Environmental Engineering and Management Journal

June 2016, Vol.15, No. 6, 1387-1395
http://omicron.ch.tuiasi.ro/EEMJ/

EVALUATION OF STREAM BED DYNAMICS FROM VIDAS
TORRENTIAL VALLEY USING TERRESTRIAL MEASUREMENTS
AND GIS TECHNIQUES

Mihai-Daniel Nita*, Ioan Clinciu, Bogdan Popa

Transilvania University of Brasov, Faculty of Silviculture and Forest Engineering

Abstract

Quantification of geomorphological changes and rates of landscape evolution is a matter of primary importance, as much in
natural hazards studies as in calibration of landscape evolution models. In this paper it is investigated the influence of dams to
morphological processes on a corrected torrential valley situated in mountainous area of Romania.

Several approaches were applied for evaluating the stream bed dynamics by using terrestrial measurements and GIS techniques.
The methodology is based on comparing the horizontal dynamics measured in different periods based on transversal profiles
extracted from digital elevation models, by assessing the vertical dynamics measured in different periods based on longitudinal
profiles extracted from digital elevation models and by monitoring of the degree of siltation behind the dams using raster

calculator on digital elevation models.

The results from the study verified some well know hypothesis related to the stream bed dynamics of a torrential valley but also
led to conceiving interesting hypothesis for future research in this field.
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1. Introduction

The activity of managing torrential valleys is
in close relation with the dynamics of stream bed. As
cited in literature, between torrent control check
dams and the river bed will always be an action and a
reaction, this fact being studied in Romania by
different researchers in different conditions (Clinciu,
2001; Clinciu and Lazar, 1992, 1993; Clinciu and
Davidescu, 2000; Clinciu and Gaspar, 2005; Clinciu
et al, 2010; Constandache and Nistor, 2006;
Davidescu and Clinciu, 2005; Dinu, 1974; Gaspar
and Clinciu, 2006; Gaspar and Abagiu, 1974;
Giurgiu, 1998, 2006; Munteanu, 1975; Munteanu et
al., 1991, 1993; Oprea et al., 1996; Traci, 1985; Traci
and Untaru, 1986; Untaru and Traci, 1989; Untaru,
1994, 2000). Dynamics and effects of stream
ecosystems and morphology from forested torrential

watersheds based on mixed rock and wood debris
have been scarcely considered by researchers until
the 1980s, with some exceptions (Beschta, 1979;
Hack and Goodlett, 1960; Heede, 1972; Keller and
Swanson, 1979; Keller and Tally, 1979; Untaru et al.,
1994; Zimmerman et al., 1967). Quantification of
geomorphological changes and rates of landscape
evolution is a matter of primary importance, as much
in natural hazards studies (Biali, 2009; Biali and
Statescu, 2013; Iordache et al, 2012; Pasuto and
Soldati, 2004; Vorovencii, 2014) as in calibration of
landscape evolution models (Hancock et al., 2002).

In this paper we have investigated the
influence of dams to morphological processes on a
corrected torrential valley situated in mountainous
area of Romania, called Vidas Valley. As a starting
point we used a topographic survey taken on the
valley before constructing the torrent control check
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dams (1979). This survey was the topographic base
for designing the dams used in managing the
torrential valley. Afterwards topographic surveys
were made in 2008 on the entire length of the valley
were torrent control check dams were constructed.

2. Site location and methods
2.1. Site location

Vidas valley is a small torrential watershed
(105 hectares), a left tributary of the river Tarlung
(Fig. 1). Based on geomorphological map, the valley
is located in the northern side of the external
curvature of the Eastern Carpathians, near the
transition zone that delineates the Bucegi Mountains.
As a consequence of this transition position, a
number of morphological, hydrological, climatic,
biogeographic processes characterize the studied
watershed. The torrential valley underlayer is
predominantly grafted on sedimentary rocks (lime
and grit stones). The watershed lies from 730 m to
1875 m. The average annual precipitation is between
800 mm and 1800 mm.

During 1980s several dams were constructed
for protecting the national road DN1A from the
torrential flash floods which occurred specially due
to the abundant rains. For this particular case were

used gravity dams made out of prefabricated
components (Fig. 2). The components were 1x1 m
length and wide. Due to the fact that the valley was
deep, the proposed solution was to construct 4 dams
with a medium height of 3.5 m on a 700 m length of
the valley.

2.2. Methods for creating DEM for 1980

In 1979 a project was prepared for elaborating
the management of Vidas torrential valley of Tarlung
Basin, Bragov County. This project was prepared by
the Torrent Control joint team from Transylvania
University, at the request of Forest Research and
Management Institute ICAS Bucharest - Bragov
branch. In order to determine the exact location of
the future dams and to estimate the total volume of
siltation in 1979 a topographic survey was
conducted. A special topographic plan (scale 1:250)
was elaborated based on this topographic survey.
This plan contains elevation contours delineated
using the elevation profiles measured in the field
(Fig. 3).

