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neglected. Originally, 5 discharge facilities were available, having the following capacities at 
0.5 m freeboard: 

free overfall 
auxiliary regulating gate 
diversion tunnel 
bottom outlet 
headrace tunnel (2 turbines) 
total discharge capacity 

130 m3/s 
41 m3/s 
75 m3/s 

130 m3/s 
6 m3/s 

382 m3/s 

The most efficient gated outlet, the bottom outlet, and half of the headrace tunnel capacity 
must be left out of consideration. The remaining capacity of 249 m3/s corresponds to the 100-
year flood approximately. Consequently, the dam had tobe equipped with an additional outlet 
of some 130 m3/s capacity. 

A second free overfall was added in 1984. Using all outlet facilities including the bottom outlet 
and at zero freeboard, a capacity of 560 m3/s or 14 7 % of the 1000 year flood is available 
today. 

lf all the gates remain closed, a discharge of 308 m3/s only can be evacuated with the 
remaining free overfalls without overtopping of the dam, This shows clearly that : 

- the gates must be checked regularly under real conditions (wet test at full reservoir) to 
ensure their functioning ; 

- there should exist an emergency power supply or at least a hand drive and consequently ; 

- each dam should be manned during critical flood conditions in order to assure manual gate 
operation in case of necessity. 

10.3 Design Flood 

The determination or reevaluation of the safety against floods requires knowledge of different 
parameters of the 1000-year flood depending on the retention capacity of the reservoir. lf this 
capacity is negligible the peak discharge alone is decisive. lf the reservoir has a significant 
retention capacity, the time history of the flood, i.e. the hydrograph must be known as weil. 
Therefore, suitable methods for the establishment of both peak discharge and hydrograph are 
needed. 

10.3.1 Determination of the 1000-year Peak Discharge 

lf a sufficient number of representative runoff measurements is available, the peak discharge 
can be evaluated based on a frequency analysis of the observed flood data. Otherwise the 
determination of the peak discharge must be based on precipitation data, using a rainfall­
runoff model. Generally speaking, the frequency analysis of floods is to be preferred, because 
the runoff data are the result of the complex process of conversion from precipitation to runoff. 
However, the application of both methods is useful for comparisons. Due to the different 
reliability of the two methods, a careful interpretation of the results taking into account the 
actual hazards is required. 
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Frequency Analysis 

The classical frequency analysis attributes a theoretical, usually unlimited, frequency 
distribution to a homogeneous series of some 50 to 80 observed annual peak discharges, 
which have usually a probability of more than 1 %. lt is assumed that this probability 
distribution is also valid for flood peaks of frequencies P<1 %. This assumption is strictly 
speaking not correct, because 

- the seil infiltration rate is limited, resulting in overland flow and thus a larger runoff 
coefficient for extremely intense rainfall (influence 1) ; 

- the runoff capacity of the river bed itself is limited ; the result is flooding of riverine areas 
which has an influence on the flood routing (influence 2) ; this influence increases in 
importance with increasing runoff ; 

- the precipitation rate has a finite maximum and therefore, the maximum probable flood must 
have a finite value (influence 3). 

Unfortunately, the physical conditions for the abovementioned influences are not sufficiently 
known. However, the report (ICOLD Congress 1988, Q. 63, R. 17) suggests some solutions 
for taking into account these effects in the statistical analysis. 

Applying the classical frequency analysis, the additional problem arises whether or not the 
highest observed peak discharges should be considered. The problem becomes obvious 
when it has to be assumed, that the real return period of the higher floods is langer than the 
value computed. 

Thus, need is to find the representative measurement stations. For that purpose a 
representation is used in which the values of the 100-year specific peak discharges q of all 
measurement stations of a river basin are plotted against the catchment area E, both in a 
logarithmic scale. The higher the specific discharge, the lower is the infiltration rate. lt 
additionally only the catchment areas with similar precipitation rates are considered, one can 
easily find an upper limit. 

q1oo = a. E-ß 

for the relevant specific discharge of the region. Thus, the 100-year flood can be calculated 
as follows 

Q100 = q100 . E = a. E1-ß 

The 100-year values have been selected because the influences due to the runoff capacity of 
the rivers and the maximum precipitation rate are not determinant for this small extent of 
extrapolation. 

