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1.1.1

APPENDIX B HYDROLOGY
CHAPTER I CLIMATE AND RAINFALL

Basin Division and River System

Basin Division

The Study Area covers a total drainage basin of 1,752 km?in the Ubate-Chiquinquira Valley.
It is divided into nine (9) sub-basins as shown in Fig. B.1.1, of which each sub-basin area is
caculated in Table B.1.1.

1.1.2  River System

(D

)

©)

Upper Part of the Ubate-ChiquinquiraValey

The upper part of the Ubate-Chiquinquira Valley is drained by the Ubate River and its
tributaries : Suta River, Cucunuba Channel and Lenguazaque River. The Ubate River
originating on the mountains situated to the southwest of the Valley flows down 29
km through Ubate City to the Lake Fuquene. The River drains 225 km? in the upper
part of the River with a distance of 19 km (upstream basin of Cubio Gate: upper
Ubate River basin).

The Suta River discharges an area of 112 km? into the Ubate River at 5 km
downstream of Ubate City. To the east of the Suta River basin is located the
Cucunuba L ake basin with an area of 92 km® The Cucunuba Lake basin is drained by
the Cucunuba Channel into the lower end of the Lenguazague River. The
Lenguazaque River with an area of 293 km?” joins to the Ubate River at the upstream
of Cubio Gate from the east.

After confluence of these rivers and channel, the water flows down the lower part of
the Ubate River with a 10 km distance to enter the Lake Fuquene. No additional area
is discharged into the Ubate River for this 10 km river reaches and the flood plains of
the River are directly drained into the Lake Fuquene. Then, the Ubate River drains a
total area of 722 km” along with its tributaries.

Central Part of the Ubate-Chiquinquira Valley

The Lake Fuquene is situated in the central part of Ubate-Chiquinquira Valley, with
an elevation of 2,540 meters. The Lake covering a surface area of 3,000 ha has only
one (1) outlet: Suarez River. The water level is controlled by Tolon Gate, located 18
km downstream in the Suarez River. The Lake collects the water of the Fuguene Lake
basin (270 km?) in addition to the basins of Ubate, Suta, Cucunuba, Lenguazague.
Thetotal drainage areais 992 km?

The magjor rivers and streams of the Fuguene basin are Honda, Tagua, Simiento and
Fuguene. The former three (3) rivers and streams independently enter the Lake from
the east, while Fuqune dischargesinto it from west.

Lower Part of the Ubate-Chiquinquira Valey

In the lower part of the Ubate-Chiquinquira Valley (downstream of the outlet of the



Lake), the Suarez River is joined by Susa (64 km?) and Simijaca (153 km?) rivers
from west before Tolon Gate and immediately after the gate, joined by Chiquinquira
River (1130 km?) also from west. The Suarez River further flows down southward
through the site of Merchan Gate* located 10 km downstream of Tolon Gate to
Garavito (northern end of Ubate-ChiquinquiraValley). *: washed away by the 1990 flood.

Salient features of the rivers and streams are summarized in Table B.1.2. The longitudinal
profile of the main river course of the Ubate-Fuquene-Suarez River is shown Fig. B.1.2.

1.2 Meteorology
1.2.1 Available Data

The meteorology in the Study Area has been observed at more than 40 stations by CAR and
IDEAM (Hydrology, Meteorology and Environmental Studies Institute). However in this
Study, the observatory data of CAR are employed since the stations of IDEAM are mostly
located near by those of CAR.

The meteorological observation by CAR has been done for a comparatively long time at 33
stations among which the oldest observation dates back to 1959. Locations of the above 33
stations are shown in Fig. B.1.3. Inventory of the respective stations are shown in Table B.1.3.

According to CAR, the data before 1966 are not always reliable and further, some data are
missing. Hence, the meteorological analysis in this Study is conducted based on the data
available during the period after 1966. The meteorological data to be analyzed include rainfall,
evaporation, temperature, humidity, solar (radiation, brightness) and wind (speed, direction).
Observation period of the above meteorological data at the respective stations are shown in
Table B.1.4.

1.2.2 Climatic Characteristics of the Study Area
() Temperature

Temperature of the Study Area is almost constant throughout the year. The monthly
mean temperature is 12.0-13.2 at Sta. Novilleros and 12.4-13.5 at Sta. Esclusa
Tolon. The extreme maximum and minimum temperatures recorded during 1966-1998
are-5.0 at Sta. Novillerosand nearly 30 at Sta. Esclusa Tolon.

(2) Humidity

Humidity of the Study Area little varies throughout the year. The monthly mean
humidity is 70.2-76.4% at Sta. Novilleros and 73.6-79.1% at Sta. Esclusa Tolon.

