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Abstract. Debris flows and debris floods are a natural hazard that commonly occurs in mountainous regions. They 
can cause significant damage to infrastructure and pose serious threats to safety. Historical occurrences of debris 
flows can be identified through the deposits they leave behind. Studying these deposits offers valuable insights into 
these destructive events and supports improving prevention strategies’ development. In this regard, the study article is 
focused on the grain size analysis of the deposits of temporary flow by sieve/aerometric method. The obtained results 
confirm the torrential character of the river. 
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Introduction

This article focuses on the lower part of the Dam-
dere River basin which is a part of the river Varbitsa 
catchment, Eastern Rhodopes (Fig. 1a-c). The Dam-
dere River flows eastward through areas with vari-
ous petrographic compositions and depositional en-
vironments (Sarov et al., 2007a, 2007b). Right after 
the confluence of the left tributary Duandere, a dam 
has been constructed to mitigate the intensive ero-
sion processes caused by the rivers‘ torrential flow. 
Debris flows and debris floods characterize the en-
tire watershed of the Varbitsa River. In 1994 and 
1995, the Institute for Erosion Control constructed 
several dams in the upper reaches of the Damdere 
River. The primary objective of these dams is to re-
tain larger sediment particles and to moderate the 
outflow in the upper sections of the river, thereby 
facilitating a calmer flow in the downstream ar-

eas. The area where the samples were collected is 
a backwater region formed at the confluence of two 
streams: Damdere and Duandere. Before the check 
dam, there is an abundance of well-polished, large 
sediments. The check dam is nearly filled with large 
blocks, decreasing its retention capacity and in-
creasing the flood hazard.

Analyzing the grain size, roundness, and sorting 
of riverbed deposits reveals crucial details about the 
transport dynamics and accumulation conditions 
within the river system. Examining these character-
istics provides information about the energy levels 
and flow rates during deposition events, as well as 
about the distance and manner in which materi-
als were transported. Statistical indicators, such as 
mean grain size, sorting coefficients, and skewness 
of the deposits, give quantitative insights that im-
prove our understanding of flow power, sediment-
carrying capacity, and flow behavior under varying 
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hydrological conditions. This detailed analysis con-
tributes to more accurate predictions of river flow 
dynamics and potential flood risks.

Materials and methods
The results obtained in this study are based on a 
combination of field and laboratory methods. In 
2019, two sediment samples were collected: one 
sample immediately before the check dam (point 1) 
and another from the riverbed 10 meters upstream 
of the confluence of the Duandere River (point 2, 
Fig. 1b). The locations were resampled during the 
fieldwork in 2020, 2021, and 2023. The various 
fractions were separated using the sieve/aeromet-
ric method, following the Bulgarian State Standard 
BDS EN ISO 17892-4:2017. Statistical parameters, 
such as mean, standard deviation, skewness, and 
kurtosis were calculated using Gradistat 9.1 open 
software (Blott, 2020), based on grain diameter val-
ues at the 5%, 16%, 50%, 84%, and 95% percentiles 
(Folk, Ward, 1957). The mean size provides infor-
mation about the kinetic energy of the sediments, 
and it is calculated using the following formula:

The standard deviation shows how much values 
differ from the Mean and is calculated using as fol-
lows:

The coefficient of skewness indicates the sym-
metry of fine particles and coarse grains in the dis-
tribution curve relative to the modal value’s posi-
tion. It is calculated by:

The coefficient of kurtosis measures the peaked-
ness or flatness of a distribution and it is calculated as:

The results, obtained in this paper, are displayed 
in tables and histograms.

Results
The results from various sampling times and grain 
size parameters, along with their descriptions, are 
presented in Table 1. The modified φ value method 
describes the debris-flow materials, by applying 
the equitation φ = –log2d, where d is the grain size 
in mm.

In a typical grain size distribution, the Mean in-
dicates the kinetic energy of the sediments (Zhang 
et al., 2015). In the Damdere debris flood area, the 
mean grain size ranges from –2.658 φ to –0.467 φ 
at sampling point 1, and from –2.495 to –1.873 φ at 
sampling point 2. There is no significant variation 
in mean grain size across the samples; all are clas-
sified as fine gravel, except for the sample collected 
in 2021, which consists of very coarse sand. The 
sample was taken after intensive rain, and the de-
posit’s size variation is probably due to this event.

