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ASSESSMENT OF THE ANTHROPOGENIC IMPACT ON THE CHERNA MESTA RIVER
SYSTEM DURING THE FLASH FLOOD OF MID-2019
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ABSTRACT. The lower parts of the Chema Mesta river watershed are often affected by flash flood events. While anthropogenic structures have negligible size when
compared to the length of the river, they significantly influence river behaviour at times of floods. Based on field data and analysis of satellite and aerial imagery, we
have analysed how structures, such as water intakes and artificial banks, have affected river-related processes, such as erosion and sedimentation, at the time of the
mid-2019 flash flood event. The highest artificial construction - the water intake for the Belmeken artificial lake - is situated at an elevation of 1,900 m. This structure
not only limited the water power but also acted as a site of deposition of debris transported by the stream. Another water intake structure is located just below the
confluence of the three main tributaries (the Sofan Dere, the Dautitsa, and the Leevshtitsa rivers) and supplies water to the power plant located at 1,080 m a.s.l.
This facility is situated at a place where the river gradient is drastically reduced. As a result, like in the case of the Belmeken water intake, the water catchment acted
as an important depocenter during the flash flood. Another common feature is the enhanced erosion in those parts of the river channels that are situated just below
the water intake constructions. This erosion is related to the most destructive effects of the flood. The lowermost part of the Cherna Mesta valley, where it crosses the
urban area of the village, is channelised by the construction of concrete leeves. These bank protection measures restrict the area of the floodplain and increase water
speed during flooding. As a result, during the mid-2019 event, part of the main road Razlog-Velingrad collapsed due to the increased bank erosion.
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OLIEHKA HA AHTPOMOrEHHOTO Bb3[ENCTBUE BbPXY BOLOCEOPA HA PEKA YEPHA MECTA NO BPEME HA
PEYHOTO NPUMKXOAHE OT CPEOATA HA 2019 .

AHko epdxukoe, 3opHuya Jouesa, QuaH BaHzenoes

Cocputicku yHusepcumem ,Cg. KnumeHm Oxpudcku®, 1504 Cogpus

PE3IOME. [lonnute yact Ha Bogocfopa Ha peka YepHa Mecta yecto ca 3acerHaTi OT BHe3anHW HaBOAHEHMS. [loKaTo aHTPOMOreHHUTe CTPYKTypU umaTt
He3HauuTeneH pa3mep B CPaBHEHWE C AbIMKMHATA HA PeKaTa, Te 3HaYUTENHO BMMAST BbPXY NOBELEHMETO HA pekaTa Mo BpeMe Ha HaBofHeHWs. Bb3 ocHoBa Ha
noneBu AaHHM W aHanu3 Ha caTenuTHU U Bb3AyLHA N306paxeHns, H1Ue aHanuaupaxme Kak CTPYKTYpW KaTo BOAOXBALU@HMS W PEYHI KOPEKLM ca MOBMMSAMN Ha
npoLecy Kato eposns 1 CeauMeHTaums, Ha npumepa Ha HaBoAHeHWeTo oT cpegdata Ha 2019 r. Ha 1900 m Hagmopcka BUCOYMHA € pasmnonoxeHa Han-Bucokata
WU3KYCTBEHA KOHCTPYKLWS - BOAOXBALLAHETO 3a 513. benmekeH. Taau CTpyKTypa He camo OrpaHuyaBa cunaTa Ha BOGHWST MOTOK, HO AENCTBA W KAaTo MSCTO 3a OTnaraHe
Ha knacTuyeH maTepuan. [lpyra BofoOB3eMHa CTPYKTypa ce Hamupa TOYHO MOA CMIMBAHETO Ha TpUTe OCHOBHYM npuToka (pekute Codan fepe, faytvua u Neeswmua),
KOSITO 3axpaHBa C BOAA LieHTpanarta, pa3nonoxeHa Ha 1 080 m H.B. ToBa CbOpbXEHIe € PasnoNOXeHO Ha MACTO, B KOETO PEYHUST rPaAUEHT ApacTUYHO Hamansea.
B pesyntat Ha ToBa, NogobHO Ha cnyyas C BOAOXBALaHeTo 3a £3. benmekeH, BOAOCOOPBT € AeicTBan kaTto BaxeH AEenoLeHTbP Mo BPeMe Ha BHE3anHOTO
HaBogHeHue. [lpyra oblia xapakTepucTWka € 3acurneHata eposnsi B YacTUTE Ha PEYHUTE KaHanu, KOWUTO Ce HamupaT HenocpefcTBEHO NOA BOAOB3EMHUTE
KOHCTPYKUMK. C Tasu epo3nsi ca CBbP3aHN W Hal-pa3pyLLIMTENHIUTE NOCTeAMLM OT HaBOAHEHMeTo. Hail-aonHaTa JacT Ha AonvHaTa Ha peka YepHa MecTa, kbaeTo Ts
npecuya ypbaHuanpaHaTa 30Ha Ha CenoTo, e kaHanuaupaHa Ypes uarpaxaaHe Ha 6eTOHOBY orpaHnuUTENHM AurK. Tean BperosalLuTH MepkV orpaHMyaBaT nnoLuTa
Ha 3anvBHaTa HU3MHa 11 yBENMYaBaT CKOPOCTTa Ha BOAATa NO BpeMe Ha HaBOAHEHWs. B peaynTaT Ha cbbuTheTo OT cpepata Ha 2019 r. yacT oT rmasHuMs nbT Pasnor-
BenuHrpaa ce cpyTea nopaau 3acurneHata epons Ha bpera.

