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Fig. Nº 1 Ubicación del proyecto

PUENTE EN ESTUDIO 

15 

 



                                              Estudio Hidrológico  - Hidráulico del Puente sobre el Rio Los Amarillos 
 

16 

 



                                              Estudio Hidrológico  - Hidráulico del Puente sobre el Rio Los Amarillos 
 

17 

 



                                              Estudio Hidrológico  - Hidráulico del Puente sobre el Rio Los Amarillos 
 

Tabla Nº1. Áreas e Índices de Compacidad de Cuencas Aportantes

Cuenca 
Superficie  Perímetro 

KC Cuenca 
Superficie Perímetro 

KC 
Km

2
 Km Km

2
 Km 

1 88.739 84.52 1.53 14 2.105 6.38 1.24 

2 6.364 20.20 2.26 15 1.517 5.76 1.32 

3 0.602 4.16 1.51 16 3.239 8.54 1.34 

4 4.388 10.52 1.42 17 1.368 5.31 1.28 

5 2.928 9.13 1.50 18 1.980 6.91 1.38 

6 5.714 12.8 1.51 19 1.332 6.41 1.57 

7 0.847 6.00 1.84 20 2.739 7.47 1.27 

8 1.463 5.49 1.28 21 3.347 8.60 1.33 

9 2.743 8.19 1.39 22 2.345 6.78 1.25 

10 1.380 5.27 1.27 23 3.779 8.82 1.28 

11 2.201 7.64 1.45 24 1.011 4.27 1.20 

12 1.031 5.98 1.66 25 1.780 6.96 1.47 

13 0.668 4.79 1.65 26 2.597 7.53 1.32 
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Tabla Nº 2  Intensidades tr = 100 años
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Fig. Nº 2 Ubicación del proyecto en el mapa de regionalización del INAMHI

Fig. Nº 3 Curva Intensidad Duración Frecuencia. Regionalización INAMHI
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Fig. Nº 4 Hietograma de Precipitación - Regionalización del INAMHI

Tabla Nº 3. Hietogramas. Regionalización del INAMHI

Tiempo PERIODO DE RETORNO (AÑOS)

(horas) 100 50.0 25 10 5

1 1.84 1.73 1.37 1.16 1.06

2 1.98 1.87 1.48 1.25 1.14

3 2.15 2.03 1.61 1.36 1.24

4 2.36 2.22 1.76 1.49 1.36

5 2.62 2.47 1.96 1.65 1.50

6 2.95 2.78 2.20 1.86 1.69

7 3.39 3.20 2.54 2.15 1.95

8 4.02 3.79 3.01 2.54 2.31

9 5.00 4.71 3.73 3.16 2.87

10 6.73 6.34 5.02 4.25 3.86

11 10.86 10.24 8.12 6.87 6.24

12 86.22 81.27 64.42 54.51 49.55

13 45.33 42.72 33.87 28.66 26.05

14 8.25 7.77 6.16 5.21 4.74

15 5.72 5.39 4.27 3.61 3.29

16 4.45 4.19 3.33 2.81 2.56

17 3.68 3.47 2.75 2.33 2.11

18 3.15 2.97 2.36 1.99 1.81

19 2.77 2.61 2.07 1.75 1.59

20 2.48 2.34 1.85 1.57 1.43

21 2.25 2.12 1.68 1.42 1.29

22 2.06 1.94 1.54 1.30 1.18

23 1.91 1.80 1.42 1.21 1.10

24 1.77 1.67 1.33 1.12 1.02

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Series1 1,84 1,98 2,15 2,36 2,62 2,95 3,39 4,02 5,00 6,73 10,8 86,2 45,3 8,25 5,72 4,45 3,68 3,15 2,77 2,48 2,25 2,06 1,91 1,77
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Fig. Nº 5 Red Hidrometeorológica de la Zona del Proyecto
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Fig. Nº 6 Polígonos de Thiessen
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Tabla Nº 4  Precipitación máxima diaria Estación Chillanes
LATITUD 01°56´41´´ S CONTROLADA POR:  INAMHI
LONGITUD 79°03´54´´ O PRECIPITACIÓN ESTACIÓN: CHILLANES
ALTITUD 2.300 m.s.n.m. MÁXIMA DIARIA CUENCA 

