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HNEPEJMOBA

VHoui, 6 uepBHa 2023 p., pociiCBKHMH OKYNAIIHHUMH BiliChbKaMH  3/1HCHEHO
migpus Kaxoscekoi rigpoenexrpocranuii (CEC). 3pyiinoBano rpebmo, nepecraio
ICHYBaTH BOJIOCXOBHIIE 3aBI0BKKH 240 KM, 1110 oxommoBano miomy nonan 2 000 km?
Ha TepuTopii TPLOX obnacteill — 3anopizekoi, JHINPONeTPOBCEKOT Ta XePCOHCHKO.

ExcTpeHe ckMmaHHA BOOM YHACHiIOK pyiHYBaHHA Tpebni mpH3BENO 0
JUOJICHKUX IKEPTB, 3aBJAJI0 HAJ3BHYANHOI LIKOJH EKOHOMILl KpaiHH Ta eKoIorii
npulieriux perionis. ¥ 3oui jmxa onuHuiocs 6muszsko 16 000 miogeit, 3artorieHo
noHas 80 HaceJeHHX IMyHKTIB.

Kaxosceka TEC Mana BaKIMBE 3HAYEHHA Ui BOJOMNOCTAYAHHS [iBJCHHOI
Ykpainu. Ywacmimok i1 pyiiHypaHHs 0e3 jpKepen BOJAM ONWMHHIMCH 3pOINYBATBLHI
cuctemu Ha mwiomi 5 800 kM? CUIBLOCIYTi/b, HA AKUX BUPOLLYBANOCS GIU3LKO IBOX
MLIBHOHIB TOHH 3€pHA Ha PIK, IUI0J00BOYEB] KyJILTYPH TOLIO.

Enextpuka, mo Bupobasnacs cTaHUi€r0, Biirpasana MOPiBHAHO HEBEIHKY POJIb

B eHepreruui VYkpainu, npore pobora Kaxoscokoi 'EC perymopana wactory B
EHEProcucTeMax, 3riaLKyouN MiKH CTIOKMBAHHA Y XepcoHChKiil, MuKomaiBCchKil Ta
3anopizbKiii o6nacTax.
J0 BHBYEHHsi curyauii Ta il npobnem Biapaszy akTHBHO IiJKIIFOYUIMCH BIAIOBIIHI
BITUH3HAHI BigoMcTBa i ycraHoBH. 3okpema, B HAH VYkpaiam Gyma cdopmopana
poboua rpyna 3 aHanizy Hacmiaxie pyiinyeanus rpebni Kaxoecwkoi I'EC, mo cknany
AKO1 YBIHIITH HAayYKOBIII 3 PI3HHX CrEIiaTbHOCTEH — TiIPONOTH, TiJIpOMETE0PONIOTH,
€KOJIOTH, €KOTIJPONOrH, €KOHOMICTH, CHEMiallicTH 3 eHepreTHKH, MaTeMaTHUHOTo
MOJIE/IIOBAHHS CUTYaLi TOLLLO.

PREFACE

On the night of June 6, 2023, the Kakhovka dam was blown up by therussian
occupying forces. The dam was destroyed, and the reservoir, which had a length of
240 km and covered an area of more than 2,000 km? of the territory of three regions —
Zaporizhzhya, Dnipropetrovsk, and Kherson, ceased to exist.

The catastrophical release of water due to the dam destruction led to human
casualties, causing extreme damage to the economy and the ecology of the surrounding
regions. About 16,000 people were in the disaster zone, more than 80 settlements were
flooded.

Kakhovka dam was important for the water supply of southern Ukraine. As a
result of its destruction, the irrigation systems mmepmt 5,800 km? of agricultural land,
on which about two million tons of grain per year, fruit and vegetable crops, etc. were
grown, were left without water sources.

The electricity produced by the station played a relatively small role in the
energy sector of Ukraine, however, the operation of the Kakhovska dam regulated the
frequency in the power systems, smoothing out consumption peaks in the Kherson,
Mykolaiv, and Zaporizhzhia regions.

Taking into account the scale of the disaster and the need to minimize its
consequences, relevant domestic departments and institutions immediately joined the
study of the situation and its problems. In particular, the National Academy of Sciences
of Ukraine formed a Working group on the analysis of the consequences of the
destruction of the Kakhovska dam, which included scientists from various specialties —
hydrologists, hydrometeorologists, ecologists, ecohydrologists, economists, specialists
in energy, mathematical modeling of situations, etc.




Kimsxoma incturyramu HAH Ykpainm 6yno opraHizoBaHO MOJBORI €KCTIEAUIIIT
y paiton kolmiHeoro KaxoBcekoro BOJOCXOBHINA Ta HOrO 3aTOK 3 METOK) BUBYCHHS
0i10(i3M4HUX Ta I'e0eKONOriYHHX [POLECIB, MO BifOYBaIOTHCH BHACIIAOK OCYILEHHS
KaxoBchKOT0 BOMOCXOBHINA. ¥ X0l eKCIeAuIlii OLIHIOBABCA CTaH TAMTEIIHBOI (hIIOpH
i hayHu, HagaBanKcs reo0OTaHIuHI OLIHKH, BIIOUpalHcs podu Ha reoXiMilo IPyHTIB 1
MPUPOAHUX BOJ TOIO. Alle MOXKIHMBOCTI NPOBEIEHHS CHOCTEPEkEHb Ta BUMIPIOBaHb
in-situ Oyiu pocuth oOMexeHuMH, 00 JOBKOJIA BOAOCXOBHIIA H Joci igyTs Gof, a
JIHIPOM MPOXOIUTE NiHiA GPOHTY.

Y [pejiCTaBICHOMY 4YHTa4y BHIAHHI MICTATBECH PE3Y/LTATH IUCTAHLIHHOIO
BrRueHHS KaXxoBchkkoi KatacTpopm 3 aHamizom T HacHiJKiB HAa OCHOBI JaHHX
CYIYTHUKOBOI 3HOMKH.

bazoeuii Matepian cTpykrypoBHMH ¥ 4 pozminu. Poszmin 1 MicTHTh icTOpHKO-
re0eKOIOTIYHMH OMMC MIBISHHOTO perioHy Ykpainum., CTHCIO po3risgarThes icTopis
3aceleHHss 1 ocBoeHHs  teputopii  Ilpuaminpos’s, oOcraBuHH — 10OYI0BH
rimpoenexTpocTtanuii Ha p. [Hinpo y paiioni M. KaxoBka i cTBOpeHHsS BOIOCXOBHIIA.
Omnucyerses reosoriyna Oy1oea repuropii fonuuu Juinpa.

VY poznini 2 mpencrapieHa XpOHOIOTiA MOMAIH 3 TEPOPUCTHYHOTO PYHHYBAHHSA
Kaxogsceskoi FEC pociiicekumu BIficbKaMH, IIPOJEMOHCTPOBAHO HACIIAKH 3aTOILICHHS
HACEJIEHMX MYHKTIB Ta IH(pPacTPyKTYpH, HaJaHO OIIHKH BIUTMBY 3aTOMJICHHS Ha
[IPHPOJOOXOPOHHI TepHTOpil HuWKHBOro Jninpa, cran Bojx [Hinposceko-bBysskoro
numany Ta akBatopil Hopnoro mops. Takoxk moka3aHO CTaH CiTbCHKOTOCHOAAPCHKHX
yrijb y Mexax odlacteii, o nocTpaxiaiy Bl 3aTOILICHHS.

Posmin 3 npucBsueHWil NWTAHHAM JMHAaMik#  ocywieHHs Kaxoscbkoro
BOJIOCXOBHIIA BHACTI/IOK MiApUBY AambOu. OmrcaHa METOAMKa OLIHIOBAHHA 3a JaHHMH
KOCMIYHOT 3HOMKH JHHAMIKH Ba)IJIMBHX (hi3HYHHMX MapaMerpiB, 1I0 XapaKTepH3YIOTh
MpoIIeC OCYNIEHHSA BOJOCXOBHINA, & caMe — TEMTIEPaTypPH i BEereTalliiiHoro iHIeKcy.

Y posmimi 4 oOroBoplolOThCH  ANBTEPHATHBHI  BapiaHTH — MOMKIIHBOIO
maiibyrusoro Kaxoscokoi I'EC. HaBoasThes sK NO3UTHBHI, TaK 1 HEIaTHBHI HACHIIKH
BiJIHORJIEHHS TiIPOENEKTPOCTAHIIIT i BOJOCXOBHIIA,

Despite the ongoing battles and the front line running through the Dnipro,
several institutes of the National Academy of Sciences of Ukraine undertook field
expeditions to the area of the former Kakhovsky Reservoir and its inlet. These
expeditions were aimed at studying the biophysical and geoecological processes
resulting from the drainage of the Kakhovsky Reservoir. The condition of the local
flora and fauna was assessed, geobotanical assessments were provided, and samples
were taken for the geochemistry of soils and natural waters, among other things.

The publication presented to the reader is a significant contribution to the
understanding of the Kakhovka disaster. It contains the results of a unique remote
study, conducted using satellite survey data, which provides a comprehensive analysis
of the disaster's consequences.

The primary material is structured in 4 sections. Chapter 1 contains a historical
and geoecological description of the southern region of Ukraine. The history of
settlement and development of the territory of the Dnipro region is briefly considered.
The circumstances of constructing a hydroelectric power station on the Dnipro River in
the area of the city of Kakhovka and creating a reservoir are considered. The geological
structure of the territory of the Dnipro valley is described.