(3) Ranfall
The Study Area is characterized by two (2) dry and two (2) rainy seasons which
aternately occur. The dry periods are December-February and July-August. The rainy
periods are March- June and September-November. See, Fig. B.1.4.

The average annual rainfalls at Sta. Novilleros and Sta. Esclusa Tolon are 712.0 mm
and 961.9 mm. Among them, approximately 67% occur during rainy season.



(49) Solar Bright and Radiation

Solar bright and radiation are observed at three (3) stations (Novilleros, Simijaca,
Esclusa Tolon). The average solar bright was recorded to be about 5.3 hour/day
(about 2000 hour/year) at each station. The solar radiation at the above stationsis 11-
13 cal/cm?/day.

(5) Evaporation

Evaporation of the Study Area little varies throughout the year. The average monthly
evaporation is in the range of 66.7-98.6 mm, averaging 81.2 mm at Novilleros and
80.0-98.1 mm, averaging 88.5 mm at Esclusa Tolon.

(6) Wind Veocity and Prevailing Wind Direction

Wind Velocity and Prevailing Wind Direction are observed at four (4) stations
(Novilleros, Simijaca, Esclusa Tolon, Boqueron). Higher wind velocity present
between June and August on the whole. The annua average wind speed at Sta.
Novilleros and Sta. Esclusa Tolon is 1.3 m/s and that velocity at Sta. Simijaca and Sta.
Boqueron is 2.2 m/s and 3.4 m/s. The prevailing winds are from SE except for that at
Sta. Novilleros.

The above climatic data at the following eight (8) principal stations in the Study Area
aregivenin Table B.1.5 and Fig. B.1.5.

- LaBoyera, Novilleros, El Hato, Statausa, Isladel Santuario, Simijaca, Bogqueron and
Esclusa Tolon

1.3 Rainfall

1.3.1 Available Data

Inventory of the available data is described in the above Section.
1.3.2 Average Yearly Rainfall

The yearly rainfall depth in the Ubate-Chiquinquira Valley increases from south to north
ranging from 700 mm in Cucunuba Lake basin to 1,500 mm in the lower part of the Suarez
River basin. The central part of the Valley, including Lake Fuguene, is endowed with 1,000
mm. On the other hand, rainfall partly concentrates on the mountain areas located in the upper
Ubate River basin with a depth of 1,300 mm. The isohyetal map of the Study Areain 1986 is
shown in Fig. B.1.6.

1.3.3 Historical Change of Rainfall
(1) Yealy Rainfall
The historical change of yearly rainfal during 54 years, 1945-1998, at the
representative stations of the Study Area (Novilleros, Isla del Santuario and Esclusa
Tolon) are shown in Fig. B.1.7. As shown in the figure, neither a significant increase

nor a decrease trend has been recognized, although rainfall fluctuates at a certain
interval. The historical change of yearly rainfall in each sub-basin is given in Table

B-3
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B.1.6.
Distribution of Rainfall in Dry and Wet seasons.

Rainfall ditribution in dry and wet seasons is shown in Fig. B.1.8. As shown in the
figure, neither significant increasing nor decreasing trend is recognized athough it
fluctuates with a certain interval.

In addition to this, it is carried out to count annual rainy days, shown in Fig. B.1.9.
Based on the result of this counting, the same trend aas the rainfall distribution is
recognized.



CHAPTER 11 DISCHARGE AND WATER LEVEL

2.1 River Discharge
2.1.1 Available Data

CAR is the principal agency responsible for the water level and discharge measurement in
rivers of the Study Area. There are 51 water level and discharge stations which are operated
by CAR inthe Study Area. They arelisted in Table B.2.1.

Among the above 51 stations, 31 are selected for this Study, taking into account their location
and observation periods. The discharge data after 1966 are used for the hydrological analysis
in principle, conforming to the period of rainfall analysis. Availability of discharge data at the
31 stations are shown in Table B.2.2. Location of the stationsis givenin Fig. B.2.1.

2.1.2 Seasonal Variation of River Discharge and Annual Average Discharge

The river flow varies seasonally corresponding with the seasonal change of rainfall. The
variation of monthly mean discharge at the principal stationsis shown in Fig. B.2.2. Theriver
flow at al the stations marks the peak in May and November, while the lowest in February
and August.

Annua average discharge data at principal stations after 1966 are shown in Table B.2.3.
Average discharge is estimated to be 3.9 m¥/s at the Colorado station located in the lower end
of the Ubate River and 10.2 m*/s at the Garavito station (lower boundary of the Study Area).

2.1.3 Runoff Ratio

The runoff ratios (runoff/rainfall) are estimated at principal stations in order to analyze the
relationship between rainfall and runoff discharge. The results of runoff ratio analysis are
summarized in Table B.2.4.