EN mm

AÑO ENE. FEB. MAR. ABR. MAYO JUN. JUL. AGO. SEPT. OCT. NOV. DIC.
MAX. DIARIA

ANUAL
1959
1960
1961
1962
1963 30.3 31.8 37.4 19.4 9.6 3.5 2.5 0.5 0.0 4.2 4.4 13.8 37.4
1964 14.8 71.3 24.4 28.2 8.2 11.6 2.6 2.6 6.6 12.8 8.0 10.8 71.3
1965 12.6 9.4 36.0 37.2 15.5 8.8 2.4 2.2 7.0 7.2 37.2
1966 23.6 28.8 100.0 19.5 1.0 8.5 1.2 0.3 14.1 11.0 19.2 100.0
1967 20.3 25.8 18.5 8.5 22.6 4.7 1.5 2.2 5.3 15.7 0.0 4.0 25.8
1968 11.5 20.6 36.0 20.2 37.4 7.7 6.2 6.6 6.1 15.8 8.8 29.0 37.4
1969 26.1 13.6 21.2 45.4 21.7 12.8 3.0 3.7 9.0 0.5 9.6 23.7 45.4
1970 67.0 24.4 45.0 25.6 36.5 7.5 0.0 1.2 9.4 5.8 2.2 8.0 67.0
1971 29.6 14.6 19.8 46.4 3.4 4.0 4.2 3.7 13.2 11.0 2.0 11.5 46.4
1972 12.4 39.2 54.0 14.6 18.0 2.0 3.0 4.5 1.5 5.5 47.5 54.0
1973 22.9 70.0 30.2 22.8 18.0 20.4 2.7 6.0 7.3 7.7 1.5 12.5 70.0
1974 10.8 24.1 56.2 16.4 34.2 7.1 4.2 3.4 8.3 12.4 16.8 18.8 56.2
1975 13.9 23.4 13.6 19.4 8.7 14.1 9.4 11.3 3.2 18.4 7.5 11.9 23.4
1976 61.6 31.3 40.3 29.7 17.2 6.7 0.0 0.0 0.0 0.0 17.3 15.5 61.6
1977 30.5 39.1 22.4 3.0 5.2 5.1 7.6 14.0 39.1
1978 8.2 53.2 35.3 35.2 11.2 0.0 3.1 0.0 16.5 1.2 3.8 53.2
1979
1980
1981
1982 71.7
1983 51.3
1984 28.2
1985 40.6
1986 36.6
1987 34.3
1988 64.2
1989 51.3
1990 43.6
1991 73.6
1992
1993 50.5
1994
1995 34.3
1996 38.7
1997
1998 46.0
1999
2000
2001 62.1
2002 58.0
2003 34.2
2004
2005 41.6
2006

SUMA 372.5 515.4 519.1 472.0 286.9 115.0 52.3 47.6 96.7 128.3 106.0 240.2 825.4
PROM. 24.8 32.2 32.4 29.5 17.9 7.7 3.5 3.2 6.4 8.6 7.1 17.2 51.6
Fuente: CEDEGE , INAMHI
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Tabla Nº 5  Precipitación máxima diaria Estación Bucay

LATITUD 02°08´15´´ S CONTROLADA POR INAMHI
LONGITUD 79°11´46´´ O PRECIPITACIÓN ESTACIÓN BUCAY
ALTITUD 480 m.s.n.m. MÁXIMA DIARIA

EN mm

AÑO ENE FEB. MAR ABR. MAYO JUN. JUL. AGO. SEPT. OCT. NOV. DIC.
MAX. 

DIARIA
ANUAL

1964
1965
1966 107.0 224.2 10.3 6.5 6.3 4.2 7.4 224.2
1967 16.3 10.4 55.3 5.3 4.4 3.1 55.3
1968
1969 5.2 19.0 19.0
1970 50.0 49.7 28.9 54.1 64.6 18.2 8.2 2.1 1.5 2.0 8.4 10.4 64.6
1971 79.9 64.4 124.2 52.3 47.0 13.7 12.0 1.3 3.2 4.9 6.5 52.6 124.2
1972 57.9 84.4 62.8 61.6 60.0 40.2 12.0 2.0 11.4 4.4 96.4 96.4
1973 121.3 52.2 17.4 2.3 3.5 10.8 6.0 2.5 15.8 121.3
1974 84.7 77.7 56.8 22.8 15.6 14.6 2.2 2.0 13.8 3.5 7.0 68.1 84.7
1975 37.3 98.6 123.5 68.6 55.2 14.0 5.9 9.3 3.2 15.0 6.5 35.0 123.5
1976 87.9 104.2 87.6 60.0 38.4 18.5 5.4 5.8 3.6 5.0 16.4 37.0 104.2
1977 80.6 124.4 65.0 36.0 25.4 10.2 5.0 1.0 8.8 2.4 4.1 43.4 124.4
1978 15.2 93.6 52.8 75.2 19.2 7.0 2.7 3.8 1.8 4.2 3.0 78.0 93.6
1979
1980
1981
1982 42.7 50.0 63.8 10.8 2.1 2.7 2.0 6.6 7.7 81.6 100.5 100.5
1983 101.0 100.8 83.3 103.0 68.2 87.0 79.4 25.5 16.5 21.1 98.5 90.9 103.0
1984 31.6 92.8 110.3 100.0 37.9 15.4 2.1 3.3 11.7 3.8 14.4 12.2 110.3
1985 29.6 59.8 110.3 32.7 19.2 5.6 1.9 2.9 4.7 4.2 2.4 55.8 110.3
1986 67.9 116.3 68.1 11.0 5.2 3.1 3.5 8.5 5.5 8.4 57.8 116.3
1987 27.8 18.0 17.6 16.8 53.9 11.7 4.0 8.7 5.3 6.7 10.5 12.0 53.9
1988 102.2 62.4 25.2 31.1 83.3 9.9 11.5 2.4 1.9 3.9 17.3 25.0 102.2
1989 93.7 127.3 156.7 91.0 45.8 4.9 2.5 1.2 3.2 6.0 14.5 33.2 156.7
1990
1991 55.8 125.3 97.2 32.7 20.4 7.3 2.4 4.8 2.1 6.4 13.0 81.0 125.3
1992 116.7 72.0 97.6 42.3 7.3 1.9 5.1 9.8 36.2 116.7
1993 116.4 114.6 87.2 40.4 11.9 49.8 3.0 3.4 6.2 4.1 71.8 116.4
1994 191.9 86.2 62.8 62.8 34.7 10.0 5.5 1.3 1.0 5.0 3.2 47.3 191.9
1995 100.9 72.6 55.1 130.8 45.8 5.8 15.6 13.6 4.1 2.6 41.8 63.6 130.8
1996 140.9 118.4 87.4 45.1 3.5 3.2 3.2 1.6 2.6 7.5 4.5 16.2 140.9
1997 110.3 74.6 59.2 57.6 153.7 98.2 153.6 105.4 153.7
1998
1999
2000
2001
2002
2003
2004
2005
2006

