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ABSTRACT: In May 2010 the New Zealand Society for Earthquake Engineering sent a 
group of professionals to Chile following the catastrophic February 27 Maule Earthquake 
to identify lessons that could be learnt by New Zealand. Included in these studies was the 
performance of lifeline utilities following the earthquake and tsunami and how they 
responded to the devastation. 

1 INTRODUCTION 

1.1 The Earthquake 

The great Mw 8.8 earthquake that struck in the early hours of 27 February 2010 had its epicentre at the 
coast in the region of Maule in central-southern Chile. (figure1). 

The earthquake was an inter-plate sub-duction event, along the boundary of the Nazca Plate and the 
South American Plate. The rupture zone is estimated to extend almost 600km in a north-south 
orientation and 150km east to west, with a nominal focal depth of 35km. The earthquake generated 
strong ground shaking and a destructive tsunami that together reportedly caused the deaths of between 
500 and 600 people and damage or destruction of about 200,000 dwellings and damage to lifeline 
utilities and a significant number of industrial complexes. 

1.2 Effects of the Earthquake 

It is estimated (USGS) that over 80% of Chile’s 17 million population was affected by the earthquake, 
including the capital Santiago, and the cities of Valparaiso, Concepcion and Constitucion. All 
immediately experienced loss of power and telecommunications, which took varying time to restore. 

The extent of damage to utilities varied considerably due to a number of factors which included 
intensity of shaking, the response of the local site to the shaking, the robustness of the utility 
components and the effects of the tsunami. 

Following are brief outlines of the utilities that were visited, descriptions of how they were affected, 
their responses and lessons learnt. 

2 UTILITIES 

2.1  Electricity 

2.1.1 Electricity System  

The Chilean electricity industry is divided into four separate privately owned grids. The northern grid, 
Sistema Interconectado Norte Grande (SING), supplies approximately 29% of Chile’s power 
requirements to predominantly industry (mining). This system was largely unaffected by the 
earthquake. Two smaller grids, Sistema Aisen and Sistema Magallanes, in the south of the country 
supply less than 1% of Chile’s power supply. There was no reported damage to these systems. 
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Figure 1. Map of Central Chile showing locations named in this report, the epicentre indicated by the 
star and areas of ground shaking identified by Modified Mercali (MM) intensities varying from MMIV 
to MMVIII – (USGS)  

The central grid, Sistema Interconectado Central (SIC), covers an area approximately 1000km long by 
180km wide in the central area of Chile. This system supplies approximately 69% of Chile’s power 
requirements to 90% of the population. This system was significantly affected by the earthquake, 
including a total blackout following the earthquake. 

2.1.2 Distribution 

GEC Distribution is the largest Low Voltage (LV≤66kV) Distribution Company in the Concepcion 
and Biobio region. Damage to GEC’s system was significant and it took up to 3 weeks to reinstate 
power to all those who could receive power. GEC reported damage to twenty five 66/15kV transform-
ers and, although some had moved on their foundations, they were generally able to reenergised most 
the transformers without major repair. GEC also reported damage to a large number of pole structures 
and lines.  

CGE staff in Concepcion swelled from 100 personnel to 615 personnel for the 3 weeks following the 
earthquake as they checked all their substations, lines and systems and instigated emergency repairs 
sufficient to reinstate power.  

CGE Distribution’s efficient and effective response was put down to the initial preplanning following 
the earthquake in consultation with the territorial authorities and emergency services.  

2.1.3 Transmission  

Transelec is the main high voltage transmission (220kV and 500kV) and sub-transmission (66kV, 
110kV and 154kV) company in central Chile, the area most affected by the earthquake. 
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Transelec reported (SIC) damage to approximately 100 items of plant across the entire central grid. 
The damage was generally wide spread. However damage did occur to some key items of plant 
(500kV Reactors at Palpacio, 500kV Transformers at Charrua and collapse of three towers on the 
Hualpen - Bocamina 154kV transmission line river crossing) resulting in a systematic shutdown of the 
grid. HV power supply was restored in as few as 2 hours in the least affected areas and 24 hours in the 
hardest hit areas.  

Transelec initial response was to assemble staff and maintenance contractors into teams to undertake 
inspection of all facilities to quantify damage. Repairs were made in the following order: 

 
1. Control and protection systems 
2. Lines 
3. Primary plant 
4. Secondary plant 

 

         
  
Figure 2 Figure 3 
Hualpen – Bocamina  154kV  Transmission Line  Santiago - Typical distribution pole damage  
Collapsed Tower  [Photo Transelec] [Photo UPI.com] 
 
Transelec used the following strategies to reinstate the system: 
 

1. The system was subdivided into seven isolated regions with each region being responsible for 
its own power restoration. Each region was then reconnected to adjacent regions when a stable 
power supply was established. 

2. Emergency structures/lines were erected. 
3. Existing spare equipment was brought into service. 
4. Spare parts and equipment were brought in from other regions or Argentina. 
5. Non-essential equipment was bypassed. 

 

Transelec anticipate that it will take approximately 6-12 months to make full repairs depending on the 
lead time of replacement equipment. New bushings/equipment is likely to be purchased to higher 
seismic standards. 

