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Figure S15-2.1.3  Location Map of Campo Alegre Station 

 

 

Figure S15-2.1.4  Detailed Location of Campo Alegre Station 
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Figure S15-2.2.1  Entire System of the Rainfall Gauge 
 (During the JICA Study Period) 
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Specification of Rainfall Gauge

Brand: Novalynx System Inc.
Model 260-2501M
Sensor Type:  Tipping bucket
Switch: Magnetic sensitive, 3W, 28Vac
Sensitivility: 1 tip per 1 mm
Accuracy: ± 4 % for rainfall rates of 1" to 6" per hour
Orifice: 8" diameter (20.32 cm)
Construction: Anodized Aluminium, Stainless steel fasteners
Dimension: 8.4" D x 15"  H (21.34 cm x  38.10 cm)
Weight: 8lb (3.63 kg)

Full View
 Location of Rainfall Gauge Station

 Longitude  :    726,870
 Latitude     : 1,165,920
 Elevation   : 1,550 msnm

 (Coordinates UTM Datum La Canoa;
  based on the 1/25,000 Topographic Map)
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Figure S15-2.2.2  Schematic Drawing of Rainfall Gauge and Station 
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CHAPTER 3. INSTALLATION OF WATER LEVEL STAFF GAUGE 

3. 1 Objectives 

The objectives to install the water level staff gauge are shown below. 

- To collect the water level data. 

- To utilize the observed data for the education program of early warning and evacuation system. 

- Technology transfer on installation, operation and maintenance 

3. 2 Site Selection 

The sites for water level staff gauges were selected according to the points listed below with the help 
of C/P. 

- Visibility by the local people 

- Upstream as much as possible 

- Easy access for maintenance 

The staff gauge or water level indicators were installed at totally twenty (20) locations between the 
fan apex and the Guaire River, which are listed in Table S15-3.1.1 and the locations are shown in 
Figure S15-3.1.1. 

These locations were determined in function of that the communities located in these catchments are 
integrated to the proposed M/P, through the reading and recording of the water level with the 
cooperation with the Civil Protection and Municipalities. 

3. 3 Equipment 

The staff gauge itself is made of metal and the dimension of 1 piece is 1 m (length)* 10 cm (width)* 3 
mm (thickness).  The maximum length is 5 meter and the average length is 4 m.  The staff gauges 
are attached in a U-steel bar for protection against the flow to be placed on concrete wall on the site. 

The readings of staff gauge are painted in red and white alternately in 10 cm to make the observation 
easy. 

The schematic drawing of a piece of staff gauge is shown in Figure S15-3.1.2. 
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3. 4 Operation and Maintenance 

The water level on a staff gauge is observed by community or public organizations such as the park 
guard.  The frequency of the observation is once or twice a day at the normal time.  In the case of 
flood, the maximum water level and the time series water level during the flood are requested to be 
observed.  The observed data is utilized for the improvement of the hydrological analysis such as the 
runoff analysis and flood analysis to create the hazard map. 

The observed water level data in real time during the flood is utilized for the early warning and 
evacuation system. 

The Study Team visited the 20 sites of the water level staff gauge once a month to confirm whether 
the staff gauges can be seen clearly without any obstructions or not, during the study period.  
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Table S15-3.1.1  List of Selected Location for Water Level Staff Gauge 
Note: Datum is La Canoa Coordinate system 

No. Location (Stream) Observation Latitude Longitude Elevation (m)

