





Dam safety

he consequences of a dam faslure can be extremely serious, The lailure
releases the contents of the reservair in a grear wave that can overwhelm
communities in the valley below with lictde warning. The disaster 1= due

entirely ta the presence of the dam and could, in principle, have been avoided if
the dam had been properly designed, mamtained and operated. The problem of
dam failure is a significant one. There are between 10 and 100 deaths due to dam
failure in the Unired States each year. A census of senious accidents to dams for
the twenty-year period 1904 to 1983 hists 43 farhares of large dams (height 15 m
or more by the definition of the International Compussion on Large Dams,
LCOLLY, Fifteen of these failures resulted 1 loss of bife with a toeal death toll of
2,572, though 2,000 of these were recorded in one incident, the overtopping of
the 26 m high Machhu II earth dam in Indiz in Aagust 1979, About a quarter
of these failares occurred during construction and another quarter on firse fill-
ing or durng the first five years of service, Overtopping of the dam by a fload
was the commonest cause of failure. A landslide inwo the reservoir, displacing
water over the dam, was the cause of several other failures. This may be due to
the raising of the water table in the land surrounding the reservoir following the
construction of the dam making the soils weaker, One of these landslides fol-
lowed an earthquake. but surprisingly no other earthquake failures were report-
ed in the census. By far the maost failures (83 per cent) reported in the census
were of carth or rockfill dams. When these dams are overtopped they erode
rapidly leading to a progressive collapse and release ol the reserveir contents,
Concrete dams, whether of the mavity or arch oype, can better wathstand over-
topping. Even though there may be considerable damage to insmallations tmme-
diately below the dam such as hydropower stations or warter treatment plants, the
dam itself will not collapse.

OMd earch dams, particularly when peorly mamtained, are prone to falure by
piping {see chapter 4) or by erasion of the front face by water seeping through
the dam. Many dams built for the carly Buropean canal systems some two or
more centuries ago are still in use and from time to time develop these problems.

To prevent these disasters many countries have adopted dam safery regula
tions governing the design, construction and maintenance of dams and some
have also surveved exasting dams to see whether they meet modern safety crite-
ria, often with very disquieting resules. The United States Mational Dam Tnspec-
tion Program, carried our by the United States Army Corps of Engineers, found
that a third of the 9,000 dams inspecred, all in high hazard sitnations, were ten-
tatively classified as unsafe, The cost of improving these dams o meer current
safery standards would be prohibitive.

The saferv criteria to be adapted for a dam usnally depend on the hazand that
it presents. For example, a dam buile upstream of a town would have o meer
maore stringent criteria than one built where failure would nor endanger human
life. There are objections to this smple hazard rating as it can only be applied
when the dam is built and subsequent development, such as the bulding of new
housingr in the valley below, may increase the hazard chat the dam presents. It
should be remembered thal darms are very permuanent structures with a life of
decades if not centuries,

A hazard classification lor dam safety is used in the United Kingdom. Dam
safety in the United Kingdom s entrusted o members of 2 statutory panel of
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engincers deemed to be qualified to design and mspect impoundments, Each
such “panel engineer” is responsible for the safety of the dams he 15 hired
o supervise and to assist these engineers in meeting their responsibilides, the
United Kingdem Insttution of Civil Engineers appointed a Workmg Party on
Floods and Reservair Safety that reported in 1978, The working party’s guide-
lines divide reservoirs into four hazard-based categories:

A. Reservorrs where a breach will endanger lives in a community;

B. Reservoirs where a breach (i) may endanger lives not in a commupnity ar (ii)
will result in extensive damage;

C. Feservorrs where a breach will pose neghgible risk o life and cause hmated
damage;

1. Special cases where no loss of ife can be forsseen as a result of 2 breach and
very limited additienal food darmage wall be cavsed.

