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Abstract
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The aim of the paper is to inform the professional public about a conducted experiment, its results
and recommendations for further scientific assessment and practice. The experiment deals with
the basis for a proposal of a prognostic method concerning reservoir bank line retreat caused by
waves and the related bank erosion. During the experiment we found discrepancies between the
assumed (calculated) values of the height level of erosion terminant (the point in the reservoir bank
area where the erosion spontaneously stops) and the measured values. Therefore, we have reached
the conclusion, which is presented in the paper, leading to a proposal for a modification of the basic
equation for the calculation of the erosion terminant.
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The method for the establishment of the erosion
terminant is based on the collection of works by
Dr. Linhart (1960s), prof. S. Kratochvil (1960s and
1970s) and works by doc. Slezingr (Slezingr, 2002,
2011).

The method deals with the origin and
development of bank erosion. The term “erosion
terminant” means the point in the cross section
of the bank area, where the progress of erosion
- i.e. bank line retreat in the place of toe erosion —
spontancously stops.

Basic information on the conducted
experiment

In 2002-2011 the method for the establishment
of the erosion terminant was verified in detail, both
in its original and modified forms (Linhart, 1954;
Kratochvil, 1969; Slezingr, 2010). During the long-
term regular monitoring of selected reservoir banks
- considerably damaged by erosion - we found
discrepancies between the assumed (calculated)
values and the values measured in situ. We compared

the results of measuring at three sites at Brno
Reservoir (Czech Republic — hereinafter CR), three
sites at Bilovec irrigation reservoir (CR), two sites
at Vranov Reservoir (CR) and two sites at Liptovska
Mara Reservoir (Slovak Republic — hereinafter SR).

First, we would like to present the Method for
the Establishment of the Erosion Terminant in the
form which was tested by the long-term monitoring
(Slezingr, 2002, 2011).

When calculating the height level (m a.s.l.) of the
erosion terminant, we use the following relations:

Basic equation:

Va=M, .. +0.5h +ho+AH, (1)
where

Va........ altitude of the assumed toe erosion (ma.s.l.)
M, . .themostfrequent waterlevel (ma.s.l.)

h ... design wave height (m)

ho ......the central line of a wave (m)

AH.....the height of water “being driven” by wind

(m).
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present terrain

bank erosion

1: The establishment of the erosion terminant according to the modified method (Slezings, 2002, 2011)
Legend:

erosion terminant
.the point of the maximum bank line retreat

Mn max...the most frequent water level (m a.s.l.)

slope of the erosion platform (°)
the angle of soil internal friction (°).

The calculation of a design wave height:

0.47

Wioy Lef
h, =0.0026—2 <, 2)
g

0.53

where:
w,,, .wind velocity at 10m above the water surface
(m/s)
the effective length of wind start-up (if L ; < L,
instead of L ; we take into account L - the real
length of wind start-up) (m)
g ......weight acceleration (ms-2)
k. ......coefficient dependent on wind velocity
forw,,,<20ms'itis 2.1.10°¢
forw,,, < 30mstitis3.0.10¢
for values between 20 and 30 ms™' the value of
k is determined by linear interpolation.

The determination of hj is based on Czech
Standard CSN 75 02 55 article 18, p. 2, from which it
follows that: h, =0.

The calculation of water “being driven” by wind:

WlOvLef
AH =k, ,——cos0, (3)
gH
where:
w,,,-.wind velocity at 10m above the water surface
(ms™)

L,....the effective length of wind start-up (if L; < L,
instead of L ; we take into account L — the real
length of wind start-up) (m)

the height level of the most distant place of the toe erosion (of the erosion notch)

altitude of the toe erosion - determined in compliance with (1) (m a.s.l.)

g ... weight acceleration (ms)

H......depth of water in the reservoir (m)
3......the angle between the reservoir longitudinal
axis and the direction of the wind (°).

Based on the calculation of the presented equation
(1), we can determine the value of “Va” for a specific
bank area of any reservoir. By comparing the
calculated value and the height value of the erosion
terminant measured in the observed bank area
we should reach a minimum difference. However,
when we had compared dozens of measurements
and calculations we found a significant deviation in
the height level of the erosion terminant reached by
calculations and by measuring in the field.

Therefore, we started a detailed analysis of the
terms of equation (1). The revealed possible source
of the error was the term “ho” - the central line
of a wave. The simplification in the sense of its
identification with the calm water surface (CSN
7502 55) is not correct at higher speeds of the wind.
Based on most accurate and longest monitoring of
the Brno Reservoir we can state that the equation is
valid for wind velocity up to about 10 m/s. However,
when calculating the design wave, we often count
with higher wind velocities.

After the following necessary study of the
appropriate  professional literature and many
consultations with the leading experts in water
management and physics (prof. J. Kratochvil,
prof. M. Chobola, prof. D. Aigner and others), it
became obvious that the synchronization of the
calculated and measured values will be best feasible
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if we make an experiment based on a long-term
measuring in situ, i.c. by measuring at a damaged
bank area and implementing the results into (1).

