DAM SAFETY AND PROTECTION OF HUMAN LIVES

Rui Matins
Principal Research Officer
Nationd Laboratory of Civil Engineering / Hydraulics Department
Av. do Brasl 101, PT 1700066 Lishoa
Td: 351-21-8443771; Fax: 351-21-8443459

Abstract

After an introduction, in which both the absolute need of carefully choosng the dam sfety
measures and the importance of the hydraulic-operational aspects are sressed, a synthess
is done of the dam collgpses occurred this century and that have caused loss of human lives.
Subsequently, the paper gives examples of the viewpoint of the legidaion of some
countries on this subject and refers to the effective posshbility of saving human lives in case
of dam falure. In the next sections, two lists are presented: one of the factors that influence
the posshbilities of surviva and another of the reativdly smple measures that can improve
the dam safety levd.
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1. Introduction

The dam safety problem is an important issue. The falure of dams may cause and has
actudly caused loss of humaen lives and enormous dedruction. From this point of view,
dams can be consgdered the most dangerous dructures of dl the dructures of civil
enginering.

However, it can be demondraed that it is possble to protect effectively human lives in the
cae of dam falure. Dam engineering has concentrated his efforts on the prevention of
accidentsin dams, namely as regards the structural safety.

Obvioudy, this is absolutey correct and mugt continue to be implemented. Neverthdess, it
is impossble to ensure a hundred percent safety leve in any civil engineering structure and
one must be prepared to cope with accidents in dams, including failures.

Ancther issue that the experience has emphasized is the importance of the hydraulic —
operationd safety aspects. In fact, if it is true that the Structurd collgpse is the last link of



an unhappy chain, it is dso true that the hydrologica aspects and dl maiters related to the
design and behavior of the dam hydraulic Sructures are often part of this chain.

The dam sdfety problem “is more than a technicd problem, it is dso an organizationd one
and, above dl, afunding oneg’ (USCOLD, 1982).

Funds are limited. Other civil engineering dructures create safety problems. The number of

exiging dams is lage Smdl dams have been involved and can be involved in sarious
accidents (Viseu and Martins, 1998).

Therefore, it is absolutedly necessary to choose caefully the dams to be observed with
priority and the measures to be carried out. This is obvious and has been mentioned in the
literature. “safety dam actions should be concentrated on essentid aspects in order to
economize time and resources’ (ICOLD, 1987) ; it should be identified “ those dams large
and gmdl, that truly involve a mgor risk, improving them quickly without seeking absolute
safety, and developing effective, chegp warning sysems’ (Lempériére, 1995) ; “no country
in the world can afford to upgrace dl its dams to current safety standards, hence it would
agopear that the only way forward is to rehabilitate and make safe those dams with the
highest hazards firgt, and concentrate on the remainder later” (Chemdy and Nortj€, 1994).

Two delicate questions are rdated to this point and, in generd, to the safety topic:

- safety and human life are very important matters; so, it is necessary

to sudy thoroughly the subject before the action; but, how much time should be
dedicated to this study? in fact, sofety and protection of humaen lives ae very
urgent matters too;

- humen life has no price (tha is an objective datement, given the unique
character of each human life); but, if dl the available means are used to protect
some humean lives, what will hgppen to the protection of other human lives?

Findly, it is adequate to point out that an accident in any dam will be a srong argument for
those tha ae agang the condruction of dams. In fact, if seems very difficult to replace
dams in ther roles of cregting drategic reserves of water, controlling floods and producing
clean power.



2. Higtorical failures

Table 1 contains a lid, as comprehensve as posshble, of dl dams tha have faled this
century causng loss of human lives. Besdes that, only dams from which the type and the

height are known are indluded.
Thefollowing cases are not included in the table:

- falures resulting of acts of war;
- falures during congtruction;
- falures of coadtd dikes,

- Vaont accident (not adam failure).

As sad, the influence of hydraulic — operationd factors is frequent (at least in 50 percent of
all cases).

From the descriptions of these failures, it is possible to conclude as follows:

- in ovedl tems there ae only three causes of dam falure overflow,
piping, collgpse of the foundations,

- s@gmic phenomena never caused loss of humaen lives by means of dam
accidents;

- the known dsatement “the failure of embankment dams is a dow falure and the
falure of concrete dams is a fad one€ is sysematicaly confirmed by the
experience.

