Fig. D-28 Probability of Daily Rainfall at the Mungun Morit
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Fig. D-30 Probability of Discharge at Bosgo Bridge
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Fig. D-31 Probability of Discharge at Terelj
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Fig. D32 Probability of Discharge at Kherlen Bridge
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D-2. Precipitation and Climate Records

Table D-1 Maximum Rainfull Record in Murun River Basin

Underkhaan

Year Yearly July Aug. Dayly

1970 317.5 92.8 130.8 33.0
1971 294.4 59.3 57.9 29.2
1972 169.5 18.8 19.8 7.5
1973 341.1 87.4 139.6 50.9
1974 3149 39.1 83.9 28.7
1975 392.9 76.1 52.0 17.5
1976 249.6 46.1 38.0 8.5
1977 310.7 187.4 10.6 53.8
1978 194.9 57.5 27.6 29.3
1979 197.8 51.2 38.3 10.2
1980 256.6 22.7 66.9 12.2
1981 248.3 55.9 96.2 21.8
1982 213.7 64.0 83.0 26.2
1983 301.3 105.5 106.4 39.4
1984 380.9 86.9 29.0 37.0
1985 226.4 98.7 62.8 23.2
1986 203.1 79.5 41.2 15.4
1987 287.1 95.4 66.0 36.2
1988 247.2 44.2 69.2 17.6
1989 201.6 28.6 72.7 8.1
1990 367.3 160.9 62.2 38.0
1991 211.9 38.6 59.5 22.1
1992 211.0 433 63.8 14.4
1993 319.9 173.3 79.6 53.5
1994 248.5 111.9 41.4 25.5
1995 167.6 33.6 46.0 37.8
1996 191.8 100.7 41.1 80.1
1997 2154 78.7 56.1 25.6
1998 289.0 47.0 149.6 32.3
1999 97.8
2000 19.0
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Table D-3 Maximum Rainfull Record in Tuul River Basin

Ulaanbaatar A point Ulaanbaatar B point

Year Yearly | July Aug Daily Yearly | July Aug Daily
1970 | 230.9 59.4 73.8 19.5

1971 | 369.8 76.5 84.3 28.6

1972 5991 21.7 3.9 -

1973 | 198.7 90.1 16.1 -

1974 | 1894 | 62.3 57.9 -

1975 | 268.8 67.3 438 36.0

1976 | 220.2 64.7 | 44.1 17.7

1977 | 186.61 438 | 452| 205

1978 | 230.2 36.1 41.5 17.0

1979 | 1693 442 41.1 15.0

1980 | 166.2 1941 390 9.8

1981 | 189.5 35.4 59.9 17.9

1982 | 257.0| 38.9; 1144 | 4472

1983 | 320.7 | 1043 62.1 27.1 ] 2869 | B84.8 556 | 204
1984 | 344.1 98.2| 1335 51.7| 3445 | 130.1 | 106.3 56.3
1985 | 214.2 56.5 31.0 14.7 | 24877 82.2 48.0 | 31.7
1986 | 356.4 87.7 ] 112.0| 38.0| 299.5 72.4 70.6 | 26.1
1987 | 2447 58.8 789 342 | 237.0 57.1 86.1 294
1988 | 268.8 51.3 | 135.7 19.5 ] 340.9 479 | 127.1 18.5
1989 | 180.3 40.7 52,6 17.7 | 184.5 38.4 54.1 20.2
1990 | 308.1 828 | 84.6 | 23.0! 340.7| 984, 884 | 33.0
1991 | 240.9 534 36.8 18.6 | 244.7 58.6 37.0 | 23.1
1992 | 301.7| 844 | 89.7| 31,7 270.0| 744 | 828 227
1993 | 381.6 | 156.8 76.0 | 46.8| 380.1 | 1439 | 1006 | 35.8
1994 | 455.6 70.0 | 162.6 354 3740} 71.2| 1394 | 353
1995 | 326.8 61.4 143.5 49.8 | 268.7 66.1 | 107.9 24.3
1996 | 216.2| 8451 61.0| 21.7| 2063, 77.8| 648 20.0
1997 | 2173 | 114.6 33.8 2841 2333 | 110.0| 423 35.6
1998 | 269.2 554 | 66.7 16.6 | 264.3 66.3 68.7 16.9
1999 | 2988 | 58.8| 484 155 ] 283.0| 65.1 49.4 15.1
2000 | 3288 | 59.9| 137.7| 29.3| 249.1 5771 109.4 13.5




Table D-4 Maximum Rainfull Record in Tuul River Basin

Year Ulaanbaatar C point Terelj point

Yearly | July Aug Daily Yearly | July Aug Daily

1970

1971

1972

1973

1974

1975 | 237.0 546 | 302| 179

1976 | 2409 B84.6| 29.1| 243

1977 | 153.6| 3041 543 | 28.0

1978 | 196.8| 342 31.3 11.8

1979 | 206.9| 484 449 | 15.0

1980 | 185.6| 22.7| 47.6; 14.5

1981 | 1434 | 333 ] 403 8.7

1982 | 2390 4911 634 | 138

1983 | 262.9| 700 559 | 22.0

1984 | 3094 | 86.0| 104.1 37.6

1985 | 293.7| 110.7; 588 | 379 M

1986 | 230.7| 9937 86.6| 39.0| 456.1 | 182.1 80.0 48.8

1987 | 231.6| 56.1 80.4 | 324 359.1 75.7 | 122.6 35.7

1988 | 3464 | 5957 1124 | 25.1| 478.8| 81.9| 181.9 36.2

1989 | 174.7 | 37.6 ] 567 | 181 | 271.0; 528 78.4 33.1

1990 | 2980 | 829, 76.8 | 239| 380.9| 103.6| 1059 33.0

1991 | 2434 | 59.1 453 233 358.0| 1283 | 488 51.2

1992 | 2487 | 748 1044 212 4199 | 172.8| 94.9 45.2

1993 | 319.5| 1294 | 644 | 562 | 4565| 193.3 61.5 51.7

1994 | 37161 70.5| 165.0| 488 | 4%89.1 94.3 | 210.3 55.5

1995 1 293.1| 1144 | 76.6| 60.1| 3684 | 792 150.2 45.8

1996 | 151.7 | 342 | 549| 11.1] 309.7| 1028 | 77.6 204

1997 | 2129 | 1142 | 33.7| 32.5| 298.5| 131.6| 853 35.8

1998 | 2593 | 35.6| 795 17.0 | 4173 | 136.2 | 143.5 23.2

1999 | 296.1| 483 | 493 | 141 3435 77.0] 699 28.6

2000 | 2216 | 446 957| 16.1| 280.5| 58.0| 99.6 37.9
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Table D-5 Maximum Rainfull Record in Kherlen River Basin

