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GENERAL OBSERVATIONS

From March 19 to April 3, 1987, reconnaissance personnel were sent
from Cornell University to Ecuador to evaluate the effects on lifelines of
the March 5, 1987, earthquakes. An additional visit was made on August
17-27 to collect data concerning the effects of landslides and flooding on
key lifeline facilities and to observe reconstruction efforts in areas most
severely influenced by the earthquakes. Although the primary focus of the
reconnaissance missions was the Trans-Ecuadorian pipeline, considerable
effort was spent on gathering information about other lifelines. Visits were
made to the City of Quito and towns in the provinces of Pichincha, Imbabura,
and Napo (Figure 4.1). Interviews were conducted with government and
municipal workers as well as with local people.

Damage to lifelines was severe in areas near the earthquake epicenters.
Specifically, there was major damage to the Trans-Ecuadorian (crude oil)
and Poliducto (propane) pipelines, as well as to the principal highway link-
ing Quito and Lago Agrio (Figure 6.1), the main town of the oil-producing
region of Ecuador. Damage to lifelines in other areas was relatively light
and is summarized briefly under the following subheadings.

Water Distribution Systems

Officials of EMAP, the municipal agency responsible for the water sup-
ply to Quito, were interviewed. They reported that no damage was sus-
tained to the pipeline network, pump facilities, and reservoirs servicing
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Quito. The only damage to underground water mains that was observed
was in the town of Baeza (Figure 6.1), which is approximately 60 km from
the epicenters. This observation was made at one location, where a 150-
mm-diameter PVC pipeline was being repaired. The full extent of pipeline
damage in Baeza could not be determined; however, there was considerable
damage to one- and two-story structures, primarily of reinforced masonry
construction.

Electric Power Systems

Officials with EEQ, the municipal electricity authority for Quito, were
contacted. They reported that electricity had been interrupted to all neigh-
borhoods of Quito for more than 2 hr after the second earthquake (M=6.9).
This interruption was attributed to the functioning of emergency breaker
switches. Inspection of electrical equipment after the earthquakes indicated
that some maintenance and minor repair were needed.

No damage to hydroelectric facilities was reported by INECEL, the na-
tional electricity institute. A small, privately owned hydroelectric plant in
the town of Papallacta (Figure 6.1, Table 6.1), approximately 50 km from
the epicenters, was visited. No damage was observed in the power plant or
its piping facilities.
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FIGURE 6.1 Route and station locations of the Trans-Ecuadorian pipeline.
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TABLE 6.1 List of Pump and Pressure-Reduction
Stations on the Trans-Ecuadorian Pipeline

Number  Name Elevation
(m)

1 Lago Agrio Pump Station 296
2 Lumbaqui Pump Station 842
3 Salado Pump Station 1,268
4 Baeza Pump Station 2,001
5 Papallacta Pump Station 3,007
6 San Juan Pressure-Reducing Station 3,496
7 Chiriboga Pressure-Reducing Station 1,997
8 La Palma Pressure-Reducing Station 1,612
9 Santo Domingo Pressure-Reducing Station 566

10 Quininde Pump Station 96

11 Balao Marine Terminal 0

Pan-American Highway

The Pan-American Highway is the major transportation facility connect-
ing the towns and cities of the Andean region. Landslides in volcaniclastic
deposits were caused by the earthquakes and interrupted traffic between the
cities of Quito and Cayambe (Figure 1.1). The majority of these landslides
originated in the faces of steep roadcuts and involved relatively shallow
raveling and toppling of cemented sands, ash, and weak rock.

Transportation between Quito and the town of El Quinche (20 km ENE of
Quito) was interrupted by a relatively large landslide 1 week after the earth-
quakes. This landslide occurred in volcaniclastic deposits at a steep roadcut.
Approximately 24 hr was required to clear the road at this location.

Natural Gas Supply

Natural gas in Ecuador is used primarily for cooking and is supplied in
pressurized canisters and tanks of propane. There are no natural-gas-pipe-
line distribution networks in Ecuador. There are several transmission pipe-
lines, which are used to convey propane, and one of these, known as the
Poliducto pipeline, was damaged by the earthquakes. A more detailed de-
scription of this line and associated damage is given under the next two
major headings.

