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2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP is pleased to announce that “News of NAS
RK. Series of Geology and Technical sciences” scientific journal has been accepted for
indexing in the Emerging Sources Citation Index, a new edition of Web of Science. Content
in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of Geology and Technical Sciences in the Emerging
Sources Citation Index demonstrates our dedication to providing the most relevant and
influential content of geology and engineering sciences to our community.

«Opmanvix Asusn axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAP Cepusicbly 2bliviMu dcypranvinvily Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRAHUusACul Jcyprandvl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwiioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei men canacwin Ycvinaovl. KP ¥YFA Xabapnapeo.
Teonocus scone mexuuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyl 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2eon02usi JHeaHe MexXHUKAIbIK
EbLIBIMOAP OOULIHUWA KOHMEHMKe a0anoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY N0 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue20 coobuecmsa.
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Abstract. A dam breach is one of the most dangerous hydraulic incidents,
capable of causing large-scale flooding and significant damage to settlements,
infrastructure, and the environment. With the growing number of hydraulic
structures and increasing climate-related risks, accurate modeling of such events
has become an urgent and relevant task. This study presents a numerical simulation
of flood propagation based on the reconstruction of the historical dam failure at the
Voroshilov Reservoir (Almaty Region, Kazakhstan), carried out using the Flood
Simulation module in ArcGIS Pro 3.4. The Flood Simulation module is based on
the shallow water equations and includes hydrodynamic modeling of flood wave
propagation, taking into account high-resolution terrain topography. The input
data for simulating flooding near the Voroshilov Reservoir consisted of a high-
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precision digital elevation model (DEM) constructed from LiDAR data collected
by an unmanned aerial vehicle (UAV). Two flood scenarios were modeled: the
first recreated the parameters of the actual event, in which the reservoir was
filled to about half capacity; the second represented a hypothetical situation
in which the reservoir was completely full. In both cases, visualizations of the
flood development stages were generated. According to the results of the second
scenario, the consequences of flooding could be more severe, with the nearby road
submerged and floodwaters approaching the highway and adjacent buildings. The
results confirm the effectiveness of using LiDAR-derived DEMs and demonstrate
the practical applicability of the Flood Simulation module for risk assessment,
flood mapping, and planning damage mitigation measures.