MATERIALAND METHODS -
THE EXPERIMENT

was conducted at Brno Reservoir (CR), sites Osada,
Sokolské koupalisté, Rokle; Bilovec irrigation
reservoir (CR), sites Sady I, Sady IT and Hraz; Vranov
Reservoir (CR), sites Pod Stitary I, Pod Stitary IT; and
Liptovskd Mara Reservoir (SR), sites Dechtare I,
Dechtare II. The focus of our attention was the
difference between the calculated value of the
erosion terminant and the height of the most distant
and the highest located notch in the toe erosion (in
Fig. 1 marked AN).

Tab. 1 presents the differences between the
calculated and the measured values of the erosion
terminant in the expression of percentage of a half
of the design wave. This measure was used also
because the calculation of the design wave height is
based on CSN 7502 55 and was used in all the cases.

The sum of the percentages (except the value of
12%, which was not taken into account) divided
by the number of sites of measuring gives us
the average percentage difference between the
calculated and the measured values, and it is 41%.
Vranov Reservoir, site Pod Stitary I, was not used for
the calculation as the toe erosion location could not
be reliably determined (the eroded bank partially
collapsed in spring 2010) and the measuring in this
profile manifests a significant deviation.

The measuring was repeated several times in the
profiles (4/2009, 8/2009, 4/2010, 6/2010, 9/2010,

2: The highest located toe erosion notch at Brno Reservoir

(Jedli¢ka, L., Slezingr, M., 2010)

I: Diferences between the calculated and the measured values

Site of measuring

Differences between the calculated and the measured value in % of a half

of heightofh_
Brno Reservoir, Osada 40%
Brno Reservoir, Sokolské koupalisté, 38%
Brno Reservoir, Rokle, 39%
Bilovec Reservoir, Sady I 36%
Bilovec Reservoir, Sady I1 42%
Bilovec Reservoir, Hraz, 43%
Vranov Reservoir, Pod Stitary T 12%
Vranov Reservoir, Pod Stitary 1T 41%
Liptovska Mara Reservoir, Dechtéare T 44%
Liptovskd Mara Reservoir, Dechtére 1T 45%
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7/2011) in order to minimize possible errors. For
this reason, we consider the measured values
of determining character for the formulation of
a conclusion following from the above described
experiment.

So far, equation (1) has used 0.5 as the value of h, .
By measuring in situ we found out that in reality the
toe erosion notch is 41% of 0.5 h_higher on average.
It means, for the calculation it is necessary to add
0.41 x 0.5, which equals 0.205, to the original 0.5.

The resulting value will thus be 0.5 +0.205 = 0.705.
Newly, we recommend using the modified
calculation for the erosion terminant in the
following form:

Va=M

mae T0.705h, +AH . (4)

The results of the monitoring presented in this
paper show that the previous demands for the
modification of the Method for the Establishment
of the Erosion Terminant so that the most accurate
prediction of the bank line retreat (in Fig. 1 marked
as B) would be possible were justified.

RESULTS AND DISCUSSION

A highly precise establishment of the height
of the erosion terminant is important mainly for
a prognosis of the bank line retreat in a specific
area. Using the value of angle of internal friction
“o" of the soil forming the bank of the reservoir,
the bank line retreat prognosis can be provided
as one of the reasons for the calculation of the
erosion terminant. This prognosis is generally of

a long-term character, especially regarding the
period when point B, is reached. However, also
reaching point A - the erosion terminant - can
be a matter of several decades. The point will not
be reached spontaneously in most reservoirs at
all or the time when the point is reached will be
considerably postponed due to the stabilization
measures implemented in the bank areas (Slezingr,
Zeletidkova, 2010; Slezingr, 2007; Soldo, Oreskovic.,
Aniskin, 2010).

The modified equation for the determination of Va
is being further verified and we use it for prognoses
of the bank line retreat of reservoirs in the Czech
Republic.

CONCLUSION

The issue of bank stabilization can be viewed
from several perspectives. First of all, there is the
necessity to protect banks against erosion leading
to significant damage to the natural bank cover
(riparian stands) and origination of erosion walls.
Another reason is the considerable loss of forest and
agricultural soil - due to bank line retreat. Banks
also need to be protected as the fine-grain material
is otherwise eroded into the water body, where it
sediments and is a cause of a continuous reduction
of the reservoir volume. Last but not least, there is an
umbrella factor comprising all the above mentioned
- the economic perspective.

Therefore, a bank line retreat prognosis is an
important step towards bank stability. The results
of the prognosis can serve as a basis to determine
the areas with the highest risk and thus we can
concentrate on those within stabilization measures.

SUMMARY

The above mentioned modification of the equation determining the height level of A is based on the
long-term monitoring of a number of reservoir bank areas.

The method for the establishment of the erosion terminant is a foundation for the bank line retreat
prognosis. It follows from the intersection point of the line passing through A and the line starting
at this point and continuing in the angle corresponding to the angle of internal friction “¢” of the
soil forming the reservoir bank. The intersection point of this line with the terrain in a specific cross
profile of a bank area is set as the bank line retreat prognosis (in Fig. 1 marked B), assuming that the
subsequent long-term erosion activity (in the conditions without anthropogenic interferences) will
lead to a stabilized angle of the eroded slope corresponding approximately to the angle of the internal
friction of the material it consists of (if the bank is formed from inconsistent soils).

In spite of the necessary degree of simplification, this method provides us with an idea how the bank
line retreat will probably proceed in the future and where it will spontaneously stop.
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