Chapter 2 presents the chronology of events from the terrorist destruction of the
Kakhovka dam by Russian troops. It demonstrates the consequences of the flooding of
settlements and infrastructure and provides estimates of the impact of flooding on the
nature conservation areas of the lower Dnipro, the state of the waters of the Dnipro-
Buzka estuary, and the Black Sea. Also shown is the state of agricultural land within
the flood-affected regions.

Chapter 3 is devoted to issues of the dynamics of drainage of the Kakhovsky
reservoir after the dam's detonation. The method of evaluating the dynamics of main
physical parameters characterizing the reservoir's drainage process, namely
temperature and vegetation index, is described based on data from space surveys.

Chapter 4 discusses alternative options for the possible future of the Kakhovska
dam. Both the positive and negative consequences of restoring the hydroelectric power
plant and reservoir are given.




PO3JLI 1. ICTOPHUKO-TEOEKOJIOT TYHU OITUC PETTOHY

Ictopis zacenenns i ocBoeHHs TepuTopil Hiwkaboro [lpuaHinpos’s Mae He ofHE
tacagoniTTa. Jltonckki moceneHHA TYT BMHMKANW B3IOBK MoiauHH [[Hinpa Ta fioro
[IPUTOKIB 1IE 3 4aciB HeouniTy. JJOHUHI y MICLSIX, 3pyYHIX [UIS [IEPELPaBH 3 [IPaBOro Ha
niBui Oeper /lninpa, cepen ruraBHiB, 10 pO3KHHYIHCA Bim 0. XopTHi (3anopixcks) 10
Tasancekoro ocrposa (6ins micra Bepucnag), € ciiiu iCHYBaHHS TAKHX IOCEIEHbL
(puc. 1.1). CopusiTauBi MPHPOIHI YMOBH i 3pyuHe MICIE PO3TAUIYBAaHHS HA TIEPETHHI
TOProBHX LUIAXIB CTall HA KOPUCTL 3aceienHs periony. Lls repuropis cnpuilMaeThes
ictopukam# sk 30Ha “Bennkoro Kopaony” (reorpadiunoro i coniansHoro) [1].

3 npajaBHIX 4aciB HAM JIMIIMIIACA ICTOPHYHI HA3BH el MmicueBocti — [uke
none, Cyxuii Cten, llapuna (He3aiimanmii cten), Benukwmit JIyr (3amnaBa i HH3BKI
tepacu [uinpa). Tak, na nisomy Oepesi Hduinpa, naenporu cydacnoro Hikonos
mictutbes Kam’suceke [opoauine, ske BuYeHI BH3HAIOTH 3a AJAMIHICTPATHBHUIA,
TOproBui, peMicHH4Hil 1eHTp ckiepkoi mepxaru [V — III cr. go H. e., a Takox
nocenenuam ckiie 6ins cin Kanyniska i [Mokposeske [2]. Vaposx Geperis Juinpa
3HAXOIOUTKLCA OJHE 3 HAHOIBIINX 30CepeKeHb CKICEKMX MOXOBANBEHUX MaM ATOK V—
III cr. no H. e. HaliBizoMmimumy Ta BU3HauHMMM KypraHamu Crenosoi Ckidii e
Yopromimk, Toecra Moruna, CoGonesa, babuna, osra, Anekcannponons, Coloxa,
Ory3 To1o, M0 BiIKPHIH HaM YHIKaIbHI 3HaxXiIKH Tiel qo0u. 3aranom y3nosx OeperiB
Juinpa HUHI HamgyeThes O/M3bK0 TUeA4l Kypranis. Ha nqymky 6ararbox 10cCiiIHUKIB,
came TYT JIOKali3yeTbes cKihebkuii 'epoc — Miciie moxoBaHHA CKiICBKHX 1LIapiB, HI0
ACKPABO OIHCAHE JaBHOrPELBLKUM icTopukoM [epogoTom.

3 xinmg 1V c1. mo H. e. Bemmka Cxidist 3aHenamae i ctae apeHoro, Jie TIOYeproBo
3MIHIOIOTECSH [UICMEHA — CAPMATCHKI, YEPHAXIBChbKI, aHTH, allaHW, IIEUEHIrH, I10JIOBLI.
AKTHBHE OCBOEHHS IIOJHHOI0 MIMPOKHX TmpocTopie [lpunHinpor’s BigbyeaeThcs
[IPOTArOM HEoliTy — OpoH30BOI J0obH, NPO LI0 CBin4aThs OaraTovUcebHI apXeooriyHi
3HaxXigkM, Bimkputi Ha Oeperax bimozepcekoro mumany, B ypouwini Jlunca [Nopa y c.
Bacunieka, Ha Mamaii-ropi — BucounHi 6ing ¢. Benmmka 3nam'sska [3].

CHAPTER 1. HISTORICAL AND GEOECOLOGICAL
DESCRIPTION OF THE REGION

The settlement and development of the territory of Lower Dnipro have been
going on for more than one millennium. Human settlements appeared along the Dnipro
valley and its tributaries since Neolithic times. To this day, traces of the existence of
such settlements are found in places convenient for crossing from the right bank to the
left bank of the Dnipro, among the shoals stretching from the island of Khortytsia
(Zaporizhia) to the island of Tavan (near the village of Berislav) (Fig. 1.1). Favorable
natural conditions and a convenient location at the intersection of trade routes favoured
the settlement of the region. Historians perceive this territory as a zone of the Great
Border (geographical and social) [1].

From ancient times, we have historical names left — Dyke Pole, Dry Steppe,

Tsarina (pristine steppe), and Velikiy Lug of Grand Meadow (floodplain and low
terraces of the Dnipro). So, on the left bank of the Dnipro, across from modern
Nikopol, there is Kamianske Gorodishche, which scientists recognize as the
administrative, trade, and craft centre of the Scythian state of the 4th — 3rd centuries
B.C., as well as Scythian settlements near the villages of Kapulivka and Pokrovske [2].
Along the banks of the Dnipro is one of the largest concentrations of Scythian burial
monuments of the 5th - 3rd centuries B.C. The most famous and significant burial
mounds of Steppe Scythia are Chortomlyk, Tovsta Mohyla, Soboleva, Babina, Dovga,
Alexandropol, Solokha, Oguz and others, which revealed to us unique finds of that era.
In general, there are now about a thousand barrows along the banks of the Dnipro.
According to many researchers, it is here that the Scythian Heros is located - the burial
place of the Scythian kings, which was vividly described by the ancient Greek historian
Herodotus.

Great Scythia declined and became an arena where the Sarmatian, Chernyakhiv,
Anti, Alan, Pecheneg, and Polovtsy tribes changed from the end of the 4th century B.C.
Active human development of the vast expanses of the Dnipro region took place during
the Neolithic - Bronze Age, as evidenced by numerous archaeological finds.g
on the shores of the Bilozersky estuary, in the tract of Lysa Gora in the
village, on Mamai Gora - a hill near the village. Velika Znamyanka [3]
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3 X cT. H. €. eKOHOMIYHA Ta MONiTHYHA 3HauymicTe [IpuaHINpoR’a 3aBAAKH
CBOEMY reorpaiqHOMY I[IOJIOJKEHHIO 3poctac. Y [epio] CTAHOBIEHHS 1 PO3BUTKY
Kuiscbkoi Pyci st Teputopis craia BasIIMBEM €TaroM CJIOB’SHCLKOI KoJoHI3auli Ha
niaeHs 10 Yoproro mops. Hwknaim [Ipuasinpos'sM npoasraioTe 3HAMEHHTI TOPTOBI
LuLEXy “13 Bapar y rpekn”’, Uymauskuii, Mypascekuii, Hopuuit nuisixu. 3 xings XV cr.
Hiokde JIHinpoBcekux moporiB Big p. Camapu ta 0. Xoptumi ta Ha Oeperax p.
Bazasnyx, Kam'suku, TomakiBku, IHIIPOBCLKUX OCTpoBax y miasHsx Benuxoro Jlyry
3BOJIATHCA KO3albKi yKpirmmeHHa — “3aciku”, “Ciui” (puc. 1.2).
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From the 10th century AD, the economic and political weight of Dnipro, due to
its geographical position, has grown. During the formation and development of Kyivan
Rus, this territory became a critical stage of Slavic colonization south of the Black Sea.
The famous trade routes “from the Varangians to the Greeks”, the Chumatsky,
Muravsky, and Black routes, pass through this territory. From the end of the 15th
century, below the Dnipro Rapids from the Samara River and Khortytsia Island and on
the banks of the Bazavluk, Kamianka, and Tomakivka rivers, along the Dnipro islands
in the floodplains of the Veliky Lug, Cossack fortifications — “zasiks” and “Sichs”
were erected (Fig. 1.2).
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Fig. 1.1. Archaeological cultures and monuments of the Lower Dnipro region
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Puc. 1.2. Kaprocxema “Benuknit JIyr 3anoposskuii” / 3a B.A. Habauenkom, 2006 Fig. 1.2. “Great Zaporizhzhya Meadow” map-scheme / by V.A. Chabanenko, 2006