Keyword: LiDAR data, digital elevation model, dam failure, flood modeling,
hydraulic structures
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Annoramusi. Cy Koiimacel OereriHiH Oy3bUTyBI —  eJJiMEKeHAepre,
WHQPaKYphUIBIMFA >KOHE KOpIIaFaH OpTara alTapiblKTail 3ajal KenTipeTiH,
AyKBIMJIbI Cy TaCKBIHBIHA OKEJICTIH €H KayiNTi TMAPOTEXHUKAIBIK allaTTapabiy Oipi
OoubIr TaObUIAABL. [ MAPOTEX HUKABIK KYPBUIBICTAP CAHBIHBIH OCY1 XKOHE KITUMATThIK
TOyeKeNACPAiH apTybl MYHAAl amaTTapIblH CalAapblH 19N MOACIBACYIl ©3€KTi
MiHzaeTke aliHanabipyna. Ockl 3eprreyae Kasakcran PecmyOnukachiHblH AnMaTsl
OOJBICBIHAA OpHaIacKaH BopomminoB cy Koiimackl OereTiHiH Tapuxu Oy3bUTYBIH
KaJmbiHa KenTipe oTeipbin, ArcGIS Pro 3.4 6arnapnamaceingarst Flood Simulation
MOJTyJTi KOMETIMEH cy 0acy yzepici canabik Typae MoaenbaeHi. Flood Simulation
MOy Tasi3 Cy TeHACYJIEPiHE HET13/1eITeH JKOHE CY TACKBIHBI TOJIKGIHBIHBIH TapaTybIH
KOFapbl JONIIKTEr1 kep Oemepi penbediH eckepe OTBHIPBI THAPOINHAMUKAIBIK
MOJICTIBICY/Il JKy3ere achlpajbl. BopommioB cy KoMMachl MaHbIHIAFbl ayMaKThIH
cy OacyblH MopesbJey YLIH OacTamkpl AEpPEeKTep pPETiHAE YIIKBIIICHI3 YIIy
anmapaTbl apKpUIbl allbIHFaH JUAAPIBIK TYCIPUTIM HETi3iHAe KYpBUIFaH YKOFapbl
JOIIKTETT UQPPABIK penbed MOoJeNi KOJNJIaHBUIABL. 3epTTey OapbIChIHIA €Ki
clieHapui ecenTenai: OipiHIIiC] Cy KOWMACHI KapThUlal TONTHIPBUIFAH Ke31€ OPBbIH
aJIFaH HaKThI JKaFaipl KaiiTa jkacanipl, ajl eKiHIICI — Cy KOMMACBIHBIH TOJBIK
TOJYBI JKaFJalbIHIAFbl TUIIOTETUKANBIK KaFaaiapl Moaenbaeni. Exi skarnaiina na
Cy TacKbIHBIHBIH J1aMy Ke3eHJepi KopHeKi Typlle OeifHeseHin, eKiHIIi cleHapuiiae
Cy JIeHTeHiHIH KeTepilyi »KaKblH MaHJaFbl aBTOMOOWIIb OJIBIHBIH CY aCThIHJA
KaJlyblHa KOHE TYPFBIH YiJiepre >KakplH OpHallaCKaH ayMakTapra Kayill TOHyiHe
OKeNlyl MYMKIH €KEeHi aHBIKTaJbl. AJIBIHFAH HOTHIKENEep JUAAPIBIK JIepeKTepre
Heriznenred LIMP xonpanyasiy THiMainiria xoHe Flood Simulation moxyniHig cy
Oacy KayrmiH Oarasnay, Cy TaCKbIHBI KapTaJlapblH KYPacTHIPY JKOHE 3alal/ibl a3alTy
apaxapblH )KOCHapiay iCiHAe TOKIPUOSTIK MaHBI3IbUIBIFBIH JIICIICH/TI.