Kniouosu AyMu: Peka blepHa Mecra, BHe3anHu HaBOAHEHUS, aHTPOMNOreHHo Bb3gelcTBue, eposunsa

Introduction of sediments transported as bed load (Eisbacher and Clague,
1984). Water intake structures have similar effects, and as a
River floods and related damages are among the most prime consequence reduced sediment supply from headwater
destructive natural hazards. In the mountain environments, areas results in changes in river behaviour: Areas of the most
such events are important geological and geomorphological intensive river erosion (channel scouring) and aggradation
processes that transfer sediments from headwaters to valley (bed load sedimentation) are shifting their position. These
floors. It is well-documented that natural processes, as well as processes often lead to channel avulsions, can pose an
anthropogenic impact (construction of flood-protection facilities, erosional risk to the road infrastructure, and can degrade
water intake facilities, etc.), can disturb sediment delivery to arable land.
the downstream channel network (Ondragkova and Macka The Cherna Mesta watershed is well-known for the flash
2019, Lucas-Borja et al. 2021). Traditional flood-mitigation ~ flood-related damages and most of them are related to the
measures aim to reduce river slope and decrease the amount capacity of the river to transport a large amount of bed load at
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the time of increased water levels. Due to the relatively easy
field access and well-defined satellite imagery (available via
Google Earth Pro software) of depositional areas, this
watershed provides the possibility to study the geological and
geomorphological changes related to the recent flash flood
events. The most recent such event occurred in mid-2019 and
caused severe damage to forestry road infrastructure,
degraded arable land, and compromised the function of
several water intake systems, including the water supply
system of the village of Cherna Mesta.

The objective of this study is to determine how human
activities influenced the behaviour of the Cherna Mesta river at
the time of the 2019 flood event. We have managed to identify
the erosional-depositional effects related to the construction of
water intake facilities, as well as recently-built artificial banks in
the area of the village of Cherna Mesta. Other, probably
important, anthropogenic impacts, such as narrowing the valley
floor and the construction of a dense network of forestry roads,
are not subjects of this study. The presented data and
analyses are based on post-event fieldwork (August 2019 -
October 2021), processing of satellite and aerial imagery,
digital elevation models and change detection (comparison of
imagery taken before and after the event) based on Google
Earth imagery.

Geological and geomorphological setting. Mid-
2019 event.

The Cherna Mesta watershed is situated on the south-
eastern slopes of the Rila Mountain. The river is formed by the
confluence of three tributaries — the Sofan Dere, the
Leevshtitsa, and the Dautitsa rivers. All of them have their
headwaters located in wide, formerly glaciated valleys (Fig. 1).
The hydrological regime is typical of high water flow during
spring snowmelt. During the period May-September, floods,
including flash floods, are rather common because of
convective storms.
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Fig. 1. Location map of the Cherna Mesta watershed and
studied facilities.
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The geological substrate is rather homogeneous,
represented by the granitoids of the Rila - West Rhodope
batholith (Dimitrova and Katzkov, 1990; Sarov et al., 2008;
2011). Various Quaternary deposits are also common, as and
alluvial and colluvial sediments are the most important for the
lower part of the catchment. The Leevshtitsa and the Dautitsa
rivers have smaller catchments and there are no data for flood-
related damages, except for the lower course of the Dautitsa
river.