3anopospka Ci4 — 1€ CYCHITBHO-TIONITHYHA Ta BIHCEKOBO-aMiHICTPaTHBHA
oprasizauis ykpaiHcekoro kosauresa. Banomx nomunu [uinpa y pizmi nepionu
posmintysanucs Ttaki 3anoposski Ciui — Xopruuska, Tomakiscbka, baszaenyubka,
Mukutnacbka, Yoprommumbka, Kam’ssHebka, Onemkieeska, Hopa Cid, ski mpoTtsirom
JBOX CTOMITH BHOCHIIM ICTOTHI @HTPOIIOTEHHI 3MIHH Y JaH A ToreHes uiel Tepuropii
(ykpinneHHs, BaaH, BUpyOKa OaiipauHuX Ta 3amiaBHUX JiCiB, 3aMillleHHsS Oi0IEHO3IR).
IcnyBannst 3anoposskux Ciueit Ta Kosaursa na semuisx [Ipuaninps's crany sickpaBsolo
CTOPIHKOI JUIs CTAHOBIEHHA 1 ocBoeHHA miei Teputopii B XVI — XVIII c1. Mexi
KO3aLLKHX BOIBLHOCTEH, npupoay, nodyr, couiajibHi BIIHOCHHH HaHKpalle Onucas
YKpaiHCBKHil yueHHi-icTopuK, eTHorpad, akagemik Jmurpo SBOpHHIBEHMIT ¥ TpBOX
tomax “Icropii 3anoposekux Kozakis” Ta “3anopoxkbe B OCTarkax CTapuHbl W
npenaHusx Hapona”, mo Oyam HaapykoBadi y 1892 — 1899 pp. [4, 5]. ¥ poborax
Hdvutpa SBopHmiumbkoro, Amnmonmona CkanbkoBchkoro, IBanwa Kapemina, Ampiana
Kamenka, Bikropa Yabanenka onucana npupoxa XVIII cr. msoro kparo. Humu
migMiveHa TocTiiiHa mpupoaHa mepebymoBa mopdomorii rigporpadiyHoi Mepexi Ta
repepopMyBaHHg OCTPOBIB ¥ Mekax jponuuu JlHinpa — 3MiLIEHHS pyclla, PyKaBiB,
MpOTOK, po3MuB Oeperis [6 — 8].

3 cepenunu XVIII cr. 3HA4HO 3pOCTalOTh TeMIU MUpHOro “ocsocHus” Crery
(3a0ynoBa, pO30pIOBaHHA TONIO) 1 3aKNamae€Thcs HOBHH THI TOCHOAAPCHKOrO
JICOBIIHOBIIGHH (IApKH, CaJH, JICONOCAJKH), BOAOPETyIIOBaHHs (CTABKH, 3ararT,
BomoBinBeneHHs). A Bwe y XIX cr. BigOyeaerscs mmpoxomMacmTabHE OCBOEHHS
tepuropii Huxusoro Ilpuaninpos’s, a came OCBOCHHS UIIMHHHX CTEHOBHX
[IPOCTOPIB, CIOYATKY IOMILIMKAMH JUIS TBAPHHHHUITBA (BIBYAPCTBO), @ MOTIM 1 JUis
pimeHunTBa.  Hampukinmi  XIX  cr.  BinOyBaeThcst TNpOMHMCIIOBE  OCBO€HHA
Hikononscekoro Maprasuesopyauoro Oaceitny, Kpusopizskoro sanizopyiHoro
OaceiiHy, M0 [Jal0 TIOTY/KHHI MOMITOBX IHAYCTPIAJbHOMY PpO3BHTKY TEPHTOPIl
Huusoro [punuinpos’s. s repuropis nepeGysae y 30HI BIUIHBY MpHAY0100YBHUX
[ANPUEMCTB, [POMUCIOBHX 1 eHepreruuHux o0’exriB  3anopixoxs, Hikonoos,
Enepronapy, IlokpoBy, Maprasiro, a Takox MoB’A3aHa 3 MOKIHBICTIO NEPIOJHYHOTO
BIUIUBY 3anopisbkoi mpomucioBoi Ta Mmickkoi arnmomepauii 1 Kpusopizekoro
TEPHTOPIATBHOTO MPOMHCIOBOTO KOMIUIEKCY.

Inel Ta npoexTH WOJO 3aXHCHUX JICOHACAKEHL, 3POIICHHS 1 BUKOPUCTAHHS
THITIPOBCHKOI BOJIH V MOCYIUTMBHX paioHax 3apoxunucs mie B XIX ct. Hecnpustiugi
KJIIMATHYHI YMOBY CTEIOBHX Ta JIICOCTEIIOBHX paiioHiB Ykpainm, mo Habylau nocriis
CHCTEMHOTO XapakTepy, Pi3KO 3HIKYBallH BpOMKAHHICTh 3EPHOBMX Ta IHIIHX
CUIBCBKOTOCHOJAPCEKUX  KYNIBTYp, 3aBJAOYH  BEIHKHX  30WTKIB  CLIBCHKOMY
roCroAapcTBy.

Zaporizhzhya Sich is a socio-political and military-administrative organization
of the Ukrainian Cossacks. The following Zaporizhzhya Sichs were located along the
Dnipro valley at various times: Khortytska, Tomakivska, Bazavlutska, Mykytynska,
Chortomlytska, Kamianska, Oleshkivska, Nova Sich, which during two centuries made
significant anthropogenic changes in the landscape genesis of this territory
(fortifications, ramparts, felling of floodplain forests, replacement of biocenoses). The
existence of the Zaporizhzhya Sich and Cossacks on these lands became a bright page
for the formation and development of this territory in the 16 — 18 centuries. The
boundaries of Cossack freedoms, nature, life, and social relations were best described
by the Ukrainian scholar historian, ethnographer, and academician Dmytro
Yavornytskyi in three volumes “History of the Zaporizhzhya Cossacks™ and
*“Zaporizhzhia in the Remains of the Old World and Traditions of the People”, which
were published in 1892-1899 years [4, 5]. The nature of the 18th century is described
in the works of Dmytro Yavornytskyi, Appolon Skalkovskyi, Ivan Karelin, Adrian
Kashchenko, and Viktor Chabanenko. They noted the constant natural restructuring of
the morphology of the hydrographic network and the reshaping of islands within the
Dnipro valley — the displacement of the riverbed, branches, channels, and erosion of
banks [6 - 8].

From the middle of the 18th century, the pace of peaceful “development” of the
steppe (building, ploughing) increased significantly, and a new type of economic
reforestation (parks, gardens, plantations) and water regulation (ponds, dams, drainage)
was established. Already in the 19th century, large-scale development of the territory
of the Lower Dnipro region took place, namely, the development of virgin steppe
spaces, first by landowners for animal husbandry (sheep breeding) and then for
agriculture. The end of the 19th century saw the industrial development of the Nikopol
manganese ore basin and the Kryvorizka iron ore basin, which gave a powerful
impetus to the industrial development of the Lower Dnipro region. This territory is in
the zone of influence of mining enterprises and industrial and energy facilities of
Zaporizhzhia, Nikopol, Energodar, Pokrov, and Margants. It is also connected with the
possibility of periodic influence of the Zaporizhzhia industrial and urban
agglomeration and the Kryvyi Rih territorial industrial complex.

Ideas and projects regarding protective afforestation, irrigation and use of
Dnipro water in arid areas originated in the 19th century. Unfavourable climatic
conditions in Ukraine's steppe and forest-steppe regions, which became systemic,
sharply reduced the yield of grain and other crops, causing significant da
agriculture.




OcobnMBO TOCTPO HETaTHBHHUH BIMB NPHPOIHHWX YHHHHKIB TPOABHUBCH Y
[IOBOCHHUH nepiojl, Koy YKpaiHa BUTpUMAala BaxkKy nocyxy 1946 p. i nespoxaii, mo
B HOCAHAHHI 3 NOMITHYHHMH YMHHMKAMH cnpuuunuio ronoa. HosoOynosu, mio
MOB'A3aHI 3 JOKOPIHHOK 3MIHOK TiIPONOro-KIiMaTHYHOIO CTAHY CTEIOBOI YacTHHH
miBaus  Ykpainu, sakiiageHo y peanmizauiio  “Bemukoro craniHchbkoro IuUiaHy
nepeTRopeHHs nmpupomu” y 50-X pokax MHHYIOTO CTOpiuYs, 10 peali3oBYBATIHCA B
HacTYIHUii nepioq [9].

IToctanorotro Kabinety Minictpie CPCP Big 20.09 1950 p. 30608'13aH0:

1. 3pifichuTy noGyOBY 3pOLIYBANLHOI CHCTEMH Ul 3powieHHs 1,5 muH ra i
obBomHeHHs moHad ue 1,7 MAH ra 3eMens y miBAeHHMX paiioHax YkpaiHu
(Xepconceka, Muxonaigceka, 3anopiseka 1 Jluinponerposceka obnacti) Ta Y
miBHIYHHX paiionax Kpumy i cTBOPHTH HOBY TifpoeHepreTHuHy 0a3y Ha p. JHimpo mis
MOCTaYaHHA eNeKTPOeHePril 1 moTped CibChKOTO TOCMOAAPCTBA Ta MPOMHCIIOBOCTI.

