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The awareness of floods and estimating the debris flow is a fundamental
step for assessing risk and planning in the watershed. The village of Sijan,
located in the Southern Alborz, is one of the areas threatened by debris
flows. The research aimed to estimate the volume of debris flows along 700
m of a stream of Sijan Village time range from 2018 to 2021. The study
method included surveying the stream in two-time intervals, which
involved one concrete and four gabion checkdams, and calculation of
erosion and sedimentation happened via debris flow using the Civil-3D
software. Results showed that five check dams had 823 m? and 750 m?® area
and volume, respectively. Debris flows covered 25500 m2 after the flood in
2019, in which the estimated erosion and deposition volumes were 7250 m?
and 10100 m3 according to the elevation difference technique. The Sijan
stream channel experienced sedimentation and erosion along the northern
and southern banks. Implemented watershed management measures have
played a vital role in mitigating the risk of debris flows, especially at the
concrete check dam.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction
Debris flows are mass

movements and

facing climate changes and monsoon weather
regimes. Climate drivers (intensity and duration
of rainfall, temperature, freezing, and melting),

destructive events along the steep streams or
rivers which drain from watersheds comprising
high outcrop rock units. Such an event became a
crucial environmental issue for many countries
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topographic features and geological settings
(failures and joints, tectonic and seismicity
situation, lithology, sediment production and
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carrying capacity of a stream, type, and volume
of portable debris), and land use changes are
contributing to happening of debris flows.
Therefore, the formation of erosional and
depositional landforms, changing slope of
streams, blockage of bridges, and several
destructive implications are associated with
debris flows. The importance of such events
leads to  monitoring, forecasting, and
environmental impact of debris-flows. However,
estimating debris flows volume at the
accumulation stage after the event is far more
convenient. This fundamental step is determined
by preparing the digital elevation model (DEM)
in two periods before and after the flood and the
calculation Difference of DEM (DoD). The
production of a DEM from physical phenomena
and the ground surface is achievable filed
through surveying, UAV Flight Planning, and
high-resolution  satellite images. Required
accuracy, purpose, cost of the project, and The
conditions of the research area lead to choosing
the appropriate method of measuring debris
flows. This research aimed to estimate the
volume of debris flows that occurred between
2018 and 2021 along 700 m upstream of Sijan
Village, focusing on the debris flood event in
April 2019.

Material and Methods

The village of Sijan is the tourist target for the
Iran capital people located in the mountainous
area of the Southern Alborz. The studied
catchment contains this village has an area of 10
km2 and a mean slope of 18° and has
experienced several destructive debris flows.
This catchment is also being sub-catchment of
the Arange watershed with steep slope
morphology comprising rigid and uplifted
geological formations with upstream areas prone
to flood flow occurrence. The present study
considered two destructive debris flows in the
Arange watershed that occurred in the last
decades. Intense rainfall on 19 July 2015 had a
total amount of 13.4 mm at an hour, causing a
debris flood event, combined with the loss of life
and irreparable financial losses to Sijan village
upstream of the Arange watershed. Because of
these terrible flood impacts, the Natural
Resources and Watershed Management brunch in
Alborz Province constructed a concrete check
dam (a 2.5 m height) and four gabion check
dams with a height of one meter. The
geographical location of Alborz province, Sijan
catchment, and these five check dams showed in
Fig. 1.
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Fig 1. Location of the check dams constructed in fall 2018 along the upstream stream of Sijan village
in Alborz Province

The second destructive debris flow happened in
April 2019 through a 122 mm intense rainfall
and thawing of snow. Consequently, check dams
were filled with coarse grain sediments, and the
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Sijan stream morphology has notably changed in
forms of erosional and depositional features.
Filed observations indicated the  high
performance of check dams to control and
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manage flash floods and relevant debris flow and
protect the village from damages.

The UAV Flight Planning application in the field
observations wasn't compatible with the study
area because of the mountainous landscape. This
issue was solved using field surveying. A stream
section was 700 m long with a mean slope of 12
°, located upstream of the Sijan village. The first
Surveying operation was a pre-debris flood event
on Nov 18, 2018, in which five check dams were
empty of sediment. The second round of
surveying was on Sep 01, 2021, when five check
dams filled with coarse sediment of debris flow.
According to the CHRS database, the stream has
received 956 mm of precipitation in elapsed time
between two debris flows.

