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Sometimes it is the small oversights that cause major

damage costing millions of dollars. The spectacular flood-

ing of a pumped-storage power station is one of the largest

losses ever to have occurred in the 100-year history of

machinery insurance in Germany. Proficient loss

management and exemplary cooperation between the

operator, the insurers, and the restoration company

succeeded in limiting the loss and restoring all the main

components of the power station to working order.

The power station

The pumped-storage power station had been in operation
since 1965; it was shut down temporarily for essential in-
spection and modernization work after having been in
operation for 33 years. Repairs to the upper reservoir and
the penstocks were to be completed within twelve months;
a comprehensive retrofit of the instrumentation and control
system was also planned.

In a pumped-storage power station water is pumped into
an upper reservoir when power consumption is low, i.e.
primarily at night, and is fed back down from this upper 
reservoir through penstocks at peak demand times. In the
powerhouse it drives turbines for the generation of
electricity and then flows into the lower reservoir.

In the case in point the water flows through two huge
pipes, each 3.4 m in diameter, to the lower reservoir 300 m
below. In the process it turns four turbines, each with an
output of 55 MW. The powerhouse is located on the slope-
side bank of the lower reservoir; it accommodates the
turbine house, which is below the level of the water in the
lower reservoir. In addition to the turbines, pumps,
generators, and globe valves, the turbine house also has a
number of ancillary facilities; 140 switching cabinets are
needed to control the electrical and mechanical
components alone.

01   A picture of better days: a view of the ma-

chine hall with the four generating sets.

Million-dollar loss caused by the
flooding of a pumped-storage power
station
Engineering
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How the loss happened 

The serious flooding loss occurred after a general overhaul
of the third generating set. At the time there were only two
bulkhead gates in place for the four generating sets at the
inlet to the lower reservoir. As the bulkhead gate on the
third generating set was needed at short notice elsewhere,
it was decided to remove it although the inspection work
on the third generating set had not been completed.
Among other things the valve for draining the spiral casing
was not yet operable. In order to prevent water escaping
from the pump, a blind flange was mounted on the vacant
flange connection instead of the valve. After drawing back
the bulkhead gate, the spiral casing filled with water as ex-
pected – there was no indication of an impending failure at
that point in time. 

Nine hours later there was a loud bang which came from
the turbine house. The entire flange including the mounted
blind flange had been blasted off the drainage conduit and
the water masses forced their way down from the lower 
reservoir and smashed into the turbine house. 

The lowest point of the spiral casing was submerged after
only a few minutes so that at first it was not possible to
localize the damage. As soon as the current permitted, 
divers went in and located the damage in the turbine
house. An attempt was made to move the bulkhead gates
back into position but this failed as the strong current had
pushed them so far into the guide rails at the side that they
could not be moved. Generally speaking, this problem is
likely to occur with all types of stop log because they are
only designed to be moved in no-flow conditions. In other
words, the influx of water could not be stopped and the
level of water in the machine hall continued to rise. 

02   Cross-section of the powerhouse on the bank of the lower

reservoir.

1 Bulkhead gates

2 Spiral casing

3 Auxiliary machine room

4 Machine hall

5 Drainage gallery

6 Globe valve

7 Penstock

8 Cable gallery

9 Staff rooms

10 Transformer
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Pumping off the water was not possible at this point in time
either. Two of the four drainage pumps were being inspect-
ed and two pumps that were driven by water from the
upper reservoir could not be used because the upper reser-
voir had already been drained. An emergency pump also
failed to provide relief as it had only been running a short
time when the power supply terminal was flooded. It was
not until 15 hours later, when the machine hall was flooded
up to the roof and the difference in the water levels in the
lower reservoir and the machine hall was only 1.20 m, that
the bulkhead gates could be closed. At this time there was
about 65,000 m3 of water and 30 m3 of control oil and 
bearing lubrication oil in the turbine house.

A serious omission

One of the details in design originating from the con-
struction period had not been documented in the as-built
plans. During the inspection and modernization work, this
omission had a decisive effect on the safety measures
taken when flooding the spiral casing on the third
generating set. If the actual design had been known, a
different procedure would certainly have chosen.

For a better understanding of the cause of loss, it is im-
portant to know that the suction pipes of the spiral casing
are embedded in concrete. In order to compensate and
cushion the vibrations and strains between the suction pipe
and the drain valve, the blind flange on the drain valve was
not rigid but was in the form of a sliding flange. This detail
was not visible to the naked eye and was not entered in the
as-built plans.

This omission had serious results more than 30 years later.
The sliding flange was not secured during the inspection
and modernization, as would have been necessary. The
drain valve, which otherwise acted as a collar, was still
being inspected and therefore could not prevent the flange
from shifting. The flange withstood the pressure of the
water for about nine hours – probably only because of the
layer of paint and the sealing element – before it was blown
off and the machine hall was flooded.

04   After 15 hours the water had almost reached the ceiling in the turbine house.

This is a photo of the staff of a restoration firm clearing up and cleaning dur-

ing the pumping operations. 

03   All attempts to stop the inflow of water failed.
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05   As the level of the water fell, the turbines

reappeared.
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06   The sliding flange that caused the damage was remounted after the pumping

operations, but this time with a support.

Loss management and restoration

The first thing to do was to restore the power supply and
the communications systems – at least temporarily – from
outside, as the distribution switchboards in the turbine
house were still under water.

The restoration work commenced immediately and
focussed on saving the main components like the
generators, turbines, pumps, and globe valves. As these
units could only be moved using the gantry cranes, these
were repaired first. The control oil and bearing lubrication
oil that had escaped was sucked out of the water and dis-
posed of, whilst the parts of the ceiling lining that had
fallen off and the wooden fixtures, boxes, and stocks that
had been washed away were removed using a boat and a
crane. The oil residue in the turbine house and the work-
shop, the staff rooms, and the control room was removed
by a restoration firm using special solvents. It took about
three weeks to pump off the water. A large number of
dryers were then used to dry off the remaining moisture. 

Although the generating sets had been standing under
water for several weeks, the turbines, pumps, and globe
valves were found to have survived, as expected, without
any major damage. The bearings were examined one by
one and it was found that there were only slight traces of
corrosion on the journals and flange connections, and this
could be removed by smoothing.

The work on the oil-hydraulic actuators turned out to be
much more laborious. Owing to the ventilation of the oil
tanks, the water had seeped into all the actuator pipes.
Smaller pipes and fittings had to be replaced completely.
The globe valves and servo drives that were still in place
were dismantled, cleaned, and overhauled.