1 Caurimare Community 1,162,207 741,721 956 

2 Galindo Park Guard of Galindo 
Station 1,162,070 741,077 919 

3 Tocome (1) Community 1,161,848 738,309 883 

4 Tocome (2) Community 1,160,777 738,272 850 

5 Agua de Maiz (1) Community 1,162,452 737,336 904 

6 Agua de Maiz (2) Community 1,161,489 737,155 860 

7 Sebucan Community 1,163,156 736,756 974 

8 Pajarito INPARQUE 1,163,362 736,043 1,012 

9 Quintero National Guard 1,162,730 735,011 929 

10 Chacaito (1) Community 1,163,126 734,237 967 

11 Chacaito (2) Community 1,161,903 733,633 894 

12 Gamboa Community 1,163,593 729,762 913 

13 Anauco (1) Community 1,164,225 729,555 928 

14 Cotiza Metropolitan Police 1,164,395 729,048 943 

15 Anauco (2) Community 1,163,329 729,537 894 

16 Catuche (1) Community 1,164,360 727,818 1020 

17 Catuche (2) Community 1,163,714 728,074 969 

18 Agua Salud Community 1,164,178 726,837 1,002 

19 Agua Salada Community 1,164,208 726,383 963 

20 Caroata Community 1,163,113 726,127 933 
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Figure S15-3.1.1  Location of Water Level Staff Gauges 
 

 

Figure S15-3.1.2  Schematic Drawing of Staff Gauge 
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CHAPTER 4. TECHNOLOGY TRANSFER 

The entire system of the rainfall gauge and the 20 water level staff gauges installed have to be 
operated and maintained properly by the counterpart after the termination of the Study.   

In order to ensure the sustainable operation and maintenance by the counterpart, the Study Team 
supported technically the counterpart in terms of the installation, operation and maintenance of the 
entire system of the rainfall gauge and the water level staff gauges.   

In the course of the technology transfer to the counterpart, the Study Team advised and provided 
necessary information for the counterpart to prepare the operation and maintenance plan including 
measure for budget. 
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S-16 FACILITY DESIGN AND COST ESTIMATE 

CHAPTER 1. GENERAL 

The works for the master plan project consist mainly of earth works and concrete works such as the 
construction of sabo dams, channel works and water channel works.  

The construction planning described in this report was prepared on the basis of the design of 
structures in consideration of results of the studies on the capability of contractors in Venezuela such 
as technical level, prevailing construction methods, and similar domestic projects and so on.  

Construction materials and equipment except specially specified ones will be procured in Venezuela. 

Direct cost was estimated on the basis of the construction plan.  The indirect cost was estimated 
taking into account similar domestic projects in Venezuela. 

 

CHAPTER 2. FACILITY DESIGN 

2. 1 Basic Concept 

In the Supporting Report S12, the potential runoff sediment volume from the southern part of the 
Avila was estimated.  Also the flood water discharge from each mountain stream above its control 
point was calculated for various return periods. 

In the sediment study area, the area below the basic points is already highly urbanized and almost all 
the mountain streams have been confined and occupied by houses and buildings.  Therefore the 
assumed sediment runoff volume should be controlled in the area upstream of the basic points, which 
is in the Avila.  In order to protect property below the basic points, this is the only way. 

Also the urban area in Caracas has been developed historically on the alluvial fans, which was formed 
by the runoff sediment from the Avila.  The natural stream courses on the alluvial fans are not so 
stable and vulnerable for bank erosion.  Those natural stream courses, especially in the upstream 
section below the control points should be improved by channel works.  Besides, the water channels 
in the urban area have small flow capacity, resulting into the spreading inundation.  The water 
channel with small flow capacity should be improved to minimize the inundation damage. 
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2. 2 Conceivable Structure Measures 

Figure S16-2.2.1 shows the work flow diagram for the selection of structure measures for debris flow 
from the Avila.  In the figure, totally 7 types of sediment control measures are mentioned.  The 
seven (7) types of measures are illustrated in Figure S16-2.2.2.  The brief explanation for the work 
flow diagram is as follows, 

Possibility of occurrence of debris flow can be recognized for all the mountain streams in the 
sediment study area.  Sediment control structure was studied for all the mountain streams (47 
streams). 

Each mountain stream can be divided into two (2) segments at its control point.  The segment 
upstream of the control point has steep stream bed slope steeper than around 3 degree, which belongs 
to the Avila.  The other segment downstream of the control point has comparatively mild stream bed 
slope milder than around 3 degree, which belongs to the urban area in Caracas. 

In the Avila there are three (3) structure measures possible. 