The topographic survey was done in 1980
using T2 universal theodolite with 28x telescope
magnification and 29 meters diameter of field of
view at 1000 meters. The shortest focusing distance
of T2 is 1.4 meters.
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Fig. 1. Location of Vidas Valley
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Fig. 3. Special topographic plan elaborated in 1979

In order to realize the digital elevation model
of the valley, the existing graphic plan, stored in
raster format, was turned into a digital plan by
scanning and georeferencing. A vector layer
containing elevation contours was made using
ArcGIS 10.0 editing tools.

The digital elevation model of the valley was
interpolated and stored in TIN (Triangle Irregular
Network). The final product was referenced in
national projection Stereographic 1970, S-42
Pulkovo datum, using ground control points
identified on the map and measured in the field, due
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to the lack of original data of the measurements and
the fact that the survey was done in local coordinates.

2.3. Methods for creating DTM for 2008

For creating DTM for 2008 a Leica TC407
total station and prism was used. The measurements
were carried out using radio waves in the infrared
region, with a length of 0.78 micrometers and a basic
frequency of 100 MHz or 1.5 meters. The station is
equipped with full rear 30x magnification, image
right, diameter 40mm Minimum focusing distance of
1.7m. Field of view is 1 degree and 30 seconds and
has an opening of 2.6m to 100m. Both spherical and
the electronic level the precision of 2 mm.

For positioning the survey in national
projection two points were determined using GPS
measurements with Leica 1200 GPS System (figure
4). For detailing measurements a closed-loop traverse
was made beginning and ending at the same 2
stations determined with GPS technique; this
procedure allowed calculation and adjustment for
closure error and use of interior and deflection
angles.

3. Results

Water erosion is the primary force
determining the general shape of the landscape in a
torrential valley. Processes and land degradation
produced by rains create large disturbances and
imbalances both to the environment and to human
life and activity. The main determinant of the process
is the torrential disruption of hydrological regime of
Vidas River. This disruption alters the functions of
protection against superficial flow and accelerated
erosion. The torrentiality of the valley is also
transforming the soil biological physical functions.
Once triggered, the torrential processes accelerate
over time and simultaneously the difficulty and cost
of correcting them is increasing. Knowing the
influence of check dams to stream bed dynamics is
therefore a useful monitoring tool for mitigation of
these processes.

The evaluation of stream bed dynamics from
Vidas torrential valley was done by comparing the
two digital terrain models extracted from topographic
surveys done in 1979 and in 2008. The digital
elevation models used for extracting the results were
derived from TIN digital terrain models. The
resolution of the models was 1 m/pixel (Fig. 5). This
activity was done by monitoring the vertical and
horizontal alteration of the riverbed profile. This
monitoring was done in three approaches:

e by comparing the horizontal dynamics
measured in different periods based on transversal
profiles extracted from digital elevation models

e by comparing the vertical dynamics
measured in different periods based on longitudinal
profiles extracted from digital elevation models
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e by monitoring of the degree of siltation
behind the dams using raster calculator on digital
elevation models

3.1. Horizontal dynamics

In order to quantify the horizontal dynamics
which occurred in period 1979-2008 ten transversal
profile were defined. Using a profile tool from
ArcGIS environment it was extracted for each period
the profile (Fig. 6).

Based on automated profile extracted from
DEM for each case was extracted the length of the
valley. For each profile a medium siltation height
was determined using a line statistics tool. The
results regarding morphological information about
the profile were gathered in Table 1.

Thereby it has been discovered that the valley
width increased with a medium length of 7.19 m, this
increase having the lowest value of 1 meter in profile
number 3, and the highest value of 12.04 meters in
profile number 9 (Table 1).

As it was expected the horizontal dynamics of
the valley occurred in increasing its width due to
positioning transversal works which facilitated
siltation. The width of the valley increase was major
influenced by two major factors: the previous
morphology of the valley and the height of the dam
implicitly the height of siltation.

The influence of siltation height can be
observed by studying the regression equation
between valley width coefficient and siltation
medium height on profile (Fig. 7).

In case of analyzed population there are 10
degrees of freedom. Calculating the correlation
coefficients between siltation medium height and
valley width coefficient that make up the populations
led, for existing degrees of freedom, to significant
correlations r=0.717.

3.2. Vertical dynamics

The approach in quantifying vertical dynamics
was to define 5 sections of longitudinal profile and to
calculate grid statistics for each period to each
section. The sections were defined behind each
torrent control check dam excepting the last
construction where 2 valleys are meeting (Fig. 8).

Regarding vertical dynamics, the slope
decreased from 0.3 in section 2 to 4.4 degrees in
section 5. It can be seen that in all sections the slope
decreased with different percentages depending on
factors like existing morphometry and underlayer
(Table 2).