The instrumentation and control system, largely consisting
of conventional relay technology, could not be restored.
Fortunately, it was still the original system and had never
been replaced. If it had, the loss would have been much
greater.

All the auxiliary units like the submersible pumps, Pelton
turbine, and compressors were operational again after
being overhauled. Air compressors, the air conditioning,
and large parts of the workshop equipment had to be
replaced. Fortunately, it was possible to prevent the water
in the lower reservoir from being contaminated with oil.

Particular attention was given to restoring the four
generators. Three of them had an insulating system dating
back to the year 1964, when they were manufactured, and
one had been re-plated and given a new stator winding ten
years before the loss event. The mixture of oil and water
was pumped off and the windings examined to determine
whether they could be dried on site by power supplied by a
welding converter. In this process the maximum tempera-
ture must not be allowed to exceed 80°C, because other-
wise steam may be produced and the insulation may crack
open. First, the generators were cased in; then an attempt
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was made to raise the insulation values by air-drying. 
This failed, however, on account of the dimensions
involved. As large corrosion marks had already formed on
the lamination stacks and casing components, it was
decided to dry-vacuum the units in the various repair work-
shops. This ultimately had the desired effect. The stator
winding attained acceptable insulation values again and
passed the required voltage tests. Further in-depth examin-
ations revealed isolated traces of overheating and rust on
the lamination stacks and a swollen paper core insulation.
Where necessary, supports, insulating materials, and
windings were replaced. 

Thanks to the excellent cooperation between all those
involved and the rigorous restoration and repair measures,
the plant was by and large restored to its previous
condition. These loss minimization measures produced a
saving of tens of millions of dollars. The policyholder
agreed to have the generators restored to operational
condition by drying and partial repairs. The cost of
restoring all four generators was roughly equivalent to the
price of one new generator.

In the end, the overall loss came to some US$ 17.5m. This
comprised US$ 3.5m for restoring the building, a further
US$ 3.5m for the instrumentation and control system, 
US$ 5m for repairing the generators, and US$ 2.5m for the
other restoration work on the generating sets. 

Conclusions

This is an impressive demonstration of the fact that even
major losses may have their origins in past omissions that
may appear to be insignificant – like the missing
documentation in the as-built plans. The case was
exacerbated by the fact that the telephone connections and
power supply terminal were located below the level of the
lower reservoir and were therefore submerged as soon as
the water burst in.

Since the sliding flange, which was coated in the same
green paint as the pipe, was a rarely used machine
component, it was not recognized as such by the staff of
the manufacturer or the operator. If it had been painted a
different colour and had been labelled “Caution: Sliding
flange!”, this loss might never have occurred.    

Rainer Bielefeld, Frankfurt am Main 

Michael Merz, Mannheim

1 Drainage pipe coming

from the spiral casings 

2 Sliding flange

3 Blind flange

4 Rubber gasket 

3

07   When mounting the temporary blind flange, it was not seen that its counterpart was a sliding flange which was movable in the axis of the pipe. Before the inspec-

tion work a drain valve was connected to support the sliding flange.
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Frost heave causes damage
to road in Africa 
Engineering



01   The road in Lesotho’s Maluti mountains passed

through a winter landscape.



The likelihood of roads in Africa being severely damaged

as a result of frost and heavy snowfalls would normally be

considered extremely remote. At high altitudes, however,

there is certainly a chance of this happening.

There was a one-hundred-kilometre gravel road running at
an altitude of over 3,000 m in Lesotho, southern Africa, on
which even vehicles with a four-wheel drive only managed
an average speed of about 20 km/h. For this reason the
Lesotho Government decided to upgrade the road and lay a
bitumen surface. 

Large sections of the road were already completed when
the construction work was interrupted for almost three
months by particularly heavy snowfalls. During this time
some parts of the road were covered with a layer of snow
several metres deep. 

Once the snow had melted, completed sections of the road
were opened up to traffic. However, in higher lying areas
the surface of the road started breaking up and crumbling
under the traffic load. 

A full investigation was conducted to determine the cause
of the road failure. It was found that the damage to the road
was due to a phenomenon known as “frost heave”.

As a result of the extremely low ambient temperatures, the
surface of the road had become brittle and permeable.
During the day, the melting snow penetrated the road
surface and entered the base-course layer of gravel imme-
diately below. At night, when the temperatures dropped
again, it froze to form ice crystals (see the illustration
below). As the base course contained a large amount of
very fine particles, these ice crystals “attracted” water from
adjacent voids through capillary action and expanded,
eventually forming continuous horizontal “ice lenses”
under the wearing course. 

These lenses continued to expand as more and more water
penetrated the road and froze, which exerted an upward
pressure on the surface of the road. (It should be borne in
mind that the volume of water increases by 9% on freez-

ing.) Eventually these ice lenses melted but left behind
voids which reduced the bearing capacity of the bitumen
surface, causing it to crumble in many places when ex-
posed to traffic.

It was eventually established that the wearing course and
base course of the road were unsuitable for the climatic
conditions in the area and that even a far less severe
freeze-thaw cycle would have resulted in similar damage. 
A more appropriate road surface would have been a thicker
asphalt layer, which would have made it more difficult for
water to ingress and would have withstood higher loads.
Also, the base course should have contained fewer fine
particles, which would have prevented capillary action and
hence expansion of the ice crystals. In cooler regions this
material is known in the trade as frost blanket gravel.

It was concluded that the damage had not been caused by
an unforeseen event but by a defect in the design and the
specifications. This was not covered under the CAR policy,
so that there was no entitlement to indemnification.

As regular snow clearance is impractical in this remote
area, the base course and wearing course of the road had
to be re-constructed. In the new design, the basic principles
mentioned above had to be observed in order to make the
road impervious to frost and snow. 

Stephan Lämmle, London

Joachim Pawellek, Munich
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02   Cross section of the road’s substructure, damage mechanism.

Melting snow penetrates road surfac, freezes

forming ice lenses, expands and breaks up the

road.
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03  Shortly after completed sections of the road

had been opened to traffic, damage to the

surface became visible.
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Road collapses during construction
of underground station 

01   The carriageway collapsed over the entire width of the eight-lane road and

a bus waiting at the traffic lights fell into the gaping hole. If the accident

had happened during the rush hour, even more people are likely to have

been hurt. 