Eventually the design flood can be calculated, when the ratio 

cp1000 = Q1000/0100 

is known. lts most representative value can be estimated by analysing the probability 
distributions at the runoff measurement stations in the region. lt follows 
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01000 = cp1000. a . E1-ß 

This value for the design flood is probably underestimated because it is to be expected that 
the real ratio cp1000 is higher than the ratio evaluated by the frequency analysis. This fact has 
tobe considered when the safety reserve is analysed. 

nie explained method shows as weil the way how to transfer runoff data from one catchment 
area to another. 

In Switzerland flow observation stations for small basins (E < 50 km2) are relatively rare. This 
should change in the future. Therefore, the installation of about 80 stations, designed for the 
registration of maximum water levels has begun. The discharges corresponding to these 
maximum water levels are then calculated on the basis of the relevant hydraulic characteristics 
of the river beds. 

Rainfall-runoff-models 

lf no representative runoff measurement station is available, the determination of peak 
discharges must be based on rainfall observations. This is particularly the case for the small 
catchment areas on the Swiss plateau. Fortunately, the rainfall measurement network is 
relatively dense and the observation periods are relatively long. The determination of peak 
discharges requires two steps in this case. First, the frequency distribution of the rainfall 
intensities must be determined. This step must also take into account the duration of the 
rainfall events. The second step consists of the application of a rainfall-runoff-model. 

In Switzerland, two analyses of frequency distribution of rainfall intensities are already 
avai lable (Fig. 1 O .1 ). 
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In recent years a regionalization of extreme rainfall intensifies could be established, resulting 
in maps as shown on Fig. 10.2, which give the regional distribution of 

- 1-hour rainfall to be expected once in 2.33 years 

- 1-hour rainfall to be expected once in 100 years 

- 24-hour rainfall tobe expected once in 2.33 years 

- 24-hour rainfall to be expected once in 100 years. 

Fig. 10.2: 1-hour rainfall to be expected in the average once in 100 years in Switzerland 

The application of rainfall-runoff-models for peak discharges will not further be discussed here, 
because the methods used are extensively described in the literature. 

The results of these models are strongly dependent on the parameters used in their 
application. Therefore, it does not surprise that the comparison of results based on a 
frequency analysis and those based on a rainfall-runoff-model are usually in poor agreement. 
Even if the two methods give different results, the comparison is still useful if it is followed by a 
thorough analysis of the differences. 

10.3.2 Estimation of Flood Hydrographs 

lf a reservoir has a significant retention capacity it is advantageous to take it into account. For 
this purpose the flood hydrographs must be known. However, its determination is problematic 
because not only the volume of runoff, but also its distribution in time must be known. Given 
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the same probability, the hydrograph with the maximum peak discharge results not necessarily 
in the maximum rise of the water level in the reservoir. 

Because the relevant 1000-year flood hydrograph is sought, it is useful to werk with a rainfall­
runoff-model. Thus, the calculation can be repeated for 1000-year rainfall events of different 
durations. Among the resulting hydrographs, the relevant one can be found by flood-routing 
calculations. But such a sensitivity analysis should not be limited to the rainfall duration. 
Other parameters, especially the runoff coefficient (or the conversion function in a more 
complicated model) should also be varied. In order to keep the amount of werk within 
reasonable limits, very simple rainfallrunoff-models or even synthetic hydrographs are normally 
used in Switzertand. The most frequently used method is the isochrone method, based on a 
uniform rainfall. Very often a triangular hydrograph is defined by the time of concentration (for 
instance according to formulae of Kirpich, lzzard, Strickler or Giandotti), the 1000-year peak 
flow (from a frequency analysis) and the runoff volume (based on the rainfall volume and a 
volumetric runoff coefficient). Thereby one overlooks the fact that this hydrograph might not 
be the most unfavorable one. For small catchment areas (E<50 km2) this method can give 
good results, because the uncertainties conceming the determination of runoff coefficient at 
peak discharge are eliminated. 

A third method is based on completely different assumptions. lt includes the 1000-year peak 
flow and a number of observed hydrographs. The relevant design hydrograph is the envelope 
of all the observed hydrographs and the peak flow. Such a hydrograph has certainly a 
probability of less than 0.1 %. However, this last mentioned method is rarely used. 