The Civil3D tool edited and analyzed the data
collection, production DEM and calculation of
the volume variations as positive (deposition)
and negative (erosion). Besides, The Civil3D
tool calculates the height difference obtained
using two methods. The DoD was calculated
based on the longitudinal profile of the stream
(longitudinal transactions). Furthermore, the
DoD was calculated based on the transverse
cross-sections.

Results

Results showed that five check dams had 823
m?> and 750 m® area and volume,
respectively. The result of spatial distribution
and height of eroded and deposited sites is
shown in Fig. 2. Using the longitudinal
profile method highest erosion and
accumulation depths are estimated at four m
and 11 m, while using the cross-sectional
method, these values are obtained at six m
and 14 m, respectively. Based on the DoD-
longitudinal technique along 700 m of the
Sijan stream, volumes of erosional and
depositional sites have been 7390 m® and
10530 m?, respectively. According to the
DoD along the 67 transverse sections with 10
m intervals, the volume of erosional and
depositional sites obtained 7106 m* and 9725
m?, respectively. Minor differences between
the volumes of erosional and depositional
areas of the two applied methods are related
to the morphology of the stream. Streams,
for example, allowed floods to accumulate
materials in point bars that weren't surveyed
completely.
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Fig. 2 Spatial distribution of erosion (negative) and
deposit (positive) site of Sijan stream from 2018 to
2021 using: a) DoD- longitudinal and b) DoD-
transverse

Conclusions

The present study concludes the capability of the
DoD techniques to highlight topographic-based
natural events. Accordingly, the erosional and
depositional site volumes along a high-risk
stream were estimated successfully using this
capability. Results showed debris flows covered
25500 m?, 700 m in length, after the flood in
2019, in which the estimated erosion and
deposition volumes were 7250 m?® and 10100 m?
according to the elevation difference technique.
On average, the sedimentation potential upstream
of the Sijan village stream is 10.33 m*/m of
channel length, and the sediment accumulation
potential for the same section is 14.35 m*/m of
channel length. The Sijan stream channel
experienced sedimentation and erosion along the
northern and southern banks. Implemented
watershed management measures have played a
vital role in mitigating the risk of debris flows,
especially at the concrete check dam.

Data Availability
The data used in this research are presented in
the text of the article.
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Table 1 Spatial characteristics of the studied check dams

Characteristics

Spacing Between Check Dams (m)

4-5 3-4 2-3 1-2 2-5 1-5
Length Stream (m) 88.5 95.1 55.1 455.2 239.5 965.0
Horizontal Distance (m) 64.1 62.3 40.0 334.2 166.4 500.0
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check dam at the second phase Surveying (2021)
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volume of debris
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Operations Surveying
The first Empty check dams ~ Nov 18, 2018
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Table 3 Total and average monthly rainfall (mm) in Sijan stream between two times of Surveying

Gregorian

month Jan Feb

Mar Apr May

Jun Jul  Aug Sep Oct  Nov Dec

Total

monthly 110 56
rainfall

Ave.

monthly 37 19 69 73 67
rainfall
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Table 3 Elevation-area-capacity table for five check
dam reservoirs

51°940°F 51°9'45"E

Check Type Crest Area Volume
Dam Level (m) (m?) (m?)
DAM-01 Concrete 22943 545.17 555.43
DAM-02  Gabion 2331.7 89.05 51.74
DAM-03  Gabion 2336.2 32.28 19.18
DAM-04  Gabion 2346.22 81.4 64.69
DAM-05 Gabion 2354.7 74.94 56.71
Total 822.84 747.75
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Fig. 6 Spatial distribution of erosion and deposit site
of Sijan by using DoD- transverse between 2018 to
2021
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Fig. 5 Spatial distribution of erosion and deposit
pattern of Sijan stream using DoD- longitudinal
between 2018 to 2021
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Table 5 Statistical parameters of debris along with the surveyed cross sections of Sijan stream

Parameters Average Min Max Section of Min Section of Max
Area of erosion (m?) 21.4 1.7 35.4 3 28
Volume of erosion (m?) 209 11.6 278.3 67 29
Accumulation of erosion (m®) 7106.0
Area of deposit (m?) 33.1 0.4 88.4 43 13
Volume of deposit (m?) 287.3 7.26 1339 43 13
Accumulation of deposit (m?) 9724.9

