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"It is always wise to look ahead, but difficult to look further than you can see"

Winston Churchill

SYNOPSIS

Large dams have an indefinite life.  Their structure could last as long as the pyramids (5000 years).  For as long as they hold water someone will have to look after them and maintain the spillways and powerhouse.  This implies that the designers and builders must look further ahead than they have done in the past and ensure that their dams can be maintained indefinitely or, if necessary, dismantled.

1.
INTRODUCTION

Large Dams are massive, permanent structures holding back enormous quantities of water.  Their ultimate life is unknown; unless destroyed by flood or earthquake, it could be many thousands of years.

Dam designers are well aware of the dangers of catastrophic failure and are careful to design dams to withstand floods, earthquakes and other natural disasters.  Large dams usually have an "economic life" of 50 or more years.  They are reckoned to reach the end of their "economic life" when they have paid themselves off.  It they continue to be useful after that, then that is all to the good.  If they later silt up, it is reckoned to be no great loss - in present value terms.

It is easy to see this far ahead, but what happens if we look even further ahead, beyond the economic life, beyond the day when the machines in the powerhouse or spillway gates can no longer be repaired, or beyond the day when the dam is full of silt.

A problem then arises:

"How do you de-commission a dam?".

The problems of de-commissioning a nuclear power station are well documented, but who has contemplated de-commissioning a large dam?

To give some indication of the magnitude of the problem the Kariba Dam in Zimababwe and the Aswan Dam in Egypt are discussed below.

2.
CASE STUDIES

2.1 
KARIBA

Kariba Dam on the Zambesi is a thin arch dam, 128 metres high with six spillway gates in the dam wall.  It has two underground powerhouses, one in each bank.

The lake volume is 160,368 million cubic metres*, it is over 200 km long, and took several years to fill.  The Cabora Bassa dam is about 200km downsteam.

During construction the diversion was through the dam itself, this was plugged with  concreted so there is now no easy way of draining the lake.

Looking 100 - 500 years hence, there are a number of possible scenarios:

 (a)
the station continues in operation much as now;

 (b)
the advent of say, fusion power means that it is no longer an economic source of power;

 (c)
a society which is hostile to technology develops.  (There is no longer any need for power nor are there any engineers);

 (d)
the concrete of the dam begins to decay
.

In scenario (a) the engineers are faced with maintaining a working museum.  Every 50 years or so, the turbines are overhauled, and the generators are re-wound.  The transformers, switchgear and control gear are replaced.  Eventually, corrosion and/or fatigue are so severe that the gates, penstocks, turbine and generator all have to be replaced.

Digging all this steelwork out of its concrete embedding is a daunting prospect.

In scenario (b) a technologically advanced society decides that it has no further use for the dam and power station and wishes to be rid of it.  It is difficult to see what can can be done but easy to see what can't be done.  They can't:

i
Drain the dam.  No provision for dewatering.  If there were, would the regulating gates and waterways survive several years of discharging water at 50 - 100m head?

ii
Shut down the power station, open the spillway gates and walk away.  If they did, the spillway chutes would soon need repair and the plunge pool excavated downstream - may be 30m deep - could soon endanger the dam structure.

iii
Blow the dam.  It would destroy Cabora Bassa and flood the Zambesi valley.

Perhaps they could dig an enormous diversion tunnel around the dam and drain the water by lake tapping.  If there is sound rock it may be possible, but if concrete lining is needed, how long will it last?

Scenario (c) is not all that unlikely, given the transient nature of past civilisations or the possibility of famine and disaster caused by the "greenhouse" effect of increased levels of atmospheric CO2.  Another ice age could do the same. The most likely outcome is that the operators abandon the dam, and sooner or later it fails from (a) over topping if the spillway gates were left closed or (b) from foundation failure if they were left open.

What can be done in scenario (d) when the concrete starts to decay?  It is hard to imagine a cure other than building a new dam downstream that drowns the old.

2.2
ASWAN

The Aswan dam was built in 1970 for power, flood retention and irrigation.  The dam is 184 m high and the reservior volume is 168,900 million cubic metres. The lake is more than 300 km long, and is steadily filling with silt - the same silt that once fertilised the fields of Egypt and built the Nile Delta.

The dam has provided power for industrial development,  and irrigation for more crops.  But soil salinity is beginning to become a problem, more and more fertiliser is needed, the delta is eroding, and fish catches have decreased.

Taking a rather extreme view, one day, the dam may have to be destroyed before it destroys Egypt.

How could this be done?

If the dam has bottom outlets and if they are exceptionally well built and well designed, they could be opened and left open.