Although earthquake damage to lifelines was light throughout most of the
country, damage near the epicenters was so severe and widespread that it
had a major economic impact on the country, with repercussions feit world-
wide. Approximately 40 km of the Trans-Ecuadorian pipeline had to be
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reconstructed, making this the single largest pipeline failure in history. Be-
cause of the scale and importance of the damage, this chapter concentrates
on the characteristics and postearthquake observations related to the Trans-
Ecuadorian pipeline, with supplemental descriptions of the Poliducto natural
gas pipeline and adjacent highway.

CHARACTERISTICS OF THE TRANS-ECUADORIAN AND
POLIDUCTO PIPELINES

The Trans-Ecuadorian pipeline (crude oil) is composed primarily of 660-
mm-diameter line pipe and associated pump and pressure-reducing stations.
The pipeline was commissioned in 1972, It is composed of X-60 grade steel
with wall thickness ranging from 9.5 to 20.6 mm. The pipeline is the main
crude oil transportation facility in the country, conveying virtually all oil from
the eastern oil fields to a marine terminal port near Esmeraldas on the Pacific
Ocean (Figure 6.1). The pipeline operates at a maximum internal pressure
of 9.7 MPa and moves from 250,000 to 300,000 barrels of oil a day.

The Poliducto pipeline is composed of 150-mm-diameter line pipe and
associated compressor station pressure-regulation equipment. Its wall thick-
ness is 7.1 mm. The line was built after the Trans-Ecuadorian pipeline was
commissioned, and closely follows the right of way for the crude oil line,
The Poliducto pipeline is a multiproduct facility. It conveys different types
of hydrocarbons at different times, including propane gas. The line extends
from Lago Agrio in the eastern oil field to Quito.

Figure 6.1 shows a plan view of the Trans-Ecuadorian pipeline, with
pump stations at locations 1 through 5 and 10, and pressure-reducing sta-
tions at locations 6 through 9. The endpoint of the pipeline at the Balao
marine terminal is situated near Esmeraldas at location 11. The pipeline
conveys oil from an initial elevation of 296 m at the Lago Agrio pump
station to a maximum elevation of 4,060 m at a mountain pass E of Quito to
the Balao marine terminal at sea level. The elevations relative to sea level
of the various pump and pressure-reducing stations are summarized in Table
6.1. For purposes of clarity, the Poliducto pipeline is not shown, although
it should be recognized that this facility follows the same right-of-way
corridor from Lago Agrio to Quito as illustrated in the figure.

The total length of the Trans-Ecuadorian pipeline is 498 km from Lago
Agrio to Esmeraldas. Approximately 200 km, from Lago Agrio to a loca-
tion roughly halfway between Quito and the Papallacta pump station, is
constructed primarily above ground. Along this part of the route, the line
pipe is supported every 12 m on either an “H” pile support frame or con-
crete-pedestal foundation saddle. The support frame consists of two 150-
mm-diameter pipe piles driven 6 m into the ground, connected by a pipe
cross beam welded to the driven piles. The pipeline rests on the cross
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beam, which is fitted with a curved center plate saddle. A concrete pedestal
consists of a 1-m-square foundation footing with a cradle keyed vertically
into the footing. The 50-mm-tall vertical concrete section is fabricated to a
semicircular shape at the top, which acts as a saddle to support the pipe.
The above ground supports do not have special features to restrict pipe
movement either laterally or longitudinally. On steep terrains, however,
longitudinal anchors are used periodically to prevent slippage of the pipe
downhill through the supports.

The remaining 298 km of the pipeline from E of Quito to Esmeraldas is
buried. One section of the line, from location 8 to 9 as depicted in Figure 6.1,
is composed of 510-mm-diameter pipe. All other sections are composed of
660-mm-diameter pipe.

The area of most severe disruption is shown by means of the hachured
zone in Figure 6.1. It was in this general region that landslides and floods
triggered by the earthquake damaged the line pipe and the Salado pump
station (location 3).

PIPELINE DAMAGE

Figure 6.2 shows an expanded view of the hachured zone identified in
Figure 6.1. This general region includes the pipeline route from its crossing
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FIGURE 6.2 Area of major pipeline damage.
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of the Aguarico River to its crossing of the Salado River. The pipeline align-
ment follows a SW course along the Coca River basin. Between the Aguarico
and Salado Rivers, the pipeline attains a maximum elevation of 1,700 m,
after which it descends approximately 500 m to the Coca River floodplain
and then follows the N bank of the river to the Salado pump station.