Environment and Water Engineering

Vol. 9, No. 3, 2023

7

EWE

ol (owdige 5 S jlan é
VEY sl F ojles @ o0 O


SAMSUNG
Typewritten text
409


AR

VE-Y e g (5 2

Syl Ve O P g VYA C a4 Job by sl
Slawi b g woye Judgp (wlulp glis,l sl 3 b .ad
S S Al ye j0 Lioled e Ve M alols 4 adadie £V
m’ cilsl s ye 0 oply px> g VY8 M (5,5

A3 3,0 5 AYYD

0o M) M 5 ¥ clol g ciloy ,iSTas o Jsb Judsy

Sl 1y o32)ls el Jomiliy Olyiin eSileo 900 ¥
Job yie p3 VeIV M}l by Jommo CondVl
M sy ed slp 1) op)ly bl Jeadly 5 o

3,5 Sle Jeae Job e 43 VE/O

5 ol yd anls Sl gl S el (gl b, -F
lasl,s Al J;x-f c5l-°°ui’9) sl lr 6 S o,
g;_.;slaﬁ Boes Joe (29> 4SS 0 C,_g:;l,..,l ..\_;.il)s
el osls 7, pdlas

mas das 5l (eSS Sldllas jluace; Giegh opl b
gy 3l eolaiwl g anler (glog jlg L Lw slas, (g5l
BB o Cawd s (§ ey D591 5 a5 o,e DEMS auslie
plebe s szl g 03l o S5 Slladle sl
Doy ooyl a4 owslin g Failbliowe aus aogaslis

Losld ay  cw yiwsd

Sl dlie e o g opl o el eolatul slaosls
el 00

S5 gl sl

olal 4eSze @S Wyl oo pdlel dlis
Wyl alis ol Slesl b g (Sacng badaly o s8ls

OBy

References

Akhtari, R., Gharibreza, M., & Hossaini, M. S.
M. (2019). Evaluation of the performance of
small structures to control flood and sediment
operations Sijan Stream in Arange watershed
Alborz province. Proc, 2019, /4™ National
Conference on Watershed Management
Sciences and Engineering of Iran Watershed
Management and Integrated Management of
Water and Soil Resources, Iran [In Persian].

Environment and Water Engineering

VFe e AYAY 5l g Jlos aw Job o (5,4 40+ mm
M Jsb 4 olrew gliwsy 4 sgiie a2l 5l a5 0
INY ol bawgio b YOO+ m? Jolao xbaw oY
YV m? Jole O M codlsy Goe ,iSTas bwgio eba
ol 58 el 08,8 sl ol e Y4 M g mlaw
YAV M® oo a0 g ¥Y M2 Carg 0 Woylg ceislil 6,90
Cewl 00l 006 VYO M bl Gos jiSlas lawgio b

Wkl o Rio Gere asg> ;o alie olidss o
o>ge Y hr o 5 LYY mm 2017 Jl. Aguest ol
m Jsb 4
s Vm ioled Gec jiSTas Y gl cud L (YVF
5 Giws LDEM (o sl L AVAS e mP ol b v
;o (Baggio et al. 2021) o acwlre Juw Sl 51 e

ol ailog, 5l isu 40 a5 ab slojly Dl

slas; Sy lp PIT KM? Sy 0 L) 5o K00 lads>
e YY min o LYY mm b Y- Jl o L
(Arattano o oy50p Ae oo M’ ooz, 51 e baojs )l
M’ Colus 4 sladg> 48 03,5 ew o> et al. 2014)
m® s, ol 5l o g J8 DEM awglis b $eeees

(Aronica, et al. 2012) o 5,915 YA+« -

S5 azxas - F
il g gleaials jo b inss glp (gt onl jo
“dew pz> 0915 5 (Mol slasy LI oy Bua b

W) taL.\S‘ IREE u,qL».n.a Li DEMs M‘LD.A U’“"5) 4 0)")‘5

3555 3 dlie whaos (8 55 2L GRaghy cnl 5o el
So 0l 00gel j8 Slgw, cusldl o cldloy ol
590 58 0 g e (Job sliwl) o anslie mhaw i,
Qlgz e poye Gl by p slisl) jo anslie mhaw

iblge p Oyge 4 Giegh (nl (A s o

3,90 03b Jobo Yoo m 0 YOO - m? ply s o)
5 gl LSl 8 L el 5 clley Gl addlas

Anonymous (2015). Watershed studies, Talfigh
and Santos report, Arange watershed. Pars
Peyab Consulting Engineers, pp:178. the
Natural Resources and Watershed
Management brunch in Alborz province.