The runoff ratio of the Ubate River basin (0.4) is much higher than that of the other river
basins of Suta and Lenguazague (0.2 respectively). Thisis considered mainly due to the richer
rainfall.

2.1.4 Flow Regime

Based on daily discharge data available at principal stations in the Study Area, the annual
average flow regimes after 1966 at the stations are presented in the Table B.2.5.

In the rainy season average discharge is estimated 6.21 m®/s at the Colorado station and
16.12m’/s at the Garavito station. In the dry season they are estimated 2.27 m*/s and 4.90 m’/s.

2.2 Lake Water Level
2.2.1 Fuquene
The surface water level of the Lake Fuguene has been observed at Ida del Santuario since

1966. The yearly average, yearly maximum and yearly minimum water levels in the past are
shownin Fig. B.2.3.



The average water level of the Lake during 33 years of 1966-1998 was 2,538.99 m.s.n.m
above sea level. The yearly average water level varied within a range of 71 cm during the
same period.

The water level in the past 33 years recorded the peak of 2,540.50 m.s.m.n and the lowest of
2,537.99 m.s.n.m.

2.2.2 Cucunuba

The surface water level of the Lake Cucunuba has been observed at Penas de Palacio since
1966. The yearly average, yearly maximum and yearly minimum water levels in the past are
shownin Fig. B.2.4.

The average water level of the Lake during 33 years of 1966-1998 was 2,543.15 m above sea
level. The water level in the past 33 years recorded the peak of 2,544.29 m.sm.n and the
lowest of 2,541.80 m.s.m.n.

2.3 Flooding Area around the Fuquene Lake

Small dikes are provided, encompassing the Lake at present. The surrounding low-lying areas
of the Lake are protected from floods over the banks up to a certain high water level.
However, the low-lying areas are inundated by the piping effects of the Lake water (the lake
water springs from the underground).

Based on the existing topographic map and flood records in the past, CAR estimated the water
level-flood prone area curve around the Fuquene Lake, as shown Fig. B.2.5.

2.4 Groundwater Level
2.4.1 Available Data

In the Study Area, there are 25 groundwater level stations which are operated by CAR, as
shown in Table B.2.6. Among them, 22 are used for this Study, taking into account their
location and observation periods. Availability of the groundwater level data at the 22 stations
are shown in Table B.2.6. Location of the stationsis given in Fig. B.2.6.

2.4.2 Variation of Groundwater Level

Monthly mean groundwater level at the principal stations of Ubate-Chiquinquira Valley: La
Maria, Tichauribe, Esmelarda |1l and Sugamuxi are shown in Fig. B.2.7. As shown in the
figure, the groundwater level little varies throughout the year. The variation at the four (4)
stationsisin the range of 15 cmto 40 cm.

Yearly mean groundwater level during 30 years of 1968-1998 at the above four (4) stations
are shown in Fig. B.2.8. The data show that the historical change of the groundwater level at
the all stationsis very small.



3.1

CHAPTER III HYDRAULIC ANALYSIS

Outflow Discharge Capacity of the Lake Fuquene

The water level of the Lake is dammed up to a considerable extent by the backwater effects of
the Suarez River since the River has a gentle longitudinal slope and a comparatively small
cross section. Hence, the relationship between the water level and outflow discharge of the
Lake is obtained by estimating the river water profiles corresponding to various discharges of
the River. In this estimation, non-uniform flow calculation method is applied.

3.1.1 Conditions for Hydraulic Calculation

D

)

©)

(4)

®)

(6)

Objective River Reaches

The non-uniform flow of the Suarez River is calculated from the point 1.0 km
upstream of the Garavito gauging station up to the outlet of the Lake for the river
reaches of 36 km distance.

Water Depth at the Starting Point of Calculation

The river section at the starting point of calculation (1.0 m upstream of Garavito
gauging station) is assumed to give the hydraulic critica water depth, taking into
consideration the steep riverbed slope (1/122) at this river section. The water levels

corresponding to various discharges at this point are determined by a hydraulic
formula.

Discharge Distribution

The river discharge of the Suarez River increases downwards by collecting the
tributaries. The discharge distribution of the River is determined based on the
observed discharge data at the principal stations (Garavito, La Balsa, Pte Pinilla, Pte
Guzman, and Pte Peralonso) in the past.

River Cross Section

The cross sections measured by CAR in 1986 are used for the calculation.

Manning’' s Roughness Coefficient

The Manning's roughness coefficient under the existing river channel is determined
to be 0.036 so that the calculated river water level may coincide with the observed
water level at the principal stations.

Estimated water level profile

The water level profile estimated corresponding to the average discharge of rainy
season (at Sta. Garavito : 16.12 m%/s) as shown Fig. B.3.1.