Tyiiin ce3nep: muaap TycipiniMi, )KepaiH CaHABIK YITiCi, 06TeTTiH OY3bLTYHI, CY
TaCKbIHBIH MOJICNb/ICY, THAPOTEXHUKAIBIK, KYPBUIBICTAp
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AnnoTtauus. [[popbIB IIIOTHHBI IPeICTaBIIsICT OO0 0OTHO M3 HarnOoJIee OTaCHBIX
THIPOTEXHUYECKUX TPOUCILIECTBHMN, CIIOCOOHBIX BBI3BAaTh MACIITAOHOE 3aTOTIICHHE
W HAHECTH 3HAYMTENBHBIH yIepd HaceJEHHBIM IyHKTaM, UH(pacTpyKType u
OKpysKarouel cpeae. B cBsi3u ¢ pocTOM 4ucia TUAPOTEXHUYECKUX COOPYKEHUH
U YBEIUYECHHUEM KIMMATUYECKUX PUCKOB AKTYyaJlbHOU 3a7a4€il CTAaHOBUTCSI TOYHOE
MOJICJIUPOBAaHUE TIOCIEACTBUN TakuxX aBapuil. B maHHO# pabore Ha mnpumepe
PEKOHCTPYKLUU HMCTOPUYECKOIO pas3pylIeHUs IUIOTHHBI BOpOMIMIOBCKOIO
Bonoxpanwuia (AyMaTuHCKas o0OnacTh, Ka3zaxcraH) HpPOBEICHO YHCICHHOE
MOJICTTMPOBaHME 3aTomieHus: ¢ momorbio Moxyis Flood Simulation (ArcGIS Pro
3.4). Monynsb Flood Simulation 6a3zupyeTcst Ha UCTIONB30BaHUH YPaBHEHUS MEITKOH
BOABl M BKJIOYAET TUAPOAMHAMMYECKOE MOJEIUPOBAHUE PACIHPOCTPAHEHUS
MaBOAKOBOH BOJIHBI C Y4ETOM BBICOKOTOUHOW TONOrpadu MECTHOCTH. BXoAHBIMU
JaHHBIMU JUIs1 MOJICIIMPOBAHUS 3aTOIUICHUS TEpPUTOpHUHN BOIM3U BopommioBeckoro
BOJJOXPaHMJINIIA ABJISUTIACH BRICOKOTOUHASI I (hpOBasi MOJIEIIb pesibeda, TOCTPOCHHAs
[0 JIaHHBIM JIMJIAPHOM CBEMKH C OECIMJIOTHOIO JIETATeILHOTO —arrapara.
[lonmydeHHble pe3ynbTaThl JEMOHCTPUPYIOT A(PQPEKTUBHOCTh HCIONb30BAHMUS
JaHHBIX JIMJAPHOW CBEMKH MPU MOJCIMPOBAHUM DPA3PYIIEHUS IUIOTHHBI C
BBICBOOOX/ICHHEM Bcero 00béMa Bojbl. [IpoBeieHbI pacuéThl 10 JAIBYM CLIEHAPHUSM:
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HEPBBIl  BOCIIPOM3BOMMII pEaJIbHBIC IMapaMeTphl MPOU3OLICANIETO COOBITHS,
KOI7Ia BOJIOXPAHWJIHIIEC OBUIO 3allOJHEHO HAIOJIOBUHY; BTOPOW MOIEITHPOBAI
THIIOTETHYECKYIO CUTYAILUIO MOJHOTO 3arojHeHHs. B 00oux ciydasx MorydeHbl
BU3yaJIU3allMH ATATIOB 3aTOIICHUS, @ [Tl BTOPOTO CLICHAPHS, COTVIACHO Pe3yJIbTaTaM
MOJICIUPOBAHHMS, TOCIIECTBUSI MOIIIN OBITH OOJIee CePhE3HBIMU — C 3aTOIICHUEM
Onvkaiimel aBTOJOPOrH M KPUTHYECKUM NMPUOIMKEHHEM BOJBI K aBTOTpacce U
KWIBIM cTpoeHUsIM. [lomydeHHBIE pe3ynbTaThl TMOATBEPKAAIOT d(PPEKTUBHOCTH
npumeHenust LIMP, mocTpoeHHol Ha OCHOBE JIMIAPHBIX TAHHBIX, H IPAKTUYECKYIO
npumennMocts Monyns Flood Simulation ast oueHkn pucka, TOCTPOCHUST KapT
3aTOIUICHHS Y TUIAHUPOBAHUSI MEPONPUSATHI IO CHU)KEHHUIO yIepoa.

KaroueBble cioBa: nmnapHas chéMKa, udpoBas Moaenb penbeda, MpophIB
TUTOTHHBI, MOJICTTMPOBAHUE 3aTOIUICHHS, THIPOTEXHUIECKUE COOPYKEHUS

Introduction. There are hundreds of thousands of dams and reservoirs
in operation around the world, and their number continues to grow. Despite
the significant benefits associated with reservoirs (energy, water supply, flood
protection, etc.), dam failures occur periodically for a variety of reasons - from
foundation and design errors to overflow, seismic impacts, or spillway failure. The
most severe failures result in a dam failure and the sud den release of a huge volume
of water, causing flooding in the lower reaches. The largest flood in Kazak hstan
in 80 years in 2024 also led to a num ber of dam failure emergencies (https://www.
inform.kz/ru/hroniki-navodneniya-kak-regioni-kazahstana-perezhili-nebivaliy-
pavodok-949756). The events of the past year have shown that in order to avoid
a catastrophic development of events in Kazakhstan, systematic planning of
protective measures is required with the development of maps of possible flooding
in the event of a break through and special plans of action in emergency situations,
providing for monitoring, warning and evacuation systems for the population. A
key role in these prev entive measures is played by numerical modeling of a dam
break through with the calculation of the spread of a flood wave in the event of
a hypothetical destruction of the dam, al lowing for an early assessment of flood
zones, the time of water arrival and other flood parameters for various scenarios
(Ferrari et al., 2023; Gaagai et al., 2022).