In our Schadenspiegel 1/2000 we reported on an under-

ground tunnel that collapsed in the construction phase. 

A municipal bus that was waiting at the traffic lights was

drawn into the crater until only a third of it was visible.

The loss described in this article also happened during the

construction of an underground line. It too involved

damage to a road. In this case, however, the tunnel was

being built using the open-cut method.

The construction phase was insured under a CAR policy
and incorporated the construction of an underground
station with a ventilation shaft. In order not to disrupt the
traffic above ground, the eight-lane road ran over the con-
struction site on steel plates fixed to a steel supporting
structure. 

The collapse occurred one Saturday morning at 6:10, at
which time road traffic had not yet built up. A bus that was
waiting for the lights to change suddenly plunged 20 m into
a gaping hole 30 m long and 40 m wide. All three
passengers in the bus were killed, the driver was seriously
injured. 

In the search for the cause of loss it was found that a 26-m
high supporting wall in the excavation area had given way
because it was not sufficiently anchored in the ground at
the side. This led to the ground caving in and finally to the
complete collapse of the steel supporting structure.

Engineering
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02   The other end of the collapse crater at the com-

mencement of stabilization work: earth being

poured into the crater from lorries.

Before construction work began, soil investigations had
been carried out at 50-m intervals along the intended route.
There were no indications of difficult soil conditions. The
investigations carried out after the accident showed that
there were inhomogeneous soil layers of sedimentary
rubble and sandstone with embedded layers of clay behind
the supporting wall. It was assumed that the change in the
water table caused by the construction work had made the
soil begin to slip on the partially inclined clay layers.

As a result of the collapse of the supporting wall, adjacent
buildings were damaged by subsidence, with losses
exceeding the US$ 1m limit of liability under the CAR
policy. Also numerous gas, water, electricity, and telephone
lines were cut in the area.

After the loss event the road had to be made passable for
traffic as soon as possible. To stabilize the construction site,
the soil in the surrounding area was strengthened by
squeeze cementing. The excavated area was filled in again
and strengthened using the same method. Those sections
of the supporting walls that were still in place were
reinforced. The steel structure was assembled again. Once
the steel plates had been laid, the road was opened to
traffic again. 

The open-cut method could not be used any longer in the
area that had been affected by the damage even though it
was subsequently stabilized; construction of the under-
ground station had to be continued by boring the tunnel.
The ventilation shaft will be built at an alternative location.

The provisional estimate for the loss at the construction
site is US$ 22m. Added to this comes an amount of some
US$ 6m already spent on stabilizing the construction site
and rebuilding the temporary road. 

This case shows that, particularly where underground
structures are concerned, very close attention must be paid
to an extremely meticulous soil investigation of the in-
tended route. The additional expense of a more exact soil
investigation would probably have helped prevent this
loss.

Günter Letzel, Seoul
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Many people associate liquor with alcohol, brandy, and
whiskey. In the manufacture of cellulose, however, black
liquor is a watery solution of lignin and salts with an
excellent calorific value. The combustion process in a black
liquor recovery boiler (BLRB) has to take place under
precisely defined process conditions and safety precautions.
Otherwise there is a great danger of devastating explosions. 

Cellulose is obtained from tree trunks in a linear
manufacturing process. Parallel to this linear process,
various chemicals are run in a cyclical process, which means
that they are recovered after being used in the manufacture
of cellulose. These include the salts for the lignin solution,
sodium sulphite, and sodium carbonate (recovery in the
BLRB), the bleaching agents (in the bleaching section), and
sodium carbonate for setting the acid strength (in the
calciner). Cellulose extraction would not be possible without
these cyclical processes because an immense volume of
materials would have to be used and a similarly immense
heap of waste would be unavoidable. Plants for the recovery
of chemicals can only be operated at a profit above a certain
size. As a rule, therefore, they are installed singly and are
hence standard components without which production of
any kind is impossible.

Loss event

24th September, 0:41
The power station operator on night shift registers an alarm
from the BLRB. A few seconds later a second alarm is
received. The boiler control system automatically performs
an emergency shutdown. The black liquor combustion pro-
cess is stopped. The power station operator looks through
the inspection glass located halfway up the boiler in an
attempt to see what is behind this unusual combination of
alarms.

0:56
Before he can detect anything, the boiler explodes. Within a
matter of seconds he is surrounded by a wave of heat.
Stumbling and crawling in the dark – there is no lighting
because of a short circuit – he reaches the fire-resisting exit
door nearby. Fortunately he has only received slight in-
juries.

1:00 
Alarms are transmitted immediately to the fire brigade,
rescue services, and the management. One special feature
of the BLRB is that fire fighting must be limited to curbing
the fire and preventing it from spreading to adjacent
buildings, as there is a danger of the fire water causing new
explosions. 

8:00 
In the morning hours an attempt is made to assess the
damage provisionally. At this point in time it is still
assumed that there has been a gas explosion. Such an ex-
plosion occurs when the combustion of lignin is incomplete
and carbon monoxide (CO) forms. This gas may explode
given the conditions prevailing in the boiler. 

01   The black liquor recovery boiler with a

makeshift facing.

Black liquor recovery boiler
explodes
Fire

Black liquor recovery boiler

Year built: 1974
Height of building: 60 m + chimney
Height of boiler: 36 m
Capacity:  700 t solids per day
extended in 1994: 1,100 t solids per day

Black liquor
Solid content:  at least 63 %
Steam pressure: 60 bar

The black liquor recovery boiler produces steam for 
600 tonnes of cellulose a day.
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12:00 
In the course of the day there is growing certainty that
there has been a smelt-water explosion. Salts are dissolved
in the black liquor which make it possible for the lignin
from the wood to pass into the watery phase. During com-
bustion in the boiler, these salts accumulate as smelt in the
lower part of the boiler, where they are drawn off and dis-
solved in water again (green liquor).

When water comes into contact with the hot smelt (about
1,100 to 1,400 °C), several chemical reactions take place. For
example, as a result of the gigantic energy input, some of
the water is split into hydrogen and oxygen. When they are
reunited (oxyhydrogen reaction) a mighty shock wave is
released.

19:00 
An initial inspection reveals the extent of the damage:
– The boiler is torn open in the bottom area up to a height

of 9 m.
– All the burning parts around the boiler have been

pyrolysed by the escaping hot smelt.
– Inside the boiler the shock waves have bent and in part

destroyed tube banks, baffles, exhaust units, ash ex-
tractor, etc. 