3.1.2 Relationship Between Water Level and Discharge of the Lake

(2) Existing Condition

)

The relationship between the water level and outflow discharge of the Lake is
estimated as shown Fig. B.3.2 through the above-mentioned non-uniform flow
calculations.

After Improvement of Suarez River

From the viewpoint of flood regulation, the outflow discharge of the Lake after
improvement of Suarez River (From Esclusa Tolon to outlet of the Lake) is estimated,
as shown Fig. B.3.3. The cases of the river improvement are summarized below.

Dredging From . 5 Exclusion of Manning's
Ca%  Eyisting River Bed (m) ~Mountof Dredding (M) o biogen  Coefficient
Casel 0.0 0 Exclusion 0.025
Case2 0.5 1,130,809 No 0.036
Case3 0.5 1,130,809 Exclusion 0.025
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Table B.1.1 Catchment Areas of Sub-basin

Catchment Area

No. CAR Code Basin 2
(km™)

1 2 Upper Ubate River Basin 225

2 3 Suta River Basin 112

3 4 Cucunuba Lake Basin 92

4 5 Lenguazaque River Basin 293

5 6 Fuquene Lake Basin 270

6 7 Susa River basin 64

7 8 Simijaca River Basin 153

8 9 Chiquinquira River basin 130

9 10 Suarez River Basin 413
Total 1,752

Table B.1.2 Dimension of Major Rivers
Basin River Length (Km) Origin EL. (m)  End EL. (m) Remarks
Upper Ubate  R. Ubate 19 3,550 2,800
Fuquene Lake R. Ubate 10 2,800 2,540
Suta R. Suta 21 3,100 2,550
Cucunuba Cucunuba Channe] 16 2,950 2,550
Lenguazaque R.Lenquazaque 23 3,400 2,600
Susa R. Susa 18 3,200 2,540
Simijaca R. Simijaca 31 3,300 2,540
Chiquinquira  R. Chiquinquira 19 2,800 2,540
Suarez R. Suarez 36 2,540 2,525 to Sta. Gravito

B-T1
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Table B.1.5 (1/3) Meteorological Features of Representative Stations