Year

Baganuur city point

Mungun Morit point

Yearly

July

Aug

Dayly

Yearly

July

Aug

Dayly

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

247.3

81.7

76.4

24.8

1990

3225

73.8

136.1

31.3

1991

158.5

22.1

30.7

28.0

291.6

109.4

46.1

29.5

1992

2224

55.1

40.8

13.2

387.2

73.6

102.5

37.1

1993

235.1

89.4

61.3

33.8

405.1

208.1

59.6

383

1994

217.4

43.8

523

14.7

365.3

69.7

138.3

354

1995

142.5

21.4

55.1

26.3

236.3

50.1

52.4

24.5

1996

140.5

48.6

50.4

10.5

204.1

75.6

57.2

20.1

1997

215.5

105.5

47.7

24.7

227.1

104.6

606.7

22.0

1998

329.0

76.5

136.0

48.9

325.3

80.9

98.2

30.2

1999

255.1

51.1

61.8

51.1

354.0

101.1

69.8

28.1

2000

206.8

62.5

72.7

62.5

277.7

115.1

73.5

26.0
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Table D-6 Monthly Max. Min. Temperature and max. Wind Velocity in Ulaanbaatar city

Year January Februar March April

Max.T | Min.T | Max. W | Max.T | Min.T | Max.W | Max.T | Min.T | Max.W | Max.T | Min.T | Max.W
1991 -9.51-337 12 -4.0| -28.9 10 4.0 | -23.5 9| 139]-123 18
1992 | -6.4 | -28.6 6 B.51-26.7 12| 11.0-19.1 12| 205 -13.3 18
1993 -7.1|-334 10| -1.1]-24.6 16 11.7|-21.2 221 2231|-150 19
1994 | -4.4 | -38.8 91 -1.5:-26.9 16| 155 -26.6 16| 208 -9.5 18
1995 -6.1 | -29.7 15 -1.8]-29.3 10 8.7 | -26.1 16 184 -11.8 20
1996 | -54|-31.7 13 1.4 -29.6 15 8.6|-203 16| 23.6|-15.6 20
19971 -7.51-31.0 14 38 |-253 12| 12.0|-21.9 16| 194 -9.1 24
1998 | -11.9 | -36.2 14 30| -28.4 12 90| -254 16| 220| -93 18
1999 | -2.6|-344 14 3.0 -25.6 14 7.0|-26.2 16| 234 -12.4 16
2000 | -13.3 | -35.8 11 -1.1]-31.4 7 9.8 1 -20.1 15 2211 -15.1 20
Ave -7.4 | -33.3 11.8 | -1.02 | -27.7 124 9,7 | -23.0 154 | 20.6|-12.3 19.1
Year May June July August

Max.T | Min.T [Max.W | Max.T | Min.T | Max.W | Max.T | Min.T | Max. W | Max.T | Min.T | Max. W
1991 | 305| -54 23| 328 1.9 19| 29.0 4.0 14| 34.6 4.2 18
1992 | 305| -4.5 15| 284 | -2.7 16 | 31.9 8.1 14| 254 44 13
1993 | 278 | -8.2 23| 31.0 1.3 24| 250 49 14| 252 8.7 14
1994 | 27.7| -2.7 22| 3157 3.1 17 31.7 5.4 16 29.5 5.7 13
1995 | 23.8| -8.4 20| 29.3 3.9 201 31.8 5.8 14| 293 6.7 17
1996 | 30.8| -6.4 191 26.2 1.1 16| 294 8.0 19| 30.6 33 16
1997 | 26.7| -2.4 18| 3281 -03 181 36.7 4.5 19| 294 4.2 14
1998 | 27.3| -4.9 241 275 0.3 241 353 9.1 17| 258 5.1 13
1999 | 30.0| -1.3 20| 32.0 4.5 20| 38.1 8.8 16| 337 2.2 15
2000 279 -2.6 22| 345 5.6 16| 31.9 6.4 14| 279 4.8 14
Ave 293 -4.7 20,6 | 30.6 1.9 19.0 | 32.1 6.5 15.7 | 29.1 4.9 14.7
c Semtember October November December

Max.T | Min.T | Max W | Max.T | Min.T | Max.W { Max.T | MinT | Max. W | Max.T ; Min.T | Max.W
1991 | 190 -2.0 15 16.51-15.1 12 5.8 (-24.1 15 -4.8 | -34.5 8
1992 | 237 | -4.4 16| 17.0}-13.2 16 571-233 18 -4.2 | -30.5 14
1993 | 25.7| -4.8 14| 205 -17.1 22 50| -29.7 16 -8.2]-31.2 15
1994 | 23.6| -5.8 18| 150 -14.2 19 92 -18.2 16 2.4 -30.6 7
1995 | 26.0| -6.5 14 163 -154 15 63! -17.7 16 -4.6 | -26.6 13
1996 | 24.5| -3.5 16| 20.6 | -16.7 20 1.6 -29.1 11 -2.81-31.0 12
1997 | 27.0; -3.3 16| 18.0]-14.8 12 8.7 | -29.7 12 -4.7 4 -32.1 10
1998 + 288 | -0.7 15| 21.7|-14.2 15 521-322 13 -5.61-317 5
1999 | 283, -2.5 16| 184 -16.0 15 10.6|-26.1 10 5.0 -29.1 12
2000 | 268 -2.9 14| 1641 -17.5 12 2.0 -28.5 12 98 |-32.6 12
Ave 253 | -3.6 154 | 1651 -154 15.8 6.01 | -25.9 13.9 -5.2 | -31.0 10.8




Table D-7 Monthly Max, Min. Temperature and max. Wind Velocity in Undurkhaan city

Year January February March April

Max.T | Min.T | Max. W | Max.T | Min.T | Max. W | Max.T | Min.T | Max. W | Max.T | MinT | Max.W
1991 | -16.1 | -38.2 12| -4.0|-37.0 14 0.5 ] -35.0 12| 16.0]-175 20
1992 | -16.0 | -32.7 8| 10.6-29.1 16| 12,5 -24.6 14| 21.01 -19.3 20
1993 -3.5(-32.5 14 -0.1:-33.2 14| 135 -25.0 16| 23.6]|-154 20
1994 | -10.6 | -36.0 10| -55]-323 14| 19.0] -32.6 14| 237 -9.0 18
1995 -4.6 | -34.0 14| -1.0 ] -33.1 7 8.8 | -26.1 18| 21.11-13.5 28
1996 | -3.0|-39.5 18 20| -354 16| 156 -229 201 27.5|-16.7 24
1997 1 -9.5)-38.5 16| -3.2)-33.7 18 13.3]-28.0 26| 204 |-11.8 20
1998 -5.3 1 -336 14 7.4 | -28.5 16 | 10.7|-22.2 20 244 -11.7 32
19991 -42;-36.3 16| -091-29.7 14 541-353 16| 24.0(-16.8 22
2000 : -14.1 ; -38.8 12 2.9 -34.0 14 11.3]-255 18| 23.7] -16.1 30
Ave -8.7 | -36.0 134 -3.8]|-32.6 14.3 1 11.1 | -27.7 174 | 22.5]|-14.8 23.4
Year May June July August