The description of the geomorphology is restricted to the
Sofan Dere — the Cherna Mesta river system because they are
the parts of the watershed that are affected by damages during
flash floods. A more detailed description is provided by
Gerdjikov et al. (submited to CR Acad. Sci. Bulg.). The valley
morphology varies significantly and based on the number of
active/inactive channels and valley cross-section geometry,
several segments can be distinguished. Above 1,900 m a.s.l.,
the valley is open, most often weakly incised in glacial and
post-glacial Quaternary cover. Between 1,900 and 1,610 m
a.s.l., the valley is narrow and deeply incised, most often in
bedrock. The uppermost larger alluvial accumulations are
located in this segment. Between 1,450 and 1,610 m a.s.l, the
river gradient is lower, the valley floor is wider and is occupied
by more than one active/inactive channel. Below 1,450 m a.s.l.,
the Sofan Dere river forms a deep canyon where erosional and
transportation processes dominate. Further downstream,
below 1,280 m a.s.l., the valley has all features of a braided
river, e.g. consists of a network of individual channels
separated by small, often temporary, islands. The lowermost
segment of the valley is dominated by an alluvial plain which is
dozens of meters wide (up to 150 m). It is situated below 1,100
m a.s.l. and is characterised again by a braided pattern of
active and inactive channels. The main approach to the river
catchment is on a dirt road, which runs along the river between
the village and the confluence of the three main tributaries. In
the text below, we refer to it as the main access road. This
road is of key importance for the sustainable human activity in
the catchment and a part of it is strongly affected by the river
floods.

Local people remember well the flash floods from 2005,
2010, and the last large one from 2019. On the night of the
220 July 2019, heavy rain-induced severe flood affected
mainly the catchments of the Sofan Dere and the Cherna
Mesta (s.s.) rivers. Highly elevated water flow, coupled with
bed load transport of a huge amount of clasts and sand,
caused damage and subsequent closure of the road Razlog-
Velingrad. The water supply system for the village of Cherna
Mesta was strongly damaged, along with approximately 2.5 km
of the unpaved road above the Cherna Mesta powerplant. It is
important to note that the mid-2019 flood was not a clearwater
flood event. Numerous field data indicate that the flood was
related to intense bed load transport. Our post-flood fieldwork
has provided arguments to describe the event as dominated by
debris flood and hyper-concentrated flow (Brenna et al., 2020,
Church and Jakob, 2020). The flood event of 22/23 July
generated a plethora of erosional and depositional features,
including channel widening and scouring and aggradation-
related features, such as the formation of new depositional
units, deposition on the floodplain, etc.

Results

Two types of anthropogenic structures affect the river-
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related processes in the Cherna Mesta watershed: water
intake facilities and artificial banks.

The impact of water intake facilities

In both described cases, the water intake is represented by
a dam (weir), constructed orthogonal to the main river channel.
Upstream, above the weirs, there are artificially made flat
surfaces (stonemasonry or concrete) that cover the whole
channel. These places act as sediment traps.

The Belmeken dam water intake facility

The weir of this facility is located at 1,920 m a.s.l. (Fig. 1).
The site was visited two months after the flood event of 22/23
July. There were clear signs that the space behind (upstream)
from the weir has been recently filled with sediments. About 10

meters above the site, the river channel is filled with freshly-
deposited clasts, and some of them are forming lateral levees
(Fig. 2A). Considering the field criteria of (Brenna et al., 2020)
and the low gradient of the river upstream of the weir, we
interpret these sediments as a product of debris flood. Also,
features such as sandy deposits at the level and above the
crest of the weir, and yellow-rusty stains on the weir wall (Fig.
2B) testify to the long presence of wet debris and fresh cuts on
the stonemasonry indicating a rather recent activity of the
excavator. About 100 m below the facility, there is a bridge and
below it, the river channel is starting to incise not only in
Quaternary cover but also in the bedrock. Field data, such as
fresh soil erosion and freshly polished bedrock, testify to the
strong impact of the mid-2019 event in this part of the Cherna
Mesta watershed.

Fig. 2. (A) Deposition related to mid-2019 flood event just above the water intake for the Belmeken dam. Photo taken in September 2019.
(B) The water intake weir for the Belmeken dam. Stains related to the accumulation of wet sediments are marked with red arrows. (C) The
main river channel side erosion. The main access road for the Cherna Mesta catchment, above the power plant. (D) Partial collapse of
road 1I-84 (Velingrad - Razlog). Photos (C) and (D) were taken on 23 July 2019 and were provided by the Yakoruda manicipality.

The Cherna Mesta power plant water intake facility

This facility is located at 1,180 m a.s.l. and is situated at
the confluence of the rivers that form the Cherna Mesta river.
During the 22/23 July flash flood, the function of the structure
was severely disturbed. The area behind the weir acted as a
depocenter and the water intake system was completely
clogged. According to the report from the guard of the power
plant, it took one week of work of an excavator to clean the
facility from the boulders, cobbles, and sand, deposited during
the flash flood. This implies that at the time of the flood, the
river deposited dozens of cubic metres of sediments.