2.V Bkazanux obnactax nobGymayeari: rIpoeNeKTpocTaHiin Ha p. Juinpo y
paiioni M. KaxoBka BcraHoBneHoi motyxkHocti y 250 THC. kBT 3 BMpoOmeHHAM
enekrpoeneprii 1,2 mupa kBT / rogun y cepenHii oo BoAHOCTI pik, rpedio,
CYIOXiIHMiT IITI03, BEJTUKE BOJOCXOBHIIE eMHicTIO 14 Mapa M (e nani npo 18,2 m?).

3. Ilepenbauntn y paioHax 3pOLIYBAHOIO 3eMIepoOCTBa, KpiM Tpalui{iiHUX
3ePHOBHX, PO3BHTOK TOCIBIB OABOBHHUKY.

3 4acoM yce NOMITHILIAMM CTAlOTh HEraTHBHI HACHIAKM TAKOl IisUIBHOCTI,
nepeayciM 3ryOHHH BIUIMB Ha JIOBKILIS TiTaHTCHKHX 00’€KTIB, SKHM 0COOIHBO CTANO
cropyzkeHns y 1952 — 1958 pp. Kaxosebkoro sogocxosuma. Opnak yike 3 1956 p.,
AK 3a3HAYEHO Yy JIOKYMEHTaX paJsHCBKOrO ypagy, ~...3BakKalO4H Ha HECTalicTh
BpOXKaiB Yy HEMOMMBHHX yMOBax, GaBoBHOCIIHHS Oyi0 mpumuHeHo”. Xoua yxke Oymm
moOyoeauni omiiiHO-eKCcTpakTHi 3aBoju y Xepconi 1 Menitononi ta XepcoHChKHI
OaBOBHAHMI KOMOIHAT.

BojocxoBrile cTano JKEpenoM JKHBICHHS TPLOX BEIHKHX MaricTpalbHUX
kaname — IliBHidyHokpumcekoro, KpacHoznam’sucokoro ta Kpusopisbkoro i3
posramyxeHHMMH cucteMaMu 3pomeHHs ([TiBHiuno-Poraumncska ta in.). [lonmmua
JHilpa neperBopuiiacs y peryiboBaHy IPOTEXHIYHY cUcTeMYy, Haiibinsmy y €spomni
3a KUTBKICTIO BOAOCXOBHIIL 1 TUIOIIEI0 BOJHOT MOBEPXHI Ta HaWOinbmIMM Ha TOH wac
“mryqyHuM mMopem” — KaxoBcbKHM.

OcHOBHHUMH MOp(hOMETPHIHHMH XapaKTepUCTHKaMH Kaxoscekoro
BOJOCXOBHINA GyIH: 1U101a B010360py — 475000 kM2, wioma Bojoiivuia — 2160 kvm?,
cepemns rimbduHa — 8,4 M, MakcuManbHa TnOuHa — 24 M, nopkuHa — 230 KM, cepeaHs
mupuHa — 9.3 kM, MakcuMaibHa wupHHa — 24 kM, 06’ eM Bojocxosuma — 18,2 km?
Boau. J{na cepenHboro moao BOJHOCTI POKY KOe(ilieHT yMOBHOTO BOZOOOMiHY, IIO
XapakTepH3ye MPOTOYHICTh BOJOCXOBHINA, CTAHOBHIM 2,69 M, a1 OaraToBOJHOTO —
4,77, a Bucora rpebni — 30 m [10].
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The negative impact of natural factors was particularly acute in the post-war
period, when Ukraine endured a severe drought in 1946 and a crop failure, which,
combined with political factors, caused famine. New constructions related to the
fundamental change in the hydrological and climatic condition of the steppe part of
southern Ukraine were laid within the framework of implementing the “Great Stalinist
Plan for the Transformation of Nature” in the 1950s. They were implemented in the
following period [9].

The resolution of the Cabinet of Ministers of the USSR dated September 20,
1950, obliged:

1. Build an irrigation system to irrigate 1.5 million hectares and irrigate more
than 1.7 million hectares of land in the southern regions of Ukraine (Kherson,
Mykolaiv, Zaporizhzhya, and Dnipropetrovsk regions) and in the northern regions of
Crimea and create a new hydropower base on to the Dnipro River to supply agriculture
and industry with electricity.

2. In the specified areas, build a hydroelectric power station on the Dnipro River
in the area of Kakhovka with an installed capacity of 250,000 kW with an electricity
generation of 1.2 billion kWh in an average water year, a dam, a navigable lock, a large
reservoir with a capacity of 14 billion m3 (there are data on 18.2 m3).

3. Provide for the development of cotton crops in the areas of irrigated
agriculture, in addition to traditional cereals.

Over time, such activities' negative consequences become more noticeable. First
of all, the harmful impact on the environment of giant objects was especially prominent
during the construction of the Kakhovka Reservoir in 1952 — 1958. However, as early
as 1956, as stated in government documents, “... due to the instability of crops in non-
irrigated conditions, cotton sowing was stopped.”, although oil-extract factories in
Kherson and Melitopol and the Kherson Cotton Plant had already been built.

The reservoir became a power source for three large main canals — North
Crimean, Krasnoznamyansky and Kryvorizky — and has extensive irrigation systems
(Northern Rogachynsk, etc.). The Dnipro Valley became a regulated hydro-technical
system, the largest in Europe in terms of reservoirs and water surface area, and the
most significant “artificial sea™ at that time — the Kakhovka Sea.

The main morphometric characteristics of the Kakhovka reservoir were:
catchment area — 475,000 km?, reservoir area — 2160 km?®, average depth — 8.4 m,
maximum depth — 24 m, length — 230 km, average width — 9.3 km, maximum width -
24 km, the volume of the reservoir is 18.2 km3 of water. For the average water |
the year, the coefficient of conditional water exchange, which characteris

the dam - 30 m [10].

of W,



Vuacrmigok cnopymxkenHs KaxoBcbKOro BOAOCXOBHMIIA OyI0  3aTOMIIEHO
Benukuii JIyr, axuii caras MicusMu 10 24 kM 3aBumpiuky ta 10 100 kM 3aBIOBKKH.
Biuseko 30 — 40 % pux 3eMelb padillle BUKOPUCTOBYBAIMCS Yy HAPOJAHOMY
rocrnofiapcTri (damranHi KyJaeTypH, TOPOIHMHA, CiHOXKATI, macopuma). Yactkoromy abo
[IOBHOMY BHCEJICHHIO 1 3aTOINICHHIO nijyrano 61uzsko 90 cii i XyTopiB.

ByniBHMITBO IHIMPOBCHKHX TipOENeKTPOCTaHIIN nependavyano BUPOOHUITBO
JEIIEBOT  EJIEKTPOEHEprii, NepeBe3eHHs PIYKOBUM TPAHCIOPTOM BaHTakis 0e3
MepeBaHTaKEHHsA, AKYMYTIOBAHHA BOJHUX pecypciB Ta BHKOPHCTaHHA iX i
3polieHHs Ta NOTped NPOMUCIOBOCTI 1 HacelleHHs, 3a0e3leyeHHs BOJOIO
popomedinuTaux paionie Kpumy i Jloweuunmnan. OpHak Ha TNpaKkTHII HEraTHRHI
CKOHOMI4YHI HAacHiaku OyJIBHHULUTBA JHINPOBCBKOIO TiJIpoOKackamy, 3a JaHUMH
crieniaiicTiB [9], 3HAYHO TTEPEBUIITHIIH TTO3HTHBHI.

3 wuyacom BuUSBHIOCH 0arato HEIOJIKIB 1 TNPOpPaxyHKIB, TIOB'A3aHMX 3
(opMyBaHHAM BOJOCXOBHIIA. 3acTiiiHi 4BHIIA 1 cllabKa NPOTOYHICTL Y CYKYIHOCTI 3
BEIMYE3HHMH, 1 YacTO HEKOHTPOIBbOBAHMMH CKHIAMH TEXHIYHMX NPOMHCIOBHX 1
KOMYHAlILHUX BoOJ y Bouxo3Oipuuit Oaceiin Cepennporo Tta Hmxusoro [uinpa
MPHU3BENH /I0 CHABHOTO 3aMyIIeHHs, 3a0py/JHeHHs IOHHHX OCajiB Ta IBITIHHA BOJH,
[OTIPILEHHS eI1iIeMIONIONTYHOrO CTaHY HaceleHHUX IyHKTIB [IpuaHinpos’s.

OxpiM 3aTonJeHHs BEMUKHX TUIONI POIOYMX 3eMenb mif Bojamu KaxoBchkkoro
BOJIOCXOBHUILA, 3HAYHI TEPUTOpIl ONMUHWIMCA Y 30HI migromneHHs. Bipbynacs
merpaganis MaJux piuoK Ta BOJOTOKIB ¥ APY)KHO-0aNKOBIH Mepexi, CTiK 3 AKHX CTaB
saperynboByeatucs rpebiusmu. @opMyBaHHS BOJIOCXOBUINA NOPYLIWIO JWHAMIYHY
piBHOBAry i npuseeno 1o nepedopmyBanHs Geperis, NATOIUICHHS THPIOBAX YACTHH
MPHUTUTHRIB PIv0K i OAT0K Ta akyMyJsiii Ha THI BOJOCXOBMIIA CXWIOBOTO JIEMIOBIIO Ta
HeOe3IeYHHX aHTPOIIOIeHHO YTBOPEHHX BiJIKIIAJIIB.