– The entire suspension and the penthouse, as the upper
part of the boiler is called, have been displaced.

– Parts of the facing have been blown off by the heat and
the shock wave. 

– On the adjacent buildings there are traces of secondary
damage caused by flying debris.

Loss minimization and restoration

In the days following the event the entire plant was shut
down and remained so for some time. The digester and
bleaching section were mothballed for the winter or –
wherever necessary – heated. For this purpose the far
smaller bark boiler, in which the otherwise unusable bark is
burnt to recover energy, was fired without interruption.

The insurer, the loss adjuster, and two independent experts
were called in and in no time the damage had been ana-
lysed and bids had been obtained for the restoration. It was
soon clear that repairs could be completed within six
months. Rebuilding would have taken at least eleven
months. In view of the long interruption rebuilding would
have entailed, the policyholder decided in favour of repairs.
In the fiercely competitive market for high-quality cellulose
such a long stoppage would possibly have led to a painful
loss of the company's share in the market.

After a critical examination of all the offers, it was found that
even though the boiler had been in operation for more than
20 years, the manufacturer still had the most expertise in
the field and offered the quickest repairs; the manufacturer
was therefore awarded the contract.

The repair work began four weeks after the loss event with
the erection of a winter construction site, the temporary
restoration of the facing because of the threatening winter
storms, and the removal of the destroyed parts of the
boiler. 

After three months of three-shift operations, seven-day
weeks, and bank holiday shifts, the boiler was repaired and
trial operations began. Production resumed at the begin-
ning of February. Full production capacity was reached in
March/April, one month earlier than planned.

02  03  



Cause of loss

The policyholder assigned the task of finding the cause of
loss to two independent companies. After extensive metal-
lurgical tests and an analysis of the control logs, the
following scenario appeared likely:

1. A tube burst at a height of about 20 m.
2. Several hundred litres of boiler water forced its way into

the combustion chamber.
3. First, small explosion.
4. Second, large explosion.

This interpretation of the events is borne out in particular
by the readings of the pressure gauges.

Why did the tube burst?

In the course of operations over the years it is natural for
there to be some wearing away of the tube material. In this
case the boiler had been in operation for around 24 years.
Part of the annual maintenance checks always involved
measuring the thickness of the walls, including the tube
that burst, about 30 cm above and below the damage. The
wall thickness had always been within the safe range.

An exact measurement of the thickness of the walls that
was carried out at many places as part of the loss investi-
gation revealed that there was an oval-shaped zone with an
unusually large amount of wear on all four walls of the
combustion chamber above the bottom area. Interestingly
enough, the degree of wear was not uniform on all sides of
the tube. It was also certain that the wear had started on
the combustion chamber side and not on the inside of the
tube.

The institutes making the investigation concluded that the
damage must have been the result of a capacity increase
produced by induced current some years before. The
capacity had been increased by improving the turbulence
in the flame zone. The higher turbulence had been attained
by bending the black-liquor canons so that the liquid mixed

with the combustion air better. In the process, however, the
flame zone moved out further towards the tube and this led
to the early and unnoticed occurrence of wear.

Loss prevention measures

In the light of this incident the company took extensive
measures to prevent any repetition. From then on all its
black liquor recovery boilers were meticulously inspected
during the annual maintenance check and all deficiencies
eliminated.

As part of the repairs, the bottom area was removed
entirely and replaced with tubes of a better quality alloy.

The fire-resisting separation between the boiler and the
control room was rebuilt to protect personnel. 

Future prospects

Explosions in black liquor recovery boilers have become
uncommon in recent years, but it seems impossible to
preclude the danger altogether. Apart from the techno-
logical options that exist to prevent losses, the only way to
survive a catastrophe without losing one's position in the
market is to take out adequate insurance against fire, ex-
plosion, and business interruption.

In the case described here, the company was able to
resume production without any great loss of market shares.
In the year the loss occurred and in the following year, it
presented its shareholders with a balanced result even
though the loss came to almost US$ 50m. 

Robert Schmid, Munich
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02   Destroyed bottom area.

03   Burnt instrumentation and 

control cables.

04   Burst tube, removed from the wall.

04  
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Earthquake rocks Taiwan’s
chip industry

Research & Development/Fire
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The effects of the severe earthquake that shook Taiwan 

on 21st September 1999 were felt as far away as Silicon

Valley in California. Taiwan’s semi-conductor industry in

the Hsinchu Science-Based Industrial Park was hit par-

ticularly badly on account of the vulnerability of the clean

rooms and the high-precision instruments used there. The

lack of power after the earthquake led to interruptions in

the manufacture of semi-conductors in Taiwan, with losses

of US$ 50–100m a day. The overall insured loss came to

around US$ 350m in the semi-conductor industry alone.

The earthquake

On 21st September 1999 the central part of Taiwan was
shaken during the night (at 1:47, local time) by the heaviest
earthquake to hit the island in the 20th century. The
epicentre was near the city of Chichi (Fig. 02) and had a
moment magnitude of Mw = 7.6. It radiated more than
twice as much energy as the earthquake in Turkey the
previous month. In the Taiwan earthquake the well-known
Chelungpu fault ruptured over a length of some 85 km and
shifted by up to 12 m in some places, making the slip one
of the largest ever recorded during an earthquake. More

Epicentre

Cities

> 1 million inhabitants

100,000 to 1 million

< 100,000 inhabitants

Fault

Earthquake intensity

Zone 0: MM V and below

Zone 1: MM VI 

Zone 2: MM VII 

Zone 3: MM VIII 

Zone 4: MM IX and above

100 0 km

Kaohsiung

Hualien 

Taipeh 

Chichi

OW

N

S

02   The earthquake of 21st September 1999 in Taiwan with the epicentre near the town of Chichi and active faults. Only zones of medium and high earthquake intensity

are to be found in Taiwan.

The reason for the high seismic activity in Taiwan is its

position on an active plate boundary. The Philippine

Sea Plate converges towards the Eurasian Plate at a

speed of about 8 cm a year. This results in intense

mountain building and destructive earthquakes.

Although strong earthquakes (M ≥ 7.0) must be ex-

pected to occur frequently in the east of Taiwan, the

central part of the country had previously been

classified as being moderately active. The Chelungpu

fault activated during the earthquake is one of 52

known fault systems. An earthquake of such size,

however, was only expected with a return period of

some 100,000 years. 