10.4 Safety Reserve 

Because floods higher than the design flood, i.e. the 1000-year flood, may occur, a safety 
reserve has to be introduced to ensure that these higher floods can safetly be managed. For 
embankment dams this reserve has to be such that the crest of the dam will not be overtopped 
even by the maximum probable flood. This severe requirement can be alleviated for concrete 
dams, because a short overtopping of the crest will not lead to scouring of the foundations 
which could endanger the stability of the structure. 

Therefore, the Swiss design criteria requires that the design flood 01000 has to be released 
with a minimum treeboard fR which is set higher for embankment dams than for concrete 
dams. The determination of this minimum freeboard, however, is critical because the 
maximum probable flood can only be estimated. 

Decisive for the determination of the minimum freeboard is the flood with the maximum 
probable peak discharge Qz. Therefore, the maximum capacity of all discharge facilities 
should be equal to this value. Once the maximum possible flood is known, the determination 
of the required minimum freeboard fR is simple. 

For Switzerland it can be assumed as working basis that the peak discharge of the maximum 
probable flood is 50 % higher than that of the 1000-year flood. With this assumption, may be 
not the absolute but at least a very high safety against floods is achieved. Should the 
suggestion of Norwegian specialists be true and applicable also for Switzerland, that the 
highest recorded rainfall equals 40 to 60 % of the possible maximum precipitation (PMP), the 
above assumption may effectively lead to an absolute safety. 

There remains the question whether or not the safety reserve should be determined with or 
without the gated outlet with the highest discharge capacity (n - 1 rule). Since a simultaneous 
occurence of two unfavourable events is considerably less probable than the occurence of 
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either one of these events, and because concrete dams are less sensitive to overtopping 
compared to embankment dams, it should be appropriate for concrete dams to accept all 
discharge facilities as functioning. For embankment dams, however, the gated outlet with the 
highest capacity should not be considered in this instance. 

More difficult is the determination of the required minimum freeboard for reservoirs with 
significant retention capacity. In certain cases not the highest instantaneous rainfall but a high 
and long rainfall might be decisive, particularly in case of large catchment areas. 

Since the catchment areas of Swiss dams are generally small or even very small (67 % have 
catchment areas E <50 km2), it is admissible for the determination of the required safety 
reserve to use hydrographs due to the highest instantaneous rainfall (Q = 1, 5 Qz1000, T < T* 
< 1. 5 T, T being the time of concentration of the basin). Under this assumption, the required 
storage capacity reserve VR can be calculated. A simple and fairly accurate approach in view 
of all the other uncertainties is the assumption of a triangular inflow and outflow hydrograph. 
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VERÖFFENTLICHUNGEN: 
TAGUNGEN DER ARBEITSGRUPPE "TALSPERRENBEOBACHTUNG" 
PUBLICA TIONS: 
JOURNEES D'ETUDES DU GROUPE DE TRAVAIL "OSCULATATION DES BARRAGES" 

1981 Sion Geodätische Deformationsmessungen/ Mesures geodesiques des 
deformations de barrages 

Dr. R. Biedermann Bedeutung und Möglichkeiten der geodätischen Deformationsmessung 
im Rahmen der Talsperrenüberwachung 
wasser-energie-luft, Heft 9, 1981 

H. Aeschlimann Einfache geodätische Methoden zur Bestimmung von Verschiebungen 
an Bauwerken 
wasser-energie-luft, Heft 9, 1981 

K. Egger Geodätische Dormationsmessungen: Eine zeitgemässe Vorstellung 
wasser-energie-luft, Heft 1/2,1982 

1982 Locarno Automatisierung in der Talsperrenüberwachung/ L'automatisation dans 
la surveillance des barrages 

SNGT Automatisierung in der Talsperrenüberwachung 
wasser-energie-luft, Heft 11/12 

CNSGB Automatisation dans la surveillance des barrages 
eau-energie-air, Heft 1/2,1983 

B. Croci Datenfernübertragung für die Automatisierung in der Talsperren­
überwachung 
wasser-energie-luft, Heft 1/12,1982 