- Measure(1) for sediment generation control (Hillside works/groundsill or Protection works for 
landslide) 

- Measure(2) to mitigate debris flow energy (Sabo dams) 

- Measure(3) to trap debris flow (Sabo dams)  

The measures (1) and (2) require the basin-wide layout of structure.  They are not appropriate in the 
Avila in terms of the scale of structure.  The measure (3) aims at trapping of debris flow by a series 
of Sabo dam at the downstream reach within the Avila.  The measure (3) is recommended for the 
Avila. 

In the urban area of Caracas, there are four (4) structure measures possible. 

- Measure(4) to trap sediment (Sediment Trap) 

- Measure(5) to guide debris flow (Training Channel) 

- Measure(6) to stabilize stream course (Channel Works) 

- Measure(7) to make flood flow safely (Water Channel Works) 

If the runoff sediment can not be controlled completely in the Avila, the measures (4) and (5) are 
required in the urban area.  In Caracas, it is not practical to construct such large scale structures in 
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terms of the availability of open space.  In this context, the runoff sediment must be controlled 
upstream within the Avila. 

The measure (6) aims at the stabilization of stream courses on the alluvial fan.  The streams that the 
Cota Mil is crossing at its control point do not need the measure (6) because the Cota Mil could fix 
the stream course already.  The measure (6) should be applied to the fan apex of Catuche, Chacaito, 
Tocome. 

The measure (7) could be applied to all the stream courses in the urban area. 

2. 3 Proposed Level 

The scenario for the sediment disaster is set to the level comparable to the event in December 1999 in 
Caracas with respect to the sediment, while set to 100 years return period for the water discharge from 
the Avila. 

The flow capacity of the existing Guaire river has been evaluated 25 to 50 years return period as 
shown in Figure S16-2.3.1 based on the Caracas Project1. 

In addition to the scenario case, 25 years return period for the sediment and 10 years return period for 
the water channel shall be proposed as the short term case (action plan). 

2. 4 Sabo Dam in the Avila 

2. 4. 1. Function of Sabo Dam 

Generally Sabo Dam has the following functions. 

 FUNCTIONS APPLICABILITY 

in the Avila 

1 Avoiding of vertical (longitudinal) erosion to give a fixed elevation by dams No 

2 Avoiding of bank erosion to guide the stream flow toward center by dams No 

3 Avoiding of slope failure to raise the stream bed by dams No 

4 Storage and keeping of runoff sediment Yes 

5 Control of sediment runoff to deposit temporally during floods No 

Among the above five (5) functions, the function no.4 can be applicable in the Avila.  Because the 
Avila is in comparatively stable and low frequency in terms of sediment runoff process, only debris 

                                                      
1 UCV-IMF, Impacto y Prevencion de Inundaciones y Aludes Torrenciales en El Valle de Caracas, Informe Tecnico No.1, 
2003 
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flow generated by extraordinary heavy rainfall is subject to the function of Sabo Dam.  The functions 
No.1,2,3 and 5 are applicable for the unstable mountain streams with high frequency of small floods. 

2. 4. 2. Preliminary Design 

(1) General 

Preliminary design of Sabo dam was prepared from the viewpoint of availability of 
construction materials near the dam site, economy, construction efficiency and construction 
experiences in Venezuela. 

The structure type of sabo dam was studied to take into consideration the construction method, 
access road and maintenance work, etc.  

The location and the height of proposed Sabo Dam was decided based on the objective of the 
dam and the site conditions.  Since the stream bed of the Avila as the base of the Dam is 
composed of sand and gravel materials, the Dam height was set to be shorter than 15 m. 

The function of the proposed Sabo Dam for the Avila is to storage and keeping of runoff 
sediment as discussed in section 2.4.1.  Generally the methodology to determine the location 
and the height of Sabo Dam is different among the objectives.  Here the methodology only for 
the Sabo Dam to storage and keep the runoff sediment was explained below. 

It is more advantageous that the more sediment trapping capacity and the surface area of the 
trap for unit concrete volume of a Dam.  Therefore it is desirable to locate a Dam at narrow 
section with V-valley and wider section upstream as well as mild stream bed slope. 

