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CARIBLANCO-SAN MIGUEL,                  
COSTA RICA 2009” 
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QUICK ORTHOIMAGES AND DIGITAL ELEVATION MODEL OUTSET  

Since the photogrammetric flights, and thus the cartography, Orthophotos and DTM are obsolete 
and do not cover the entire country, and in order to analyze the affected area optimally, a 
combined photogrammetric flight was chosen to obtain digital Orthophotos and precision DTM to 
evaluate the damage caused in the area due to the earthquake, specially in the transmission line 
power. 

The combined photogrammetric flight consists in simultaneously taking aerial images and LiDAR 
data to determine the position and intensity of each one of the points on which the laser beam 
reflects on the ground. The purpose is to obtain colour digital Orthophotos and real projections of 
the Orthophotos, which will be simultaneously generated by merging the imaging and land 
elevation data. 

The media used to capture the data included: a large format digital camera DMC-Zeiss Intergraph -
Digital Matricial Camera consisting of: 8 optic lenses (4 Panchromatic/4 Multi-spectral), an 
electronic image sensor: CCD matrix, a Navigation system: ASMS (Airborne Sensor Management 
System) and a GPS and INS system, and a laser system for remote measuring, which allows for 
quick, accurate terrain modelling, composed of a GPS receiver and an inertial system (provides the 
position, trajectory and orientation of the laser), a transmitter, and a scanner that enables a very 
dense and accurate cloud of points with XYZ coordinates to be obtained, known as a LiDAR 
system (LIGHT DETECTION AND RANGING). 

The area of activity measures approximately 500 km2, for which the following flight plan with 
East-West sweeps was designed.  

 

 

 

 

 

 

 

 

Fig.1 - Planning Graphics- 
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The flight was performed at the beginning of April, with a total of 87 flight lines. 

Panchromatic, RGB and infrared 15 cm images and a cloud of LiDAR points were taken 
simultaneously obtaining a density of 1pt/m2. 

 

Fig. 2 - Example of images taken- 

 

Once Aerotriangulation was completed, we continued with the photogrammetric process by 
rectifying the images, with the aid of a DTM. The model automatically-generated from the entire 
cloud of points from the LiDAR data was obtained by using an automatic filter process that allows 
the points corresponding to the terrain to be selected, forming the DTM.  

 

Fig.3.- Automatically generated DTM- 

�

The precision with which the DTM was obtained from the gross LiDAR data did not exceed 15 cm 
in altimetry and 25 cm in planimetry.   

The result obtained almost automatically corresponds to an orthorectified RBG and CIR image 
derived in subsequent studies. 

As the human eye is more sensitive to changes in shade of red, and from the perspective of the 
photo geological analyses, landslides, soil, alignments, forested mass and outstanding aspects of 
the rock formations that have been discovered because of this seismic event can be better 
differentiated. 
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With respect to the landslides, those involving the different public works of the Cariblanco Project 
and the Transmission Line in the segment of the earthquake area were analyzed. 
Polygonal landslides were marked and the internationally used landslide categorization was not 
performed. 

A total of 282 landslide polygons were identified, with the majority concentrated in the area of the 
right bank of the Sarapiquí River, where the project is located. (Table1) 
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The remaining 200 landslides located on the banks of the Sarapiquí will present a serious indirect 
danger to the stability of the Machine Building area and to the damming produced with rains in 
this area for several years until said Sarapiquí banks are stabilized. 

With regard to the alignments, all straight-line alignments were marked, which signal every fluvial 
network, old scars from faulting, the cracks caused by the earthquake, within the landslides where 
the rock that was revealed, the cracks and outstanding straight-line geomorphologic characteristics 
were marked, for a total of 1166 alignments. Then, using the ArcGis 9.3, from a subroutine called 
Rose Diagram, the preferential directions of these alignments were analyzed. (Table 2) 
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Two dominant directions were determined from the preferential directions analysis of the 
alignments: North South and SE, which can be corroborated with what we observed in the field. 
Photos have been included below. (Fig. 5, Fig. 6) 
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There are 85 alignments with both preferential directions (NS and NE); they may affect the intake 
area the following two PI’s of the tunnel. We recommend that the tunnel be inspected in these 
areas for micro fractures, as it was one of the most highly-affected areas. We suggest a high 
resolution, LiDAR laser scan inside the tunnel to rule out micro fractures. 