However, as draining this large lake involves far more energy dissipation than diverting the river during construction, it is very probable that sooner or later, the outlets will have to be closed off for repairs.  If the outlets are not repaired, the structure of the dam may be endangered.

In reality, if the outlets can be used to draw the lake down then the dam itself must be dismantled to restore the river to its former situation.  But in the upper reaches at least, it will form a narrow, winding channel in an enormous bed of silt.  And each annual flood will erode the channel and bring down more silt than ever before.

3.
THE DESIGNERS DILEMMA

3.1
DESIGN PROBLEMS

If dam designers were told to design a dam that would last at least 1000 years, what would or could they do?  Most of the materials used (other then rock or earth) have not been around for that long, so how can they be certain the dam will last? 

Some of the problems they will have to face are discussed below.

3.2
SILTING

This is a major problem that cannot be ignored.  Dams have silted up in only a few years.  When they do, the bottom outlets are first to be blocked followed by the power intakes.  Finally, silt fills the reservoir to spillway level.  As silt is heavy, the load on the dam is much increased.  

Power intakes tend to keep themselves clear - but only by swallowing all the silt.   Does the turbine designer know that one day, after years of clean water, the turbines will have to cope with silt?   If he does know, what can he do? 

Assuming that the designer has solved these problems his successors will one day decide that the lake must now be drained and sluiced out. One major problem surfaces.  Who is going to write the Environmental Impact Report?  What can be done with all this silt?  

To give an example, the silt from Glen Canyon Dam, upstream of Hoover Dam on the Colorado,  would ooze down the Grand Canyon and fill Lake Mead.  In other cases, it will cause major changes in river beds which will aggrade, change course and destroy agricultural land along the river valleys.   

3.3
LOW LEVEL OUTLETS

Many dams do not have low level outlets and so cannot be de-watered.

Just because a dam has a low level outlet, it does not follow that it can be de-watered.

To be sure that a low level outlet can de-water a dam, the designer must:

 (a)
dimension it so that it can pass floods when the lake has been drained; ie he must be sure that a flood will not fill the lake to the extent that it endangers the now abandoned dam;

 (b)
design it so that it can operate at high heads for long periods without destroying itself;

 (c)
ensure that the regulating gates can be isolated for maintenance and the guard gate will never need to be maintained - or stoplogs can be fitted so that it can be maintained;

 (d)
be sure that in the event of the lake filling with silt, the outlet will not be blocked - or if it is, that it can be cleared. We all know they should be exercised regularly, but if it does not happen, and they block up, can they be designed so that it is it possible to clear them?

 (e)
be sure that it will not be damaged by erosion from passing millions of tons of silt and gravel, or if it is, then it can be repaired.

3.4
SPILLWAYS

If the dam is to stay in service for hundreds of years, then the spillway must do likewise.  If it is gated, how long will the gates last?  How long will the embedded parts last?  Can they be removed and replaced? 

When dams are designed the spillway designer assumes (consciously or unconsciously) that most of the river flow will pass through the turbines and the spillway will be needed only for flood flows. If the power station is abandoned, the spillway must be able to cope with continuous operation. 

3.5
POWERHOUSE EQUIPMENT

Turbines and penstocks are embedded in concrete.  There is no doubt that they will last 100 years, and maybe 200 - but 500 years?  No one can be sure.  How will they fail - suddenly from fatigue, like the Comet, or slowly from corrosion - until high pressure water leaks into the concrete and spurts out all over the place.  A lot of thought goes into ensuring that the penstocks and machinery is firmly anchored into the concrete.  Should some thought be given to how it can, one day be removed?

3.6
DAM

If the dam is to last forever, the designer must be sure of the life of the materials used.

If it is made of concrete, will it last?  After 20-30 years, alkali agregate reactions are now causing serious problems - but at least it is now a known problem and so can be avoided.  But what other problems may slowly emerge?  If geomembranes are used, how long will they last?  

4.
CONCLUSION

As an electrical engineer familiar with hydropower but with little detailed knowledge of dam design, I find it hard to conceive of any quick and easy solution.  The least that is needed is that everyone involved in the design, construction, operation and maintenance of large dams is aware of the potential problems and acts accordingly.

Little (if anything) has been written on the "implications of immortality" of large dams.  These problems should not be left to posterity to solve.  Large dams must be designed either for an indefinite life or so that they can be decommissioned and dismantled when they are no longer needed.  
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* 13 times the volume of Benmore, the largest man made reservoir in NZ.


�  Since the paper was written in 1987, alkali aggregate reaction has set in at Kariba and has caused major problems with the spillway gates.