From the table it is possble to condude asfollows:

- fallures of embankment dams: 72% of dl fallures
- geogrgphicd didribution : Ada 11, Centrd and South Ameica 2, Europe
12, North America (USA) 13, Oceania (Audrdia) 1.

Figures 1 and 2, respectivdy, show the didribution of falures by dam height and by
decades.

Table 2 containsaligt amilar to the ligt of Table 1. The only difference isthat, in the
second lig, the available information is very limited (both the type and height are not
known for none of the dams).



Name Country Year Height (m) Type Hydraulic-operational
factors involved?
Austin USA 1911 15 G -
Lower Otay USA 1916 40 R Yes
Bila Desna Czechoslovakia 1916 17 E Yes
Tigra India 1917 26 G (M) Yes
Gleno Italy 1923 44 B -
Eigiau UK 1925 11 G
Coedty UK 1925 11 E
St. Francis USA 1928 62 AlG -
Cascade Australia 1929 19 R Yes
Castlewood USA 1933 21 R Yes
Zerbino Italy 1935 12 G Yes
Vega de Tera Spain 1959 34 B
Malpasset France 1959 61 A -
Panshet India 1961 50 E Yes
Poona India 1961 40 G (M) Yes
Baldwin Hills USA 1963 71 E
Zgorigrad Bulgaria 1966 12 E
Nanaksagar India 1967 16 E
East Lee USA 1968 8 E -
Frias Argentina 1970 15 R Yes
Buffalo Creek USA 1972 13 E Yes
Canyon Lake USA 1972 6 E Yes
Hubacov Czechoslovakia 1974 6 E -
Bear Wallow USA 1976 15 E Yes
Bolan Pakistan 1976 19 E Yes
Teton USA 1976 93/123 E
La Paz Mexico 1976 10 E
Laurel Run USA 1977 13 E -
Kelly Barnes USA 1977 13 RIE Yes
Machhu I India 1979 26 E Yes
Gotvan Iran 1980 22 E Yes
Karnataka India 1981 2 E Yes
Lawn Lake USA 1982 7 E -
Tous Spain 1982 50 E/G Yes
Kantalai Sri Lanka 1986 27 G (M) -
Belci Romenia 1991 18 E Yes
Gouhou China 1993 70 CcC -
Artik Armenia 1994 18 E -
Tirlyan Russia 1994 13 E Yes

A - arch, B —buttresses, CC — compacted gravel, E —earth, G — gravity, G (M) —gravity (masonry), R — rockfill

Table1: Higtorical failures
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Fig. 1: Digtribution of failures by dam height (m)
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Fig. 2. Digribution of failures by decades



NAME COUNTRY YEAR
Skelmorlie UK 1925
Granadillar Spain 1934
Babii Yar Ex-USSR 1961
Hyokiri Korea 1961
Kuala Lumpur Malaysia 1961
El Cobre Chile 1965
Aberfan UK 1966
Koyna India 1967
Virginie USA 1972
Hirakud India 1980
Teseno ltaly 1982
Stava Italy 1985
Sargozan Ex-USSR 1987
Jinduicheng China 1988
Chongtu China 1990
Kiselevsk Russia 1993
Harmony South Africa 1994
Xuriguera Spain 1994
Placer Philippine Islands 1995
Kénogami Canada 1996

Table 2: Higtorical failures (incomplete data)




3. Legidation and protection of human lives

The legidation of the different countries on dam safety dtresses, as  could be expected, the
protection of humean lives

However, certan nuances can be obsarved, in paticular, as regards the typicd digtinction
between dams with an assodiated high risk and dams with an associated sgnificant risk.

The Committee on Safety Criteria for Dams, of the USA, has recommended in 1985 that a

probeble loss of life of one person would be enough for attributing the cdassfication high
rsk.

Other dam safety laws are not so drict. Typicd examples are;

- current legidaion of South Africa and United Kingdom: the dassficaion high
rik implies a minimum number of 10 personsin danger;

- current legidation of Spain : it is necessay more than a smdl number of
houses for atributing the classification high risk;

- current legidation of Portugd : for the same effect, it is necessary more than a
few human lives

On the one hand, the American proposd could be consdered equivdent to the
classfication of dl dams as high risk dams (it is dways possble to have a person waking
on the dangerous zone of any dam). However, on the other hand, the words ten, smdl, a
few seem ingppropriate when dassfying arisk for the human life.

Therefore, it seems more logicd to condder the exigence of high rik in any case of
permanent populaion in the danger zone downdream the dam, whatever the sze of the

urban area. In certan cases (concrete dams, short distance dam — urban area) the best
solution may be the transference of the populetion.