SUMA 509.8 935.7 881.1 482.8 335.7 153.8 61.0 39.7 51.8 60.7 68.2 463.1 1235.4
PROM. 56.6 85.1 88.1 53.6 37.3 17.1 6.1 4.0 5.2 6.1 6.2 42.1 95.0
Fuente: CEDEGE , INAMHI
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Tabla Nº 6  Precipitación máxima diaria Estación San Carlos

LATITUD 2º11`55`` S CONTROLADA POR CEDEGE
LONGITUD 79º25`57`` W LLUVIA ESTACIÓN SAN CARLOS (EL BATEY)
ALTITUD MAX DIARIA CUENCA

COD. M-218

AÑO ENE FEB MAR ABR MAY JUN JUL AGO SEPT OCT NOV DIC
MAX. 

DIARIA 
ANUAL

1965
1966 98.6 132.1 57.9 54.4 4.1 0.2 0.2 0.5 0.8 1.8 2.3 3.7 132.1
1967 100.7 111.0 38.3 17.6 1.3 2.2 0.4 0.2 1.9 1.4 0.5 1.6 111.0
1968 44.7 53.8 16.6 14.9 1.9 1.3 0.1 1.0 0.2 1.2 1.4 46.3 53.8
1969 45.8 77.2 93.7 80.3 85.0 6.3 11.6 0.5 1.1 3.2 17.3 32.2 93.7
1970 83.7 44.8 31.1 94.0 38.0 8.7 0.0 0.7 0.5 0.7 1.1 21.0 94.0
1971 42.3 21.9 72.5 32.5 8.0 7.0 0.5 0.6 2.0 1.4 1.6 10.0 72.5
1972 23.5 47.4 62.2 76.8 99.2 95.0 22.5 1.8 2.4 0.6 1.3 91.3 99.2
1973 98.6 45.4 241.5 73.3 64.5 2.0 0.8 0.4 4.2 1.2 2.0 6.7 241.5
1974 39.0 56.0 18.8 44.8 32.0 0.4 0.2 0.4 3.5 2.4 6.0 11.1 56.0
1975 82.0 107.8 125.0 90.1 2.2 11.0 1.8 3.7 0.3 9.5 1.2 1.6 125.0
1976 81.2 128.5 90.2 59.0 65.0 11.0 0.0 1.7 0.5 9.2 128.5
1977 37.0 89.0 85.0 35.4 0.7 0.0 0.6 17.5 89.0
1978 43.2 27.8 7.5 0.7 0.7 0.2 8.4 0.6 7.0 8.6 43.2
1979 32.1 51.3 61.5 10.0 0.0 0.2 0.3 0.3 0.7 0.8 0.5 61.5
1980 48.2 69.3 58.0 96.0 77.0 0.2 0.3 0.3 0.3 15.5 1.4 12.0 96.0
1981 190.0 63.4 71.3 39.5 2.7 0.2 1.2 1.2 190.0
1982 134.4 5.3 0.5 0.9 0.3 1.0 3.0 94.0 39.0 134.4
1983 307.0 61.3 99.0 77.7 76.0 136.3 54.5 21.0 39.8 4.0 1.8 36.5 307.0
1984 8.0 87.2 66.0 3.3 7.0 0.4 0.8 2.5 0.6 22.5 19.0 87.2
1985 39.7 10.0 67.0 35.0 4.2 7.8 1.1 0.5 2.0 0.5 0.5 21.0 67.0
1986 114.0 80.2 64.5 82.9 3.7 0.4 0.6 0.5 3.0 2.2 2.2 4.2 114.0
1987 103.4 170.2 120.0 64.8 22.7 2.1 0.5 13.4 170.2
1988
1989 18.6 19.0 15.2 0.0 14.0
1990
1991 76.4 81.4 90.1 34.7 99.2 0.0 0.0 0.3 0.4 0.0 1.2 17.2 99.2
1992 78.7 56.4 93.0 102.9 72.1 18.3 5.7 1.2 0.0 4.9 4.6 102.9
1993 69.2 74.9 0.0 0.0 0.5 0.0 2.3 138.7 138.7
1994 78.4 97.2 62.5 75.1 114.8 1.8 1.5 0.0 0.0 2.0 0.0 114.8
1995 63.0 53.0 58.8 46.0 19.5 0.0 2.3 1.1 0.7 1.0 4.7 14.9 63.0
1996 34.2 72.1 1.7 1.3 0.4 0.4 0.4 19.3 72.1
1997 48.0 99.3 153.0 116.4 130.7 73.3 68.0 42.2 71.2 27.4 162.3 100.2 162.3
1998 95.1 280.5 78.2 130.9 122.3 116.9 30.1 0.5 0.5 2.5 0.3 106.9 280.5
1999 42.4 67.9 152.8 56.0 50.5 0.0 0.5 0.3 4.0 2.9 152.8
2000 44.0 68.6 7.2 0.6 0.1 5.1 0.8 1.0 4.2 68.6
2001
2002
2003 58.4 74.9 63.5 76.2 8.3 0.0 0.0 0.0 0.0 0.0 0.0 14.4 76.2
2004 43.1 76.2 78.7 63.5 25.4 4.3 0.0 0.0 1.5 5.3 0.5 4.0 78.7
2005 40.3 17.5 73.9 30.4 0.0 0.0 73.9
2006