There are several approaches to modeling a breakthrough wave — from simplified
calculation schemes to full-fledged numerical models of various dimensions
(Aureli et al., 2024). In practical hydraulics, one-dimensional (1D) models based
on the Saint-Venan t equations (unsteady flow in a channel) are traditionally used.
1D models describe the flow along the main channel of a river, averaged over a
cross-se ction, and have been widely used to assess outb urst floods due to their
relative simplicity and low computational costs. For example, in the work (Mo
et al., 2023) the calculation of the break through wave was performed using the
HE C-RAS software which allows for one-dimensional and two-dimensional
hydraulic modeling, including calculation of water levels, flow velocity and
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flooding (https://www.hec.usace.army.mil/software/hec-ras/). However, the 1D
approach does not take into account the redistribution of flow in the transverse
direction. Outburst floods, especially on flat terrain, are characterized by flow in
many direc tions — water spreads from the breakthrough site, bends around natural
elevations and fills the flo odplain. Modern outburst flood calculations are mainly
performed on the basis of two-dimensional (2D) models that solve a system of
fine-scale flow equations in the horizontal plane. In recent years, 2D modeling has
actually become a standard tool for calculating the conse quences of dam failures
(Peramuna et al., 2024). Two-dimen sional models allow for the flow of water in all
directions and more accurately predict the flood zone on complex terrain. On the
other hand, for a detailed analysis of local hydrodynamic processes — for example,
the flow structure near a dam or the flow around buildings and terrain during a
flood — three-dimensional (3D) models are used, solving the full Navier-Stokes
equation s for an incompressible fluid with a free surface. 3D models typically use
the volume of fluid method to track the water-air boundary and in clude a turbulent
model (Issakhov & Zhandaulet, 2020). Such calculations are extremely resource-
intensive, so the 3D approach is used mainly in scientific research or for individual
critical zones. However, 3D modeling can pro vide the most detailed picture of the
flow (Akgun et al., 2023).

The main input data for such mod eling are Digital Elevation Models (DEM).
The acc uracy and completeness of the DEM data directly deter mine the reliability
of the final models. The formation of a three-dimen sional (3D) surface based on
LiDAR survey data is currently considered one of the most accurate methods for
constru cting DEM and Digital Surface Model (DSM). LiDAR techn ologies are
used to solve a wide range of problems: from the analysis of potential land slide
and rockfall zones to precise mapping of urban areas, forestry, hydrology and
monitoring of relief changes (Mallet & Bretar, 2009; Shan, Jie ; Toth, Charles K. ;
Petrie, 2018).

LiDAR (Light Detection and Ranging) is based on an active remote sensing
method where laser pulses are emitted fr om an aircraft (airplane, unmanned aerial
vehicle (UAV), drone), a ground scanner or other platform, reflected off objects
and received by a detector. By measuring the pulse travel time, the distance to each
point on the terrain is calculated, forming a high-density cloud of three-dimensional
coordinates (X, Y, Z), often accompanied by valu es of the reflected signal intensity
(Chen et al., 2017; Liu, 2008). This tech nology provides accuracy of up to se veral
tens of centimeters, and in some cases even up to the centimeter level, which is
extremely important for tasks related to terrain analysis and modeling of natural
processes such as landsl ides and floods (Chen et al., 2017). The high ac c uracy and
detail of LIDAR data make it possible to solve a wide range of complex engineering
and scientific problems. One example of application is the formation of a highly
detailed digital eleva tion model to assess slope instability, where the res olution of
the resulting DEM directly affects the quality of mapping of potentially hazardous
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areas. This approach takes into acc ount the factors of slope, exposure, as well as
proximity to roads or water bodies, which provides a more accurate forecast of
possible displacement zones (Okoli et al., 2023).