Station: LA BOYERA

LATITUDE; 0518 N LONGITUDE: 7351 W  ELEVATION: 2610 m.s.n.m BASIN: R. UBATE STATION No. 2401511
Month Temperature("C) Monthly Rainfall Solar Monthly Wind
Daily Mean  Monthly Max.in  Monthly Monthly Mean Monthly i
Monthly Humidity Mean 24h Mean Mean Evaporation  Mean prevai
Mean L . P . direct
Mean Range extreme Radiation Brightnes Velocity
max. min, (%) (mm) (mm)  (cal/em®)  (HD) (mm) (m/sec)
Jan. - - - - - 30.2 443 - - 120.9 - -
Feb. - - - - - 44.8 40.7 - - 109.3 - -
Mar. - - - - - 735 435 - - 116.3 . -
Apr. - - - - - 100.1 733 - - 101.1 - -
May - - - - - 78.1 496 - - 100.0 - -
Jun, - - - . - - 47.0 52.0 - - 91.9 - -
Jul, - - - - - 346 36.9 - - 101.8 - -
Aug. - - - - - 363 315 - - 111.2 - -
Sep. - - - - - 527 61.8 - - 1119 - -
Oct. - - - - - 104.1 50.0 - - 103.0 - -
Nov. - - - - - 90.4 350 - - 94.1 - -
Dec. - - - - - 427 25.5 - - 105.4 - -
Annual - - - - - 7345 733 - - 1266.9 - -
Record - - - - - '66-97 6697 - - '66-'97 - -
Station: NOVILLEROS
LATITUDE: 520 N LONGITUDE: 7347 W ELEVATION: 2550 m.s.n.m BASIN: R. UBATE STATION No. 2401519
Month Temperature("C) Monthly Rainfall Solar Monthly Wind
Daily Mean Monthly Max.in  Monthly Monthly Mean Monthly prevail
Monthly M Humidity ~Mean 24h Mean Mean Evaporation  Mean .
Mean can extreme Radiation Brightnes Velocit direct
Rangg ————— 8 Y
. max. min, (%) (mm) (mm)  (cal/em?) (Hp) (mm) (m/sec)
Jan. 12.0 233 26.5 -4.0 70.4 25.0 40.0 348 199 924 1.4 S
Feb. 12.6 236 269 -5.2 702 41.7 31.8 377 173 91.8 13 S
Mar. 13.0 232 275 3.0 7.5 66.8 44,0 371 175 98.6 1.3 S
Apr. 13.1 20.3 259 0.0 74.6 97.0 41.4 347 138 84.4 1.3 S
May 13.2 193 25.1 -0.5 75.8 81.4 59.6 327 140 75.4 12 SE
Jun. 12.6 189 240 0.0 75.4 52.5 428 310 142 66.7 1.3 SE
Jul. 122 183 25.0 -0.3 74.1 36.8 29.8 321 166 729 1.5 S
Aug. 12.1 19.9 26.0 -0.5 735 356 323 333 158 782 1.5 S
Sep. 122 20.9 289 -2.0 729 526 404 347 148 77.7 1.4 S
Oct. 12,5 21.1 25.0 -1.5 745 101.2 428 344 152 77.9 1.2 S
Nov. 12.7 20.9 250 -3.0 76.4 80.2 454 329 149 75.1 1.1 S
Dec. 12.2 21.6 26.0 -4.8 74.2 41.2 447 320 187 827 1.2 S
Annual 12.5 21.0 289 -5.2 73.6 712.0 59.6 4074 1926 973.8 13 S
Record 66-'97  '66-97  '66-97  '66-'97  '66-97  '66-98  '66-98 '66-98  '66-'98 '66-'98 '68-'97 '68-'97
Station: EL HATO
LATITUDE: 0517 N LONGITUDE: 7354 W ELEVATION: 2900 m.s.n.m BASIN: UBATE STATION No. 2401035
Month Temperature('C) Monthly Rainfall Solar Monthly Wind
Daily Mean Monthly Max.in  Monthly Monthly Mean Monthly prevail
Monthly Mean Humidity —Mean 24h Mean Mean Evaporation Mean direct
Mean extreme Radiation Brightnes Velocity
Range max. min. (%) (mm) (mm)  (cal/em®) (HD) (mm) (m/sec)
Jan. - - - - - 29.1 309 - - 923 - -
Feb. - - - - - 37.1 380 - - 847 - -
Mar. - - - - - 73.8 50.0 - - 87.8 - -
Apr. - - - - - 98.1 55.0 - - 715 - -
May - - - - - 76.1 46.0 - - 69.5 - -
Jun. - - - - - 454 45.0 - - 71.1 - -
Jul. - - - - - 399 37.0 - - 70.7 - -
Aug. - - - - - 41.8 290 - - 824 - -
Sep. - - - - - 57.2 50.0 - - 828 - -
Oct. - - - - - 98.3 450 - - 813 - -
Nov. - - - - - 89.9 50.0 - - 747 - -
Dec. - - - - - 47.2 38.0 - - 79.4 - -
Annual - - - - - 733.9 55.0 - - 9482 - -
Record - - - - - '66-97  '66-'97 - - '93.'97 - -

B-T5



Table B.1.5 (2/3) Meteorological Features of Representative Stations

Station: SUTATAUSA

LATITUDE: 515N LONGITUDE: 7351 W ELEVATION: 2700 m.s.n.m BASIN: R. SUTA STATION No. 2401521
Month Temperature("C) Monthly Rainfall Solar Monthly Wind
Dail Mean  Monthly Max.in  Monthly Monthly  Mean Monthly .
Monthly y Humidity Mean 24h Mean Mean Evaporation Mean prfavall
Mean Y o . p n direct
Mean Range extreme Radiation Brightnes Velocity
max. min. (%) (mm) (mm) (cal/cmZ) (Hr) (mm) (m/sec)
Jan, 13.2 19.2 26.1 -1.0 66.1 30.5 380 - - 101.2 - -
Feb. 134 193 26.1 -2.0 67.0 472 35.8 - - 89.8 - -
Mar. 13.5 18.6 26.8 0.0 68.6 70.7 453 - - 90.9 - -
Apr. 135 16.7 25.7 2.0 719 103.9 57.0 - - 83.6 - -
May 134 15.2 245 0.7 70.8 80.7 51.5 - - 86.8 - -
Jun. 12.9 15.4 242 1.0 69.4 48.0 61.0 - - 77.2 - -
Jul. 12,6 14.6 25.0 2.0 68.8 303 252 - - 83.3 - -
Aug, 126 16.1 240 0.0 68.6 34.1 32.0 - - 84.6 - -
Sep. 13.0 17.8 26.0 0.8 67.0 41.8 38.0 - - 90.3 - -
Oct. 13.2 18.2 26.0 1.1 70.5 96.6 56.8 - - 86.2 - -
Nov. 13.2 18.0 26.0 0.1 71.5 89.0 54.2 - - 783 - -
Dec. 13.1 20.2 26.0 -4.0 66. 1 46.7 39.0 - - 89.5 - -
Annual 13.1 175 268 -4.0 68.9 719.5 61.0 - - 1041.6 - -
Record '66-'97 '66-'96 '66-'97 '66-'97 '66-'97 '66-'98 '66-'98 \ - - '66-'98 - -