SUMA 1201.5 1426.0 1038.9 888.4 811.5 390.6 168.4 83.5 131.1 62.5 298.1 539.7 2085.1
PROM. 80.1 95.1 94.4 74.0 54.1 26.0 10.5 5.2 8.7 4.2 19.9 38.6 115.8
Fuente: CEDEGE , INAMHI
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TABLA No. 7 APLICACIÓN DISTRIBUCIÓN EXTREMA GUMBEL TIPO 1 (Estación San Carlos)

P
diaria

P.max. 
(1.2) Prob.

Pmax TR

24 horas 138.9 73.6344 0.01742 105.735

1 307.0 368.4 97.22 42.7 1.052632

2 280.5 336.6 94.44 126.8 2

3 241.5 289.8 91.67 36.0000 3.56947 191.9 5

4 190.0 228.0 88.89 18.0000 2.86193 234.9 10

5 170.2 204.2 86.11 12.0000 2.44172 289.4 25

6 162.3 194.8 83.33 9.0000 2.13891 329.8 50

7 152.8 183.4 80.56 7.2000 1.90025 369.8 100

8 138.7 166.4 77.78 6.0000 1.70198 409.8 200

9 134.4 161.3 75.00 5.1429 1.53144 462.5 500

10 132.1 158.5 72.22 4.5000 1.38105 502.3 1000

11 128.5 154.2 69.44 4.0000 1.2459 27.4 1.020408

12 125.0 150.0 66.67

13 114.8 137.8 63.89

14 114.0 136.8 61.11

15 111.0 133.2 58.33

16 102.9 123.5 55.56

17 99.2 119.0 52.78

18 99.2 119.0 50.00

19 96.0 115.2 47.22

20 94.0 112.8 44.44

21 93.7 112.4 41.67

22 89.0 106.8 38.89

23 87.2 104.6 36.11

24 78.7 94.4 33.33

25 76.2 91.4 30.56

26 73.9 88.7 27.78

27 72.5 87.0 25.00

28 72.1 86.5 22.22

29 68.6 82.3 19.44

30 67.0 80.4 16.67

31 63 75.6 13.89

32 61.5 73.8 11.11

33 56.0 67.2 8.33

34 53.8 64.6 5.56

35 43.2 51.8 2.78

36 Fig. Nº 7 Distribución Extrema Gumbel Tipo I. PMAX Estación San Carlos
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TABLA No. 8  APLICACIÓN DISTRIBUCIÓN EXTREMA GUMBEL TIPO 1 (Estación Bucay)

P
diaria

P.max. 
(1.2) Prob.