The Coca River is deeply entrenched and borders the southeastern
foothills of the active volcano, Reventador. Reventador Volcano is a large
stratovolcano characterized by a nested cone in a horseshoe-shaped rim that
opens toward the E. The composite cone is the expression of a recent phase
of volcanism. In 1977, the volcano produced lava flows that extended to
within 2 km of the pipeline.

The two carthquakes of March 5, 1987, occurred after a month of heavy
rain, during which 600 mm of precipitation was measured at a nearby rain
gage. Strong ground shaking triggered rock and soil slips, avalanches, and
debris flows. The flows and resulting floods drained northward into the
Dué River and southward and eastward into the Salado and Coca Rivers.

Flooding along the Dué River entered the Aguarico River and destroyed
the pipeline and highway bridge across the Aguarico approximately 50 km
NE of the Salado pump station. Flood waters reached an elevation of 5 m
above the bridge deck. Figure 6.3 shows a segment of the buried pipeline,

FIGURE 6.3 Trans-Ecuadorian pipeline severed by flood waters, E bank of the
Aguarico River,
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FIGURE 6.4 Trans-Ecuadorian pipeline on the W bank of the Aguarico River
pulled southward by flood waters. Note the remnant pier and abutment of the
bridge.

which was severed on the W side of the river at its junction between the
bridge and concrete abutment. Figure 6.4 provides a view of the E side of
the river where the pipeline had entered the bridge abutment as an aboveground
structure. ‘W of this location, the pipeline was pulled longitudinally and
displaced off its supports for a distance of 4 km.

The highway bridge at the Salado River crossing was completely de-
stroyed. The Trans-Ecuadorian pipeline at this location had been constructed
by dredging a 3- to 4-m-deep trench in the river bottom, into which the line
was placed and backfilled. The pipeline was encased in concrete to offset
buoyancy effects. The pipeline was undamaged at the Salado crossing, and
this segment of the line was incorporated without repair into the rebuilt
pipeline system.

Figure 6.5 provides an expanded view of the area (hachured zone in
Figure 6.2) of greatest pipeline damage. Approximately 12 km of the pipe-
line was destroyed along the banks of the Coca River, from just E of the
Salado pump station to a location roughly 12 km E of the confluence of the
Salado and Coca rivers. Along this section, damage was generated by
landslides and debris flows in the residual soils and igneous parent rock of
the hills flanking the N side of the Salado River. Most damage, however,
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FIGURE 6.5 Area of flooding, landslides, and debris flows.

was caused by flooding of the Coca River, which is shown by the stipled
area in the figure. Flooding encroached upon the pipeline alignment, result-
ing in severe scouring and removal of the entire pipeline right of way. Two
sections of the pipeline, each approximately 1 to 2 km long, were left intact
along this portion of the river. These sections were recovered during recon-
struction and used on a provisional basis to establish flow in the rebuilt line.

As described previously, the 150-mm-diameter Poliducto Pipeline fol-
lowed approximately the same route as the Trans-Ecuadorian pipeline. It
was destroyed and damaged at approximately the same locations as the
Trans-Ecuadorian pipeline.

Approximately 5 km of the Trans-Ecuadorian pipeline, immediately E of
the section described above, was damaged at locations where landslides and
debris flows intersected the line. The black arrows in Figure 6.5 show the
points of localized damage, where the pipeline was severed. Many land-
shdes and debris flows in this section originated in the younger volcani-
clastic deposits surrounding Reventador Volcano at elevations between
1,400 and 2,000 m.

The pipeline was severed by landslides and debris flows at two other
locations approximately 7 and 10 km E of the area depicted in Figure 6.3.
At one location, it was ruptured by a landslide in volcanic debris at a steep
slope immediately adjacent to the line. At the other location, it was severed
by a debris flow that originated as a landslide in a steep slope of thinly
bedded shale.

Figures 6.6 through 6.9 show photographs taken during helicopter recon-
naissance approximately 3 weeks after the earthquakes. The locations of
the photographs are identified as 6 through 9 in Figure 6.5, each corre-
sponding to its respective figure number.