Station: ISLA DEL SANTUARIO

LATITUDE: 0528 N LONGITUDE: 7344 W ELEVATION: 2580 m.s.n.m BASIN: LAKE FUOUENE STATION No. 2401110
Month Temperature("C) Monthly Rainfall Solar Monthly Wind
Dail Mean  Monthly Max.in  Monthly Monthly Mean Monthly .
Y L. . prevail
Monthly Mean Humidity =~ Mean 24h Mean Mean Evaporation Mean g
Mean extreme Radiation Brightnes Velocit irect
Range ~m——me— f 1y
max. min. (%) (mm) (mm)  (cal/cm2)  (Hr) {mm) (m/sec)

Jan, - - - - - 51.2 54.8 - - 110.3 - -
Feb. - - - - - 57.6 37.9 - - 105.7 - -
Mar. - - - - - 114.4 61.5 - - 107.2 - -
Apr. - - - - - 144.0 52.1 - - 8382 - -
May - - - - - 108.2 50.6 - - 88.3 - -
Jun. - - - - - 57.8 44.9 - - 86.8 - -
Jul. - - - - - 375 36.2 - - 101.6 - -
Aug. - - - - - 40.9 375 - - 98.9 - -
Sep. - - - - - 79.4 46.1 - - 97.5 - -
Oct. - - - - - 156.4 63.1 - - 89.5 - -
Nov. - - - - - 138.7 70.6 - - 857 - -
Dec. - - - - - 732 78.4 - - 98.1 - -
Annual - - - - - 1059.3 78.4 - - 1157.8 - -
Record - - - - - '66-97  '66-'97 - - '66-'98 - -

Station: SIMIJACA

LATITUDE: 530 N LONGITUDE: 7351 W ELEVATION: 2572 m.s.n.m BASIN: R, SIMIJACA STATION No. 2401513
Month Temperature("C) Monthly Rainfall Solar Monthly Wind
Daily Me‘arF Monthly Max.in  Monthly Monthly Mean' Monthly prevail
Monthly Mean Humidity Mean 24h Mean Mean Evaporation Mean direct
Mean Range extreme Radiation Brightnes Velocity
max. min. (%) (mm) (mm)  (cal/cm2)  (Hr) (mm) (m/sec)
Jan. 133 18.9 239 0.0 732 28.1 39.0 390 217 84.1 2.1 NW
Feb. 13.6 17.1 234 0.7 70.4 40.0 49.2 430 179 75.9 22 Nw
Mar. 13.7 17.3 24.1 1.0 735 72.9 397 416 168 70.6 2.1 NwW
Apr. 13.8 16.0 24.0 2.0 73.8 1112 59.3 384 152 65.1 2.0 SE
May 13.9 15.5 232 20 72.1 89.0 36.5 388 154 73.1 2.0 SE
Jun. 13.6 15.9 24.0 0.2 69.1 40.8 40.0 375 160 732 26 SE
Jul. 13.5 16.8 24.0 1.0 67.2 30.7 400 398 167 84.7 2.6 SE
Aug. 13.4 16.5 23.0 1.0 67.3 382 34.0 414 172 842 25 SE
Sep. 13.5 17.5 252 1.2 66.3 53.0 42.0 394 167 77.0 23 SE
Oct. 13.1 18.2 29.0 03 741 7 1317 46.3 378 161 70.5 2.0 SE
Nov. 13.4 16.2 23.0 0.7 78.4 893 38.0 369 168 72.8 1.9 NwW
Dec. 13.1 18.9 25.0 -2.3 71.7 473 32.0 388 189 77.0 2.0 SE
Annual 13.5 17.1 29.0 -23 71.4 772.2 59.3 4723 2054 908.4 22 SE
Record '85-'97 '85-'96 '85-'97 '85-'97 '85-'97 '80-'98 '80-'98 '86-'97 '85-'98 '87-'98 '85-'98 '85-'98
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Table B.1.5 (3/3) Meteorological Features of Representative Stations

Station: BOQUERON

LATITUDE: 530 N LONGITUDE: 7351 W ELEVATION: 2572 ms.n.m BASIN: R. CHIQUINOIRs STATION No. 2401524
Month Temperature("C) Daily Rainfall Solar Monthly Wind
Daily Daily HE;I:;E M;[nthly Max. in Daily  Monthly  Mean . Monthly prevail
Mean ty ean 24h Mean Mean  Evaporatio Mean direct
Mean Range extreme Radiation Brightnes n Velocity
max. min. (%) (mm) (mm)  (callem®) (Hr) (mm)  (m/sec)

