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APPENDIX B    HYDROLOGY 

CHAPTER  I    CLIMATE AND RAINFALL 

1.1 Basin Division and River System 

1.1.1 Basin Division 

The Study Area covers a total drainage basin of 1,752 km2 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 
calculated in Table B.1.1. 

1.1.2 River System 

(1) Upper Part of the Ubate-Chiquinquira Valley 

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 km2 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 km2 into the Ubate River at 5 km 
downstream of Ubate City. To the east of the Suta River basin is located the 
Cucunuba Lake basin with an area of 92 km2. The Cucunuba Lake basin is drained by 
the Cucunuba Channel into the lower end of the Lenguazaque River. The 
Lenguazaque River with an area of 293 km2 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 km2 along with its tributaries. 

(2) 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 Fuquene Lake 
basin (270 km2) in addition to the basins of Ubate, Suta, Cucunuba, Lenguazaque. 
The total drainage area is 992 km2. 

The major rivers and streams of the Fuquene basin are Honda, Tagua, Simiento and 
Fuquene. The former three (3) rivers and streams independently enter the Lake from 
the east, while Fuqune discharges into it from west. 

(3) Lower Part of the Ubate-Chiquinquira Valley 

In the lower part of the Ubate-Chiquinquira Valley (downstream of the outlet of the 
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Lake), the Suarez River is joined by Susa (64 km2) and Simijaca (153 km2) rivers 
from west before Tolon Gate and immediately after the gate, joined by Chiquinquira 
River (1130 km2) 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-Chiquinquira Valley). *: 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 

(1) 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. Novilleros and 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) Rainfall 

The Study Area is characterized by two (2) dry and two (2) rainy seasons which 
alternately 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. 



B - 3 

(4) 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 stations is 11-
13 cal/cm2/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 Velocity 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 annual 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 
are given in Table B.1.5 and Fig. B.1.5. 

- La Boyera, Novilleros, El Hato, Statausa, Isla del Santuario, Simijaca, Boqueron 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 Fuquene, 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 Area in 1986 is 
shown in Fig. B.1.6. 

1.3.3 Historical Change of Rainfall 

(1) Yearly Rainfall 

The historical change of yearly rainfall 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 
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B.1.6. 

(2) 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 although 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. 
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CHAPTER  II    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  in the Study Area. They are listed 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 stations is given in 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 stations is shown in Fig. B.2.2. The river 
flow at all the stations marks the peak in May and November, while the lowest in February 
and August. 

Annual average discharge data at principal stations after 1966 are shown in Table B.2.3. 
Average discharge is estimated to be 3.9 m3/s at the Colorado station located in the lower end 
of the Ubate River and 10.2 m3/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 Lenguazaque (0.2 respectively). This is 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 m3/s at the Colorado station and 
16.12m3/s at the Garavito station. In the dry season they are estimated 2.27 m3/s and 4.90 m3/s. 

2.2 Lake Water Level 

2.2.1 Fuquene  

The surface water level of the Lake Fuquene has been observed at Isla del Santuario since 
1966. The yearly average, yearly maximum and yearly minimum water levels in the past are 
shown in Fig. B.2.3. 
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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 
shown in 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.s.m.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 stations is 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 III 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) 
stations is in the range of 15 cm to 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 stations is very small. 
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CHAPTER  III    HYDRAULIC ANALYSIS 

3.1 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 

(1) 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.  

(2) 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 critical 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.  

(3) 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. 

(4) River Cross Section 

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

(5) 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.  

(6) Estimated water level profile 

The water level profile estimated corresponding to the average discharge of rainy 
season (at  Sta. Garavito : 16.12 m3/s) as shown Fig. B.3.1. 
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3.1.2 Relationship Between Water Level and Discharge of the Lake 

(1) 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.  

(2) 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. 

 

Case 
Dredging From 
Existing River Bed  (m) 

Amount of Dredging  (m3) 
Exclusion of 
the Elodea 

Manning’s 
Coefficient 

Case1 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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