[HTEHCHBHMIT PO3BHTOK MPOMHCIOBOCTI, CIIbCHKOTO FOCMOAapcTBa, ypoaHizaiis
1 pospurok y Oaceiini JlHinpa TpaHCHOpTHO! MEpeXi CTAIH NPHYHHOIO XIMIYHOTO
3a0py/AHEHHS BOJ Ta HakonudeHHs HebesneuHoro ocaay Ha ioro aui. Tax, Kaxoscbke
BOJIOCXOBHIIIE aKyMYJIOBAIO HaiOinbmnil 06’eM DOHHOTO ocaxy B yChOMY KacKami
BOJOCXOBHUI 1 BiH € Haibinem 3abpynuenum [11]. IMigsumenss ypizy Boau y
BOAOCXOBHIII HAa 3 — 16 M TNpH3BeNO TakoK [0 PI3KOTO 1 3HAYHOrO TMiTHATTA
BIAIOBIAHUX MicueBux OasuciB eposii. YrBopuiack HoBa Oeperosa IiHis, Oiibiia
YacTHHA AKOi 3a3Haja aKTHBHOTO pyiHyBaHHA. [licns cTBOpeHHS pyKOTBOPHOrO MOps
B YCl HACTYIIHI POKH JIOBOJMIIOCH 3iiiicHIoBaTH MaciuraOui pofoTH, CIpsMOBaHI HA
3axucT i 30epeskeHHs MpuOepeIKHUX 3eMelTh, TIPOBOIUIN OeperoykpinieHHs, OyayBaT
nam0u, HACOCHI CTAHUIT JUIS NEpeKauky BOAH Y HOBO30OY/IOBaHI KaHAIW Ta BOAH P.
bazarnyk y BogocxoBuine. Ilianip BOZOHOCHHX TOPH30HTIR CHPHUMHSRB MiATOIJICHHS
npubepexuux cenunl Ha JliBoOepexoki Ta MIATONNEHHA TMPIOBHX IINAHOK PIiYoOK i
OaloK [0 ychOMY [epuUMETpy BojocxoBuia. Takox YCKIaAHWIACHL EKCIUIyaTaLls
MapTaHIeBHX Kap epiB, YHaciok ix oOBoxHeHHs Ha [1parobepescki BOIOCXOBHIIA.
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The Velikiy Lug, up to 24 km wide and 100 km long in places, was also
flooded. About 30 — 40 % of these lands were previously used in the national economy
(garden crops, vegetable gardens, hayfields, pastures). Up to 90 villages and hamlets
were subject to partial or complete eviction and flooding.

The construction of the Dnipro hydroelectric power stations provided for the
production of cheap electricity, the transportation of goods by river transport without
overloading, the accumulation of water resources and their use for irrigation and the
needs of industry and the population, providing water to the water-deficient regions of
Crimea and Donetsk region. However, in practice, the negative economic
consequences of constructing the Dnipro hydrological cascade, according to specialists
[9], significantly exceeded the positive ones.

Over time, many shortcomings and miscalculations related to reservoir
formation were revealed. Stagnant phenomena and weak flow in combination with
massive and often uncontrolled discharges of technical industrial and communal waters
into the catchment basin of the Middle and Lower Dnipro have led to severe siltation,
pollution of bottom sediments and water bloom, deterioration of the epidemiological
condition of settlements in the Dnipro region.

Significant areas were also inundated, as large areas of fertile land were flooded
under the waters of the Kakhovka Reservoir. Small rivers and watercourses were
degraded in the raft-beam network, the flow of which began to be regulated by dams.
The formation of the reservoir disturbed the dynamic equilibrium. It led to the
reshaping of the banks, flooding the estuarine parts of the inflows of rivers and
streams, and accumulating slope diluvium and dangerous anthropogenically formed
sediments at the bottom of the reservoir.

The intensive development of industry, agriculture, urbanization and the
transport network in the Dnipro basin have caused chemical pollution of its waters and
the accumulation of dangerous sediment at the bottom. Thus, the Kakhovka Reservoir
accumulated the most significant volume of bottom sediment in the entire cascade of
reservoirs and is the most polluted [11]. The increase in the water level in the reservoir
by 3 — 16 m also led to a sharp and significant rise in the corresponding local bases of
erosion. A new coastline was actively destroying. After the creation of the artificial
sea, large-scale works aimed at protecting and preserving coastal lands had to be
carried out in subsequent years. Coastal fortifications were carried out, dams were
built, and pumping stations were built to pump water into the newly constructed canals
and water from the Bazavluk River into the reservoir. The support of aquifers
the flooding of coastal villages on the Left Bank and estuarine areas of
streams along the entire perimeter of the reservoir. The operationof g
quarries also became more difficult due to their flooding on the ri
reservoir.




Exocuctemn BomHHMX O0O’€KTIR Y XOMAI eKCIUTyaTamlil THIAPOEIEKTPOCTAHIIT
3a3Halld  HEraTHBHUX 3MIH Yy rigpoOio/loriyHOMY pekuMi, SKOCTI BOXM  Ta
pUBONPOIYKTUBHOCTI, MNOTIPIUIKMBCS  EMIAEMIONOrIYHUI CTaH HACENEeHHX IIYHKTIB
Ilpunninpor’s. 3pocnM BHTpaTH Ha YKpITUIeHHsS OeperoBoi JIiHIT, PO3YHCTKH
(apearepy Bogocxopuina. Ha noripimeHus exonoriyHoi curyauii 3Ha9HO BIUIHHYIIA
rizpomerniopanis, 00 MTYYHHI MOTHB YOPHO3EMIB € JUTA HUX HIKiZTHBUM, OCKLIBKH 11i
rpyur  copmysanucs B ymoBax nocyuuinBocti. IIpornososani  po3paxyHKH
BU3HAYCHHS IIBHIKOCTI i TPUBAIOCTI MiTHOMY I'DYHTOBHMX BOJ BHSIBUIHCS XHOHHMH
[1i/{ YaC [POEKTYBAHH Me/IOpaTHBHUX poOiT Ta He Bianosiganu AiiicHocti [12].

I'pebns T2 BOmOCXOBHINE ICHYBaJM YNPOAOBK TpHBAIOro Tepiomy i
BHKOHYBAJIH CBOIO OCHOBHY ()YHKIIIO — OTPUMAHHS IEKTPOSHEPTrii Ta HAKOIITHYEHHS
BOH JUTS BOJOMOCTAYAHHS MiBJIEHHOTO Periony YKpainu. Ajle BHACTIIOK BiiiCBKOBOTO
TepakTy pocisH yHoui 6 wepBHs 2023 p. BimOymmcsa migpuB i pyHHYBaHHS mamOwM i
copya I'EC, BojocxoBuina, BHHUKIO KaracTpoivHe MiATOIUIEHHS TepUTOpii HuK4e
rpeGiti Ta iIHTEHCHBHHIA CXi/l BOJIM 3 Yallll BOJOCXOBHIIIA.

Otrxe, B ICTOPUYHOMY IUIAHI MOJKHA BHJALUIITH [E€BHI NEpiogd OCBOECHHA L€l
teputopii [13], TOOTO icTOpHUHI BIXM 3MIHM TPHPOJOKOPUCTYBAHHA 1 3MiHH
[IPUPOIHO-COLIAILHOTO CTAHy JOCHIZKYBAHOIO periony, a came — JaHumadrTHy
OpraHi3alio TepUTOPii Ta BHHHKHEHHS MEBHUX AaHTPOIOTEHHHX KOMILIIEKCIB:

1) nesalimanuii npupoauuil nanamadr — 6 — 8 THC. 10 H. €.}

2) mouaTok 3emiepoOCTBa; TOPOAMING, KYpPraHu —4 — 5 THe. 710 H. €.;

3) nigciune 3eMiepodCTBO, TBAPUHHULUTBO — 9 — 14 T, H. e.;

4) crauioHapHi nocenex s, 3umMiBHuky, ykpimwenss Ciui — XV — XVIII cr.;

5)iHTEHCHBHE  CITBCHKOTOCTIONAPCHKE MOYaToK  BHAOOYTKY
maprauuesux pya — XVII - XIX cr.;

6) OCBOEHHA POJOBHINA, KOJIEKTHBI3allis Ta CYITbHE arpapHe BUKOPHCTaHHA
TepuTopii — nepiua noiosuHa XX CT.;

7) impycrpianizauis, cropeHHs KaXoBcbkoro BOIOCXOBHUIIA, IHTEHCHBHHI
Kap’epHHH BHIOOYTOK Ta 30araucHHs MapraHIeBHX Py, METaIypriiiHa mepepoOxa,
nobynosa 3AEC ta TEC — napyra nonosuna XX cT.;

8) po3naroBaHHA, TIPUBATHHMH KamiTal, pO3IIHMPEHHS BHUIOOYTKY MapraHIno,
3aHenaj] CyAHOIUIABCTBA, 30UILLICHHA EHEpPronoTyKHOCTI, po30yl0Ba COHSYHHX
€IIeKTPOCTaHILii, peKyNbTHBAIlA, O0OpoThOa 3a YHCTY BOAY Ta EKOJOTIYHMH CTaH
periony — repioj HesaueKHOCTI YKpainu.