The repairs to the Hualpen - Bocamina 154kV transmission line river crossing took 3 months to 
complete and involved construction of a new set of reinforced concrete foundations and installation of 
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three new towers. 

2.1.4 Emergency Preparedness  

Neither Transelec nor CGE distribution had emergency procedures specifically for an event of the 
magnitude of the 27 February 2010 earthquake. Both companies have procedures for more common 
emergencies, such as downed lines and electrical faults, and felt that their existing procedures were 
adequate for this event. 
 
The electrical industry relied on the public communication system, and as such, emergency communi-
cation between regions was difficult following the earthquake, due to damage and constraints in the 
telecommunications system. Transelec also advised that they had difficulty obtaining fuel to run emer-
gency generators and vehicles following the earthquake which hindered their response. These two is-
sues highlight the vulnerability of the interdependencies between lifelines in an emergency. 
 
2.2   Tele-communications 

Although telecommunications networks were not visited, TCLEE reported that all telecommunications 
service providers, both landline and wireless services, experienced extensive disruption due to power 
outages, equipment failures, antennae damage, building failures and loss of reserve power in most 
network facilities in the affected areas. 

The majority of cell sites have 3 to 4 or 8 hours of battery reserve power. By early morning most cell 
sites had run out of reserve power. Access to service these sites was extremely difficult due to damage 
to roads and bridges. Backup generators were in short supply and difficulties were experienced in 
supplying diesel to existing generators. 

Most landline and wireless services were restored in 7 days after the earthquake to those areas that 
were operational. Figure 6 shows that landlines were restored slightly sooner than wireless services in 
Biobio region due to the extra effort required to re-establish cell sites etc. 

Other utilities we visited reported that radio telephones which were purchased either pre or post 
earthquake were absolutely vital for their restoration efforts. 

2.3 Roads 

The Ministry of Public Works (MPW) is responsible for most of Chiles 81,000km road network. 
Approximately 2500km of this, comprising of the main north-south central Highway 5, a number of 
major transverse roads and urban motorways, are developed, maintained and operated by 
concessionaires as toll roads. 

Earthquake induced lateral spread and settlement of embankments were the major causes of damage to 
100km of concession roads and 3000km of MPW controlled roads. Horizontal movements and vertical 
settlements of up to 8 meters occurred at some locations, and meant roads were impassable until 
repairs could be affected. Only 2 major landslips were reported following the earthquake and this low 
number is thought to be a consequence of the earthquake occurring after a long summer period of dry 
weather. 

2.4 Road Bridges 

Damage to bridges from the earthquake was significant (estimated US$1.2B) and widespread, but 
tended to occur in isolated locations. 101 of the 2169 bridges on concession routes were damaged with 
63 closed. Of these 20 needed to be demolished, while another 20 needed extensive repairs. 300 MPW 
controlled bridges were also significantly damaged. 

The most common damage to bridges was due to lateral spread and settlement of foundations with 
decks displacing, twisting and falling off pier supports, piers settling and displacing, and some 
instances of shear failures of pier columns (GEER). 

A few bridges on coastal highways were affected by the tsunami, the piers of one bridge were scoured 
by the out-flowing tsunami water, and the superstructure of another was laterally distorted. Local 
bridges in tsunami areas were badly scoured during the drawdown. 
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Factors that appear to have contributed to the extensive bridge damage and failures include insufficient 
beam support lengths and inadequate beam restraints, as well as failed shear connections at abutments 
and intermediate piers. The lack of deck diaphragms over piers on a number of bridges meant that 
lateral forces were not evenly spread to all restraints, thus overloading them individually. 

MPW is currently reviewing its handbook for the design to bridges, and is considering including micro 
zoning and assessment of the potential for localised magnification of seismic loadings for each site. 

The development over the last decade of Highway 5 by concessionaries to a dual carriageway each 
way, necessitated duplicating the original two lane bridges. At most bridge sites at least one bridge 
remained operable following the earthquake (Figure 5). After repairs and realigning the bridge 
approaches, the highway was again passable, even if at a reduced capacity. In these cases the risk of 
the total loss of key facilities had been reduced by duplication. 

  

Figure 4 Embankment failure on Highway 5 Figure 5 Railway overbridge span collapse 
[Photos Chilean Ministry of Works] Note adjacent bridge remained operable 

2.5 Airports 

2.5.1 Concepcion  

The city and area around Concepcion City was extensively damaged, and so its airport became a major 
access point for the response efforts. The airport experienced only minor water damage to its terminal 
building, resulting from a broken sprinkler system. The airport remained operational for armed forces 
emergency flights. National carrier LAN cancelled all passenger flights to and from Concepcion for 
the first five days following the earthquake. 

2.5.2 Santiago Airport 

The terminal building at Santiago International Airport suffered major damage due to the collapse of 
suspended ceilings and fittings, but no obvious damage to its structural steel frame. However, two 
pedestrian bridges linking the suspended access road structure to the main terminal dropped off their 
supports. 

The control tower cab was damaged and control operations were immediately transferred to the former 
2 story control tower which had been retained for such an emergency. A reservoir in the fuel 
compound containing water for fire fighting foam collapsed, and fuel leaked out from two aviation 
fuel tanks. 