Similarly, when cons tructing a DSM with above-ground objects (buildings,
tree crowns), LIDAR technology makes it possible to more reliably determine the
height of objects, as well as analyze the internal structure of forests by registering
multiple returns. At the same tim e, the accuracy of constructing three-dimensional
surfaces depends not only on the density of the LIDAR survey material, but also
on the selected post-processing algorithms. The presence of vegetation, complex
terrain and structures can complicate the process if the filtering and classification
algorithms are not perfect enough (Chen et al., 2006; Zhang et al., 2016). However,
the active d evelopment of machine learning and specialized software packages
helps to automate many stages of classification and, therefore, facilitates the
construction of correct 3D models (Weinmann, 2016). The enhancement of multi-
se nsor platforms with the addition of photo cameras, thermal imagers, and spectral
sensors makes it possible to add additional thematic layers to the DEM, and it is
possible to switch from a static DEM to dynamic monitoring, when changes in
relief over time (for e xample, seasonal erosion) are tracked with high accuracy
(Marchi et al., 2018; Tarolli, 2014).

The availability of LIDAR imaging technology and accurate surface elevation
data has also expanded their use in flood modelling (Muhadi et al., 2020). And at
the present time, DEM obtained using LiDAR are considered the most reliable for
modeling flooding processes in territories (Papaioannou et al., 2022; Sampson et
al., 2016).

The aim of this study is to model the historical event of the Voroshilov Reservoir
dam failure (Almaty region, Kazakhstan) and examines the results of modeling the
flooding of the territory using the Flood simulation module a vailable in ArcGIS
Pro 3.4. The input data was a high-resolution DEM obtained from LiDAR data
from an unmanned aerial vehicle.

Materials and methods of research. Object of study. Voroshilov Reservoir was
located in the village of Baikent, Ili district, Almaty region (Kazakhstan) and was
used for irrigation of agricultural areas and fish farming.

On March 30, 2024, at 15:50 local time, the Voroshilov Reservoir dam burst.
The water began to flow along the main channel of the Zharmukhamet River, then
flowed into ponds in which all the sluices were open. As a result of the dam break,
the bowls of two lakes downstream along the Zharmukhanbet River filled up. Two
settlements with a total population of over 12 thousand people were at risk of
flooding. Some residents were evacuated (https://tengrinews.kz/kazakhstan news /
proryiv-plotinyi-vodohranilischa-bliz-almatyi-nachato-531327).

Images from the Planet satellite constellation (https://www.planet.com/) on the
nearest available cloudless days before the breakthrough (March 28, 2024) and
after the breakthrough (April 2, 2024) show Figure 1.
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Figure 1 — Voroshilov Reservoir according to Planet: on the left — before the dam burst, on the
right — after the dam burst.

The cascade-type channel Voroshilov reservoir was located on the Boraldai
and Zharmukhambet rivers, 1 km south of the village of Baikent (Chapayevo).
According to information provided by the “Ile” production site of Department
of Water Resources and Irrigation of the Almaty Region, the construction of this
embankment dam dates back to 1910. In 1970, the dam body was reconstructed
with concrete lining of the upper and lower pools.

The total volume of the reservoir was 1.36 million m?, the useful volume was
1.2 million m?, the length of the reservoir was estimated at 3250 m, the width was
75-150 m, the depth was 2.5-5.8 m. An operational road was laid along the crest
of the dam, without fastening. The laying of the upper and lower slopes is 2:1.
The fastening of the upper slope was made of precast reinforced concrete slabs
measuring 1.5 x 2 m in two rows, with a total coverage area of 500 m?, the lower
slope was fixed with grass crops and reed thickets.

The hydraulic structure of Voroshilov reservoir included:

— The earth dam is 180 m long, the height of the dam is 10 m, the width along
the crest is 6 m.

— The spillway structure is tubular (reinforced concrete, | m in diameter),
combined with a water outlet into the Voroshilovsky channel with a capacity of 2.6
m?/s, maximum pressure of 4 m, equipped with a metal gate and a screw lift with
a manual drive.
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— The spillway structure is tubular, combined with a water outlet into the
Komsomolsky channel with a capacity of 200 /s, maximum pressure — 2.6 m,
equipped with a metal gate and a screw lift with a manual drive.