The earthquake illuminates the enormous degree of

uncertainty still attached to the assessment of the

earthquake risk. A revision of the seismicity rates to be

expected is vital and will probably lead to a higher

hazard assessment for the central part of Taiwan.
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than ten aftershocks attained a magnitude of M ≥ 6.0 and
heavy tremors still shook the region a whole year after the
main earthquake.

The earthquake claimed more than 2,300 lives and injured a
further 10,000 people. More than 10,000 houses were also
badly damaged. The impact was particularly severe in the
cities of Chunglia, Nantou, Taichung, and Fengyuan.
Fortunately, the area that was hit hardest was a very
sparsely populated mountain region. While a ground
acceleration of up to approx. 1 g (acceleration of gravity)
was recorded east of the fault, the values measured in the
heavily populated plain west of the fault were only in the
range of 0.2–0.4 g.

Whilst almost every single building in the epicentral area
was damaged (Fig. 03) and numerous apartment buildings
that had once been up to 50 m tall collapsed in Taichung
and Nantou (Fig. 01), the extent of damage decreased stark-
ly with increasing distance from the hypocentre. Although
there were two spectacular cases of buildings collapsing in
Taipei, these were mainly due to the inadequate quality of
the construction work. 

Taiwan’s semi-conductor industry is sorely affected

Just six days before – on 15th September – the leaders of
semi-conductor industry associations from all over the
world had gathered in Taipei for the SEMICON Taiwan 1999
to discuss the economic implications of the rapid increase
in expenditure on research and development. And then in
the night of 21st September it came to the great tremor. But
this time not in the form of a financial crash that rocked
stock markets and banks but “the real thing”. One of the
central regions of the world's high-tech industry was sorely
affected.

The damage to buildings in the Hsinchu Science-Based 
Industrial Park was not severe and only affected non-
structural parts. The extent of the damage was in line with
the local intensity of MMI1 VI. Although the tremors were
only moderately strong and caused hardly any direct
damage, Hsinchu became the focus of the insured losses
due to business interruptions. The Taiwan earthquake is a
prime example of the extreme vulnerability and complexity
of our networked high-tech society.

When the earth shakes in Taiwan, so too does the computer
industry. If an earthquake hits Turkey or Greece, it is mainly
the national economies that suffer. But Taiwan has for a
good ten years now been manufacturing a significant pro-
portion of the world’s chips and personal computers. Taiwan

specializes in the production of motherboards, the heart of
any computer, memory components such as DRAMs
(dynamic random access memories), and graphics chips. 
International groups like IBM, HP, Compaq, Dell, and 
Toshiba manufacture their products there in cooperation
with Taiwanese partner companies; some have moved their
entire production to Taiwan. The two Taiwanese
manufacturers TSMC and UMC have a significant share in
the world's foundry business, supplying other chip
manufacturers with their designs under contract.

A substantial proportion of the country's output of semi-
conductors and computers is manufactured at the Hsinchu
Science-Based Industrial Park (HSBIP), Taiwan’s Silicon
Valley. The HSBIP is an industrial estate with an area of
only about 6 km2 located some 70 km southwest of Taipei.
It was established in 1980 and now accommodates just
under 300 high-tech companies. In 1999 no more than
about 100 of the over 200 Taiwanese chip manufacturers
accounted for about 70% of the turnover in Taiwan’s chip
industry. The HSBIP is not only home to the country’s pro-
duction of chips for the computer industry itself but also
and especially the centre of the optoelectronics and
telecommunications industries.

The infrastructure of chip manufacture is characterized by a
division of labour. In addition to the chip factories, special
firms have emerged that supply silicon wafers, semi-
conductor design and masks, and special chemicals. The
testing, mounting, and packaging of the chips is often per-
formed by separate companies downstream of the
manufacturers. 

Property damage

What are the dimensions involved in monetary terms? An
investment of some US$ 1.4bn is needed for a new semi-
conductor factory of the current generation and of about
US$ 2bn for a factory of the next generation. 

The severe earthquake of 21st September 1999 did not
cause any severe damage to buildings at the HSBIP. There
were only a few isolated cracks in non-loadbearing walls.
Nevertheless, in the clean rooms the vibrations caused by
the earthquake led to expensive technical equipment such
as furnaces, ion implanters, steppers, and diffusion plants
being shifted and thrown out of alignment. 

Even the layman will appreciate that particularly sensitive
components such as quartz tubes in CVD (chemical vapour
deposition) systems and diffusion furnaces were shattered.
It is estimated that about 70% of all the quartz tubes in use

1 Modified Mercalli intensity.
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03   Almost every building in the epicentral area

was damaged.

04   Because quartz tubes were shattered – e.g. in

the vertical diffusion furnaces – many semi-

conductor factories suffered considerable

property damage and business interruption

losses.

05   The relation between return periods and

earthquake intensity for the Hsinchu Science-

Based Industrial Park.
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at the HSBIP at that time were destroyed; there were bottle-
necks in getting replacement supplies at short notice (Fig.
04).

Silicon wafers in the production line were thrown out of the
cassettes in which they are transported and fell onto the
floor. Burst water pipes caused further property damage in
some installations. 

How to protect assets against seismic vibrations

The following measures are examples of what can be done
to protect assets against seismic vibrations:

– All important machines, tools, and pipes should be fixed
securely in order to keep the damage to a minimum.
Machines in the clean room, for instance, may also be
anchored with bolts or special fixtures, high parts secured
with ropes, and clean-room floor elements fastened
down.

– Pipe systems (e.g. sprinkler systems) should be fixed
securely and sprinkler heads installed a sufficient dis-
tance from obstructions. 

– Earthquake sensors, which are usually installed in the
foundations, should be set to switch off the supply of
hazardous substances and media automatically in the
event of seismic activity.

The intensities to be expected at the Hsinchu Science-
Based Industrial Park on the basis of longer return periods
are significantly higher (Fig. 05). Given a local intensity of
VIII or IX, for instance, an exceedingly greater loss would
have to be reckoned with. Production plants would be se-
verely damaged and some plants would probably collapse.
The severe damage to the infrastructure in the Park could
not be repaired at short notice. Even at an intensity of VII,
the damage to machines would probably be much more se-
vere than in 1999. Elaborate adjustments and repairs would
be necessary. The so-called 921 Chichi earthquake should
be seen as a warning not just for the high-tech industry in
Taiwan but throughout the world.