Max.T | Min.T | Max.'W | Max.T | Min.T | Max. W | Max.T | Min.T | Max. W | Max.T | Min.T | Max. W
1991 : 32.1} -6.1 14| 34.0| -0.6 14 31.9 49 i4| 38.1 5.5 18
1992 | 32.6¢ -8.1 14| 330, -1.5 14 354 7.9 14; 29.0 3.6 16
1993 + 281 ; -4.1 20| 332 1.7 181 27.5 3.1 16, 27.2 3.6 18
19941 290! -34 18| 31.8 4.4 16| 30.8 7.5 22 299 6.4 16
1995 27.0| -6.7 20| 344 2.3 34| 33.0 4.6 28| 31.8 6.7 18
1996 | 329 |-104 34| 31.5 0.0 16 30.8 6.6 161 31.2 4.2 16
1997 | 303 | -5.6 20| 359 2.9 261 38.0 6.0 18| 329 6.6 14
1998 | 318 | -4.7 30 332 2.6 201 335 105 147 253 5.7 14
1999 | 293 | -3.1 18| 34.4 3.2 26| 38.6 9.0 221 352 2.5 20
2000 3421 -43 20 359 2.7 181 37.0 7.9 241 329 4.0 14
Ave 30.7; -5.7 20.8 | 33.7 1.8 20.2 | 33.7 6.8 18.8| 314 4.9 16.4
Year Semtember October November December

Max.T | Min.T | Max. W | Max.T | Min.T | Max. W | Max.T | Min.T | Max.W | Max.T | Min.T | Max.'W
1991 | 259 | -6.0 18 | 20.0|-15.7 16 3.2 (-260 20 -1.81-349 12
1992 | 252 | -38 15| 20.6|-14.2 14 8.31]-259 20 -1.0} -30.3 12
1993 | 25.7 | -3.1 18| 19.6 | -20.5 14| 10.2|-329 18 -6.0}-32.3 14
1994 | 282 | -6.1 20| 176|-134 16| 13.5]-219 16 -1.4}-378 14
1995 | 290, -7.0 20 194 | -17.4 201 104 | -23.6 18 -2.5i-31.2 14
1996 | 293 -8.9 18| 189 -254 16 23|-324 14 -291-339 14
1997 | 282 -4.7 16| 20.1]-15.0 16 104 | -31.7 16 0.7 -304 20
1998 + 283 -0.8 14| 248 |-20.3 16 9.6 | -38.1 16 53 1-37.6 14
1999 286 -3.9 17| 20.1]|-154 16 9.5 -30.5 14 0.7]-31.6 14
2000 323 -19 18| 17.01-20.3 18 46| -34.5 22 -951-359 14
Ave 281 | -4.6 174 | 19.8|-17.8 16.2 8.2 | -29.8 174 -3.2 | -33.6 14.2




Table D-8 Monthly Max. Min. Temperature and max. Wind Velocity in Baganuur city

Year January February March April

Max.T | Min.T | Max.W | Max.T | Min.T | Max.W | Max.T | Min.T | Max.W | Max.T | Min.T | Max.W
1991 | -15.5 | -36.3 6 -6.8 | -34.5 14 1.8 | -30.6 10 12.0 ] -16.5 18
1992 | -3.2|-34.1 10 8.3(-295 12 95]-239 9| 16.0]-18.0 15
1993 | -8.9|-39.3 10| -2.8|-31.4 12 9.51-263 22| 21.7]-20.0 18
1994 | -8.6|-384 16| -44|-32.8 14| 1551 -37.0 14| 196 -104 20
1995 -7.6 | -34.6 9 -2.0|-33.2 6 8.2 | -28.2 20 165 -154 20
1996 | -5.1]-38.5 9 3.3(-349 14| 11.0|-25.2 14| 2307 -194 14
1997 | -9.8]| -38.0 12 1.4 -33.0 14| 11.5|-28.1 18| 20.1,-11.5 16
1998 | -12.0 | -40.0 12 3.9]-33.5 9 9.0 | -23.5 17] 220 -11.4 18
1999 | -84 -40.5 14| -1.4]-30.0 18 2.4 1] -36.0 16| 245]-17.0 16
2000 | -16.0 ] -43.7 12| -2.0]-39.6 12 96 |-235 18| 20,7 -16.6 20
Ave -9.51-38.3 11.0 | -0.25 | -33.2 12.5 8.8 | -28.2 158 19.6 | -15.6 17.5
Year May June July August

Max.T | Min.T | Max. W | Max.T | Min.T | Max.W | Max.T | Min.T | Max.W | Max.T | Min.T | Max'W
1991 ] 28.6 | -5.0 15| 31.0| 02 14| 271 16 10| 336 2.1 6
1992 27.11 94 16| 290 -6.1 10| 320| 46 10| 238] 02 9
19931 266 -6.2 24| 313 -6.1 16| 24.9 5.4 16 | 24.5 0.4 10
1994 | 268| 42 16| 302] 4.0 14| 280| 52 9| 274 33 9
19951 237 -11.5 14| 28.1 0.2 14| 31.8 23 91 284 4.3 9
1996 | 31.6| 9.5 14| 259 -13 14| 27.4| 43 92881 02 12
1997] 313 79 14] 353| -1.9 14| 347| 44 12] 282 17 10
1998 29.1] -93 14| 269 1.5 14| 315]| 6.1 9| 246 36 10
1999 | 2751 -6.9 14] 310 04 13| 356 55 9| 312 -05 12
2000 | 282 | -87 20| 335! 01 12] 342] 45 10| 270] 02 16
Ave 28.1 -7.9 le.1| 30.21 -1.3 13.5| 30.7 4.4 10.3 27.8 1.6 10.3
Year Semtember October November December

Max.T | Min.T | Max.W | Max.T | Min.T | Max. W | Max.T | Min.T | Max.W | Max.T | Min.T | Max.'W
1991 | 23.0| 68 14| 164 -15.6 12] 18]-290 12] 0.7]-204 8
1992 | 214 57 10] 16.0]-165 16| 54-263 12| -7.11-335 14
1993 ] 23.1| 938 14| 193] -20.0 15| -02|-34.8 8| 9.6 -33.0 14
1994, 226 -6.2 16| 15.0]-15.2 12 8.6 |-235 14 -3.01 -35.0 9
1995 26.0| -8.8 10] 212219 16| 8.8|-231 11| -50]-317 8
1996 | 23.51-10.6 14| 18.0] -25.0 14 3.6 | -31.6 11 -0.7 ] -34.8 11
1997 | 25.5 -5.8 14| 18.0|-16.3 14 7.0 | -33.6 14 -8.8 | -36.0 12
1998 ¢ 2621 -3.1 10 20.1 ] -15.1 12 59| -39.8 9 -4.4 1 -41.8 9
1999 | 244 55 14| 17.81-209 14 7.5]|-331 12| 36]|-392 12
2000 | 24.6]| -64 14| 144|255 14| 36]-358 15| -10.2 | -40.3 6
Ave 240 | -6.9 13.0| 17.6 | -19.2 13.9 5.2 | -31.1 11.8| -53|-34.6 10.3




Table D-9 Monthly of Rainfull Days in Underkhaan City

Year January February March April

Omm=< 10mm< | Omm< 10mm< | Omm< 10mm< | Omm< 10mm<
1991 1 - 3 - 8 - 9 -
1992 5 - 1 - 4 - 7 -
1993 3 - 3 - 5 - 1 -
1994 5 - 3 - 5 - 5 -
1995 2 - 3 - 8 - 11 -
1996 5 - 2 - 5 - 1 -
1997 3 - 4 - 1 - 3 -
1998 4 - 4 - 1 - 4 -
1999 1 - 3 - 10 - 6 -
2000 5 - 3 - 3 - 5 1