Y 2014 pp. pd posnouana BiHY nNpoTH YKpaiHH, HacTiKaMH AKOi €, 30KpeMa,
migpus Kaxoscekoi rpeGui, nmigromnenus Huxasoro [uinpa Ta rupiioBoi 4acTHHH,
3a0pynHeHHa Boa YopHOro Mops, CXil BOOM 3 Halli JOKa BOJOCXOBHINA, OKYyTalis
Jlipobepesxoka, Ooitopi maii, bomOapmyBaHHs Ta oOcTpinm, pyiiHyBaHHA OyamiBens Ta
IH(PaCTPYKTYPH, 3MIHA PIBHS [IOBEPXHEBUX Ta M1J3¢MHHX BOJ{ TOLLO.

OCBOEHHS,
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Water bodies' ecosystems during hydroelectric power plants' operation have
undergone negative changes in the hydrobiological regime, water quality and fish
productivity, and the epidemiological condition of settlements in the Dnipro region has
worsened. Costs for strengthening the coastline and clearing the fairway of the
reservoir have increased. Hydromelioration significantly affected the deterioration of
the ecological situation because artificial irrigation of chernozems is harmful to them
since these soils were formed in arid conditions. The forecasted calculations for
determining the speed and duration of groundwater rise were wrong even in the design
of reclamation works and did not correspond to reality [12].

The Dam and Reservoir existed for 76 years and performed their primary
function — obtaining electricity and storing water for the water supply of the southern
region of Ukraine. But as a result of a military terrorist attack by the Russians on the
night of June 6, 2023, the dam and hydroelectric power plant structures of the reservoir
were blown up and destroyed. The area below the dam was flooded, and the water rose
intensively from the reservoir basin.

So, in historical terms, it is possible to distinguish specific periods of the
development of this territory [13], that is, historical milestones of changes in nature use
and the natural and social state of the studied region, namely, the territory landscape
organization and the emergence of specific anthropogenic complexes:

1) pristine natural landscape — 6 — 8 thousand BC;

2) the beginning of agriculture; hillforts, barrows — 4 — 5 thousand BC;

3) field farming, animal husbandry — 9 — 14 centuries AC;

4) stationary settlements, winter quarters, fortifications — 15 — 18 centuries AC;

5) intensive agricultural development, the beginning of manganese ore mining —
18 — 19 centuries;

6) field development, collectivization and continuous agricultural use of the
territory — the first half of the 20th century;

7) industrialization, creation of the Kakhovka Reservoir, intensive open-pit
mining and beneficiation of manganese ores, metallurgical processing, construction of
ZANP and TPP — the second half of the 20th century;

8) de-soldering, private capital, expansion of manganese mining, decline of
shipping, increase of energy capacity, development of solar power plants, reclamation,
struggle for clean water and ecological condition of the region — the period of
independence of Ukraine.

In 2014, the russian federation launched an aggressive war against Ukraing

shelling, the destruction of buildings and infrastructure,
underground water levels, etc.




Omnak He3MiHHMMH abo Mano 3MIHHMMH JIHINAIOThCS MakporeorpadidHi
ocobuuBocti wiei repuropii — reonoriuna OyjoBa, MIMPOTHA 30HAINLHICTb, HPUPOIHI
yMOBU. Y TEKTOHIYHOMY BIJIHOLIEGHHI TepuTopid, wo Oyna niy Bogamu Kaxoscekoro
BOIOCXOBHIIA, TepedyBae Ha MeKi [IBOX BENHKHX TEOCTPYKTYPHHX EJIEMEHTIB —
MBJCHHOTO  CXMIy  YKpailHCBKOro  KpHCTAlN4HOrO  MacuBy  (miura) Ta
ITipneHHOYKpaiHCHKOI MOHOKJIIHAMI, 110 PO3MEKOBYETHCS CYOIIHPOTHOK CHCTEMOK
posiiomiB (KoHkcbkuii) Ta mitonoridHux KoHTakTiB, Mae Miclie NpUIlOBepxXHEBe
3amsiraHAs (DYHAAMEHTY Ha CyOIIMpOTHOMY BIATMHKY Bojocxomwina (Timeku go 0,1
KM) Ta pi3ke 3araubleHHs (YHIAMEHTY HA [IBJCHL Yy cyOMepHAioHAlbHIM, OlIbLI
BY3bKiil IingHII BogocxoBuma ax 1mo 1,2 km (y paiioni Kaxorcekoi 'EC) Ta 2 kM y
MeKax rupiosoi yactuuu JlHinpa. 3a TekroHi4HOIO KapToo Ykpainu (puc. 1.3) [14],
TepuTOpist HamexuTh A0 CepenHBOAHIMPOBCHKOTO MeradloKy Ta  IOBHICTHO
po3TalmioBaHa Yy Mekax 3anopizekoro Onmoky, SKMH Mae  MiBIEHHO-3axiiHe
npoctsirants. Posomu, 1o 4acTKoBO HpiJAKPecIooTs Leit Onok — JlepesyBaTiBehKuil
Ta MasoKkaTepHHIBCEKHIH, 3iCTABNSAIOTBCA i3 3aKaamgaHHaM ponvHM J[Hinmpa Ta MaroThb
TAKMIL ke HanpaM. Y mexax O/I0Ky BUAUIAETLCS CKIAJKa MIBHIYHO-CXIHOIO HAIPAMY
Ha oci Hixomons — Benmka 3HaM’sHKa, Ae KpUCTATIUHI TMOPOIM BHXOIATH Ha
nmopepxuw (banka Mana Kam’suka (Hosonapnicekuit kap'ep), p. bazasnyk ta i
nputoka Kam’suka (ToxiBceknii kap'ep).

Ha wHeoTeKTOHIYHOMY eTami TIEONIONIYHOrO PO3BHTKY MIBHIYHA YacTHHA
BOJOCXOBHINA | TpHIErIa TEPUTOPis XapakTepH3yBajmucs auQepeHIliHoOBaHUMH
MIOLIEHOBUMH OITYCKAaHHSAMHM 1 BITHOCHO CIAOKUMHM [IC/sA NOHTIHCEKUMHM [1IHSTTAMU.
A niBjieHHa YacTHHA, IO THKIE 10 niBHiyHOrO Gopty IlpHUoOpHOMOpPCHKOI 3anauHH,
3a3HaBaa KOJIMBAJIbHUX PYXiB, TOYHHAOUM 3 KPEHAM i 10 HAIIMX JHIB, 13 3arajlbHOIO
TEHJICHIIICIO JI0 3aHYPEHHS HA Cy4acHOMY eTari 1 (popMyBaHHsM noTyxkHOTO (10 1,2 KM
Ha TMiBIHI) MUIMTHOTO MilIaHO-BAMHAKOBOrO Kommekcy mnopia. Ha dopmypanHs
JNOIHHHOIO KOMIUIEKCY Ta pycna JlHinpa BIUIMBAIW JIOKAILHI HEOTEKTOHIYHI
crpykrypu (6i10KH migHATE 1 OIycKaHb) Ta cydacHuii TexroreHes (bazaenyubka ta
Tomaxkicbka penpecia Ta Hikonoascekuii npumiaHaTuii 610k, (puc. 1.4).

Y reosoriuniii GynoBi wiel TepuTopii B3sSAM y4acTb IHTPY3HBHI MeTaMopdiuni
MOPOIH TOKeMOpir0 Ta 0caloBl BiJIKIAJH MAJIEOTeHOBOI, HEOrEHOBOI TA YETBEPTHHHOI
CHCTEM, LI0 CKJIAAATh IaThopMunil dyoxon. HeoreHosi BIAKIAJH TOPTOHCLKOIO,
€apMarchbKOT0, MOHTHYHOTO APYCIB TNAIIenoi0HO TepeKpHBAlOTh YBECh TIPHIETTHH
no jgomuuu  [uinpa cyxouil 1 sBASKOTE 000K  CTPOKATY TOBLLY CKIAJHO
MepeMeKOBaHHX BEPCTB IMOPIJL 3 CipO-3eJeHHMH TTTHHAMH, MEPTesieM, YepenalrKoBHM
T OOJNITOBHM BaIHAKOM, pi3HO3epHUCTHM rickoM. [TorysxuicTs Takoi ToBui csrae 30
M Ha mieHOYi i 3pocTtae mo 800 M Ha miBmHi v IlpuuyopHoMopcekkiii 3anaguni. Pycno
Juinpa 3 KoMmmiekcoM Tepac (BChOro ix 5) vacTkoBo abo TIOBHICTIO pPO3MMBAIOTH
Oy4albKi, KHIBCBKI Ta XapKIBCBLKI MOPOJM IAJeOreHy, L0 MPEACTAB/ICHI Mepreiem,
3eJIeHyBaTO-CIPHMH TTTHHAMH, TIayKOHITOBUMH MICKaMH Ta MICKOBHKAMH.