Arattano, M., Bertoldi, G., Cavalli, M., Comiti,
F., D'Agostino, V., & Theule, J. (2014).
Comparison of Methods and Procedures for
Debris-Flow Volume Estimation. Conference

u‘w%aw)m

Vol. 9, No. 3, 2023

[

EWE

\Fe¥ )»..)L) <Y o) Lois A 0,99


SAMSUNG
Typewritten text
410


AR

Ol M sloo g w2 5551

paper, Engineering Geology for Society and
Territory, Torino, Italy. DOIL: 10.1007/978-3-
319-09054-2 22

Aronica, G., Brigandi, G., & Morey, N. (2012).
Flash floods and debris flow in the city area
of Messina, North-East part of Sicily, Italy in
October 2009: the case of the Giampilieri
catchment. Nat. Hazard. Earth Syst. Sci., 12,
98. DOI: 10.5194/nhess-12-1295-2012.

Baggio, T., Mergili, M., & D'Agostino, V.
(2021). Advances in the simulation of debris
flow erosion: The case study of the Rio Gere
(Italy) event of the 4™ August 2017.
Geomorph., 381, 107664. DOI:
10.1016/j.geomorph.2021.107664.

Bani Habib, M. E., & Tanhapour, M. (2019).
Proposing an empirical equation for
estimation of the sediment concentration of
debris flow (Case study: Jiangjia Gully in
China). J. Watershed Manage. Res., 9(18),
70-79. DOI:  10.29252/jwmr.9.18.70  [In
Persian].

Coviello, V., Theule, J. 1., Marchi, L., Comiti, F.,
Cavalli, M., Arattano, M., Lucia, A. and
Macconi, P. (2019). Deciphering sediment
dynamics in a debris-flow catchment: Insights
from instrumental monitoring and high-
resolution  topography. 7%  International
Conference on  Debris-Flow  Hazards
Mitigation, June 10 - 13, 2019, Golden,
Colorado, USA. DOI:
http://dx.doi.org/10.25676/11124/173231.

Cucchiaro, S., Cavalli, M., Vericat, D., Crema,
S., Llena, M., Beinat, A., Cazorzi, F. (2019).
Geomorphic effectiveness of check dams in a
debris-flow catchment using multi-temporal
topographic surveys. CATENA, 174, 73-83.
DOI: 10.1016/j.catena.2018.11.004.

Haas, T.D. and Densmore, A. L. (2019). Debris-
flow volume quantile prediction from
catchment morphometry. Geol., 47(8), 791-
794. DOI: https://doi.org/10.1130/G45950.1.

Hu, W., Xu, Q., Wang, G. H., van Asch, T. W.
J., & P.-Y. Hicher (2015). Sensitivity of the
initiation of debris flow to initial soil
moisture. Landslides, 12(6), 1139-1145. DOLI:
10.1007/s10346-014-0529-2.

Kim, M.-I., & Kim, N. (2021). Analysis of debris
flow reduction effect of check dam types
considering the Mountain Stream Shape: A
case study of 2016 debris flow hazard in

Environment and Water Engineering

Ulleung-do Island, South Korea. Adv. Civil
Eng., Article ID  8899368. DOL:
10.1155/2021/8899368.

Nguyen, P.; Shearer, E. J., Tran, H., Ombadi, M.,
Hayatbini, N., Palacios, T., Huynh, P.,
Braithwaite, D., Updegraff, G., Hsu, K., Bob
Kuligowski, B., Will S. Logan, W. S., &
Sorooshian, S. (2019). The CHRS data portal,
an easily accessible public repository for
Persian global satellite precipitation data. Sci.
Data, 6, 180296. DOI:
10.1038/sdata.2018.296.

Nikolopoulos, E. 1., Crema, S., Marchi, L.,
Marra, F., Guzzetti, F., & Borga M. (2014).
Impact of uncertainty in rainfall estimation on
the identification of rainfall thresholds for
debris flow occurrence. Geomorphol., 221,
286-97. DOIL:
10.1016/j.geomorph.2014.06.015.

Nikolopoulos, E. 1., Destro, E., Maggioni, V.,
Marra, F., & Borga, M. (2017). Satellite
rainfall estimates for debris flow prediction:
an evaluation based on rainfall accumulation—
duration thresholds. J. Hydrometeorol., 18(8),
2207-2214. DOL:
https://www.jstor.org/stable/26392080.