(2) Preliminary Design 

For the purpose of the estimation of number of Sabo Dam and work quantity in the Avila, the 
concrete Sabo Dam, the most general structure type, was designed.  The basic structure of 
Sabo Dam is shown in Figure S16-2.4.1. 

The basic design principles in the Study are as follows, 

- The dam height is lower than 15 m. 

- The effective height of the dam is 2 m shorter than the dam height. 

- The downstream side slope of a dam is generally 1: 0.2, while the upstream side slope was 
decided by the stability calculation. 
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The dimension of the designed Sabo Dam is summarized in Table S16-2.4.1 (1/2 and 2/2). 

2. 4. 3. Layout of Sabo Dam 

For the target sediment volume decided in the S12, the necessary Sabo Dam was designed.  The 
trapped sediment volume by each Sabo Dam was calculated as shown in Figure S16-2.4.2.  The size 
and number of Sabo Dam was designed in a manner that the trapped sediment volume is larger than 
the target sediment volume. 

Q – E–(C+D+B)=0  

Q: Target Sediment Volume  

E: Design Allowable Sediment Transport (=0)  

C: Design Trapped Volume  

D: Design Deposit Volume  

B: Design Reduction Volume for Debris flow generation (=0)  

Design Allowable Sediment Transport (E) is the sediment volume which can be transported not to 
cause damage at the basic point downstream.  In Caracas, since the basic point downstream is urban 
area, the E is set zero. 

Design Trapped Volume (C) is the sediment volume which can be allowed to deposit at Sabo Dam 
when a debris flow occurs.  In Caracas, this volume was considered.  The trapped volume capacity 
can be recovered naturally after small-middle scale floods after the debris flow.  However, in the 
case of small catchment area and small flood discharge, or in the case that the Dam slit is closed by 
large boulders, the recovery of the trapped capacity can not be expected.  In those cased, the 
excavation is required immediately after the debris flow. 

Design Deposit Volume (D) is the sediment volume, which can be deposited in the sediment trap area 
when debris flow occurs.  In Caracas, such sediment trap area can not be proposed because the basic 
point downstream is highly urbanized, therefore D is set zero.  

Design Reduction Volume for Debris flow generation (B) is the sediment volume, which can be 
reduced by slope protection works or groundsill in the segment of debris flow generation and 
transport.  In Caracas, since the Sabo Dams are proposed in the lower reach of each catchment, B is 
set to zero. 

The basic Layout of Sabo Dam principles in the Study are as follows 
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- Sabo Dam shall be proposed in the lower reach where debris flow can be deposited easily, and in 
the topography where the trapped sediment volume is large.  

- In the case that multiple Sabo Dams are necessary because of the height limitation of 15 meter, 
they are located not to share the sediment deposit area.  Design bed slope was set to 50 % of the 
original bed slope. 

- Only the trapped sediment volume was regarded as the sediment capacity of a dam. 

Table S16-2.4.1 shows the proposed Sabo Dam features in the Avila and Figure S16-2.4.3 shows the 
location of each Sabo Dam. 

There is an index called “ratio of trapped to runoff sediment” which can indicate the effectiveness of 
Sabo Dam.  The ratio is calculated by the following formula.  When all the Sabo Dams are 
constructed in a catchment, the ratio would be 100 %. 

 ratio of trapped to runoff sediment (%)＝Summation（Design Trapped Volume）/（Target 
SedimentVolume）*100 

Table S16-2.4.2 shows the proposed ratio of trapped to runoff sediment for each principal mountain 
stream. 

2. 4. 4. Cost Estimate 

The project cost for the Sabo Dam works was estimated based on the concrete volume basis.  Table 
S16-2.4.3 is an actual cost for a dam constructed in Vargas in 2000.  The cost is expressed by Bs. in 
2000.  In this case, the concrete volume for the main dam is 2,095 m3.  The partial cost only for the 
sabo dam works is 600 million Bs. in 2000 including the overhead cost.  The project cost per 1 m3 
concrete is 286,400 Bs. in 2000.  For the master plan study, 300,000 Bs. per 1 m3 Sabo Dam 
concrete will be used as year 2000 price level. 