However, the macrogeographical features of this territory remain unchanged or
slightly variable: geological structure, latitudinal zonation, and natural conditions.
From a tectonic point of view, the territory that was under the waters of the Kakhov
reservoir is located on the border of two significant geostructural elements: the
southern slope of the Ukrainian crystalline massif (shield) and the South Ukrainian
monocline, which is delimited by a sublatitude system of faults (Konksky) and
lithological contacts. Subsurface lying of the foundation is observed in the sub-
latitudinal section of the reservoir (only up to 0.1 km), and sharp deepening of the
foundation to the south in the submeridional, narrower section of the reservoir up to 1.2
km (in the area of the Kakhovka Dam) and 2 km within the estuary of the Dnipro.
According to the tectonic map of Ukraine (Fig. 1.3) [14], this territory belongs to the
Middle Dnipro megablock. It is wholly located within the boundaries of the
Zaporizhzhya block, which has a southwestern extension. The Derezuvativsky and
Malokaterinivsky faults, which partially emphasize this block, are aligned with the
foundation of the Dnipro Valley and have the same direction. Within the block, a
northeastern fold along the Nikopol - Velika Znamyanka axis is distinguished, where
crystalline rocks come to the surface (Mala Kamyanka gully (Novopavlivskyi quarry),
Bazavluk river and Kamyanka tributary (Tokivskyi quarry).

At the neotectonic stage of geological development, the northern part of the
reservoir and the surrounding area were characterized by differentiated Miocene
subsidence and relatively weak post-Pontic uplift. The southern part, which stretches to
the north edge of the Black Sea Basin, underwent oscillatory movements, starting from
the Cretaceous and up to the present day, with a general tendency to sink at the modern
stage and the formation of a powerful (up to 1.2 km in the south) slab sand-limestone
complex of rocks. Local neotectonic structures (blocks of uplifts and subsidence) and
modern tectogenesis (Bazavlutsk and Tomakiv depressions and Nikopol uplifted block)
influence the formation of the valley complex and the Dnipro channel (Fig. 1.4).

Intrusive metamorphic rocks of the Precambrian and sedimentary deposits of
the Paleogene, Neogene, and Quaternary systems, which make up the platform cover,
take part in the geological structure of this territory. The Neogene deposits of the
Tortonian, Sarmatian, and Pontic strata cover the entire land adjacent to the Dnipro
valley in a cloak-like manner and represent a variegated layer of complexly
interspersed layers of rocks with grey-green clays, marl, shelly and oolitic limestone,
and multi-grained sand. The thickness of such a layer reaches 30 m in the north and
increases to 800 m in the south in the Black Sea depression. The channel of the Dnj

and Kharkiv Paleogene rocks represented by marl, greenish-grey cl
sands and sandstones.




YMOBHI M03HaueHHA /10 (PparMeHTy TEKTOHIYHOT KapTH Y Kpaiuu (puc. 1.3)
Legend of the Fragment of the tectonic map of Ukraine (Fig. 1.3)
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YMoBHI 1103Ha4YeHHs 10 (parMenTy KapTu reonoriqnol 6ynosu Yipainu (puc. 1.4)
Legend of the fragment of the geological structure map of Ukraine (Fig. 1.4)

Puc. 1.4. ®dparment kaptu reonoriudoi 6ygosu Ykpainu / Hanionansuuii atiiac Yipainu,
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Ha niemni /IHinpo BpizaeThcs y HeoreHoBi ToBuii. BoHm Maitke Bcloau €
[IPUCYTHI Y CXWJIAX BOJOCXOBHIIA 1 po3MHBarOThCcA pycioMm [uinpa. do 3aroruieHHs
[IOBEPXHA CAPMATCLKHUX BAlHAKIB [iJHIMalach Haj ypizom Boau Ha 10 — 15 m y
[eHTpanbHIH AIMAHII BojocxoBuma. Bumie HeoreHy y po3spisi 3aindra€ ropu3OHT
4epBOHO-OYpPHX [JIMH, SKHI 4acTO BHXOJMTEL HA [IOBEPXHIO B epo3iiiHil Mepexi Ta
HAKOTIMYYEThCA Ha JIHI BOJOCXOBHIA Ta TpHIETIUX OaJoK SK JAemoBiallbHO-
amoBiansHuil  marepian. Ha Bomojiiax Wi I[JIHHM  IEPEKPUTI  JeNIOBialbHUMH
CYITTHHKaMH TUIEHCTOLIEHY, @ Ha TEPAacOBHUX NOBEPXHAX MINAHAMH ANIOBiadbHAMH
BIAK/IAJAMH 3 [POLIAPKAMH CYIIIMHKY 1 CYHICKY, HOTyx&HicTIO go 25 — 30 wm.
AuroBianbHI MicKu 3amnaBH Ta nepmoi Tepack JlHinpa OynM nmoxoBaHi mij BoAaMu
BOOCXOBUIIA 200 3 [IOBEPXHI [IEPEBIIKIIAJEH] COIOBUMH NPOLECAMH ¥ [IIaHI MACHBH
— kyuyrypu. Hmxkue rpebni Kaxoscekoi 'EC, y Mexax TiBACHHOCTENOBOI PiBHMHH
MPOCTATAETHCA  AINSHKA  TEpPAacoOBO-[ENBTOBHX  DIBHHH, SKy TOAUIAIOTH  Ha
HixHboaHinpoBcbkuit  mmaBHeBuil  paifon Ta OnewmkiBebkuil  mimanuid. Tyt
CTIOCTEPITAETHCA CTPOKATHI Y TeHETHUYHOMY i JIITOJIOTIYHOMY BiTHONIIEHHI KOMTUIEKC
A/lIOBIAIGHUX [10PiJ — PIYKOBi, O3€pHI, JIUMAHHI, WO NPEICTABIEH] PAKYLIHIKOBHM
IETPUTOM, TAITBKOIO, TTICKOM, TTIHHAMH, OPraHOT€HHUMH BiKIaaMH.

Ho saromnenns 3amnasa Juinpa y BepxHiit gacTuHi
cyOmMpoTHHI HampsM i mWHUpHHY a0 16 — 24 kM 3 GaratoyHceTbHUMH TIPOTOKaMH,
pykaBamu, o3epamu Ta 3a0onouyeHumH JinsHkamu. Ha sepxwiil, Oinpkye 1o niBoro

Maja 3aralbHHI

Oepera, Hkue XopTHili, Mik cenamu Kymyrym — BacmmiBka po3zramosani KiHCEKi
1aBHi. BOHU BUPI3HAIOTECS BETUKUM IIAHMM MacHBOM “Benuki kydayryp”, sikuil He
BkpuiM HaBitk Boau Kaxoscekkoro pogocxosuma. Tyt icuysano Hdasxe [opoxuime.
Hpyra minsHka posramorana Hikae Hikonons ta KanymiBkn — bazapnynbski miapHi —
Micle BhaJiHHa i po3nuBy piuku basamriyk Ha OararouymcellbHI PYKaBd Ta 03epa.
CyOmepuaioHansHuii HanpsaMm JoiauHH baszapmyka Ta HOTO TUIABHIB 3ICTABIAETHCS 3
PO3JIOMOM Ta HEOTEKTOHIYHO AKTHBHHM OIYCKAHHAM Ta € Haitbiibm 3a00/104eHoI0 1
BOJIOT'OI0 YACTHHOIO IHHIIA JAOJIWHH,

CyuacHa 3ammaBa JlHinpa, ska movana HOBHI mepion (opMyBaHHS [Michs
OCYLICHHS JIOKA BOJOCXOBUILA, [IPEJCTABICHA 3HAYHUM JIITOJIONTHHUM PI3HOMAHITTSM
yepe3 0coONMMBOCTI OCaAKOHAKOMWYEHHS (IX MOTY)XHOCTI INe He JOCTIKeHI) —
[IPUPYCIIOB] KBApUOBI IICKH PI3HOI 3€PHHUCTOCTI, CYNICKH, OPraHOrE€HHI JETPUTOBI
HAaKOTMTHUCHHS, BiZIMEpITi MBOCTYJIKOBI Myt (meperaxkHo Dreissena polymorphna) Ta
[IOTYKHI TOHKOIHUCIIEPCHI MYJIMCTI LIIHHH, [0 BBaXKAIOTHCH CHIILHO 3a0pyIHEHHMH.
Tak, po3paxyHKOBI cepeaHBOPIUHI HAIXOMKEHHS Yy MOHHI Binkmanu KaxoBchkoro
BOJIOCXOBHILA CTAHOBHIH (y THC. TOH) — 22422, crik — 90, akymyusuis — 22332, Tobro
99,5 % peuoBMH 3AIHIIATOCS Y JAOHHHX BifKIamgax depe3 ciabKy NMpOTOYHICTE Ta
MimMHA. Y KaxoBchKOMY BOIOCXOBHINI Y AOHHOMY ocafi mpucyTHi (Mr/kr) Mn — 88,0;
Cu-28;7Zn —274; Cr — 8,8 [11].
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In the South, the Dnipro cuts into the Neogene strata. They are present almost
everywhere on the slopes of the reservoir and are washed away by the Dnipro riverbed.
Before the flooding, the surface of the Sarmatian limestones rose above the water, cut
by 10 — 15 m in the central part of the reservoir. Above the Neogene in the section lies
a horizon of red-brown clays, which often come to the surface in an erosion network
and accumulate at the bottom of the reservoir and adjacent streams in the form of
diluvial-alluvial material. In the watersheds, these clays are covered by diluvial loams
of the Pleistocene and on the terrace surfaces by sandy alluvial deposits with layers of
loam and sandy sand up to 25 — 30 m thick. The floodplain's alluvial sands and the
Dnipro's first terrace were buried under the reservoir's waters or redeposited from the
surface by eolian processes into sand massifs — kuchuguri. A section of terrace-delta
plains extends below the Kakhovka Dam within the southem steppe plain, divided into
the Nizhny Dnipro alluvial area and the Oleshkiv sandy area. There is a genetic and
lithologically diverse complex of alluvial rocks — river, lake, and estuarine, represented
by shell detritus, pebbles, sand, clay, and organogenic sediments.