Radice, A., Giorgetti, E., Brambilla, D., Longoni,
L., & Papini, M. (2011). On integrated
sediment transport modelling for flash events
in mountain environments. Acta Geophys.,
60(1), 191-213. DOI: 10.2478/s11600-011-
0063-8.

Schimmel, A., Coviello, V., & Comiti, F. (2021).
Debris-flow velocity and volume estimations
based on seismic data. Nat. Hazard. Earth
Syst. Sci. Discus., 1-21. DOI: 10.5194/nhess-
22-1955-2022.

Shokouhi, S. E., & Rigi Ladz, B. (2018). Debris
flood and its effective factors. The 60
Scientific Congress on the Development and
Promotion of Agricultural Sciences and
Natural Resources in Iran, Tehran. Iran. [In
Persian].

Shu, A. P., Tian, L., Wang, S., Rubinato, M.,
Zhu, F., Wang, M., & Sun, J. (2018).
Hydrodynamic  Characteristics  of  the
Formation Processes for Non-Homogeneous
Debris-Flow. Water, 10(4), 452. DOI:
https://doi.org/10.3390/w10040452.

Shu, A. P., Wang, L., Zhang, X., Ou, G. Q., &
Wang, S. (2017). Study on the formation and

ol (owdige 5 S jlan

Vol. 9, No. 3, 2023

[

EWE

VE-Y 5l o o)lass @ 690


http://dx.doi.org/10.1007/978-3-319-09054-2_22
http://dx.doi.org/10.1007/978-3-319-09054-2_22
http://dx.doi.org/10.25676/11124/173231
https://doi.org/10.1130/G45950.1
https://dx.doi.org/10.1007/s10346-014-0529-2
https://www.jstor.org/stable/26392080
https://doi.org/10.5194/nhess-22-1955-2022
https://doi.org/10.5194/nhess-22-1955-2022
https://doi.org/10.3390/w10040452
SAMSUNG
Typewritten text
411


Ty

VE-Y e g (5 2

initial transport for non-homogeneous debris
flow. Water, 9(4), 253. DOI:
https://doi.org/10.3390/w9040253.

Takahashi, T. (2007). Debris Flow: Mechanics,
Prediction and Countermeasures (1st ed.).
Taylor & Francis. DOI:
https://doi.org/10.1201/9780203946282.

Tian, M., Li, L., & Xiong, Z. (2022). A data-
driven method for predicting debris-flow
runout zones by integrating multivariate
adaptive regression splines and Akaike
information criterion. Bull. FEng. Geol.
Environ., 81(6), 222. DOI: 10.1007/s10064-
022-02701-3.

Yu, B., Ma, Y., & Wu, Y. (2013). Case study of
a giant debris flow in the Wenjia Gully,
Sichuan Province, China. Nat Hazard, 65,
835-849. DOI: 10.1007/s11069-012-0395-y.

Zhu, X., Liu, B., & Liu, Y. (2020). New method
for estimating roughness coefficient for debris
flows. Water, 12(9), 2341. DOL
https://doi.org/10.3390/w12092341.

Zhuang, J., Cui, P., Wang, G., Chen, X., Igbal, J.,
& Guo, X. (2015). Rainfall thresholds for the
occurrence of debris flows in the Jiangjia
Gully, Yunnan Province, China. Eng. Geol.,
195, 335-346. DOL:
10.1016/j.geomorph.2014.06.015 .

How to cite this paper:

Akhtari, R., Zareei, M. and Gharibreza, M. (2023). Estimating the volume of debris flows along the sijan stream

using  topographic surveys and CIVIL

10.22034/ewe.2022.341249.1788.

3D. Environ.

Water Eng., 9(3), 399-412. DOL

Environment and Water Engineering

Vol. 9, No. 3, 2023

Ol (sdigen 9 Canna jLasome 4
\f"‘)ubﬁvo)Lo.M:sq 0)3.) \__)-f

EWE


https://doi.org/10.3390/w9040253
https://doi.org/10.1201/9780203946282
https://doi.org/10.1007/s11069-012-0395-y
https://doi.org/10.3390/w12092341
http://doi.org/10.1016/j.geomorph.2014.06.015
SAMSUNG
Typewritten text
412