— Asiphon tubular spillway in the dam body with 2 threads, 300 mm in diameter,
with a total capacity of 600 I/s, with a valve installed in the lower pool.

— A catastrophic spillway in the form of a reinforced concrete pipe with a
diameter of 800 mm and a capacity of 1 m¥/s.

According to engineering and geological surveys in 2020, the dam body was
composed of loams ranging from solid to fluid-plastic consistency; at the base of
the dam were light loams ranging from semi-solid to fluid-plastic, which were
underlain by coarse sands with inclusions of gravel and pebbles.

The actual volume of the reservoir immediately before the breakthrough,
according to the Department of Water Resources and Irrigation of the Almaty
Region, was approximately 700,000 m>.

Input data. The main input data for mode ling the breakthrough parameters and
assessing the consequences of flooding is an accurate digital elevation model of the
areas located down stream. In order to obtain the DEM, this project conducted a
survey using a DJI Matrice 350 UAV equipped with a Zenmuse L1 LiDAR, which
is an effective tool for providing 3D data.

Unlike photogrammetry, which uses photography with subsequent approximate
restoration of a 3D model, the LiDAR survey met hod uses laser beams that freely
penetrate any vegetation and allow obtaining a dense cloud of surface points with
reference to coordinates (at a distance of up to 450 m with an accuracy of 5 cm
vertically, 10 cm horizontally).

With a 3-axis stabiliz er and a high-precision IMU (Inertial Measurement Unit),
the DJI Zenmuse L1 LiDAR provides uniform point distribution even at very high
scanning speeds, and can cover up to 2 km? per flight. With th e support of an RGB
camera, this ma kes it easy to reconst ruct an absolutely reliable model in true color
without inaccurate interpretation of the obtained data.

For the Voroshilov Reservoir, the shooting was carried out at a flight altitude
of 30 to 150 meters and included both the empty reservoir bowl and the territories
downstream. In total, 1097 frames were received and processed.

LiDAR survey data was processed using Agisoft Metashape Professional
software (https://www.agisoft.com/). Agisoft Metas hape Professional implements
a set of methods that combine traditional photogrammetric techniques and
modern computer vision algorithms, providing auto mated construction of three-
dimensional models, orthophoto plans and digital terrain models based on a set of
overlapping images.

Attheinitial stage of the program, automatic feature det ection is performed using
robust operators such as SIFT (Scale-Invariant Feature Transform) or its variations,
which allows for correct image matchin g even with significant differences in scale
and orientation. Next, block phototriangulation or bundle adjustment is performed,
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during which both in ternal camera param eters and exter nal orientation elements
(position and tilt angles) are jointly optimized. This iterative procedure minimizes
errors and improves overall accuracy.

The next step is Multi-View Stereo reconstruction, where depth maps are
calculated for each area of the scene from a set of matched images. Combining
the results across all overlapping frames results in a dense point cloud that reflects
the geom etry of the object in high resolution. Noise is filtered if neces sary and
points are automatically classified, allowing the ground surface to be separated
from buildings, vegetation, and other objects. A polygonal 3D model can be
generated from the de n se cloud. Most of the editing of the dense point clou d after
classification was done man ually.

For geore ferencing of the obtained model, work with ground control points and
flight logs, as well as with global positioning systems, is supported, thanks to w hich
a scaled three-dimensional scene is created in the selected coordinate system. Based
on this scene, a DEM is formed, after which ortho-transfo rmation is performed from
the origin al images to obtain an orthoph oto plan. Speci alized algorithms for seam
mosaic and color correction allow you to eliminate gaps and gradient transitions
on the finished orthophoto plan. Additionally, A gisoft Meta shape Professional
has implemented tools for data analysis (measurements, volume calculation), as
well as Python and Java interfaces for process automation and integration with
other software solutions. Figure 2 demonstrates the technological scheme of data
processing in the Agisoft Meta shape Professional software. Each block reflects a
separate stage — from data preparation to the final export of results.
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Figure 2 — Technological scheme of processing aerial images in Agisoft Metashape Professional
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As mentioned above, the processing process includes photo alignment
and building a dense point cloud. Additional functions allow classifying the
point cloud, using ground control points, and optimizing the resulting model
in a given coordinate system. An example of processing is given below on
Figure 3.