May June : July August

Omm<< 10mm< | Omm< 10mm< | Omm< 10mm< | Omm< 10mm<
1991 7 - 14 1 17 - 12 2
1992 11 - 12 - 18 1 19 2
1993 6 - 13 - 13 7 15 1
1994 4 I 15 - 13 4 17 1
1995 4 - 11 2 14 1 10 1
1996 3 - 15 1 17 1 13 1
1997 8 - 13 2 18 2 13 1
1998 8 - 12 1 17 1 13 6
1999 8 - 14 2 13 - 14 2
2000 5 - 7 - 17 2 16 4

Semtember October November December

Omm< 10mm< | Omm=< 10mm< | Omm< 10mm< | Omm< 10mm<
1991 12 - 10 - 7 - 1 -
1992 7 2 5 - 4 - 7 -
1993 7 - 2 - 3 - 6 -
1994 10 - 8 - 2 - 5 -
1995 7 - 8 - 4 - 7 -
1996 5 - 6 - 8 - 4 -
1997 7 2 3 - 4 - 5 -
1998 7 1 8 - 9 - 4 -
1999 11 1 3 - 3 - 5 -
2000 4 - 8 - 10 - 4 -




Table D-10  Monthly of Rainfull Days in Ulaanbaatar City

Year January February March April

Omm=< 10mm< | Omm< 10mm=< | Omm=< 10mm< | Omm< 10mm-<
1991 6 - 6 - 12 - 12 -
1992 4 - 6 - 2 - 8 -
1993 6 - 7 - 5 - 7 -
1994 6 - 6 - 5 - 7 -
1995 5 - 3 - 7 - 13 1
1996 6 - 5 - 10 - 5 -
1997 5 - 5 - 3 - 4 -
1998 10 - 4 - 4 - 5 -
1999 4 - 6 - 8 - 6 -
2000 10 - 3 - 6 - 10 -

May June July August

Omm=< 10mm< | Omm< 10mm< | Omm=< 10mm< | Omm< 10mm<
1991 7 - 16 - 14 2 9 1
1992 9 - 12 1 17 3 23 1
1993 9 - 13 2 16 4 16 1
1994 7 - 14 1 16 2 19 4
1995 11 1 13 - 16 2 8 5
1996 8 - 14 - 12 3 16 2
1997 9 - Il 1 16 3 11 1
1998 8 - 12 2 15 2 14 3
1999 6 1 12 3 13 1 11 2
2000 9 - 11 1 14 2 14 7

Semtember October November December

Omm< 10mm< | Omm< 10mm< | Omm< 10mm< | Omm< 10mm<
1991 12 1 10 - 12 - 9 -
1992 14 - 7 - 10 - 10 -
1993 10 1 3 - 5 - 10 1
1994 8 2 5 - 9 - 9 -
1995 8 1 7 - 5 - 10 -
1996 8 - 6 - 9 - 7 -
1997 8 - 5 - 4 - 6 -
1998 11 2 8 1 13 - 7 -
1999 8 2 6 - 6 - 11 -
2000 6 - 8 - 15 - 13 -




Table D-11

Monthly of Rainfull Days in Baganuur City

Year January February March April

Omm< 10mm< | Omm< 10mm< | Omm< 10mm< | Omm< 10mm-=<
1991 1 - 3 - 6 - 8 -
1992 2 - 1 - 4 - 8 -
1993 3 - 3 - 5 - 4 -
1994 7 - 3 - 11 - 14 -

| 1995 1 - 1 - 7 - 9 -
1996 4 - 2 - 4 - 3 -
1997 2 - 4 - 3 - 3 -
1998 4 - 4 - 2 - 8 -
1999 2 - 1 - 11 - 5 -
2000 7 - 1 - 3 - 7 - |
May June July August

Omm< 10mm< | Omm< 10mm< | Omm< 10mm< | Omm< 10mm=<
1991 3 1 11 - 17 2 13 -
1992 7 1 12 1 18 2 20 -
1993 4 - 14 1 14 3 13 3
1994 16 - 17 2 14 1 16 -
1995 8 - 14 - 16 - 11 2
1996 6 - 11 - 19 3 18 -
1997 7 - 8 - 15 3 8 2
1998 5 - 12 - 13 3 17 4
1999 8 - 16 2 15 - 18 2
2000 10 - 9 1 16 - 16 3

Semtember October November December

Omm<= 10mm=< | Omm< 10mm< | Omm< 10mm< | Omm< 10mm=<
1991 9 1 4 - 4 - 3 -
1992 9 2 - 7 - 3 -
1993 6 - 3 - 4 - 4 -
1994 7 - 5 - 3 - 3 -
1995 7 - 4 - 1 - 3 -
1996 7 ; 4 - 5 : 3 N
1997 4 1 4 - 3 - 4 -
1998 6 2 5 1 8 - 2 -
1999 | 8 3 3 - 2 - 2 -
2000 2 | 1 5 - 8 - 8 -
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D-3. Calculation of Discharge by Mongolian and Russian
Culverts and small rivers calculation of the floodwater discharge
- Qp Qp
Name of river Mongolian 100 years Russian 100 years
1 | Togos 368.56 275.69
2 | Tsenkher 384.06 341.13
3 | Murun 429.06 375.58
. Qp Qp
Name of river Mongolian 50 years Russian 50 years
1 | Togos 320.65 239.85
2 | Tsenkher 334.13 296.78
3 { Murun 428.09 326.76




Culverts and small rivers calculation of the floodwater discharge

/ by Russian standartd around 20 years/

Calculation of the floodwater discharge for 100 years using conversion
factor from Mongolian standard.

Qp /m3/sec / Qp /m3/sec /
! Name
Russian Conversion Russian
standard factor standard
100 years 20 years
1 Al 17.78 0.65 11.6
2 A-BC1 98.82 0.70 69.17
3 A-BC2 51.89 0.75 38.92
4 A-BC3 40.01 0.75 30.01
5 B3 90.08 0.75 67.56
6 B-BCl 49.09 0.70 34.36
7 B-BC2 16.34 0.70 11.44
8 B4 88.56 0.70 61.99
9 B-BC3 27.28 0.70 19.09
10 | B-BC4 22.11 0.70 15.48
11 | TBI 126.82 0.75 95.12
12 | TB2 177.17 0.75 132.88
Culverts and small rivers calculation of the floodwater discharge
Qp /m®/sec/ Qp /m?/sec / Qp /m?/sec /
! Name
By Mongolian By Mongolian By Mongolian
standard standard standard
20 years 20years 100 years
1 | Al 14.4 11.6 17.78
2 | A-BCl 85.10 69.17 98.82
3 |ABC2 52.30 38.92 51.89
4 | A-BC3 39.83 30.01 40.01
5 B3 77.06 67.56 90.08
6 | B-BCl1 34.23 34.36 49.09
7 | B-BC2 13.35 11.44 16.34
8 | B4 70.94 61.99 88.56
9 | B-BC3 22.29 19.09 27.28
10 | B-BC4 18.47 15.48 22.11
11 | TB1 111.36 95.12 126.82
12 | TB2 188.07 132.88 177.17




Calculation of the floodwater discharge
/ by Mongolian standard/

Estimation of maximum flow using book completed by authors of Section of
Hydrology, Institute of Meteorology and Hydrology in 1999, Estimation of
maximum flow using following reduction formula and Bp-regular runoff module
with p% of saturation bring drawing 4.6.