The cost of proposed Sabo dam was shown in Table S16-2.4.1. 

2. 5 Channel Works and Water Channel Works 

2. 5. 1. Channel Works 

Channel Works (refer to Figure S16-2.5.1) was proposed to stabilize the stream course on the alluvial 
fans for the section downstream of the control point.  The stream, whose the control point is not 
crossed by the Cota Mil or is going through the bridge opening of the Cota Mil, should have the 
channel works downstream of its control point.  Among the 47 mountain streams, the Catuche, 



S16 - 7 

Chacaito, Tocome streams need the channel works.  The streams west of the Catuche do not need the 
channel works because their fan apex is forming the clear straight V-valley. 

The proposed cross section and detailed dimension are shown in Figure S16-2.5.2 and Table 
S16-2.5.1, respectively.  

2. 5. 2. Water Channel Works  

Water Channel Works was proposed to make the flood flow safely from the downstream end of 
channel work section until the Guaire River.  Most of the existing water channels downstream of the 
control point have insufficient flow capacity against the scenario flood discharge.  The Central 
University of Venezuela has been investigating the flow capacity of the existing channel in Caracas 
under the Caracas Project funded by the Venezuelan Government2.  Figure S16-2.5.3 is the flow 
capacity of the existing channel in the Catuche.  For the section whose flow capacity is smaller than 
the design discharge, the appropriate water channel works should be proposed. 

2. 5. 3. Cost Estimate  

The project cost for the Channel Works and Water Channel Works was estimated based on the 
concrete volume basis.  The unit price for 1 m3 concrete (80 kgf / cm2) is 120,000 Bs. in 2000 
according to the Table S16-2.4.3.  Considering intangible cost, the unit price is set 240,000 Bs. to 
estimate the project cost for Channel works and Water Channel Works in Caracas. 

The cost of proposed Channel Works was shown in Table S16-2.5.1. 

2. 6 Temporary Yard for Construction  

Figure S16-2.6.1 illustrates the procedures to determine the location of temporary yard and temporary 
route between the yard and the construction site.  The minimum requirement of temporary yard and 
access route are described in the bottom of the figure. 

Regarding the temporary yard, the availability of appropriate site should be checked, where the access 
time is less than one (1) hour.  If there is not an appropriate site, a new temporary yard should be 
constructed.  Actually in the sediment study area the open space the Cotiza and the Anauco upstream 
are the only candidate site for the temporary yard. 

Also the road for vehicle as temporary route between the yard and the dam site is available in the 
Cotiza.  In the case of Anauco, other way such as cable way must be constructed. 

                                                      
2 UCV-IMF,Borrador Informe FONACIT 
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For other streams, there are no appropriate temporary yards near their dam sites.  If new temporary 
yards and access route are proposed, the construction cost and the environmental impact will be quite 
higher.  

Figure S16-2.6.2 is the proposed temporary works for Sabo dam and channel works. 

Table S16-2.6.1 is the work quantity for temporary works. 

Table S16-2.6.2 is the proposed construction schedule. 

2. 7 Type of Sabo Dam in the Avila 

2. 7. 1. Manner of Sediment Runoff and Countermeasures 

The manner of sediment transport can be categorized based on the stream bed slope as shown in Table 
S16-2.4.1.  The type of countermeasures such as construction method and structure type can be 
decided according to the category. 

Figure S16-2.7.1 shows the segment of each mountain stream based on the streambed slope.  The 
segment at the Sabo dam site was shown in Table S16-2.7.1. 

2. 7. 2. Layout of Sabo Dam 

There are two (2) types of Sabo Dam.  They are open type and closed type. 

Table S16-2.7.2 explains the sabo dam layout based on the feature of debris flow transport.  
According to this concept, the type of sabo dam was decided as shown in Table S16-2.4.1. 

Figure S16-2.7.2 illustrates typical sabo dam layouts for the Avila as a reference. 