Figure 3 — Processing UAV data in Agisoft Metashape Professional software. Point cloud
classification for creating DEM

The point cloud was classified to build the DEM. During automatic classification,
the points lying on the ground are highlighted in brown. If you compare two images
- a colored point cloud (a) and a point cloud with classification (b), you can see that
some objects in the second image are highlighted as relief forms (highlighted with
red ellipses). In such cases, the point cloud was edited manually.

An example of reconstruction of a DSM near the destroyed dam of the Voroshilov
Reservoir, obtained after processing LIDAR data, is presented below (Figure 4).
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Figure 4 — DSM in the area of the dam of the Voroshilov Reservoir

The final DEM with a resolution of 7 cm, obtained from the LiDAR survey data
of the Voroshilov Reservoir and its adjacent territory downstream, demonstrates
Figure 5.
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Figure 5 — DEM of the Voroshilov Reservoir and its environs

103



ISSN 2224-5278 4.2025

The analysis of the obtained DEM showed that the actual volume of water
flowing out of the reservoir bowl was about 472,000 m®. This is explained by the
fact that part of the water in the southern part of the reservoir was not subject to
flowing out and was retained due to the presence of a natural rise in the relief of
the lake bottom. In addition, the estimated volume of the lake of 700,000 m® was
somewhat overestimated, since the process of silting of the reservoir bottom was
not taken into account.

Description of the model used. To simulate the flooding of the territory as a result
of'a dam break using the Voroshilov Reservoir as an example, the Flood simulation
module available in ArcGIS Pro 3.4 (https://www.esri.com/content/dam/esrisites/
en-us/media/technical-papers/flood-simulation-arcgis-pro.pdf) was used. This new
ArcGIS Pro tool allows you to simulate the movement and accumulation of water
in a 3D scene, allowing you to quickly and on the fly create flood scenarios. This
module is based on the use of the shallow water equation within the computational
domain. The main input data for the modeling is the DEM and a file containing data
on the water depth of the simulated reservoir. The module allows you to specify
hydraulic structures elements, such as channels and barriers, and also allows you
to set parameters such as the amount and duration of precipitation in a particular
area of interest. The minimum amount of required input data facilitates startup and
allows you to quickly run various scenarios and visualize the results. This dynamic
scenario planning approach provides a flexible and effective decision-making tool
for developing flood mitigation strategies.

Computational domain and input data. The parameters of the computational
domain were 2750 by 8192 cells with a resolution of 0.259 m, the rotation angle
of the computational domain was 129.69°. The initial simulation configuration is
presented below (Figure 6).

Figure 6 — Initial configuration of the Flood simulation module in ArcGIS Pro 3.4
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The DEM of this region obtained from the LiDAR survey was used as a basis
for flood modeling after the dam failure. To calculate the input file of reservoir
depths (water depth raster), the results of the same survey with available open relief
of the lake bottom were used, but first a change was made to the original DEM
and the original configuration of the dam before the collapse was restored. The
water level was taken as the calculated level of 603 m, which corresponds to the
water line according to the space imagery from the Planet satellite for March 28,
2024 (see Figure 1). This approach made it possible to simulate a flood scenario
using an exact dam collapse configuration. The dam failure occurred in dry weather
conditions, so precipitation data were not added to the model. Two channels, 3.5
and 3 m in diameter, were added to the computational domain to simulate the real
situation of the existing riverbed configuration passing under roads in the form of
culverts or waterways. The simulation period was set as 8 hours. In order to take
into account, the water volume of about 145,000 m?, which was not included in the
computational domain, and to take into account the constant inflow of water along
the river, 7 additional sources were specified.