Qp = Bp*F/(F+C)"
F - catchment area, k m?
Bp - regular runoff module with p%, of saturation, m3/sec
C - factor related to the meltwater flood layer

n - reduction degree

As catchment area increases, there is a reduction in runoff module per
unit if area and here n=0.4, where as C=1.

1. Togos river
F=460 km? -
Bp=8,1 m3/sec km?
Qp = Bp*F/(F+C)°*
Where:
Qp = 8.1*460/(460+1)°4 = 320.38 m3/sec
Added some standart devation around 15percent
Qr = Qp *15% =320.38 * 0.15 = 48.08 m?/sec
Total maximum discharge Q1= Qp + Qa
Q; = 320.38 + 48.08 = 368.56 m*/sec
2. Tsenkher river
F=790 km?
2

Bp=6.1 m3/sec km

Qp = Bp*F/(F+C)°*



Where:
Qp = 6.1*790/(790+1)°* = 333.96 m¥/sec
Added some standard deviation around 15percent
Qr = Qp * 15% =333.96 * 0.15 = 50.09 m?/sec
Total maximum discharge Q:=Qp + Qa

Q; = 333.96 + 50.09 = 384.06 m*/sec
3. Murun river
F=3160 km?
Bp=3,4 m?®/sec km?
Qp = Bp*F/(F+C)°*
Where:
Qp = 3.4*3160/(3160+1)%* = 427.88 m3/sec
Added some standard deviation around 15percent
Qr = Qp* 15% =427.88 * 0.15 = 64.18 m*/sec

Total maximum discharge Qi=Qp + Q-

Q, = 427.88 + 64.18 = 492.06 m/sec



Calculation of the floodwater discharge

/ by Russian standard/

Estimation of maximum flow calculated by Russian standard, in 1983 .
Estimation of maximum flow using following reduction formula:

Where

Ahour

ke

Ca

Qp = 16.7a,0,FpK,K , &,
dp = AnourkiKr ap =0¢ O k¢: 56 +(1- ¢ )Cg

estimated intensity of precipitation, applicable to Bl to
discharge

estimated coefficient for down hill discharge
catchment area, km?

coefficient for reduction of maximum rainwater discharge,
derived from the index of reduction level / table 7.2/

coefficient, accounting catchment area ascent / table 7.3/

coefficient, accounting the shape (form) of the catchment area

coefficient, accounting natural (or artificial) coordination of
the maximum discharge / see parts 3.3 and 3.4/

maximum hourly intensity of precipitation / table 7.4/ for the
defined rainfall region / picture 7.1/ mm/min

reduction coefficient of the hourly intensity of precipitation
table 7.5/
coefficient, accounting uneven distribution of rainfall over the

catchment area / table 7.6/

coefficient for downhill discharge with complete saturation of
the soil with water /table 7.7/

coefficient for downhill natural accumulation of rainwater
discharge on the surface of catchment area, which is
dependable on the type of soil and loess level of the ground

coefficient accounting the reduction of influence of the

catchmant area shape on the estimated maximum discharge
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O - coefficient accounting the changes in the shape of catchment
area

Coffiicient accounting natural accumulation of rainwater discharge is
calculated out using he following formula:

8. =1-y; Bl

vs - coefficient accounting infiltration rate of soil and ground of
catchment area under given conditions for formation of
meltwater runoff /table 7.8/

B - coefficient for accounting the state (conditions) of the soil and
ground at the time when meltwater formation started /table
7.9/

- correction coefficient for the infiltration reduction of soil and
ground /table 7.10/

1. Togos river

F = 460 km?
J=0.013
W=015 Ky=0.98 amww=101 k=067 K=085 ay=05
5= 1 =1 Cs =1 F/L =10.22 8. = 1
ap = Anou ki Kr = 1.01%0.67*0.85 = 0.58
Gp = 008 = 0.5%1 = 0.5
k,=0.7 + (10701 =1

Qi = 16.7 *0.58 * 0.5 * 460 * 0.15 * 0.825 * 1 * 1 = 275.69 m?/sec



2. Tsenkher river
F = 790 km?
J=0.01
$=0.13 Ky =075 anowr =1.01 ki=0.63 Ke=0.80 0g=0.5

5p= 1 Ce =1 F/L=14.36 Se =1

Op = Bnow Et K = 1.01%0.63%0.80 = 0.51
ap= apde = 0.5%1 = 0.5
Kg =07+ (1.0.7)*1 = 1

Qi =16.7*051*05%790%0.13*0.78%1*1 = 341.13 m3/sec
3. Murun river

F = 3160 km?
J=0.0071
¢ =011 Ky =0.79  anowr = 1.01 k{=0.57 Ke=0.73 ap=0.5

5,=0.39 Cg=1 F/L = 31.60 5o =1

Up = anou ki Ke = 1.01%0.57%0.73 = 0.42
ap= 0p . = 0.51 = 0.5
Ky=0.7 + (1.0.7)*1 = 1

Qi = 16.7 ¥0.42* 0.5 *3160*0.11 ¥0.79* 1 *0.39 = 375.58 m3/sec



Calculation of the floodwater discharge
/ by Mongolian standard around 50 years/

Calculation of the floodwater discharge for 50 years using conversion factor
from Mongolian standard.
1. Togos river

Que, = 368.56 * 0.87 = 320.65 m3/sec
2. Tsenkher river

Qz9 = 384.06 * 0.87 = 334.13 m*/sec
3. Murun river

Qo = 492.06 * 0.87 = 428.09 m3/sec

Calculation of the floodwater discharge

/ by Russian standard around 50 years/

Calculation of the floodwater discharge for 50 years using conversion factor
from Mongolian standard.

1. Togos river

Q2o = 275.69 * 0.87 = 239.85 m3/sec
2. Tsenkher river

Qo = 341.13 * 0.87 = 296.78 m?®/sec
3. Murun river

Q29 = 375.58 * 0.87 = 326.75 m®/sec



Culverts and small rivers calculation of the floodwater discharge

/ by Russian standard around 100 years/

1. A-BC2
F = 35.48 km?

J=0.025
¢ =026 ky = 0.87 anour = 1.01 k=0.92 Ke=0.96 a;=0.5

d,=1 Cs =0.35 F/L=3.35 O.=1
05 = Anour Kt Ke = 1.01*0.92%0.96 = 0.89
gp=0p8: = 0.5*1 = 0.5
K¢ =0.8+ (1-0.8)*0.35 = 0.87
Qi = 16.7 ¥ 0.89 * 0.5 * 35.48 * 0.26 * 0.87 * 0.87 * 1 = 51.89 m3/sec
2. A-BC3
F=27.02 km?