Jan, - - - - - - - - - - 2.8 SE
Feb. - - - - - - - - - - 2.8 S
Mar. - - - - - - - - - - 28 S
Apr. - - - - - - - - - - 29 EN
May - - - - - - - - - - 34 SE
Jun. - - - - - - - - - - 44 SE
Jul. - - - - - - - - - - 5.1 SE
Aug. - - - - - - - - - - 4.7 SE
Sep. - - - - - - - - - - 39 SE
Oct. - - - - - - - - - - 29 SE
Nov. - - - - - - - . - - 2.4 NW
Dec. - - - - - - - - - - 2.8 SE
Annual - - - - - - - - - - 34 SE
Record - - - - - - - - - - '68-'97  '68-97

Station: ESCLUSA TOLON

LATITUDE; 0537 N LONGITUDE: 7347W  ELEVATION: 2545 m.s.n.m BASIN: R.SUAREZ STATION No. 2401518
Month Temperature("C) Daily Rainfall Solar Monthly Wind
Dai Mean Monthly Max. in Daily Monthly Mean  Monthly .
Dail aily Humidity M 24h Mean  Mean E o M prevail
y Mean umidity ean _a can vaporatio ean direct
Mean Range extreme Radiation Brightnes n Velocity
max. min. (%) (mm) (mm)  (cal/em®)  (Hr) (mm)  (m/sec)
Jan, 124 211 27.0 -39 75.0 37.5 338 424 199 95.0 1.3 S
Feb. 129 21.0 26.0 2.0 75.2 48.1 29.7 445 173 90.6 1.3 S
Mar. 133 20.4 26.0 -0.9 76.5 87.8 402 426 175 94.6 1.2 S
Apr. 13.5 18.3 26.0 0.0 78.0 1243 51.5 392 138 79.4 1.3 S
May 13.5 18.0 29.9 0.0 77.1 103.5 64.5 376 140 78.5 1.5 E
Jun. 13.0 183 24.0 -0.8 74.9 65.9 40.1 393 142 79.0 1.7 E
Jul. 125 18.8 25.0 -0.1 732 51.9 40.0 394 166 86.1 1.6 E
Aug. 125 20.1 25.0 2.1 73.0 50.2 42.0 395 158 86.6 1.4 E
Sep. 12.7 204 26.0 -3.0 74.1 82.1 449 407 148 85.6 1.1 S
Oct. 13.1 19.6 25.0 29 77.4 1356 420 402 152 79.8 1.1 S
Nov. 133 18.4 26.0 02 78.7 121.2 70.3 387 149 80.3 1.2 S
Dec. 12.8 20.5 30.0 -2.9 77.1 61.0 36.5 402 187 91.0 1.3 S
Annual 13.0 19.6 30.0 -39 759 969.1 70.3 4841 1926 1026.5 1.3
Record '68-'98 '68-97  '68-98  '68-98  '66-'97  '66-'98  '66-'98 '66-'98 '66-'98 '66-'98 '66-'98 '66-'98
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Table B.2.1 Inventory of Gauging Stations