W. Bosshard Überspannungsschutz von räumlich ausgedehnten Anlagen 
wasser-energie-luft, Heft 1/12,1982 

J. Ziltener Automatische Datenerfassung für Staumauern und Dämme 
wasser-energie-luft, Heft 1/12,1982 

Dr. G. Lombardi Traitement et analyse des donnees 
eau-energie-air, Heft 1 /2, 1983 

1983 Rapperswil Talsperrenüberwachung und Unterhalt/ La surveillance et l'entretien des 
barrages 

W. lndermaur Les täches du gardien de barrage 
eau-energie-air, Heft 3/4, 1984 

Prof. R. Sinniger Jahreskontrolle von Staumauern und Staudämmen 
wasser-energie-luft, Heft 3/4, 1984 
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Die laufende Überwachung von Talsperren 
wasser-energie-luft, Heft 11 /12, 1983 

Ziel und Vergehen bei der 5-Jahres-Expertise 
wasser-energie-luft, Heft 11 /12, 1983 

H. Pougatsch Manoeuvre et essai de fonctionnement des organes mobiles 
eau-energie-air, Heft 11112, 1983 

Dr. T. Schneider Die Aufgaben des Geologen im Rahmen der 5-Jahres-Kontrolle 
wasser-energie-luft, Heft 11 /12, 1983 

L. Streuli Zustand der beweglichen Organe bei Talsperren 
wasser-energie-luft, Heft 11 /12, 1983 

1984 Engelberg Umbau und Reparatur von Talsperren/ Transformation et assainis­
sement des barrages 

P. Rüegsegger Die Erneuerung des Grundablasses der Staumauer Gelmer 
wasser-energie-luft, Heft 10, 1984 

E. Stamm Die Erhöhung der Staumauer Käppelistutz 
wasser-energie-luft, Heft 10, 1984 

Prof. R. Lafitte Utilisation des tirants de precontrainte dans les barrages 
eau-energie-air, Heft 1 /2, 1985 

E. Ammann Die Sanierung der Stauanlage Gübsen 
wasser-energie-luft, Heft 5/6, 1987 

1986 Meiringen Erneuerung und Ergänzung von Messeinrichtungen/ Renouvellement et 
extension des dispositifs d'auscultation 

SNGT/CNSGB Messanlagen zur Talsperrenüberwachung, Teile 1,2,3 
Dispositif d'auscultation des barrages 
SNGT/CNSGB 

W. Diethelm Die Überwachung der Staumauer Darbola 
wasser-energie-luft, Heft 10, 1986 

Dr. R. Biedermann Anforderungen an die Messeinrichtungen von Talsperren 
wasser-energie-luft, Heft 1 /2, 1987 

F. Matthey Messanlagen in den Talsperren 
wasser-energie-luft, Heft 1 /2, 1987 

W. lndermaur Erneuerung der Messeinrichtungen in den Talsperren der Kraftwerke 
Oberhasli 
wasser-energie-luft, Heft 1 /2, 1988 
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G. Collet 

1987 Lugano 

Dr. T. Schneider 

Prof. R. Sinniger 

Dr. A. Huber 

1988 Flims 

R. Lafitte 

W. Studer 

1989 Lugano 

K. Flury 

R. Gartmann 

A. Conca 

1990 Martigny 

E. Honegger 

1991 Stans 

SNGT/CNSGB 

Staumauern der Kraftwerke Oberhasli AG 
wasser-energie-luft, Heft 5/6, 1988 

Überwachung der Ufer von Stauhaltungen, Massenstürze und Rutschun­
gen/ Surveillance des rives des retenues eboulements et glissements 

Mise en evidence des glissements et eboulements potentiels 
eau-energie-air, Heft 9, 1987 

Observation des versants d'une retenue 
eau-energie-air, Heft 9, 1987 

Auswirkungen von Massenstürzen und Lawinenniedergängen auf 
Stauhaltungen 
wasser-energie-luft, Heft 11 /12, 1987 

Verhalten, Kontrolle und Unterhalt von Beton/ Comportement, contröle et 
entretien du beton 

Le beton des barrages: perspectives de recherches en relation avec la 
theorie de la mecanique de la rupture 
wasser-energie-luft, Heft 7/8, 1989 