Analyzing the slope values of siltation (Table
2) offers a different perspective of what the technical
project provided. It can be observed that in profile
number 2, 4 and 5 the slopes are much higher than
expected (2-3 degrees). An explanation of these
slopes can be the high percentage of wood debris in
the siltation which increased the values to double or
triple.
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3.3. Spatial dynamics

The facilities offered by a GIS environment
and the digital elevation models made possible an
analysis regarding spatial dynamics. Knowing the
elevation distribution at cell level for each square
meter it can be calculated the elevation difference
between 1979 and 2008 (Fig. 9).

For each polygon which delineated the
siltation a total volume was calculated using a spatial
statistics tool. The procedure was to determine which
cells are composing the siltation and to calculate the
exact volume by multiplying the elevation with the
area of cell. Based on this procedure it was
determined a total siltation volume of 2569.22 cubic

a)

b)

meters deployed on a 1956.56 square meters area
(Table 3).

It can be observed in Table 3 that the volume
upstream the first dam is very low, taking into
consideration that is the highest dam from all 4. This
situation shows that even a long period passed from
the construction of the dams, they stopped the
siltation to go downstream into the lake.

Based on the fact that the dams were
constructed in 1980 it can be considered the
hypothesis that the mean rate of siltation on Vidas
Valley was of 91 cubic meters per year. Reporting
this value to the total area determined in the research
site the siltation grew with a medium value of 4.7 cm
per year.
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Fig. 4. a) Topographic survey schematics b) Measured points c) Station points
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Fig. 6. Transversal profiles distribution with an example for profile number 4

Table 1. Morphological data extracted from horizontal dynamics analysis

Profile | Valleywidthin | Valley width in Valley width Valley width Siltation medium height
number (1) 79 2008 coefficient (3/2) difference on profile
) 3 (3-2) P
1 14.86 18.46 124 3.60 130
2 1133 16.95 1.50 5.62 137
3 12.70 13.76 1.08 1.06 138
4 4.60 15.87 3.45 11.27 2.57
5 14.90 17.65 118 2.75 0.80
6 10.70 15.99 1.49 5.29 114
7 12.90 24.29 1.88 11.39 3.00
g 930 18.73 2.01 9.43 2.8
9.1 6.30 11.38 1.81 5.08 3.06
9.2 420 16.24 3.87 12.04 3.06
10 4.00 15.57 3.89 11.57 2.84
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Fig. 7. Regression equation between valley width coefficient and siltation medium height on profile
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Fig. 8. Longitudinal profiles distribution on Vidas Valley

Table 2. Morphological data extracted from vertical dynamics analysis

7.5

Profile number | Length (meters) | Slope — 1979 (degrees) | Slope — 2008 (degrees) | Slope difference (degrees)
1 72.6 5.9 4.8 -1.1
2 38.8 7.0 6.7 -0.3
3 50.6 6.6 4.7 -1.9
4 39.3 74 6.2 -1.2
5 42.7 10.8 6.4 -4.4
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Fig. 9. Calculated sediment siltation for zones 1-4 formed during 1979 - 2008
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Table 3. The volume of siltation calculated on raster difference between digital elevation models

Siltation number | Volume (cubic meters) | Upstream height of the dam (meters) l;zztfeitsjr Area (square meters)
1 0.83 6 20.22 9.69
2 170.16 4 73.84 305.69
3 454.35 32 115.48 553.42
4 1943.88 3.2 192.26 1087.76
Total volume - 2569.22 Total area - 1956.56
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4. Conclusions

This activity of monitoring is developing in
hard conditions and is conditioned by historical data
which in most of cases are lost in time. As shown in
the introduction there are few studies in our country
and worldwide on torrential valleys to stream bed
dynamics where torrent control check dams were
placed. Within this study we wanted to identify any
horizontal, vertical and spatial dynamics which
occurred due to placing torrent control dams in 1980
on Vidas Valley. Some of the results demonstrated
hypothesis easy to understand like: the direct
correlation between increase of valley width and the
height of siltation, or the reduction of valley
longitudinal slope due to the siltation. There are still
some results which shown that this kind of research
needs to be continued and deepened like: relatively
high slope of siltation or no siltation formation at the
first dam.

From the presented study the situation of the
first dam rises a question mark. Why this dam did not
have siltation upstream? What were the causes? The
research conducted so far reveals some aspects that
can be emphasized as future research hypothesis.
One aspect is that the dam has no siltation due to the
underestimation of siltation slope, especially to the
last dam. This situation created the opportunity for a
larger accumulation of siltation upstream the last dam
and diminished the erosional force on the valley.
Another aspect it can be related to the river bank
erosion. If the riverbanks, which were afforested for
protection, did not produced to many sediments the
situation lead to a missing siltation upstream the last
dam.

This study shows how complex are the actions
in nature, and how difficult is to predict which are the
drivers in producing these siltation patterns.
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