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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 %. It 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 soil 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 longer 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. |If
additionally only the catchment areas with similar precipitation rates are considered, one can
easily find an upper limit.

qloo=a.EB

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

Q100=q100.E= a.E!-B

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

1000 =Q1000/Q100

is known. Its most representative value can be estimated by analysing the probability
distributions at the runoff measurement stations in the region. It follows
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Q1000 = ¢1000. .. E1-B

This value for the design flood is probably underestimated because it is to be expected that
the real ratio ¢1000 is higher than the ratio evaluated by the frequency analysis. This fact has
to be considered when the safety reserve is analysed.

The explained method shows as well 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

If 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
available (Fig. 10.1).
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Fig. 10.1: Precipitation- frequency curves
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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 to be 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
If 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

46



Schweizerisches Nationalkomitee fiir Grosse Talsperren  Swiss National Committee on Large Dams
Comité national suisse des grands barrages Comitato nazionale svizzero delle grandi dighe

?

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 work 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 work within
reasonable limits, very simple rainfalirunoff-models or even synthetic hydrographs are normally
used in Switzerland. 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, Izzard, 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 concerning the determination of runoff coefficient at
peak discharge are eliminated.

A third method is based on completely different assumptions. It 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 Q1000 has to be released
with a minimum freeboard fg 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 fg 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*
<I|. 5T, 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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