The section between the water intake and the power plant
is characterised by various processes and morphological forms
related to the flood of 2019. Both erosion and sedimentation
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processes have been active, which has led to significant
modifications of the geometry and morphology of the braided
channel system that occupies the valley bottom. Undoubtedly,
the segment of the river between the water intake facility and
the power plant is the most strongly affected by the damages.
Here, the main destructive agent was lateral stream erosion
(Fig. 2C). According to the Yakoruda Forest Service, the main
access road was destroyed at a distance of 2.5 km. Lateral
river erosion has thus mobilised hundreds of cubic metres of
clastic material subsequently deposited down the river valley.

Artificial banks at the village of Cherna Mesta

For the aims of flood prevention, the parts of the village
situated to the east of the river are protected by artificial banks/
levees (Fig. 3). The 22/23 July flash flood nearly overtopped
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these banks: flood-related stains on the recently-built concrete
walls were found to be just 20-30 cm below the upper wall
surface. The lower part of the village is not protected, and
houses situated next to the river were flooded. In this sector of
the river, there is evidence both of erosion and deposition.
Erosional processes are strictly localised in the area below the
end of the artificial banks (Fig. 3). The 1I-84 national road
(Velingrad - Razlog) was closed due to the collapse of one of
the lines (Fig. 2D).

Fig. 3. Aerial imagery of the village of Cherna Mesta showing the
position of the artificial banks (their beginning is marked with /1/;
their end - with /2/); some areas affected by the mid-2019 flood
event are also marked: (3) - location of photo 2D; (4) - location
of the imagery on Fig. 4. Image from Agricultural State Fund.

Enhanced river erosion also causes partial removal of
older alluvium further downstream. Two factors triggered this
enhanced erosion capability of the river: the increased water
speed due to the narrowing of the channel during the artificial
banks construction, and the significant amount of bed load.
Despite the low gradient of the river in the area of the village,
the flash flood was able to carry a significant amount of sand
and clasts. The deposits within the channelised part of the river
are informative for the river capacity to carry bed load.
Because during the recent construction of the artificial banks
(2013-2017) all sediments on the riverbed were cleaned, it is
easy to estimate of the volume and size of the clasts
transported/deposited during the 22/23 July event. Field
inspection conducted two weeks after the flood documented
the presence of fresh deposits that were several dozens of
meters long and up to 20 m wide, represented by coarse clasts
reaching 0.5 m in diameter and abundant in sand sheets.

Conclusions

For centuries people have attempted to control river floods
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in mountainous catchments by constructing different facilities.
The century-long experience in the case of the Alps (Eisbacher
and Clague, 1984) is particularly impressive. Unlike the highly
populated Alps, the studied watershed of the Cherna Mesta
river is almost uninhabited and the aerial extent of the
anthropogenic influence is rather limited.

Fig. 4. The newly-formed depocenter immediately before the
channelised part of the river in the area just north of the village
of Cherna Mesta. Satellite imagery from Google Earth Pro: A -
before the event (from 2016), B - after the event (2020).

The results presented here indicate that both water intake
facilities and artificial riverbanks influenced the river behaviour
at the time of the mid-2019 flash flood. These anthropogenic
structures affected the coarse sediment connectivity in the river
system, created new sediment accumulation, and led to
enhanced erosion. New depocenters formed and obstructed
the work of the water intake structures. Also, new sediment
accumulation formed immediately above the newly-constructed
artificial banks protecting the northernmost part of the village.
The position of this depocenter is not occasional - the case of
the Glazne river alluvial fan is similar (Gerdjikov et al., 2021).
Water intake structures play a role similar to the check dams
and thus they are supposed to stabilise the river channel
system (Lucas-Borja et al., 2021). In the studied case, an
important effect of both such facilities is the increased erosion
in the river reaches located downstream. In the case of the
Cherna Mesta power plant, the effect of this erosion was
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particularly damaging for the main access road, other
infrastructure, and arable land. Such intensive localised
scouring of the river channels is known as the “hungry water
effect’” (Kondolf, 1997; Ondra&kova and Macka, 2019; Lucas-
Borja et al., 2021). All these data are a reminder to forecast all
possible consequences well in advance when planning any
structure that will alter the normal river behaviour. As (Davies
and McSaveney, 2006) stated, these structures “must be
designed to maintain the pre-modification sediment transport
capability of the river”. These days, there is a communal
consensus that the management of mountain rivers has to pay
special attention to upstream/downstream connections, thus
allowing sediment connectivity (Wohl, 2006; Lucas-Borja et al.,
2021).
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