2. 7. 3. Type of Dam 

Open type is the dam which can allow the water and smaller sediment through the slits considering 
the continuity of flow between upstream and downstream.  The open type can trap and storage the 
first debris flow after the dam starts its operation.  In the case of mountain stream in which quite a 
few small floods occur frequently, the trapped sediment is easily transported downstream to result into 
that the dam is emptied before the next debris flow.  Consequently the function of the dam is kept for 
long time.  This situation is very common in Japan.  However in Caracas, such small floods are not 
so common that when the second debris flow comes, since the dam is already full, the dam can not be 
functioning.  Therefore, in Caracas the maintenance dredging is required in order to keep the 
function of open type dam. 
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Closed type is the conventional dam without deep slit.  This type is appropriate to the site whose 
downstream is urban area or whose geological condition is weak for stream bed degradation and bank 
erosion. 

The effectiveness in terms of the controlled sediment volume is quite different between open type and 
closed type.  The open type dam can consider the storage volume and the controlled volume, while 
the closed type dam can only consider the controlled storage.  Therefore open type is more effective 
in terms of the sediment volume. 

Considering the above characteristics, open type sabo dam shall be located from downstream, 
however, closed type dam shall be located for the stream flowing into the urban area directly without 
Cota Mil or through bridge.  

(1) Open Type Sabo Dam 

The open type Sabo dam for the purpose of sediment storage and trapping of debris flow should 
be located on the stream where debris flow could occur, go downstream and deposit.  The 
open section can be regarded to be blocked after the dam trapped debris flow.  If the trapped 
sediment remains just upstream of the dam the function to storage and trap sediment is lowered, 
so that the dredging is inevitable. 

In terms of the selection of Sabo dam site, the basic principle is same as that of closed type sabo 
dam.  The open type Sabo dam should be avoided to locate just upstream of the property to be 
protected because the sediment could pass through the open section or the sediment easily 
flows over the dam due to the remaining sediment upstream.      

For the open type dam, the concrete slit type and the steel frame type are conceivable at 
present.  In the case of concrete slit type, sometimes it is difficult to control the sediment 
during the falling limb of the flood, while it is said that the steel frame type can control even 
such problems since the frame is dense.  Table S16-2.7.3 shows the comparison of structure 
type of open type Sabo dam.  Among the four (4) types in the Table, concrete slit dam and 
frame type slit dam are more appropriate than the others. 

(2) Closed Type Sabo Dam 

For the closed type dam, the gravity concrete type, steel frame type and the grouting type are 
considered as shown in Table S16-2.7.4.  As a conclusion, the gravity concrete type is the 
most appropriate. 
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2. 8 Design in Selected Mountain Stream 

Figure S16-2.8.1 (1/2-2/2) is the typical design of concrete slit sabo dam and steel frame sabo dam, 
respectively. 
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Figure S16-2.2.1  Work Flow Diagram for Structure Measures 
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Figure S16-2.2.2  Schematic Image of Sediment Control Structures 
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Figure S16-2.3.1  Channel Capacity and Probable Discharge in the Guaire River 
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Figure S16-2.4.1  Explanation of Dimension of Sabo Dam 
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B: Average Sedimentation Width (ｍ） B=(b+b’)/2 
b : Average Width of Existing Streambed（ｍ） 
b’：Design Sedimentation Width（ｍ） 
h : Effective Height of Sabo Dam(ｍ） 
Normal Sedimentation Slope : 1/2 of the existing streambed slope “n” 
Design Sedimentation Slope: 2/3 of the existing streambed slope “n”（up to i=1/6） 
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Figure S16-2.4.2  Concept of Trapped Sediment Volume of Sabo Dam 
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Figure S16-2.5.1 (1/3)  Location of Channel Works (Catuche) 
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Figure S16-2.5.1 (2/3)  Location of Channel Works (Chacaito) 
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Figure S16-2.5.1 (3/3)  Location of Channel Works (Tocome) 
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Figure S16-2.5.2  Cross section of Channel Works 
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Figure S16-2.5.3  Channel Flow Capacity in the Catuche Stream 
(Source: IMF) 
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Figure S16-2.7.2  Illustration of Typical Sabo Dam Layout 
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