Another area that was very affected as regards number of alignments (341) is the Oscillation Tank 
and Pressure Piping area. Detailed inspections are recommended to check in the two predominant 
directions described to locate cracks and their length for engineering assessment. 

The remaining 740 alignments are significant for the monitoring studies in coming years to 
determine the threats and vulnerabilities to other public works, as they will be the new landslides 
and sinking of terrain. 

CIRCUITO CARIBLANCO-SAN MIGUEL 

Tower TS 37 

The Tower is founded on metric thickness soils that previously had problems of stability, 
demanding at the time the construction of protected rocks on its side that after the event collapsed 
and towards the West sector presents at least 5 levels of fractures that determine dowels with 
moving eastward and affecting the leg C. However other fractures in the way of access put at risk 
the West side of the structure. 

The structure presented slight curvature in the amounts due to settlements and differential 
displacement in the legs. The vertical component these offsets vary from 10 to 15 cm. This 
curvature in the Tower elements fails in imminent danger of collapse to the structure.  

Issues of access due to over two metres wide at the way tension cracks were detected. 
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Tower TA 38 

Cracks were observed during the visit to assess by specialists in Geotechnics. Problems detected 
by the nearby volcamiento of stones covered and because it is a structure in angle should pay you 
attention. The Tower not presented buckling or failure problems in any element. 
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Tower TA 39 

There were numerous cracks in the lining of concrete tower site that reflect the existing field and 
small landslides in legs oriented in the direction of Cariblanco (North). 

Curvatures and important deflections had been observed. 
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Tower TA 40 

There were numerous cracks along the way before the Tower, in the area of the towers and 
surrounding found cracks multi-direction crossing the legs, extending to the East side with small 
dowel, showing the entire block where the tower knocked over. 

These surface fractures have openings that vary from cm to some dm; direct measurement of its 
depth exceeds 1.8 m, by which the risk that fractures extend beyond the level of Foundation, this 
thickness based decamétrico and development of these volcanic soils. 

Elements bent in the enclosure or frameworks to top-level legs were observed that demonstrate 
displacement and differential settlements between the legs of the tower. 

These deflections in the Tower elements fail in imminent danger of collapse to the structure and 
provided not differential movements between the legs to increase this issue continue presenting 
can cope with. 
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Tower TA 41 

These surface fractures have openings that vary from cm to some dm; direct measurement of its 
depth exceeds 1.8 m, by which the risk that fractures extend beyond the level of Foundation, this 
thickness based decamétrico and development of these volcanic soils. 

During the visit numerous cracks were observed before the tower. The site and surrounding area 
found cracks multi-direction. Elements bent in the enclosure or framework to top-level legs that 
demonstrate displacement and differential settlements between the legs of the tower were 
observed. 

These deflections in the Tower elements fail in imminent danger of collapse to the structure and 
provided not differential movements between the legs to increase this issue continue presenting 
can cope with. 
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Tower TS 62 

Noted that the tower is founded on soil without any anchor to rocky substrate whereas the 
profanity of this, previously had stability is treatment problems overcome with the placement of a 
gabion on the East side of the structure, which stopped working after of the earthquake and is 
currently dump being floating shape. 

The tower site is affected by at least four major fractures and their associated fractures affect 
structure components either directly or by material mobilized towards them. 

The parallelism between major fractures determines dowels with movement westward, featuring 
internally very low stability. Horizontal and vertical movements of the legs of the towers were 
observed. The Tower does not present any element deformations or visible inflections. 
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Tower TS 68 

During the visit were cracks in the ground to approximately 10 m of the legs of the tower. 
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Tower TS 74 

Significant cracks near the feet of the tower were observed during the visit. Ran a collapse 
approximately 2 m between legs A and D. 

