dissolved Hardness, | Alkalinity, | pH,unnts [ Chlonde, | Sulphate, Iron, as Mangan | Iron plus Hydroge | Fluondes, Other requirements -—-]
unit unit odor solids as CaCOy as CaCOy asCl as SOy Fe ese, as Manganese | n asF
threshold Mn sulphide

Adir conditioning - - low = = - - - 0.5 0.5 0.5 - - Not corrosive or slime promoting

Baking 10 10 none-low - a - - - - 0.2 0.2 0.2 0.2 - Potable |

Boiler feed Potable if steam 3s used for food preparation

Brewing 0-10 0-10 none-low 500‘15001’ < TS-SUd 6.5-7.0 €0-100 - o1 0.1 0.1 0.2 1 Potable, numerous other requirements

Carbonated 1-2 5-10 none-low 850 200-250 50-130 - 250 250 0.1-0.2 02 0.1-0.4 0-0.2 0.2-1 potable; COD, 1.5, organic matter,

beverage infinitesimal; alga and protozoa, none

Confectionery - - low 50-100 soft - >7.0 - - 0.2 0.2 0.2 0.2 - Potable

Dairy - none none 500f 180 - - 30 60 0.1-03 0.03-0.1 = & - Potable, NOy-N, 5.5; NO,-N, 0; NHy-N, trace
only; COD as KMnO,, 12 ]

Drinking 5 15 3, 500 : - - 250 250 03 0.05 - - L4248 | Potable

inoffensive
Food canning 1-10 - none 850 h 30-250 >75 - - 0.2 02 02-0.3 1 1 Potable: free from saprophytic organisms, NaC'l
and freezing 1000-1500; NO,-N, 2 8, NH3-N, 0.4

Food

equipment, 1 5-20 low 850 10 - = 250 - . - 0.1 - 1 Potable; organic matter, infinitesimal

washing

Food processing 1-10 5-10 low 850 10-250 30-250 - - - 0.2 02 0203 - 1 Potable

general g

Ice manufacture 5 5 170-1300 - - - - - 0.2 0.2 0.2 - i Potable, Si0;, 10

Laundering - - - - 0-50 60 6-6.8° - 02-1 0.2 02-1 - =

Paper and pulp, 10 5 - 200 100! 75 = = 5 0.1 003 = " = Soluble Si0;, 20, free CO;, 10; residual

fine chloride Cly, 2 ]

Paper, so* 30 - 500 200 150 - 75 - 03 0.1 - - - Soluble Si0,, 50; free CO,, 10

aroundwood —

Paper, kraft, 40 25 - 300 100 75 - 200 - 02 0.1 - - - Soluble Si0,. 50: free CO,, 10

bleaching —

Paper, kraft, 100 100 - 500 200 150 - 200 - 1 0.5 - - - Soluble 510, 100, free CO;, 10

unbleaching

Paper, soda, and 25F 5 - 250 1000 75 - 75 = 0.1 0.08 = " = Soluble $10;, 20, free COy, 10

sulphate pulps S

Rayon and

acetate fiber
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pulp production 5 5 100 g 350-75 0.05 0.03 0.05 ALOy, 8; 81,25, Cu, 5
Ravon 03 55 78-83 0 0.0 0.0
manufacture —
Sugar low low 20 20 0 - Ca, 20, Mg, 10, bicarbonate as CaCO3, 100,
steril. no saprophytic orgarusms
Bicarbonate hardness, low, COI, 8, heav:
Tanning 20 10-100 - 50-500 130 6-8 0.1-02 0.1-0.2 0.2 metals none; Ca, 10: Mg, 5; bicatbonate, a3
CaCO;, 200
Bicarbonate hardness, low; COL, 8 heav
Textile 0.3-25 0-70 ¢-50 100 100 0.1-1 0.05 0.2-1 metals none; Ca, 10; Mg, 5, bicarbonate, s
CaC0y, 200 |
Note:

“Some calcium is necessary for yeast action. Too much hardness retards fermentation, but too little softens the gluten to produce soggy bread. Water of zero hardness is

requlred for some cakes and crackers.

"Not more than 300 mg/I of any one substance.

CaSO4 less than 100 - 500 mg/l MgSO, less than 50-200 mg/1
“For dark beer alkalinity as CaSO, may be 80-150 mg/l

“Range lower to upper limits

"Total solids

E’Tolcrance limit depends on annual average daily maximum air temperatures for a minimum of five years

“For legumes 25-75; for fruits and vegetables, 100-200; for peas, 200-400
fl .5 mg/l of fluoride has been reported to cause embrittlement and cracking of ice.
!Calcium hardness 30

“No gritty material
'Calcium hardness 50; magnesium hardness 50
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