J=0.021
¢=0.28 ky= 0.85 anow = 1.01 k=094 Ke=0.975 ap=0.5

5,= 1 Cs = 0.27 F/L = 2.40 Be=1
ap = anour ki K = 1.01%0.94%0.975 = 0.92

o = 0o Be = 0.5%1 = 0.5

k,=0.75 + (1-0.75)*0.27 = 0.81

Q1= 16.7 *0.92%0.5*27,02*0.28*0.85*0.81 *1 =40.01 m3/sec



3. TB1
F=151.08 km?
J=0.018
p=0176 K, =084 apw=1.01 k=076 K=088 a=0.5
5o=1 Cs=1  F/L=4.97 Be=1
0p = Anour ki Kr = 1.01%0.76%0.88 = 0.68
ap = ap 8. = 0.5%1 = 0.5
K, = 0.70+ (1-0.7)*1 = 1
Qi = 16.7 * 0.68 * 0.5 * 151.08 * 0.176 * 0.84 * 1 * 1 = 126.82 m*/sec
4. TB2
F = 255.15 km?
J=0.011
©=0165 Ky=080 awew=101 k=073 K=086 a=05

5p=1 Ce=1 F/L = 45.1 Se=1

dp = aour kiKe = 1.01*0.73*0.86 = 0.63
a,=apd:. =0.5*1 =05
K,=0.70+ (1.0.7)*1 = 1
Q=167 *0.63*0.5%255.15*0.165*0.80*1*1=177.17 m3/sec
5.B3
F =104 km?
J =0.008

¢=0.19 ky=0.78 asr = 1.01 k=0.79 Kr=0.88 ap= 0.5



Oop=1 Ce=1 F/L=4.97 0:=1

Op = AnourkiKr = 1.01x.79x.88 = 0.70
ap=0pde = 0.5*1 = 0.5
K,=0.70+ (1071 =1
Qiy=16.7*0.7*0.5%104 *0.19%0.78 % 1 * 1 = 90.08 m3/sec
6. B-BC1
F=33km?
J=0.029
p=0.26 Ky=0.87ancr= 1.01 k= 0.9 Kr=0.97 ag=05

6, =1 Ceg=1 F/L=5.68 .= 1

Op =aneur KiKe = 1.01%0.90*0.97 = 0.88
ap: GO 6e = 0.5*1 = 0.5
k,=0.895

Qi =16.7*0.88*0.5*33%0.26 ¥ 0.87 *0.895 * 1 = 49.09 m3/sec

7. B-BC2
F = 6.64 km?
J=0.034
$=0.36 K=0.90 aney= 1.01 ki=1.06 Kr=1.0 a,=0.5

.= 1 Ce=1 F/L=5.68 O.=1

Op = Anour Ki kp.=1.01x1.06x1=1.07
ap=ap 8. = 0.5*1 = 0.5
K,=0.85
Q19,=16.7%1.07*0.5%6.64 *0.36 *0.9*0.85* 1 = 16.34 m¥/sec
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F =95.79 km?
J=0.014
¢=0.19 K,=0.82 anowr= 1.01 k= 0.80 Kr= 0.9 ac=0.5

0,=1 Cg = 0.95 F/L=5.12 O.=1

Up = AnourK: Ke=1.01*0.8%0.9 = 0.72
ap: GO 63 = 0.5*1 - 0.5
K,= 0.987

Qig = 16.7*0.72%0.5%95.79%0.19 ¥ 0.82 * 0.987 * 1 = 88.56 m3/sec

9. B-BC3
F=17.4 km?
J=0.018
¢=0.29 k,=0.83 drour = 1.01 k=0.95  Kr=0.98 ag=0.5

8, =1 Cs = 0.15 F/L=2.12 5. =1

0p = Anour Keke= 1.01¥0.95%0.98 = 0.94
A= agBe = 0.5%1 = 0.5
k, = 0.8+(1-0.8)*0.15=0.83

Qi =16.7*0.94%0.5* 17.4*0.29*0.83 *0.83 % 1 = 27.28 m3/sec



10. B-BC4
F = 10.40km?
J=0.038
¢=0.33 ky= 0.905  anour = 1.01 k=0.98 Ke=0.99 q;=05

Oo,=1 Cg=0.10 F/L=3.25 B:.=1

Gp = anour KtKr = 1.01*0.98%0.99 = 0.98
ap: C'O e — 0.5*1 = 0.5
k,=0.86+(1-0.86)*0.10=0.87

Qi = 16.7*0.98*0.5*10.40 * 0.33 ¥ 0.905 * 0.87 * 1 = 22.11 m3/sec
%

11. B-BC1
F=115.45 km?
J=0.02
¢=0.18 k=0.85 anhu=1.01 k=0.78 KF=0. «o0=0.

Op= 1 Cg = 0.30 F/L =6.59 0e.=1
Qp = anour Kt Kr = 1.01*0.78*0.86 = 0.67

Gp: GO 63 = 0.5*1 - 0.5

Qi =16.7*0.67*0.5%11545*0.18*0.85* 1 * 1 = 98.82 m®/sec
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12. Al
F=59km’
J=0.074
9=040 k=097  anu =1.01 K=1.09

O,=1 Ce=0 F/L=1.69

ap: ahour kt KF = 1.01*1-09*1 = 1.1

ap = Go 8, = 0.5%1 = 0.5

k, = 0.85+(1-0.85)*0 = 0.85

KF=1

Be

1

Up = 0.5

01=167%1.1*05%59*%0.4*0.97*0.85* 1 = 17.8 m*/sec



Culverts and small rivers calculation of the floodwater discharge
/ by Mongolian standard around 20 years/
Estimation of maximum flow using book completed by authors of Section of
Hydrology, Institute of Meteorology and Hydrology in 1999. Estimation of
maximum flow using following reduction formula and Bp-regular runoff module

with p% of saturation using book.

When catchment area less than 200 km? using following reduction formula:

Qp = 1667W(€ )Hl%GF

W() - average ordinate of the curve showing reduction relevance between
rainfall intensity and duration /table 4.3/

a — maximum runoff ratio

Hig - maximum precipitation during a day with 1% saturation , mm

1. A-BC2
F = 35.48 km?

16.67 ¥(Z)=10.042 a=h,/H,=35/65=0.54
Hse, = 65mm e, = Bsy, /(F+1)7 = 0.25/(35.48+1)%4 = 0.059m3/sec km?

{=16.67 Hsq/ Qo = 16.67%65/0.059 = 306 min

Qp = 16.67%W(¢ YHsqaF = 0.042%65%0.54%35.48 = 562.30 m3/sec



2. A-BC3
F=27.02 km?

16.67 W( ) =0.042 a=h,/Hy=35/65=0.54
Hsy = 65mmaqg, = By, /(F+1)" = 0.25/(27.02+1)°* = 0.065m3/sec km?

{=16.67 Hy/ qq = 16.67*65/0.065 = 278 min
Qp = 16.67W(] )HsqaF = 0.042%65%0.54%27.02 = 39.83 m3/sec
3. A-BC2
F = 115.45 km?
16.67 W( ) = 0.021 a=hy/H,= 35/65 = 0.54
He, = 65mm Qo = By /(F+1)" = 0.25/(115.45+1)°* = 0.037m?/sec km?
{ = 16.67 Hy/ qq, = 16.67%65/0.037 = 488 min
Qp = 16.67W( YHsqaF = 0.
{=16.67 Hso/ Qo = 16.67%65/0.033 = 547 min
Qp = 16.67W(f YHsqaF = 0.021%65%0.54%115.45 = 85.1 m3/sec
4. TB1 F=151.45 km?
Qp = 16.67W({ YHseoF = 0.021%65%0.54*151.45= 111.63m%/sec
5. TB2
F = 255.15 km?
16.67 W( ) = 0.021 a=h,/Hy= 35/65 = 0.54

Hag = 65MmM qe, = Bsy, /(F+1)"2 = 0.25/(255.15+1)%* = 0.027m3/sec km?