 Problems of access due to significant cracks were detected. 
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Summary of the diagnosis of towers between Cariblanco-Carrizal of 
transmission line section Cariblanco – San Miguel 

State of transmission towers in the TL San Miguel- Cariblanco: 

	
��

�� � �� �������
�� ���� ����� � �� ���������� ���� � �����

��������

����,

���"
���� +0�


������ /� /�

��3
�
����� /� /�

��
�"�� +0� �//�

�� �� �� �� ��



���"
���,�
����� �"� ��@�


������ *� B�/@�

��3
�
����� *� B�/@�

��
�"�� �/*� @0�@9�

�

+�� �



�=�

SUMMARY 

Millions of earthquake happens around the world every year; and while it is true that some areas 
are more vulnerable to the risk of an earthquake, no area is completely exempt. Therefore, both 
local and central governments are seeking representations of the territory to be able to study it, 
model it and perform damage analysis, to then be able to create architectonic and engineering 
models to minimize damage in the case of future earthquakes. 

By using the most advanced technologies, such as LiDAR, assessment studies of damages 
produced by earthquakes can be conducted with high precision, as these technologies can measure 
the structures and damages both horizontally and vertically. Thematic maps can be constructed 
through these technologies which would then allow decisions to be made about the most 
compromised and vulnerable areas. 

Eight landslides threaten this work in the intake area and part of the right bank of the Sarapiquí 
River covered by this study. 

In the tunnel area, there are 21; the tunnel does not appear to be affected because it is subterranean. 
However, the road infrastructure and transmission line have been affected. 

A total of 53 were detected in the Oscillation Tank, Pressure Piping and Machine building, 
meaning the public works and road infrastructure are endangered and highly vulnerable. 

The remaining 200 landslides are located predominantly throughout the Sarapiquí riverbed, and 
will present significant stability problems for the slopes, causing greater landslides of forested 
mass, soil and rock formation, causing damming as an indirect effect of rain and other seismic 
events; these pose a threat to the Machine Building and the waters beneath this basin. 

A total of 1166 alignments were identified and may be associated with fractures, faults or other 
geomorphologic aspects present in the Cariblanco Project public works and road infrastructure in 
these areas. 

In the Intake area, 85 alignments with both of the preferential directions (NS and NE) were 
located; these may affect the intake area and the following PIs of the tunnel. 

The Oscillation Tank and Pressure Piping area was greatly affected (341 alignments). Detailed 
inspections are recommended to check in the two predominant directions described to locate 
cracks and their length for engineering assessment. 

Whereas the deterioration of sites and structures affectation, we recommend relocate the Towers 
39 and 45 in the shortest time possible, to better mechanical physical condition of soils, but with 
slope instability sites, whereas the impossibility of better conditions in the towns, causing the 
recommendation to treatment of soils in the previous form pre-selected sites. 

The other visited towers, require short and medium term implementing measures which extended 
life, ranging from waterproofing and drainage of grounds to the treatment of the soil by injection 
or greater severity consolidation methods that reduce the apparent instability structure. 

Damages presented the stretch of transmission line, from its proximity to the population of 
Marseille to the zone Carrizal, concludes the need to relocate the circuit geese-San Miguel, so to 
start the route using data base from LiDAR and images and the environmental impact study, 
looking for land more geological stability and moderate slopes, as the right site of the Sarapiquí 
River Bank area pending. 
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CONCLUSIONS 

�

This work demonstrates the importance of react to a disaster such as an earthquake, with fast 
geographic information, accurate and high resolution. This information has been supplied by an air 
platform with multiple sensors aboard (digital camera - LIDAR, video) with robust direct 
orientation equipments and applying contrasted methodologies.   
 
The post-processing of information goes in the concept of "fast", based on download information, 
process at the base of operations and developing quick products (Ortho-DEM), with fewer 
requirements that allows decision making.  
 
Analysis of the digital data in GIS tools and an experienced workflow has given some remarkable 
results as shown in the article. The concept of fast, new geographic products Orto-DTM-DSM, 
digital workflows, interpretation by GIS tools and significantly the concept of multifunctionality 
of information (population, infrastructure, forest, hydraulic,...) are essential in this type of actions. 
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