Pmax TR

24 horas 136.2 49.2449 0.02604 114.028

1 224.2 269.0 96.43 71.9 1.052632

2 191.9 230.3 92.86 128.1 2

3 156.7 188.0 89.29 171.6 5

4 153.7 184.4 85.71 14 2.60223 200.4 10

5 140.9 169.1 82.14 9.33333 2.17746 236.8 25

6 130.8 157.0 78.57 7 1.86982 263.8 50

7 125.3 150.4 75.00 5.6 1.62602 290.7 100

8 124.4 149.3 71.43 4.66667 1.42229 317.4 200

9 124.2 149.0 67.86 4 1.2459 352.6 500

10 123.5 148.2 64.29 3.5 1.08924 379.2 1000

11 121.3 145.6 60.71 3.11111 0.94735 61.7 1.020408

12 116.7 140.0 57.14

13 116.4 139.7 53.57

14 116.3 139.6 50.00

15 110.3 132.4 46.43

16 110.3 132.4 42.86

17 104.2 125.0 39.29

18 103 123.6 35.71

19 102.2 122.6 32.14

20 100.5 120.6 28.57

21 96.4 115.7 25.00

22 93.6 112.3 21.43

23 84.7 101.6 17.86

24 64.6 77.5 14.29

25 55.3 66.4 10.71

26 53.9 64.7 7.14

27 19 22.8 3.57

28

29 Fig. Nº 8 Distribución Extrema Gumbel Tipo I. PMAX Estación Bucay
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TABLA No.9  APLICACIÓN DISTRIBUCIÓN EXTREMA GUMBEL TIPO 1 (Estación Chillanes)

P
diaria

P.max. 
(1.2) Prob.

Pmax TR

24 horas 72.9 15.8734 0.0808 65.7277

1 100.0 120.0 97.14 52.1 1.052632

2 73.6 88.3 94.29 70.3 2

3 71.7 86.0 91.43 84.3 5

4 71.3 85.6 88.57 17.5000 2.83292 93.6 10

5 70.0 84.0 85.71 11.6667 2.41226 105.3 25

6 67 80.4 82.86 8.7500 2.10899 114.0 50

7 64.2 77.0 80.00 7.0000 1.86982 122.7 100

8 62.1 74.5 77.14 5.8333 1.67104 131.3 200

9 61.6 73.9 74.29 5.0000 1.49994 142.6 500

10 58.0 69.6 71.43 4.3750 1.34896 151.2 1000

11 56.2 67.4 68.57 3.8889 1.21318 48.8 1.020408

12 54.0 64.8 65.71

13 53.2 63.8 62.86

14 51.3 61.6 60.00

15 51.3 61.6 57.14

16 50.5 60.6 54.29

17 46.4 55.7 51.43

18 46.0 55.2 48.57

19 45.4 54.5 45.71

20 43.6 52.3 42.86

21 41.6 49.9 40.00

22 40.6 48.7 37.14

23 39.1 46.9 34.29

24 38.7 46.4 31.43

25 37.4 44.9 28.57

26 37.4 44.9 25.71

27 37.2 44.6 22.86

28 36.6 43.9 20.00

29 34.3 41.2 17.14

30 34.3 41.2 14.29

31 34.2 41.0 11.43

32 28.2 33.8 8.57

33 25.8 31.0 5.71

34 23.4 28.1 2.86

35

36 Fig. Nº 9  Distribución Extrema Gumbel Tipo I. PMAX Estación Chillanes
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Tabla Nº 10  Coeficientes 

relacionados con PMAX 1 hora para 

cualquier tiempo de retorno

Tabla Nº 10a  Coeficientes relacionados con 

PMAX 24 Horas para los diferentes periodos de 

retorno

DURACION RELACION Tr DURACION (horas)

(min) (años) 6 12 24

5 0.29 2 0.600 0.744 1.00

10 0.45 5 0.580 0.730 1.00 

15 0.57 10 0.570 0.720 1.00 

30 0.79 25 0.554 0.708 1.00 

60 1.00 50 0.542 0.698 1.00 

120 1.20 100 0.530 0.686 1.00 

TABLA Nº 11 CALCULO DE LA CURVA INTENSIDAD - DURACIÓN - FRECUENCIA
ESTACIÓN METEOROLÓGICA : SAN CARLOS

TR PRECIPITACIONES MÁXIMAS EN mm

AÑOS 5 min 10 min 15 min 30 min 60 min 120 min 360 min 720 min 24 h
2 16.0 24.8 31.4 43.6 55.1 66.2 76.1 94.3 126.8

5 24.2 37.6 47.6 65.9 83.5 100.1 111.3 140.1 191.9

10 29.6 46.0 58.3 80.7 102.2 122.6 133.9 169.2 234.9

25 36.5 56.6 71.7 99.4 125.9 151.1 160.3 204.9 289.4

50 41.6 64.5 81.8 113.3 143.4 172.1 178.7 230.2 329.8

100 46.7 72.4 91.7 127.1 160.9 193.1 196.0 253.7 369.8

TR INTENSIDADES MÁXIMAS EN mm/hora
MINUTOS

AÑOS 5 10 15 30 60 120 360 720 1440
2 191.9 148.9 125.7 87.1 55.1 33.1 12.7 7.9 5.3

5 290.4 225.3 190.3 131.9 83.5 50.1 18.5 11.7 8.0

10 355.6 275.9 233.0 161.5 102.2 61.3 22.3 14.1 9.8

25 438.0 339.9 287.0 198.9 125.9 75.5 26.7 17.1 12.1

50 499.2 387.3 327.1 226.6 143.4 86.1 29.8 19.2 13.7

100 559.9 434.4 366.8 254.2 160.9 96.5 32.7 21.1 15.4
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TABLA Nº 12 CALCULO DE LA CURVA INTENSIDAD - DURACIÓN - FRECUENCIA