Frosteinwirkung und Sinterung 
wasser-energie-luft, Heft 11 /12, 1988 

Ablassorgane von Stauanlagen, Anforderungen, Einsatzbereitschaft und 
Umwelt/ Organes de decharges des retenues, exigences, etat 
operationnel et environnement 

Talsperren - Kriterien für die Notfallstrategie im Hochwasserfall 
wasser-energie-luft, Heft 10, 1989 

Spülungen und Entleerungen von Stauseen und Ausgleichsbecken 
wasser-energie-luft, Heft 1 /2, 1990 

Gli spurghi dei bacini di accumulazione e delle prese 
eau-energie-air, Heft 5/6, 1990 

Verhalten und Überwachung des Talsperrenuntergrundes/ Compor­
tement et surveillance du sous-sol des barrages 

Durchsickerungen beim Erddamm Rhodannenberg 
wasser-energie-luft, Heft 11 /12, 1990 

Informatik in der Talsperrenüberwachung/ L'informatique dans la 
surveillance des barrages 

Informatik in der Talsperrenüberwachung 
L'informatique dans la surveillance des barrages 
SNGT/CNSGB 
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Dr. G. Lombardi 

L. Cottin 

B. Andres 

Dr. W. Hauenstein 

Dr. D. Schneider 

1992 Vulpera 

N. Schnitter 

Dr. G. Darbre 

H. Pougatsch 

0. Chaix 

1993 Broc 

CNSGB/SNGT 

1994 Disentis 

P. Eyer, C. Moor 
Dr. B. Otto 

L'informatique dans l'auscultation des barrages 
eau-energie-air, Heft 1 /2, 1992 

L'informatique dans la surveillance des barrages en France 
eau-energie-air, Heft 1 /2, 1992 

Informatik- Anwendung bei der Überwachung der Talsperren des 
Elektrizitätswerks der Stadt Zürich 
wasser-energie-luft, Heft 11 /12, 1991 

Instrumentierung einer Talsperre - lnformatikgerechte Erneuerung 
wasser-energie-luft, Heft 778, 1992 

Archivierung des Datenmaterials aus den geodätischen 
Deformationsmessungen 
wasser-energie-luft, Heft 11/12, 1991 

Neue Erfahrungen mit ausserordentlichen Belastungen (Hochwasser, 
Erdbeben)/ Experiences nouvelles dans le domaine des charges 
extraordinaires (crues, tremblements de terre) 

Hochwasserschäden an Talsperren 
wasser-energie-luft, Heft 11 /12, 1992 

Tremblements de terre: Modales de calcul 
eau-energie-air, Heft 1 /2, 1993 

Le reseau sismique national d'accelerographes 
eau-energie-air, Heft 5/6, 1993 

Calcul de la crue maximale probable 
eau-energie-air, Heft 5/6, 1993 

Geodätische und photogrammetrische Deformationsmessung für die 
Überwachung der Stauanlagen/ Mesures geodesiques et 
photogrammetriques des deformations pour la surveillance des ouvrages 
de retenue 

Mesures de deformations geodesiques et photogrammetriques pour la 
surveillance des ouvrages de retenue/ Geodätische und photo­
grammetrische Deformationsmessung für die Überwachung der 
Stauanlagen 
eau-energie-air, Heft 9, 1993 

Verhalten und Überwachung des Talsperrenuntergrundes/ Compor­
tement et surveillance du sous-sol des barrages 

Zum Fundationsverhalten der Staumauer Sta. Maria 
wasser-energie-luft, Heft 3/4, 1995 
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1995 Sion 

G. Rechsteiner 

K. Steiger 

E. Ammann 

l 1996 Locamo 

Zustandsüberprüfung und Unterhalt der Talsperren/ Contröle de l'etat et 
entretien des ouvrages d'accumulation 

Assainissement du barrage de Cleuson 
Genie civil, 26 ocotobre 1994 

Unterhalt von Steinverkleidungen 
wasser-energie-luft, Heft 11 /12, 1995 

Ankerungen bei Staumauerwiderlagern 
wasser-energie-luft, heft 11 /12, 1995 

Staumauerbeton/ Beton de barrage 

53 


	Tittelblatt
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52
	53