The standard deviation values in all samples 
from the Damdere area range from 1.255  φ to 
1.940 φ and indicate poor sorting, which is typical 
for debris flow deposits.

In the Damdere samples, skewness varies signif-
icantly over the years, shifting from coarse skewed 
to symmetrical and fine skewed. This indicates the 
turbulent nature of the flow and confirms the occur-
rence of debris floods.

The kurtosis in the Damdere samples ranges 
from 0.809 φ to 1.061 φ, indicating a transition from 
mesokurtic to platykurtic across all samples (from 
normal to flat curves).

Table. 1. Grain size statistical parameters in ϕ

Parameters
Point 1 Point 2

10.2019 09.2020 08.2021 10.2023 10. 2019 08.2021 10.2023

Mean –1,771 Very 
Fine Gravel

–1,101 Very 
Fine Gravel

–0,467 Very 
Coarse Sand

–2,658 
Fine Gravel

–2,495 
Fine Gravel

–1,873 Very 
Fine Gravel

–2,005 
Fine Gravel

Standard 
deviation

1,574 
Poorly 
Sorted

1,643 
Poorly 
Sorted

1,255
Poorly 
Sorted

1,425
Poorly  
Sorted

1,875 
Poorly 
Sorted

1,940 
Poorly 
Sorted

1,539
Poorly 
Sorted

Skewness 0,065 Sym-
metrical

–0,206 
Coarse
Skewed

0,019
Symmetrical

0,296 
Fine Skewed

0,154 
Fine Skewed

0,138 
Fine Skewed

–0,140
Coarse 
Skewed

Kurtosis 0,809 Plat-
ykurtic

0,871 Plat-
ykurtic

1,013
Mesokurtic

1,047 
Mesokurtic

0,826 
Platykurtic

0,758 
Platykurtic

1,061 
Mesokurtic
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Fig. 1. Study area: a) geographical location and views of the valley before the check-dam (on the photo of 2023, the tree has fallen, 
which is an indicator of a torrential event), and the check-dam view from the downstream; b) the Damdere watershed; c) grain size 
analysis by fractions at the two sampling points over the years

The variation of the grain size from different 
sampling times, in the histogram, is shown in Fig-
ure 1c. At sampling point 1, pebbles dominate in 
all samples except for 2021, with values ranging 
from 48% to 87%. The sand fraction ranks second 
in distribution, accounting for 13% to 52% of the 
samples. Fine fractions had no participation, except 
in 2021.

At sampling point 2, the situation is comparable. 
The pebble fraction ranges from 65% to 75%, with 
a difference noted in 2021. The sand fraction ranges 
from 22 to 25% and takes second place in the distri-

bution. The small fractions – silt and clay make up 
a minor part of the samples.

Conclusion
The grain size analysis of the Damdere watershed 
reveals bi-fractional deposits in all samples. Pebbles 
and sands together compose approximately 90% of 
the samples. At sampling point 1, located before the 
check dam, the samples from 2019 and 2023 show 
that pebbles dominate, comprising up to 60% of the 
composition. However, in the samples from 2020 
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and especially in 2021, there is a notable shift, with 
sand becoming the predominant fraction in the grain 
size distribution. The silt fraction is found only in 
the 2021 sample, taken right after the rainfall.

At sampling point 2, no significant variation has 
been observed over the years. Pebbles consistently 
dominate the composition of all samples; however, 
in 2021, a silt fraction was also detected, compris-
ing half the percentage found at sampling point 1. 
This indicates that, before the check dam, the flat 
terrain likely caused finer materials to be deposited 
following rainfall events.

The calculated grain size parameters indicate 
that the mean grain diameter is classified as fine 
gravel. The degree of sorting is considered very 
poor. The skewness exhibits variable values, while 
the kurtosis ranges from normal to flat form.

All analyzed sediment samples from the down-
stream area of the Damdere River indicate active 
debris flood events.
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