ESTACIÓN METEOROLÓGICA :  BUCAY

TR PRECIPITACIONES MÁXIMAS EN mm

AÑOS 5 min 10 min 15 min 30 min 60 min 120 min 360 min 720 min 24 h
2 16.2 25.1 31.8 44.0 55.7 66.9 76.9 95.3 128.1

5 21.6 33.6 42.6 59.0 74.7 89.6 99.5 125.3 171.6

10 25.3 39.2 49.7 68.9 87.2 104.6 114.2 144.3 200.4

25 29.9 46.4 58.7 81.4 103.0 123.6 131.2 167.7 236.8

50 33.3 51.6 65.4 90.7 114.8 137.7 143.0 184.2 263.8

100 36.7 56.9 72.1 99.9 126.4 151.7 154.0 199.4 290.7

TR INTENSIDADES MÁXIMAS EN mm/hora

MINUTOS
AÑOS 5 10 15 30 60 120 360 720 1440

2 193.9 150.5 127.1 88.0 55.7 33.4 12.8 7.9 5.3

5 259.8 201.6 170.2 118.0 74.7 44.8 16.6 10.4 7.2

10 303.4 235.4 198.8 137.8 87.2 52.3 19.0 12.0 8.4

25 358.5 278.2 234.9 162.8 103.0 61.8 21.9 14.0 9.9

50 399.4 309.9 261.7 181.3 114.8 68.9 23.8 15.3 11.0

100 440.0 341.4 288.3 199.8 126.4 75.9 25.7 16.6 12.1

TABLA Nº 13 CALCULO DE LA CURVA INTENSIDAD - DURACIÓN - FRECUENCIA

ESTACIÓN METEOROLÓGICA : CHILLANES

TR PRECIPITACIONES MÁXIMAS EN mm

AÑOS 5 min 10 min 15 min 30 min 60 min 120 min 360 min 720 min 24 h

2 8.9 13.8 17.4 24.1 30.6 36.7 42.2 52.3 70.3

5 10.6 16.5 20.9 29.0 36.7 44.0 48.9 61.5 84.3

10 11.8 18.3 23.2 32.2 40.7 48.8 53.3 67.4 93.6

25 13.3 20.6 26.1 36.2 45.8 55.0 58.3 74.6 105.3

50 14.4 22.3 28.3 39.2 49.6 59.5 61.8 79.6 114.0

100 15.5 24.0 30.4 42.2 53.4 64.0 65.0 84.1 122.7

TR INTENSIDADES MÁXIMAS EN mm/hora

MINUTOS
AÑOS 5 10 15 30 60 120 360 720 1440

2 106.4 82.5 69.7 48.3 30.6 18.3 7.0 4.4 2.9

5 127.6 99.0 83.6 57.9 36.7 22.0 8.1 5.1 3.5

10 141.7 109.9 92.8 64.3 40.7 24.4 8.9 5.6 3.9

25 159.4 123.7 104.5 72.4 45.8 27.5 9.7 6.2 4.4

50 172.6 133.9 113.1 78.4 49.6 29.8 10.3 6.6 4.8

100 185.7 144.1 121.7 84.3 53.4 32.0 10.8 7.0 5.1
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Fig. Nº 10 Curva Intensidad-Duración-Frecuencia. Estación San Carlos

Fig. Nº 11 Curva Intensidad-Duración-Frecuencia. Estación Bucay
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Fig. Nº 12 Curva Intensidad-Duración-Frecuencia. Estación Chillanes
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Tabla Nº 14  Hietograma de las estaciones seleccionadas para diferentes periodos de retorno

ESTACIÓN SAN CARLOS ESTACIÓN BUCAY ESTACIÓN CHILLANES
PERIODO DE RETORNO (AÑOS) PERIODO DE RETORNO (AÑOS) PERIODO DE RETORNO (AÑOS)

100 50.0 25 10 5 2 100 50.0 25 10 5 2 100 50.0 25 10 5 2

1 3.34 3.04 2.74 2.28 1.91 1.29 1 2.62 2.43 2.24 1.95 1.71 1.30 1 1.11 1.05 1.00 0.91 0.84 0.72

2 3.58 3.27 2.94 2.45 2.05 1.38 2 2.81 2.61 2.40 2.09 1.83 1.40 2 1.19 1.13 1.07 0.98 0.90 0.77

3 3.87 3.53 3.17 2.65 2.21 1.49 3 3.04 2.82 2.60 2.26 1.98 1.51 3 1.28 1.22 1.16 1.05 0.97 0.83

4 4.23 3.85 3.46 2.89 2.41 1.63 4 3.32 3.08 2.83 2.46 2.16 1.65 4 1.40 1.33 1.26 1.15 1.06 0.90