(= 16.67 Hsq/ g, = 16.67%65/0.027 = 669 min

Qp = 16.67¥(Z )HiqaF = 0.021*65*0.54*255.15 = 188.07 m3/sec



6. B3
F=104.0 km?

16.67 W( ) = 0.030 a=hy/Hy= 25/65 = 0.38
Hsg = 65mm e, = Bsg /(F+1)72 = 0.25/(104+1)%* = 0.039 m3/sec km?

{=16.67 Hsg/ Qg = 16.67%65/0.039 = 669 min

Qp = 16.67%W(Z )HsqaF = 0.030%65%0.38%104 = 77.06 m3/sec

7. B-BC1
F = 33.0 km?

16.67 W(Z)=0.042 a=hy/H,=25/65 = 0.38
Hse = 65mmaqy = Bsg, /(F+1)™ = 0.25/(33+1)%* = 0.061m3/sec km?

(= 16.67 Hs,/ gy, = 16.67%65/0.061 = 296 min
Qp = 16.67W({ )HsqaF = 0.042%65%0.38%33 = 34.23 m¥/sec

8. B-BC2
F =6.64 km?
16.67 W(Z)=0.057 a=hp/H,=25/65=0.43
H5% = 82mm Qo = 85% /(F+1)n2 = 025/(664+1)04 =0.11m3%/sec km?

{=16.67 Hsy,/ qoy = 16.67%65/0.11 = 207 min

Qp = 16.67W({ )HsqaF = 0.057*82%0.43%6.64 = 13.35 m3/sec



9. B4

F =95.79 km?
16.67 W(Z)=0.021 a=h,/H,=25/65 = 0.43
Hy = 82mm Qo = Bse, /(F+1)"2 = 0.25/(95.79+1)°* = 0.04 m3/sec km?

¢ =16.67 Hsey/ Qo = 16.67%82/0.04 = 569 min

Qp = 16.67W( YHsqaF = 0.021*82%0.43%95,79 = 70.94 m*/sec

10. B-BC3
F=17.4 km?

16.67 W(Z) = 0.042 a=hy/H,=30/82 = 0.37
Hse, = 82mm gy, = Bse, /(F+1)" = 0.25/(17.4+1)° = 0.078 m3/sec km?

{=16.67 Hsq/ qg, = 16.67%82/0.078 = 292 min

Qp = 16.67W({ YHso,oF = 0.042%82%0.37%17.5 = 22.29 m*/sec

11. B-BC4
F =10.40 km?

16.67W(Z)=0.057 a=h,/H,=25/82 =0.38
Hse, = 82mmag, = Bsg, /(F+1)" = 0.25/(10.4+1)°* = 0.093 m?/sec km?

¢=16.67 Hsy/ g, = 16.67%82/0.093 = 245 min

Qp = 16.67¥(T YHsqaF = 0.057*82%0.38%10.4 = 18.47 m3/sec



12. A;
F=5.9 km?

16.67W(Z)=0.072 a=h,/H,=35/65=0.54
Hsg = 65mm gy, = Bsy, /(F+1)™ = 0.25/(5.9+1)°* = 0.115 m3/sec km?

¢=16.67 Hsq/ Qg = 16.67%¥82/0.115 = 157 min

Qp = 16.67W(C YHsqaF = 0.072%65%0.54*5.7 = 14.40 m3/sec



D-4. Results of Precipitation Analysis
Table D-13 Design Annual Precipitation
No. Location Altitude [ Number| 1/100 1/50 1/20 1/10 Max. Ave. Note
(m) |ofdata} (mm) | (mm) | (mm) | (mm) | (mm) | (mm)
1 | Ulaanbaatar-A | 1350 31 500 440 400 350 | 455.6 | 2584 | 1970-2000
2 | Ulaanbaatar-B | 1350 18 500 460 410 380 380.1 | 280.9 [ 1983-2000
3 | Ulaanbaatar-C | 1350 26 440) 410 350 330 371.6 | 244.9 | 1975-2000
Max, for A,B,C | 1350 - 500 460 410 380 455.6 | 280.9
4 Terelj 1800 15 600 540 520 485 489.1 | 379.2 { 1986-2000
5 Baganuur 1350 10 500 420 335 300 329.0 | 2123 | 1991-2000
6 | Mungun Morit | 1450 12 500 445 420 400 405.6 | 303.6 | 1989-2000
7 Undurkhaan 1050 29 460 430 390 350 | 3929 | 261.1 | 1970-1998
Table D-14 Design Monthly Precipitation (July)
No. Location Altitude | Number| 1/100 1/50 1/20 1/10 Max. Ave. Note
(m) |ofdata| (mm) | (mm) | (mm) | (mm) | (mm) | (mm)
1 | Ulaanbaatar-A | 1350 31 220 165 125 105 156.8 | 658 | 1970-2000
2 | Ulaanbaatar-B | 1350 18 215 170 135 120 143.9 | 779 | 1983-2000
3 | Ulaanbaatar-C | 1350 26 165 140 125 105 129.4 64.8 | 1975-2000
Max. for AB,C | 1350 220 170 135 120 156.8 | 77.9
4 Terelj 1800 15 300 240 215 180 193.3 | 99.2 | 1986-2000
5 Baganuur 1350 10 200 150 120 105 1055 | 57.6 | 19912000
6 | Mungun Morit | 1450 12 300 235 170 150 208.1 95.3 | 1989-2000
7 Undurkhaan 1050 29 250 215 170 150 187.4 753 | 1970-1998




Table D-15

Design Monthly Precipitation (August)

No. Location Altitude | Number| 1/100 | 1/50 1/20 1/10 Max., | Ave. Note

(m) | ofdata| (mm) | (mm) | (mm) | (mm) | (mm) | (mm)

1 | Ulaanbaatar-A § 1350 31 215 180 135 125 1626 | 713 | 1970-2000

2 | Ulaanbaatar-B | 1350 18 200 160 130 115 1394 | 799 | 1983-2000

3 | Ulaanbaatar-C | 1350 26 215 170 125 110 1650 | 700 | 1975-2000
Max. for AB,C| 1350 215 180 135 125 1650 | 799

4 Terelj 1800 15 320 270 220 180 2103 | 107.4 | 1986-2000

5 Bagamumr 1350 10 200 220 135 110 136.0 | 60.9 | 1991-2000

6 | Mungun Morit | 1450 12 300 230 160 140 1383 | 814 | 1989-2000

7 Undurkhaan 1050 29 200 160 130 120 1496 | 652 | 1970-1998




Details of Discharge Analysis (Rational Formula)

Discharge Analysis (Rational Formula) - &

The Rational formula for calculating the maximum flood discharge is described
as follows:

Qpr=1/36*f*R*A

where,
Qp: Maximum Flood Discharge (m’/s)
f: Runoff Coefficient
R: Hourly Rainfall Intensity for duration equal to the Time of
Concentration (mm/h)
A: Catchment Area (km?)

The value of “f” is commonly taken as “0.6” for undeveloped land in Japan.
In this study a value of “0.48” is used considering the higher infiltration
capacity and evaporation of Mongolia.