Categrory A s established because it is considered that public opinian will not
accepl conscicus desigm for a speafic threar to 3 comumunity. Category B (1)
apphies to selated houses or plant operators in a4 water treatiment works or
hydropower plant immediately below the dam ' These situations lend themselves
ro reducing the danger by taking measures to buy cul the isolated property or
to arrange food escape routes. Category C includes cases such as playing-fields
or footpaths across ood plains thae are accupied only occasionally. Category I
inchudes low earth dams, typically for ornamental lakes, that cause no real prob-
lem except that of replacement if washed out. A flood large enough to wash anr
the dam would, i mese cases, have caused damage, even before the ornamental
lake weas Tl

The gpuidelines require that category A reservonrs should i general be
designed for the probable maximum flood. theugh 3 lower standard is permt
ted il the dam can withstand rare overtopping. The general standard for catego-
ry B s the 10,000-vear flood and for category C the 1,000 vear floed, while cat-
egary 13 reservoirs need be designed for only rhe 150-year ilood. The mudelines
also speaty an allowance for wave surcharge and the imitial reservorr contents
betore routing the specificd flood through the ressrvoir.

This is a relatively compheated systen, bur represents a real atrempt to grap-
ple with the complexity of the issue. The mherent difficulties of public percep
tien of and reaction o risk are well known, To these are added here the techni-
cal uncertaintics of the probable maximum flood, which according to @ United
States National Research Counal repart (see next paragraph) “does not neces-
sarily provide absolute assurance that a dam 15 sate for every possible flood”.

The practice in the Umired Stares has also been for high hazard dams to be
designed for the probable maximum flood, and a comnurtee of the National
Keesearch Council that reported on dam safery in 1985 recommended that this
sheuld continue, while recognizing that a lower standard could be justified if
tarlure during a flood of PMF mugmitude would canse “no significant increase
i potentizl for loss ot life or property damage”. This emplasts on the mcrsased
damage due o a failure of the dams s interesong. A flood of the size o destroy
a dam is abvieusly going to cause extensive damage, whether or not a dam fals.
In conrrast to the United States system, the United Kingdom dassification svs-
tem for dam safery considers incremental damage only for caregory D dams.
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The full analysis of the saferv of a dam shonld consider the consequences of
its possible farlure. The United States MNatioral Weather Service has developed
two computsr programs for simulaning the movement of a flood wave follow-
ingr the falure of a dam. The program BREACH calculates the flow through a
breach in an carth or rockbll dam and the consequent widening of the breach
by erosion. [t provides mput to the second program, DAMBRE, that calculares
the passape of the flood wave down the valley, These two programs can give
vahaable informaton on the extent of Hooding and the propercies and lives at
risk should the dam fzil, The prograoms bave been used in many pars of the
world and can be obtained through HOMS, the WMO system for technolegy
tramsfor in aperanonal hydrology,

The problem of dam safery s a difficule ome and reguires the caretul balanc-
mg of project benefits, construetion costs, social costs and pubhc safery The cur-
rent stace of knowledge does not permit the balancing of all these factors with
full confidence. At the design stage a careful hvdrological and economic analysis
of the project is needed, which may well lead te the abandonment of the pro-

ject if safery requirements cannot be met. Countries should develop naronal

suidelines so as to ensure consistent decisions on dam safety, During the life of
a dam, which can be long, the safety of the dam and developments downstream
that could alter its hazard rating need to be wonitored regularhy As 2 resulr of
this monitoring the dam owner may have to face, at longer or shorter intervals,
further expenditure to maintain safery levels, 'The publication of the United
Kingdom guidelnes led to enlarged spillways being built on 2 number of dams.

A& number of developing countries Gee particular problems of dam safety
Mamy have built dams in recent vears for irrigation or hydropower to further
their development. These have been funded by different ard donors and in the
abserice of national standards the doner has wsually applied his own country's
standards. The inconsistency of standards thae results bas cansed concern m some
tropieal countries in recenl yeuts,