5 4.67 4.25 3.82 3.18 2.66 1.79 5 3.67 3.40 3.13 2.71 2.38 1.81 5 1.55 1.47 1.39 1.27 1.17 0.99

6 5.23 4.76 4.27 3.56 2.97 2.00 6 4.11 3.81 3.50 3.04 2.66 2.03 6 1.73 1.65 1.56 1.42 1.31 1.11

7 5.97 5.43 4.88 4.06 3.39 2.28 7 4.69 4.35 3.99 3.46 3.03 2.31 7 1.98 1.88 1.78 1.62 1.49 1.27

8 7.02 6.38 5.73 4.76 3.97 2.68 8 5.52 5.11 4.69 4.06 3.55 2.71 8 2.33 2.21 2.08 1.90 1.75 1.48

9 8.62 7.84 7.02 5.84 4.86 3.27 9 6.78 6.27 5.75 4.98 4.35 3.31 9 2.86 2.71 2.56 2.32 2.14 1.82

10 11.44 10.38 9.29 7.71 6.42 4.32 10 8.99 8.31 7.61 6.58 5.75 4.36 10 3.79 3.59 3.38 3.07 2.82 2.39

11 18.03 16.34 14.60 12.10 10.06 6.75 11 14.17 13.07 11.95 10.32 9.00 6.82 11 5.98 5.65 5.31 4.82 4.42 3.74

12 152.29 136.05 119.83 97.64 80.05 52.91 12 119.69 108.86 98.08 83.30 71.61 53.50 12 50.51 47.04 43.61 38.89 35.17 29.35

13 27.09 24.51 21.88 18.09 15.01 10.05 13 21.29 19.61 17.90 15.43 13.43 10.17 13 8.98 8.48 7.96 7.21 6.60 5.58

14 13.88 12.59 11.27 9.34 7.77 5.22 14 10.91 10.07 9.22 7.97 6.95 5.28 14 4.60 4.35 4.10 3.72 3.42 2.90

15 9.80 8.90 7.98 6.62 5.52 3.71 15 7.70 7.12 6.53 5.65 4.94 3.75 15 3.25 3.08 2.90 2.64 2.42 2.06

16 7.73 7.02 6.30 5.24 4.37 2.94 16 6.07 5.62 5.16 4.47 3.91 2.97 16 2.56 2.43 2.29 2.09 1.92 1.63

17 6.45 5.87 5.26 4.38 3.65 2.46 17 5.07 4.69 4.31 3.74 3.27 2.49 17 2.14 2.03 1.92 1.74 1.61 1.37

18 5.57 5.07 4.55 3.79 3.16 2.13 18 4.38 4.06 3.73 3.23 2.83 2.16 18 1.85 1.75 1.66 1.51 1.39 1.18

19 4.93 4.49 4.03 3.36 2.80 1.89 19 3.87 3.59 3.30 2.87 2.51 1.91 19 1.63 1.55 1.47 1.34 1.23 1.05

20 4.43 4.04 3.63 3.03 2.53 1.71 20 3.49 3.23 2.97 2.58 2.26 1.72 20 1.47 1.40 1.32 1.21 1.11 0.95

21 4.04 3.68 3.31 2.76 2.31 1.56 21 3.18 2.95 2.71 2.36 2.06 1.57 21 1.34 1.27 1.20 1.10 1.01 0.86

22 3.72 3.39 3.05 2.54 2.13 1.44 22 2.92 2.71 2.50 2.17 1.90 1.45 22 1.23 1.17 1.11 1.01 0.93 0.80

23 3.45 3.15 2.83 2.36 1.98 1.33 23 2.71 2.52 2.32 2.02 1.77 1.35 23 1.15 1.09 1.03 0.94 0.87 0.74

24 3.23 2.94 2.65 2.21 1.85 1.25 24 2.54 2.35 2.17 1.89 1.65 1.26 24 1.07 1.02 0.96 0.88 0.81 0.69
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Fig. Nº 13 Hietograma – Estación San Carlos

Fig. Nº 14 Hietograma – Estación Bucay

Fig. Nº 15 Hietograma – Estación Chillanes
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Criterios de diseño para estructuras hidráulicas (Tomado de Hidrología Aplicada, Ven Te Chow)
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Fig. Nº 16 Diagrama de Aplicación de la información para HEC HMS
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Fig. Nº 17 Tabla Numero de Curva (CN) USDA (antes SCS)  1/2

Fig. Nº 17 Tabla Numero de Curva (CN) USDA (antes SCS)  2/2
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CN = CN i x A i ) / Ai

Donde

Tabla Nº 15 Numero de Curva Ponderado

ZONA ALTA 

CUENCAS 12 

HASTA 26 
 

GRUPO HIDROLOGICO 

PROMEDIO C PONDERADO   A B C D 

Bosques cubierta 

buena 40.% 45 66 77 83 71.50 28.60 

Tierra cultivada  60.% 62 71 78 81 74.50 44.70 

 