Results. The study included modeling based on two scenarios. The first scenario
reproduced the parameters of a real event in which the reservoir was filled to
approximately half of its capacity. The calculation results of first scenario for every
40 minutes from the moment of the dam break are presented below (Figure 7).

Figure 7 — Results of flood modeling due to the break of the Voroshilov Reservoir dam
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The simulation showed that 6 hours after the start of the simulation, the
Voroshilov Reservoir was almost completely empty, with the exception of the
southern part of the lake, separated by a natural barrier in the form of an increase
in the bottom relief.

The main flow went along the river bed and did not affect the buildings. Also,
no overflow of water onto roads in places of culverts was recorded. The results of
the simulation correspond to eyewitness accounts that the main volume of the lake
flowed out in 5-6 hours, the water went along the existing river bed, overflows on
roads, flooding of buildings and structures were not observed.

In the second, hypothetical scenario, it was assumed that the reservoir was filled
to its full design capacity. For this scenario, a new depth file was obtained, based on
the fact that the water line corresponds to the mark of 604.5 m. To account for the
volume of water outside the calculated area, the indicators of 7 additional sources
were increased to obtain an additional volume of 233,000 m°.

The simulation results, which demonstrates Figure 8, showed that with this
reservoir volume, the first bypass channel cannot cope with such a volume of water.

1
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Figure 8 — Results of flood simulation for the full reservoir scenario

After 2 hours and 20 minutes from the start of the breakthrough, an overflow
begins onto a dirt road, after 2 hours and 40 minutes the road above the river bed
is completely covered with water and the water approaches the nearest buildings.
Further modeling of the dynamics of flooding of the territory led to a critical
approach of water to the highway, but without overflow and the main flow went
along the river bed.

Discussion. The results of the simulations emphasize the critical role of reservoir
volume in shaping the extent and severity of downstream flooding. While the first
scenario showed limited consequences and matched historical observations, the
second scenario illustrated how a fully filled reservoir could dramatically increase
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flood risk, affecting infrastructure and nearby settlements. The Flood Simulation tool
in ArcGIS Pro proved to be highly effective for modeling different flood scenarios.
Its ability to visualize the dynamics of flooding with spatial and temporal detail
makes it particularly valuable for emergency planning and risk communication.

Although this study did not incorporate parameters such as infiltration or
evaporation, the tool allows for these and other customizations in future analyses.
Including such factors would further improve the model’s realism and reliability
under varying climatic and hydrological conditions. This study demonstrates the
potential of combining LiDAR-derived DEMs with modern GIS-based flood
modeling to support informed decision-making in the design and management of
hydraulic infrastructure and civil protection systems.

Conclusion. Formation of a 3D surface based on LiDAR data is a powerful tool
both in scientific research and in applied tasks. Complex data processing allows
to build highly accurate DEM/DSM, and further analysis to determine important
relief parameters and modeling of various processes using them makes it possible
to assess the risks of natural and man-made processes and ensure effective planning.
At the same time, detailed DEM based on LiDAR data can significantly improve
the quality of spatial assessments and forecasts. Reconstruction of the historical
dam failure that occurred on March 30, 2024, by modeling the flooding of the
territory adjacent to the Voroshilov Reservoir demonstrated the effectiveness of
using a high-resolution DEM obtained from LiDAR survey data. The modeling
results showed that the main volume of the lake flowed out in 6 hours, the water
went along the existing river bed, without spilling onto roads and flooding buildings,
which corresponds to the chronology of the development of real events.

Modeling a hypothetical scenario of events developing when the lake is
completely filled showed that in such a case, an overflow onto the nearest road
would be possible, with water coming critically close to the road and to nearby
buildings. The simulations conducted in the Flood simulation tool from ArcGIS
Pro showed that although this module does not replace more complex engineering
models, it does offer a quick and convenient way to test various scenarios and can
be used as a real-time decision-making tool in the planning and design of hydraulic
structures.
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