Business interruption

The losses caused by continuous power outages were
much more costly than the structural damage. The HSBIP
was more than 100 km from the epicentre of the quake at
Nantou. The breakdown of the power supply affected
almost all of Hsinchu’s semi-conductor factories because
the HSBIP was supplied by a single overhead line from the
Tien Luen distribution station.

Substantial damage to the distribution station and a number
of destroyed 345-kV pylons which were felled by landslides
after the earthquake led to a blackout in large parts of the is-
land (Fig. 08). The rough terrain made it impossible to repair
the line system quickly. Consequently, there were fears of a
global shortage of chips. It was only a matter of hours before
this concern began to affect the market rates of prominent
chip manufacturers.

A breakdown of this overhead line had already presented
Taiwan with a blackout across the entire island for half a day
on 29th July of the same year.

As far as chip manufacturers are concerned, it is the length
of a power outage that is relevant, but the more significant
factor is the power outage itself. It affects all the operations
in the many stages of the manufacturing process if its
precisely defined thermal behaviour is upset or machines
begin running out of the narrow range of tolerance as a
result of fluctuating temperatures. Downstream manu-
facturing processes like mounting or testing are less
severely affected. They may be interrupted but the plants
can be restarted again afterwards.

It is a different matter when it comes to the wafers that are
on their way through the manufacturing process, which is
sometimes a four-week operation, and are currently passing
through one of the many diffusion furnaces or ion
implanters. And this applies at any moment in time to about
a third of all wafers being processed in a modern semi-
conductor factory. Wafers with temperature damage must
be treated as rejects and can only be used at best for test
purposes. 

Wafers that are in steppers during a power outage may be
used again afterwards because only the upper layers are
damaged. In such cases, however, examinations and repairs
have to be carried out wafer by wafer, which is a very time-
consuming and costly process.

Altogether the loss of wafers on the production line at the
time involved about 15% of the total volume. One of the
wafer foundries, for instance, lost 28,000 of the 170,000
wafers that were in the production process as a result of
the earthquake (property damage and business
interruption losses).
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06   Collapsed buildings in Wufeng.
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07  Smoke marks on the outside of a building at a

semi-conductor factory after the overheated

emergency diesel generators caught fire.

08   Damaged 345-kV high-voltage pylon of the

north-south transmission line.
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The failure of the gigantic air circulation system in a chip
factory has a similarly grave impact. Its job is to hold the air
in the clean room at a slightly elevated pressure, which in
conjunction with a sophisticated filter system, keeps it free
of dust. The problem is alleviated by the fact that the wafers
in the various stages of manufacture are processed separ-
ately in mini-environments.

One of the semi-conductor factories at the HSBIP was unable
to maintain clean-room integrity as the emergency diesel
generators caught fire (Fig. 07). Clean-room integrity
depends to a major degree on the cleanness of the clean
room (number of particles) and the heating, venting, and air-
conditioning. The reserve power supply should at least be
able to maintain clean-room integrity. Generally, however,
there is not enough power to continue production at full
capacity. To avoid a stoppage an alternative power supply is
recommended that can take the place of the public grid com-
pletely.

Resuming production

In August 1999 the value of Taiwan’s chip production came
to about US$ 1.88bn, corresponding to a turnover of 
US$ 63m per day. Official estimates quote a loss of 
US$ 156m at the HSBIP alone. 

The power outage at the HSBIP lasted about seven days.
During this time many companies were left with nothing to
do but analyse the extent of the damage. But there were
also cases of exemplary risk management. One DRAM
manufacturer, for instance, was able to restore a large part
of its power supply within a few hours by obtaining
electricity from an independent power producer (IPP) at the
industrial park. 

Although it only took about a week to stabilize the power
supply at the HSBIP again, a temporary bottleneck in the
supply of quartz tubes delayed the return to full production.
Local firms were only partially able to satisfy the demand:
they too were unable to maintain full production after the
earthquake because electricity was supplied on the basis of
priorities. The full supply of power to companies that were
not domiciled at the HSBIP – which included many a quartz
tube manufacturer – was only gradually restored. Semi-
conductor factories had to borrow quartz tubes from firms
that had not been affected by the earthquake or from over-
seas as far as this was possible.

Within a short time it was necessary to begin re-aligning
and re-calibrating the expensive high-precision production
machinery, e.g. the steppers used in the lithographic pro-

cess. The joints efforts of factory staff and the machinery
suppliers had the effect that about 90% of the equipment
was able to resume production within ten days. At the end
of October about 95% of the production capacity at the
HSBIP had already been restored. 

Prospects

Experience has shown that an efficient continuity and 
recovery plan can go a long way towards the required
measures being taken after extreme situations like earth-
quakes, floods, windstorms, or extended power outages. It
is particularly important to keep or to be able to obtain
stocks of those materials which may lead to production
bottlenecks if they are in short supply (e.g. quartz tubes).
Alternative sources and the supply chain must be checked
in detail to be able to come to terms with a breakdown in
production as quickly as possible. 

The earthquake of September 1999 was a perfect illus-
tration of how important and valuable Taiwan has become
as a manufacturing centre of high-tech products. The fact
that deficits in the infrastructure became evident is just one
more facet of this high-tech and economic success story.

The main task facing chip manufacturers in Taiwan and
throughout the world in the future is to identify and
eliminate specific weak spots. It is necessary to identify
those methods of construction, materials logistics, and
power supplies that will effectively protect staff, buildings,
manufacturing equipment, and products against tremors.
The next major earthquake could be more than just a
glancing blow on the periphery of Taiwan’s industrial
centre and could cause massive devastation there. It is
clear not only in Taiwan that major sections of the world’s
chip production are located in the vicinity of seismically
active zones. And this includes Silicon Valley in California,
which runs very close to the San Andreas Fault. A large
earthquake in this region is certain to occur and the only
uncertainty is when it will happen. California’s chip-
makers – who on account of bad experience are now safe-
guarded at least against moderate earthquakes through the
strict adherence to construction requirements and the in-
stallation of redundant power supplies – could take a look
at Taiwan in order to brush up their knowledge too. 

Alexander Allmann, 

Alfons Maier, both Munich
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Dezincing of a water installation

01   Bottom part of the fractured brass cap.

02   Bushing of the fractured brass cap.

03   Fracture face on the bottom part.

04   There are traces of intergranular and transgranular

fractures on the fracture face. Image made with a

scanning electron microscope.