100.% 

 

74.00 

ZONA BAJA   

CUENCAS DESDE 

LA 1 HASTA 12               

Tierra cultivada  27. % 62 71 78 81 74.50 20.12 

Zona Herbácea 33. %   62 74 85 68.00 22.44 

Pastizales 40. % 39 61 74 80 67.50 27.00 

 

100.% 

 

70.00 
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Tabla Nº 16 Cuadro de resumen de los datos de entrada para HEC HMS (1/2) 

TRAMO L (Km) tC (horas) tC (horas) K X 

INICIO FIN 
Km parcial acum. 0.5 0.2 

          

A FINAL 61.180 25.655 29.400 12.828 0.200 

A FINAL 61.180 25.655 27.803 12.828 0.200 

B A 1.650 1.205 2.147 0.602 0.200 

C B 3.589 0.942 0.942 0.471 0.200 

D A 8.033 1.923 3.744 0.961 0.200 

E D 0.793 0.229 1.821 0.114 0.200 

F E 0.549 0.114 1.593 0.057 0.200 

G F 0.874 0.192 1.479 0.096 0.200 

H G 0.366 0.072 1.286 0.036 0.200 

I H 0.364 0.080 1.215 0.040 0.200 

J I 0.171 0.039 1.135 0.019 0.200 

K J 0.941 0.194 1.096 0.097 0.200 

L K 0.465 0.104 0.903 0.052 0.200 

M L 0.580 0.096 0.798 0.048 0.200 

N M 0.552 0.106 0.702 0.053 0.200 

O N 1.408 0.258 0.596 0.129 0.200 

P O 1.535 0.276 0.339 0.138 0.200 

Q P 0.369 0.063 0.063 0.032 0.200 
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Tabla Nº 16 Cuadro de resumen de los datos de entrada para HEC HMS (2/2) 

Cuenca 
Superficie Perímetro 

Kc CN 
Tc TL (horas) Pend. Med. Desnivel Longitud 

(Km2) (Km) (horas) 0.6 Tc (m/m) (m) (Km) 

1 88.739 84.52 2.53 70.000 25.655 15.393 0.002 126.81 61.180 

2 6.364 20.20 2.26 70.000 2.016 1.209 0.046 400.24 8.611 

3 0.602 4.16 1.51 70.000 0.523 0.314 0.013 22.06 1.650 

4 4.388 10.52 1.42 70.000 0.942 0.565 0.030 107.93 3.589 

5 2.928 9.13 1.50 70.000 1.205 0.723 0.030 139.18 4.690 

6 5.714 12.80 1.51 70.000 1.068 0.641 0.113 669.61 5.923 

7 0.847 6.00 1.84 70.000 0.435 0.261 0.092 208.63 2.261 

8 1.463 5.49 1.28 70.000 0.214 0.129 0.360 598.03 1.663 

9 2.743 8.19 1.39 70.000 0.350 0.210 0.239 567.40 2.372 

10 1.380 5.27 1.27 70.000 0.243 0.146 0.276 464.65 1.683 

11 2.201 7.64 1.45 70.000 0.375 0.225 0.260 717.38 2.755 

12 1.031 5.98 1.66 70.000 0.249 0.150 0.331 623.02 1.880 

13 0.668 4.79 1.65 70.000 0.118 0.071 0.330 270.73 0.819 

14 2.105 6.38 1.24 74.000 0.248 0.149 0.275 472.97 1.720 

15 1.517 5.76 1.32 74.000 0.232 0.139 0.330 610.82 1.852 

16 3.239 8.54 1.34 74.000 0.326 0.196 0.338 805.34 2.381 

17 1.368 5.31 1.28 74.000 0.274 0.165 0.339 723.18 2.136 

18 1.980 6.91 1.38 74.000 0.239 0.143 0.336 615.99 1.834 

19 1.332 6.41 1.57 74.000 0.228 0.137 0.305 481.73 1.579 

20 2.739 7.47 1.27 74.000 0.316 0.190 0.325 788.35 2.428 

21 3.347 8.60 1.33 74.000 0.306 0.183 0.246 558.58 2.266 

22 2.345 6.78 1.25 74.000 0.185 0.111 0.371 525.30 1.414 

23 3.779 8.82 1.28 74.000 0.359 0.215 0.262 710.20 2.715 

24 1.011 4.27 1.20 74.000 0.161 0.097 0.387 467.88 1.209 

25 1.780 6.96 1.47 74.000 0.199 0.120 0.388 641.13 1.651 

26 2.597 7.53 1.32 74.000 0.300 0.180 0.172 319.43 1.860 

TOTAL 148.206   
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Fig. Nº 18 Esquematización modelación Hidrológica
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Fig. Nº 19  Datos de entrada para el Modelo de Cuenca
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Fig. Nº 20 Ingreso de datos. Modelo meteorológico
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Fig. Nº 20 Ingreso de datos. Especificaciones de Control
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