“R” is related to the flood time of concentration (=T).
R=R;/T

where,
T: Flood Time of Concentration (h)
Rr: Rainfall Intensity for time period corresponding to “T” (mm)

To calculate “T”, Rziha’s formula was used. This formula is factored by 1.3
to approximate to the formula used by the Japanese Public Works Research

Institute.

T=(L/W)*13+t, W =20 * (b/L)*°
where,

T: Flood Time of Concentration (s)
L: Channel Length (m)
W: Flood discharge velocity (m/s)
t:  inflow time (h) [ = 0.5 ]
h: Difference in elevation between river source and bridge site {m)

The Rational formula method is appropriate for river basins up to 200 km® and
tends to overestimate relative to observed data, or predictions made by the
Mongolian or Russian formulae. As an indicative method only, the method
can be used on basin areas up to 1000 km* (Togos, Tsenkher).



D-6. Details of Discharge Analysis for Each River

1) Details of calculation:

The return period for each river is as follow:

Togos River: 50 years
Kherlen River: 100 years
Tsenkher River: 50 years

Murun River: 50 years

i) Analysis of discharge data: D

A*q=Qr
where,
A: Catchment Area in table 5-4-5 (km?)

q-

Specific Discharge in table 5-4-6 (m’/s km)
Records that are used are as below:

Togos River:  Average of Bosgo B. and Terelj

Kherlen River: Kherlen B,

Tsenkher River: Average of Bosgo B. and Terelj

Murun River:  Kherlen B.
These records are selected concerning the character of each
river, It is mainly taken info account that similarity of
Catchment Area and existence of reservoir in upper stream.

Qr: Design Discharge (m’/s)

- Togos River: 460 * (0.19+0.50) /2 =160
- Kherlen River; 7350 * 0.15=1100

- Tsenkher River: 790 * (0.19+0.50) /2 =270
- Murun River: 3160 * 0.11 =350

i) Discharge calculation based on recorded water levels : @

qQ*r=Qr

where,
q:
I

Qr:

Discharge data in table 5-4-7 (m’/s)

Probability Ratio in table 5-4-8

Probability Ratio for each river is as same location as specific
discharge. (Sce above)

Design Discharge (m’/s)

- The Togos River: 100 * (2.0+2.03)/2 =200
- The Kherlen River: 500 * 2.75=1380
- The Tsenkher River: 60 * (2.0+2.03)/2 =120
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- The Tsenkher River: 60 * (2.0+2.03)/2 =120
- The Munun River: 50 * 1.98 =100

iii) Discharge analysis (Mongolian formula) : @
Refers to another chapter in the Appendix

iv) Discharge analysis (Russian formula) : @
Refers to another chapter in the Appendix

v) Rational formula : &

- The Togos River:

W =20 * (/L) =20 * (600 / 45000)*° = 1.5 (m/s)
T =(L/W)*1.3+t=(45000/1.5)*1.3+0.5* 60 *60
= 40800 (s) = 11.33 (h)
R =R;/T=68/11.33 =6.0 (mm/h)
Rr =68 (mm)
Baganuur is selected as a reference location, as it is closest to the site,
The 50 year return daily rainfall intensity is 75mm (Table 7-5-7). Hence

by reference to Figure 7-5-2, the rainfall intensity, “R;” for 11.33 hours is
68 mm.

Qe =1/36*f*R*A=1/3.6*0.48 * 6.0 * 460 = 370 (m’/s)

- Tsenkher River:

W =20 * (WL)** =20 * (550 / 55000) °° = 1.26 (m/s)

T =(L/W)*1.3+t=(55000/126)*1.3+0.5* 60 *60
= 58500 (s) = 16.25 (h)

R =R;/T=72/16.25=4.43 (mm/h)

Ry =72 (mm)

Baganuur is selected as a reference location. By the same method as for
the Togos River, “R:” for 16.25 hours is 72 mm.

QP =136*f*R*A=1/3.6*0.48*4.43 * 790 = 470 (m’/s)

D-7. Reference of Calculation for Short Span Bridges and Culverts

1) Details of Calculation of Design Discharge Analysis

1) Mongolian Formula



Refers to another chapter in the Appendix
i1} Russian Formula

Refers to another chapter in the Appendix
i1} Rational Formula

The similar details with section 5.4.3 are used to calculation. The value
of “f” (Runoff Coefficient) is 0.48.

To select a value for daily rainfall intensity (R,s), the data for
Ulaanbaatar-C, Baganuur and Undurkhaan as shown in Table 5-4-7 were
used. The average of Ulaanbaatar-C and Baganuur, R,,={56+65)/2, was
used for locations between Ulaanbaatar and Baganuur, and the average of
Baganuur and Undurkhaan, R,;=(65+82)/2, for locations between
Baganuur and Undurkhaan. The results are shown in Table 5-4-16.

The details of calculation are shown on Table D-16.
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2) Details of Calculation of Design Cross Section

Design Riverbed slope is set to 1.0%. Manning’s roughness coefficient is
set to 0.015 for the reinforced concrete culvert surface and 0.03 for
Bridges.

The details of calculation are shown on Table D-17.
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D-8. Details of Calculation for Rainfall Intensity
Data for hourly precipitation was not available as it is mention in the former
section. For rainfall intensity for durations of less than 1 hour, data from the
project for Improvement of Roads in Ulaanbaatar, JICA, 1s taken for reference.
Values are shown in Table D-18.
Table D-18 Design Rainfall Intensity

Smin. 10min 20min. 40min, 24 hours Remarks

Rainfall (mm) 6.4 10.0 12.8 15.3 52 Data for

Rainfall Intensity (mmv/h) 77.1 60.0 38.8 232 - 12 years

Data source: Mongolian Meteorological Authority (1978 to 1999)

The Talbot type intensity equation was also established in the project mentioned

above. Return period is set to 12 years. The equation is as follows:

r=1121/(t+9)
Where,
r : Rainfall Intensity {(mm/h)

t : Time of Concentration {min)

With this equation design rainfall intensity of 12 year return period is also
calculated. Values are in the table D-19.

Table D-19  Design Rainfall Intensity in Ulaanbaatar

Time of concentration | Rainfall (mm)
5min, 80
10min 59
20min. 39
30min. 29
40min. 23
60min. 16

Daily Rainfall Intensity is calculated by the method of sectton 54.2. Retum
periods are 3, 5 and 12 years. Values are listed in table D-20. Ratio of Daily
Rainfall Intensity and Ratio of Location to Ulaanbaatar are also listed. The former
values are used to calculate 3 and 5 year return period rainfall intensity and the

latter is to calculate 12 year return period rainfall intensity.
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Table D-20  Daily Rainfall Intensity and Ratio

Location Baganuur
Return Period 12 years | 5years | 3 years
Daily Rainfall (mm) 60 50 30
Ratio of Daily Rainfall 1.00 0.83 0.50
Ratio of Location to Ulaanbaatar 1.15 - -
Location Undurkhaan
Retumn Period 12 years 5 years 3 years
Daily Rainfall (mm) 70 50 35
Ratio of Daily Rainfall 1.00 0.71 0.50
Ratio of Location to Ulaanbaatar 1.35 - -
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