Installation \ Elevatio GaggingD’l_‘yp;
i River Himat Codg Station N 1scharge
Basin No od ion Name Start | End prreatkm e Water Levet—<—ar raph® TAfonod®
1 Q. El Molino 2401780 |Corralejas 1994.01 | not suspend | not clear| not clear C O
2 Q.LaPlaya 2401755 |La Malillia 1967.03| not suspend 64 2,596 C O O
3 [R.ElHato 2120913 (El Hato 1992.06| not suspend | notclear| 2,840 O O O
. 4 R. El Hato 2401710 |Corralejas 1955.08| not suspend 49 2,830 O O O
Upper Ubate River
5 R. Ubate 2401715 |LaBoyera 1960.01| not suspend 180 2,598 @] O
6 R. Ubate 2401731 |Pte. Barcelona 1964.04 not suspend 220 2,548 O O Q
7 R. Ubate - La Soledad 1964.04] 1968.01 not clear| not clear (@]
8 R. Ubate - Pte. Narino 1964.04] 1966.07 not clear| not clear (@)
9 R. Suta 2401716 {EL Pino 1960.01 | not suspend 81 2,600 O (@] O
Suta River 10 R. Suta - Pte. Cartagena 1964.04| 1967.01 not clear| net clear O
11 R. Suta - Pte. San Lgnacio 1964.04| 1967.04 not clear| not clear (@]
12 L.De Cucunuba | 2401708 |Esclusa Cartagena Arribi 1996.011 not suspend | notclear| not clear @]
Cucunuba Lake 13 L.De Cucunuba | 2401709 |Esclusa Cartagena Abajd 1996.01| not suspend | not clear] not clear @]
14 L. De Cucunuba | 2401726 [Penas de Palacio 1962.01 | not suspend | not clear 2,542 Q
15  [R.Lenguazaque | 2401714 [Tapias 1960.01| not suspend 163 2,572 ] O
16  [R.Lenguazaque | 2401723 |El Boqueron 1960.11| not suspend 2501 2,558 O O
17 [R.Lenguazaque | 2401733 (Pie.LaBalsa 1964.04] not suspend 284 2,544 o] O O
18 R. Lenguazague - Las Juntas 1964.04] 1967.01 not clear| not elear o]
Lenguazaque River] 19  |R.Lenguazaque - Pte. Piedragorda 1964.04| 1967.01 not clear| not clear o]
20 |R. Lenguazague - Ple. La Jabonera 1964.04] 1966.06 not clear| not clear @)
21 R Lenguazague - La Ramada 1964.04| 1967.01 not clear| not clear O
22 |R. Lenguazaque - Pie. Florez 1964.04| 196701 not clear| not clear @]
23 |R. Lenguazague - La Resaca 1967.03| 1968.03 not clear| not clear O
24 Fuquene Lake - Santuario Antigua 193401 1963.02 not clear| not clcar (@)
25 L. De Fuquene 2401717 |Isla Del Santuario 1960.11} not suspend | not clear 2,538 (@]
26  |Q.Honda 2401793 |Fuquene 1997.12| not suspend | not clear| not clear (@]
Fuquene Lake 27  |Q.Mina 2401795 [Ticha Munoz 1997.12{ not suspend | not clear| not clear (@]
28 R. Fuguene 2401781 |Chinzaque 1997.12| not suspend | not clear| not clear O
29 R. Ubate 2401725 |[Esclusa El Cubio 1961.11{ not suspend | not clear| not clear (@]
30 R. Ubate 2401729 |Pte. Colorado 1965.01 | not suspend 808| not clear @] O O
31 R. Susa 2401738 |Pte. Peralonso 1964.04| not suspend 49 2,600 O O O
Susa River
32 R.Sum - Pte. Calicanto 1964.04| 1966.12 | notclear| natclear Q
33 R. Nutrias 2401722 |San Agustin 1960.09| not suspend 59 2919 O ©]
Simijaca River 34  |R. Simijaca 2401730 [Pte. Guzman 1964.04| not suspend 108 2,545 O O O
35 R. Simijaca - Pte. Cuairo Esquinas 1964.04] 1966.12 not clear| not clear O
36  |R.Chiquinqura 2401751 [Narino 1964.11| not suspend 9 2,593 O O
Chi . 37 R. Chiguinqura 2401745 |Pte. Pinilla 1964.04| not suspend 103 2,549 O
h 38 R. Chiquinqura - Aguablanca 1962.08| 1968.12 not clear| not clear o]
39 R. Chiquinqura - El Palmar 1967.03| 1967.08 not clear| not clear O
40  {R.Madron - Ptc. Centenario 1964.04| 1968.07 not clear| not clear| o]
41 R. Suarez 2401711 {Pte. San Miguecl 1959.04| not suspend | not clear| not clear| O
42 [R. Suarcz 2401719 |Tolon Abajo 1960.06| not suspend | not clear| not clear, O
43 R. Suarez 2401749 |Esclusa Merchan Abajo | 1961.10} not suspend 1,615 2,700 O
44 R. Suarez 2401750 |Esclusa Merchan Arriba| 1961.11| not suspend | notclear| not clear o]
. 45 R. Suarez 2401789 [Tolon Arriba 1960.06| not suspend | notclear| not clear 0]
Suarez River
46 R. Suarez 2401713 |Garavito 1960.01 | not suspend 1,729 2,526 (@] O
47  [R. Suarez 2401704 |La Balsa 1934.03| not suspend 1,445 2,537 @] @] o]
48 R. Suarez - La Copetona 1934.03; 1968.07 not clear| not clear| O
49 R. Suarez - Pte. El Bujio 1962.08| 1966.11 not clear| not clear O
50 R. Suarez - Pte. Quebraditas 1934.03| 1968.03 not clear| not clear O
51 R. Suarez - El Carrizal 1964.05] 1967.01 not clear| not clear O

*1 Sraff : Staff Gauging Station
*2 Graph : Automatic Water Level Gauging Station
*3 Aforos : Stream Flow Gauging Station
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Table B.2.4 Runoff Ratio at Principal Stations

Station Catchment Runoff

Basin River Name No  Area(Kmd) Data Period Ratio
Upper Ubate R. Ubate Balcerona 2401731 219.5  1977-1997 0.41
Suta R. Suta El Pino 2401716 81.0 1977-1997 0.21

Lenguazaque R.Lenguazaque Tapias 2401714 1633  1977-1997 0.21
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