05   The dezincing of the material (copper-coloured

areas) is easily identifiable.

Miscellaneous
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Major water damage occurred in the basement of a house when a brass cap in a hot water installation fractured. The
damage was found to have been caused by the dezincing of the brass material CuZn39Pb3. The purpose of the brass cap
was to act as an end piece or blind plug. A fracture led to the water damage. 
Brass is a metal material comprising copper (Cu), zinc (Zn), and lead (Pb). The grain structure of this alloy consists in 
a-mixed crystals (light yellow areas) and ß-mixed crystals (dark yellow areas). In these low-copper ß-mixed crystals, a
critical water composition may lead to zinc particles being washed away. This kind of damage is called dezincing (copper-
coloured surfaces). It may be prevented by a regular drawing of water (thus preventing stagnation points) or by the use of
alloys that are less susceptible to dezincing, e.g. red brass.

Ulrich Hohmann, Ismaning; Wolfgang Schromm, Munich 
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Cancellation of events insurance reimburses the manager
of an event with the financial losses incurred if the event
has to be cancelled. There are three basic types of policy:

A – non-performance (basic cancellation)
B – non-appearance
C – weather-related cancellation

Type A covers everything that cannot be influenced by the
policyholder or the organizers and has not been excluded,
such as 

– property damage (fire, explosion, earthquake, flood, etc.),
– state orders (national mourning),
– non-availability of the venue,
– failure of technical installations,
– ban issued by the authorities,
– late arrival of the stage, instruments, etc.,
– strike.

The event manager must, of course, always take all the
precautions that are necessary for the proper running of
the event.

Experience shows that about 85% of all losses are due to
the non-appearance of people that are indispensable for
the event. About 5% are due to the weather and the
remaining 10% are of Type A, about half of which are
caused by strikes.

A loss example: The Kirov Ballet from Russia was due to
undertake a three-week tour of Australia for the first time
since 1973. The entourage comprised 120 team members,
90 dancers, and 400 pairs of ballet shoes. The ballet was to
be accompanied by a 70-strong orchestra, largely made up
of local musicians.

The entire equipment (shoes, technical facilities, instru-
ments, etc.) was loaded in St. Petersburg and shipped to
Australia. When it arrived, everything was examined thor-
oughly by customs officials. It was found that some parts 
of the equipment had been treated with pesticides to pre-
serve them. As environmental protection is given top
priority in Australia, the matter was handled very meticu-
lously. Finally, customs ordered that some of the equip-
ment was not to be brought into the country and had to
stay in quarantine for some time.

This had serious implications for the event manager. The
beginning of the tour had to be postponed. Some of the
performances had to be cancelled altogether because no
alternative date could be found. A new tour schedule had
to be devised.

The manager and local organizers were faced with losses
that were due to

– the reimbursement of tickets,
– the rent for the halls,
– the relocation of performances,
– new advertising campaigns,
– the reprinting of tickets,
– the compensation of catering firms,
– lost profits.

The loss was covered under Type A of the cancellation of
events insurance as the manager had punctually taken all
the measures required for the execution of the event. All
the licences, visas, and permits had been applied for on
time.

He could not have anticipated the import ban on the
equipment. He had not acted maliciously either.

The overall loss came to some US$ 1.5m.

Sabine Bach, Munich

Ballet in quarantine
Miscellaneous
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01   A wave of water and debris poured

into the valley without warning.
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02   Caracas at the foot of the Avila mountain range.

03   Schematic representation of the events.

04   A huge boulder smashed into a supporting

column and caused part of this building to

collapse.
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04   

Severe surface erosion, landslides

Mudflows and debris flows
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Settlements

Catchment boundaries
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The catastrophe occurred shortly before Christmas 1999
along a one-hundred-kilometre stretch of coast in Vene-
zuela, north of its capital, Caracas. The ground was already
thoroughly saturated after weeks of rain. Then came a front
which, in the space of only three days from 14th to 16th
December, swamped some places with more than 1,000 mm
(1,000 l/m2) of rain. As the majority of the water could not
be absorbed by the ground, it ran off on the surface. The
water shot down the steep slopes of the Avila mountain
range, tearing earth and rock along with it. There were
landslides in many places so that the water had even more
soil to transport. The masses of water were so powerful
that they washed rocks the size of cars down the slopes
and into the settlements in the valley. The waves of water
and mud struck these heavily populated areas so fast and
so suddenly that hardly anyone had a chance to flee. The
majority of people were trapped in their houses and were
drowned or battered to death and buried by metre-high
masses of mud and rubble. 

The exact number of victims is still unknown even today –
and will probably never be established; it is estimated that
at least 20,000 died. The economic losses were enormous
too. A study by the Economic Commission of Latin Amer-
ican Countries within the UN Development Programme
(ECLAC/UNDP) puts the figure at US$ 3.2bn; this does not
even include the long-term effects on Venezuela’s
economy.

The event came without any warning. Past occurrences
pointed to a hazard (see the section “History”) but no real-
time warnings were issued. There was (and is) no forecast-
ing or early-warning system available to the authorities or
population of Venezuela.

Geology and topography

There is a branch of the Andes that forks off to the east and
runs parallel to the north coast of South America before
continuing in the island arc of the Antilles. Only a few
kilometres from the coast near Caracas is the Avila
mountain range with an average height of about 1,800 m
and highest peaks exceeding 2,700 m. The steep slopes of
this relatively young and unstable mountain range are ex-
tremely prone to erosion. The eroded material from the
mountains is deposited in a narrow alluvial strip of coast,
whose geomorphological risks have been thoroughly
researched and are well-known, and along the coast in the
Caribbean. But the south side of the Avila mountains with
the Caracas basin is also exposed. 

Hydrology

High rates of precipitation are nothing unusual in the
coastal area of Venezuela. The clouds advancing inland
from the sea, sometimes the tails of hurricanes, are forced
to rise by the Avila mountains. This leads to copious oro-
graphic precipitation. About 85% of the average annual
rainfall of some 1,000 mm usually falls between May and
November. 

In 1999 there had been profuse rainfall and numerous
floods in the weeks and months before the catastrophe. In
the three days from 14th to 16th December the Maiquetía
station at Caracas airport, which may be considered a
representative location, recorded 911 mm of rain; this
exceeded the annual average of about 900 mm at the
station. On the morning of 16th December 72 mm fell
between 6 and 7 o’clock alone. On the slopes of the Avila
mountain range even more rain may have fallen. There is
no data available for the mountains because the
hydrometeorological measuring network of the Avila chain
was not in operation. It may be assumed, however, that
more than 1,000 mm of rain fell locally in only 72 hours.
There were floods all along the coast of Venezuela.