4. The effective possibility of protecting human livesin case of dam failure

This possibility depends essentidly on three factors:

- dam type (embankment or concrete);
- digtance to the dam;



- exigence of warning systems.

It should be noted that, for any type of dam, falures have occurred in a context of bad
wegther and very high leves in the resarvair, i.e., in a context that, in itsdf, imposes an
atitude of survellance. Furthermore, in severad cases, other previous sgns of danger were
observed.
Other favorable factors to the rescue of people are:

- typicd maximum of average odeity of the inundaion wave 25 kmh'

(Vogd 1998);

- typicl maximum wictth of dam — bresk flow :1 km? (Goubet,1993).
Thefalure of Teton dam (USA, June, 5,1976) raises an important question.
A very brief description of the event (according to Jansen, 1983) is

- 830 muddy flow appears downstream (gpproximately 1nt/s)

- 10/11 repair atempts,

- 11 50 the breech attains the crest of the dam (the lethd flow begins).

Hundreds of people in the downstream vdley were saved by the protection teams (the
number of casudtieswas 11 or 14).

However, teking into account the available time for evacuation, it seems reasongble to ask:
why theloss of human lives?

5. Risk factors

A more developed lig of the factors tha influence the possbilities of survivd, based on a
paper by Funnemark et d, 1998, is presented in this section.

It is possible to divide these factors into three groups.

1 1t may be higher near the dam and in case of bed with high slope.
2| e, 10 minutes walki ng.



a) chaacteridtics of the dambresk flow

- depth (h)

- velocity (V)

- materid carried by the flow
- water temperature

- erosonsand landdides

Obvioudy h is the decisve parameter. In case of not very high h, the paameter hxv
becomes important.

b) warning time (i.e,, the avallable time that the population has for evacuetion)

- decison of garting evacuation ether prior to the dam-bresk or not
- cderity of the dambreak wave (c)

- distance to the dam (d)

- reiability of the warning system

- autometic or manud warning

- warning from the dam or from an operation center

Obvioudy the warning moment and the parameter d/c are the decisve parameters.

C) evacuation efficiency

- populaion knowledge on how to act in case of adambreak
- qudity of the avil protection teams
- avalability of escgpe possibilities
- fraction of ederly persons, disabled persons, children
- westher, night or day, previous flow conditions

Obvioudy the firg fector is very important and depends on the exisence of evacudion
plans, generd information and emergency preparedness exercises.



6. Simple measures can improve the safety level

In certain cases only very expensive measures are effective in improving safety (for
instance, the construction of a second spillway). But, in several other cases, smple® and
relatively low cost measures are useful and should be used.

A group of these measures are rdated to personnd:

- exigtence of adam safety group near the Authority;

- existence of ahydro-mechanica equipment ingpection and maintenance
team;

- each dam should have a safety officer;

- regular training of the operators (including subditute operators);

- existence of rulesthat ensure the permanence of personnd inthedamin dl
critical Stuations.

Other group is rdaed specificdly with emergency Stuaions

- existence of aclear decison chain, sustained by safe communications, to act
in these Studtions,

- ingaling warning systems and kegping the downstream population informed;
- keeping in good conditions the circulation zones indde the hydraulic scheme
perimeter;

- lighting of dl zones of the hydraulic scheme that are related with safety.

Other measures concern documents:

- exigence of reservoir operation records,
- exigence of written operation rulesfor gates and valves.

Lastly, other smple measures

- carrying out visud ingpections,

- maintenance and use of the monitoring system and transmission of the data;
- remova of vegetation or any materid from zones in which flow obgtruction
or hiding of anomdies are possble.

% The optimization of the reservoir operation, keeping, without waste of water, a high level of safety, is the
best (and non-structural) measure in some cases. But, anyway, it is not asimple measure.



7. Conclusions

a The task of improving dam safety should take into account an absolute need
of sdection of dams and measures and should be performed with economy and
without bureaucracy.

b) Hydraulic-operationa aspects are highly related with safety.

c) Damsrdativey low are the most dangerous dams.

d) Embankment dams fal more than concrete dams. However, they ae less
dangerous. In certain cases of concrete dams, the trandference of population can
condiitute the most logica procedure.

€) The posshility of protecting human lives in cae of dam falure is red.
There are many cases in which this posshility is besdes red, rddivdy smple
and not very expensve.
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