As practised during a prior exercise, the Civil Aviation Authority (CAA) took over control of the 
whole airport including the concession operated terminal building. Once it was established that the 
runways, taxiways and hard standing areas were undamaged, the airport was cleared to resume non-
passenger flights. The Chilean Air Force base on the airport was used as a base for emergency aid 
operations, and flights started from it on the first day and peaked at more than 340 a day. 

Passenger flights slowly resumed once temporary marquees were erected and temporary back up 
passenger handling facilities were established. Flights were back to normal numbers about 16 days 
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after the earthquake. The lack of a back-up to the IT passenger handling systems was an unexpected 
constraint. 

2.6 Ports 

Ports were affected to varying degrees by shaking, liquefaction, lateral spreading, and the tsunami. 
Tsunami damage along the coastline was extremely variable and appeared to be influenced by a 
number of factors, including orientation, coastal topography, bathymetry, and localised subsidence and 
uplift due to the earthquake (EERI). 

2.6.1 Talcahuano Area 

Quay wharf areas at Takahuano were severely damaged by a combination of liquefaction and lateral 
loading, that lead to the collapse of sections of the quay wall and scour of the retained fill material, 
particularly during tsunami drawdown. These resulted in broken and ruptured hard-stand areas, with 
differential settlements of up to 1.5 metres. 

The adjacent industrial area of fish processing plants was almost demolished by the tsunami. Fishing 
boats, small ships, a fish oil tank and containers were shifted by the tsunami up to 300 metres inland, 
causing further debris impact damage to buildings. 

2.6.2 Coronel 

The fishing industry at Coronel was also totally disrupted by severe damage to its fish processing 
factory and the fisherman’s wharf ,due to earthquake lateral spread and settlement. 

The link span to a modern wharf was damaged by the significant lateral ground movement at the 
shoreline, while an adjacent new base-isolated wharf was undamaged.  

2.7 Water and Wastewater – Concepcion 

Water and wastewater services for Concepcion and Talcahuano areas are provided by Biobio  Region 
concessionaire Essbio. Its services were severely damaged by the earthquake due to effects of 
liquefaction, lateral spread and settlement of major underground services, particularly in areas near 
riverbanks. 

2.7.1 Water 

The large diameter (600mm+) steel mains between the water treatment plant and the main reservoir 
were broken at numerous locations as were the distribution networks. 

Even though the water treatment plant was able to operate at 30% capacity on its standby generators, 
water distribution was a major problem for the area. For some weeks distribution was via many 1.5 
cubic metre plastic containers that were purchased and placed around the affected urban areas where 
they were filled by a fleet of hired tankers. Diesel became an issue for Essbio, with supplies delayed 
until 6 days after the earthquake. 

Restoration of the water supply network was a huge and time consuming exercise, with further 
breakages becoming obvious only after earlier repairs were made and the mains reconnected. 

2.7.2 Wastewater 

The wastewater network was severely damaged, with the treatment plant inoperable and estimated to 
take 18 months to repair. Liquefaction caused many underground chambers to float towards to the 
ground surface, disrupting pipe junctions in the process. 

Temporary emergency discharges into the Biobio River were necessary, in order to avoid wastewater 
backing up in the networks. Temporary pumped overland mains were installed at locations where 
necessary. 

Essbio’s response adhered to its practised emergency response plans, but on a far greater scale. Local 
management assumed key roles, co-ordinating the efforts of the hundreds of additional staff from 
around Chile and Argentina that were needed. 

2.8 Gas 
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While the Concepcion gas concessionaire was not visited it was obvious in the CBD that the network 
of brittle steel gas mains was severely disrupted. Three months after the earthquake the entire network 
was being replaced in HDPE pipe. 

3 RESTORATION CURVES. 

 

Figure 6 Restoration Curves (modified TCLEE). These curves generally follow similar trends to other 
major earthquakes such as Kobe and demonstrate the need for self sufficiency, particularly in water, 
for at least 3 days if not significantly longer. 

4 LESSONS FOR NEW ZEALAND 

 The benefit of having practised emergency response plans was well demonstrated, even when 
the scale and effects of the disaster necessitate significant adaptations. This includes: 

o The stockpiling of spares/resources/plant required to action prompt remedial works 

o Developed personnel/roles/accountabilities 

o Redundancy in networks ( e.g. bridges & critical software (e.g. airport operations) 

 Very few of lifeline utilities visited had carried out natural hazard studies specific to their 
networks, so had missed the opportunity to reduce some inherent risks. Lifelines groups that 
encourage the reduction of risk to all natural hazards should be supported. 

 The interdependencies between affected utilities that were apparent in this event demonstrated 
the key role that power supplies have in maintaining telecommunications and water supplies. 
The effects of interdependencies for all utilities need to be understood and included in 
readiness planning. 

 The construction of parallel duplicate facilities such as the parallel highway bridges 
demonstrated the reduction of the risk of a total interruption to utilities. 

 Tsunami effects can appear to be random in location but can cause significant damage to 
utilities where they occur.  
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