History

The December event was not the first incident of its kind in
the affected region but it was the first major catastrophe.
There are numerous references in history to similar mud-
slides. In addition to many local mudslides, there were
large-scale events in 1740, 1780, 1797, 1938, 1944, and
1951. The return period for the 1999 mudslide is therefore
between 50 and 75 years. The difference between the his-
torical events and this recent catastrophe is that only a few
people, if any, were living in the path of past mudslides so
that the damaging effects were limited.
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05   Affected area with the distribution of the

various effects.

06   Deposits on the coast.

07   The University of Caracas sank up to its

roof in mud. 

08   This road was deluged by mud.

Sedimentary deposits, alluvial fans

Reactivated alluvial fans, badly hit by floods and

mudflows

Valleys and mountain streams through which the

masses of rubble passed

Areas with landslides, intensive erosion, debris

avalanches
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07   

Caracas

Ávila

Maiquetía

La Guaira



Losses

Besides having to contend with the direct effects (loss of
homes and jobs, etc.) the population was hit particularly
hard by the destruction of the infrastructure, especially
when the main road linking Caracas to the coastal town of
La Guaira and the coast road was cut. It is not possible to
say what the long-term effects will be. One of these effects
is certain, however: There are about 35,000 traumatized
children that have lost their families and have had to be
evacuated to other parts of the country. They will never be
able to return to their own schools and will thus lose
contact with everyone to whom they were formerly
attached. And in providing accommodation for the victims
or having lost their beaches and weekend haunts, far more
people are feeling the effects of the mudslides than just
those living in the disaster zone. According to UNICEF
estimates the number of people secondarily affected
exceeds 400,000.

The number of fatalities would have been much higher,
however, if the mudslides had occurred at a weekend.
Many of the weekend homes that were completely
destroyed were not occupied at the time of the catastrophe.

The economic losses may be broken down as follows
(direct and indirect losses in US$ millions):

Housing and urban services 574
Schools and educational establishments 69
Health care sector 61
Water supply and sewage disposal 243
Power supply 161
Transportation and communications facilities 782
Agriculture and fisheries 144
Manufacturing 53
Commerce and services 387
Tourism 297
Environment (e.g. beaches) 69
Others (culture, hygiene, humanitarian aid) 347

Total 3,187

The insured losses of some US$ 220m were relatively low
in comparison and do not fully reflect the true size of the
catastrophe. They included the damage in the port of La
Guaira, where hundreds of containers were stored. Further
major losses involved the power supply, a dam failure, and
a leisure club.

08   
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Loss example: Leisure club with marina 

A leisure club with extensive sporting and leisure facilities
including a marina and a repair dock, with breakwaters to
protect it against the hazards of the sea, was badly hit by
the effects of the December flood event and was about two-
thirds clogged with silt and sand.

Many of the 250–300 affected yachts – with values
estimated at between US$ 10,000 and US$ 500,000 –
suffered substantial hull damage, whilst others were a total
loss. An ensuing problem was the theft of movable
equipment from the yachts. 

The most difficult part of the cleaning-up operations was
salvaging the yachts from the silted-up marina. The pro-
cess of releasing the yachts was hampered by the large
rocks below the sandy and relatively smooth surface. Great
caution was essential in order not to increase the damage
to the yachts. 

What is more, the interests of the marina club members
varied widely because about half of the owners had not
insured their yachts. The cost of salvaging the yachts
remained within reasonable limits so that the overall loss
(including those yachts that were not insured) turned out to
be lower than originally estimated.

When underwriting yachts, therefore, it is very important
for marine insurers to know which permanent berth (90%
of the berthing period) the yachts are docked at in order to
avoid such catastrophic surprises.

Land use and catastrophe management 

The mudslides on the coast of Venezuela again illustrated
very clearly that a natural catastrophe always has two
components: an extreme natural event and people that live
and keep their assets in the exposed region. In Venezuela
the catastrophe was quite plainly caused by the uncon-
trolled spread of settlements into a high-risk area in concert
with unbalanced socio-economic developments. The
material losses are also closely connected with organiza-
tional structures lagging behind ongoing technological and
economic development. What was missing was the ability
to react to the emergency properly because there were
neither early-warning systems nor emergency response
plans in place. The land use maps that were available were
outdated and bore no relation to the circumstances
prevailing at the time of the catastrophe. Recent land use
data were recorded neither on maps nor in any other –
publicly accessible – form. 

Consequences and prospects

An urgent task is to organize civil disaster relief in such a
way that it is equipped to deal with this kind of catastrophe.

This mainly entails setting up decision-making structures.
An operative meteorological measuring network and real-
time early-warning systems must be established as a basis
for making decisions. This is the only way to at least save
human lives in the future. It is unlikely that assets can be
protected in the areas affected by mudslides. Dams that are
capable of dealing with such masses of water and sediment
are just as unfeasible as comprehensive anti-erosion
measures on the steep slopes. The only thing to do is make
sure that settlements do not grow up in the exposed areas
– however difficult that may be.

Implementing such a measure requires above all political
resolve. To this extent, then, the challenge facing the coun-
try is to be seen at the same time as an opportunity. If the
plans that have been set up are carried into practice, there
are good prospects that catastrophes of such dimensions
may be averted in the future. Experience gained throughout
the world shows that memories frequently fade and people
repress their awareness of the hazards – until a new event
of similar dimensions occurs.

General conclusions

Throughout the world there will always be extreme natural
events like the one in Venezuela. In conjunction with
climate change they will even tend to increase in frequency
and intensity rather than decrease. At the same time people
will continue to settle – legally, illegally, or unrestrained by
controls – in high-risk areas or spend some of their time
there (tourism), usually without knowing or without caring
about the dangers. This is nothing less than provoking dis-
aster, as the rising catastrophe trend of recent decades
confirms.

Wolfgang Kron, Anselm Smolka,

both Munich

Rolf Mathias, Mexico City

Source

Zapata, R. (2000): Socio-economic effects of floods, avalanches and mudslides in
Venezuela, December 1999. Summary of a report written by a team of experts
from the Economic Commission of Latin American Countries (ECLAC) as part of
the United Nations Development Programme (UNDP).

09   Containers in the port of La Guaira.
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