Before the flooding, the upper part of the Dnipro floodplain had a general sub-
latitudinal direction and a width of up to 16 — 24 km with numerous channels,
branches, lakes and wetlands — a flood formed at the place of the flooded Veliky Lug,
where two large areas stand out. On the upper one, closer to the left bank, below
Khortytsia, between the villages of Kushugum — Vasylivka, there is Kinski Plavni.
They are distinguished by the enormous sandy massif Veliki Kuchuguri, which was not
even covered by the waters of the Kakhovsky Reservoir. There was an Ancient
Settlement here. The second section is located on the right bank — below Nikopol and
Kapulivka — Bazavlutsky floodplains — where the Bazavluk River flows into numerous
branches and lakes. The submeridional direction of the Bazavluka Valley and
floodplains corresponds to a fault and neotectonically active subsidence and is the most
swampy and wet part of the valley floor.

The modern floodplain of the Dnipro, which began a new period of formation
after the drainage of the reservoir bed, is represented by a significant lithological
diversity due to the peculiarities of sediment accumulation (their capacity has not yet
been investigated) — alluvial quartz sands of various grain sizes, sandy loams,
organogenic detrital accumulations, dead bivalve shells (mainly Dreissena polymorph)
and powerful finely dispersed silty clays. The latter are considered highly polluted.
Thus, the estimated average annual inflows into the bottom sediments of the
Kakhovsky Reservoir amounted to 22,422 thousand tons, runoff — 90, accumulatj
22,332, i.e. 99.5% of substances remained in the bottom sediments duex_
and shoals. In the Kahovsky Reservoir, the bottom sediment contains{(m
88.0; Cu—2.8;Zn—274; Cr—8.8[11].




OcHOBHHIT BOAOHOCHHH TOPH30HT 1Ii€T MICIIEBOCTI MOB’A3aHUH 3 TPILIMHYBATO
30HOI 1Opix JAokeMmOpis Ta MANOHOTYKHHMH BOJOHOCHUMH TOPH30HTAMH Y
[1aJIEOreHOBHX, HEOICHOBUX Ta YETBEPTUHHUX BLAKIA/aX. 3arajbHOI0 PHCOIO PaiioHy €
HECTIPHSATIIMBI JUTA MOTMOBHEHHS MIA3eMHHX BOJ KIIMAaTHYHI YMOBHM TE€PHTOpIi — Masa
KUIBKICTL OnajiB. 3amacu BOJAM Y TPILIMHYBATIH 30HI apXei-IPOTEPO30K 1 HEOreH]
nyxe nHesHadni (2,2 Tuc. M / 106), BoHM He 3a0e3neuyrOTH paifoH MHTHOI i
rOCIOapuo0 BOAOIO Y HeoOxiuuHii kinpkocti. Jo toro x, wi Boau jgepam Ginsiie
MiIATar0Th JApEHYHYOMY BIUIMBY Kap'epiB. Ha ©6a3i mooIWHOKHMX CBEpAIOBHH
(YHKIIOHYIOTE HEBEJHKI BOJONUPOBOIH /LIS LEHTPAI30BAHOIO OCTAYAHHS BOJIOIO €l
3 BEpXHiX ropu30HTIB HeoreHy. Cna0ka 3axHIleHICTh BOJOHOCHHX TOPH30HTIB CIIpHsE
3a0pyaHeHHIO. Y 3B’43Ky 31 3HHKEHHAM PiBHA BojH ¥y KaXxoBCbKOMY BOJOCXOBHILI, SKE
NOHETABHA CIYTYBAlN0 JDKEPENOM JKHUBJIEHHS A7 BOJOHOCHOTO TOPH3OHTY ¥
HEOTEHOBHMX Bigkmamax y wmexkax [IpuuopHoMopcekoro apresiaHcekoro 0Oaceiiny,
[IPOI'HO3YETHCS 3HIKEHHS PIBHS [11/3€MHUX BOJL.

IlpapoGepeskHi CXMIIOBI MOBEpPXHI BOAOMAIIIB YCKIaJHEHI fAPYKHO-0aIKOBOIO
Mepexelo Ta joiuHaMu npuruiusie duinpa — basaenyk 3 npurokamu Kam’suka ta
Conena, Yoprommuk, Tomakipka, PeByH Ta uYMManow KiTBKICTK MiATOTUICHHX
FHPJIOBHX 4acTHH Oajlok, 110 YTBOPW/IM 3aTOKH Ta HaBITh OKpeMi BOJOIMHINA.
Jlirobepesxxunmu npuTokaMu € piuka Konka, Kapauokpaxk, Benuka binozepka, Porauunx
ta Ge3niv JUMaHiB Ta 3aT0K, K To binoszepcekuii, Yepsono 3namencekuii, Benuka
Jleneruxa, Kaipcbka Tomo. XapaktepHoro ocobmmeicTio JliBoOepexoks € Oimbin
[UIACKHH XapakTep [OBepXHI Ta icHyBaHHA cy(osiiiHo-npocanoBux ¢GopMm — Mnouis.
Haiibinemum ¢ Kam'sucbkuil nox 6imst cin Benuxka 3uam’suka 1 Banku, sAxuil
PO3MIIIEHHI Ha Ha3araBHii Tepaci.

Makcumanbuuit ypiz gonuau [uinpa cranosuth 30 — 35 M, yxun Ha
cyOIMpPOTHOMY BIATHHKY Tedwil He3HauHMid. SIkmo mo 3atorneHHs ponuHu [[Hinpa y
npriiernux Gankax nepesaxkaia OOKOBa epo3is TA CIOCTEPIrallNCh BUCHY1 aKTUBHI SAPU
Ha KOpIHHHX cxmiax Juinpa, To micis 3aToIUIeHHsS BOJOCXOBUILA 1 3aJIICHEHHS SpIB i
cxumy OankH akTHBI3yHOThCA abpasiifHi MpollecH Ta 3CYBH 3a PaxyHOK ITiIMHWBAHHSA
Oeperis. Lle MOXkHA MPOCTEXKUTH, MOPIBHIOWYH apxiBui aepodoToszHiMkn 1944 p. Tta
KocMiuHe 300paxenHs OeperiB Kaxorcekoro Bomocxormma (puc. 1.5, a, ©6). Ilicna
crycky Boau JIHINpO BiIHOBWIIO pYClo y THX ke oDpucax, 30eperimics joxauis i
Mopdorpadisi ocTpoBiB, MiaHH i 3a00I0UEHHX AUTSHOK, 10 MOKHA TPOCTEXHTH Ha
cepii cynyTHHKOBHX 300paxeHs Sentinel-2 ta Landsat. Hanpuknan, 6inst cena i mucy
Hobpa Hagis, mo dwactkoBo Oymo 3aTOneHO, BCA MPHUCXWIIOBA YacTHHA JIHUINA
(MicusMH [eIIOBIa/IbHI HAHOCH YW BHCOKA 3alUlaBa Ta HaJ3alllaBHA Tepaca) BiKe 10
BepecHs 2023 p. cTama OCYNICHOK i BKPHJACAd CYXONMyTHHMH (opMaMH pPOCIHH Ta
npHOepeKHO-BOIHOK POCIHMHHICTIO Ha 3abomoueHux ninaHkax. llpomy cnpusma
[TJIBUILIEHA KIIBKICTE ONaiB y mnui — ceprui 2023 p. (puc. 1.5, B).
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The principal aquifer in this area is associated with a fractured zone of
Precambrian rocks and weak aquifers in Paleogene, Neogene, and Quaternary
sediments. A general feature of the district is the unfavourable climatic conditions of
the territory for replenishing groundwater — a low amount of precipitation. Water
reserves in the fractured zone of the Archaean-Proterozoic and Neogene are minimal
(2.2 thousand m?/day). They do not provide the region with drinking and household
water in the required quantity. In addition, these waters are increasingly subject to the
draining influence of quarries. Based on individual wells, small aqueducts centralize
water supply to villages from the upper horizons of the Neogene. Weak protection of
aquifers contributes to pollution. In connection with the decrease in the water level in
the Kakhov reservoir, which until recently served as a source of nutrition for the
aquifer in the Neogene sediments within the Black Sea Artesian Basin, a decrease in
the level of groundwater is predicted.

The right-bank sloping surfaces of the watersheds are complicated by a network
of ditches and streams and valleys of the Dnipro streams: Bazavluk with tributaries
Kamianka and Solena, Chortomlyk, Tomakivka, Revun and a considerable number of
submerged estuarine parts of streams that formed bays and even separate reservoirs.
The left-bank tributaries are the rivers Konka, Karachokrak, Velika Bilozerka,
Rohachyk and numerous estuaries and bays, such as Bilozersky, Chervono Znamensky,
Velika Lepetikha, Kairska, etc. A characteristic feature of the Left Bank is the flatter
nature of the surface and the existence of suffusion-subsidence forms — pods. The
largest one is the Kamiansky pod near the villages of Velyka Znamianka and Balky,
which is located on the floodplain terrace.

The maximum section of the Dnipro valley is 30 — 35 m, and the slope in the
sub-latitudinal section of the stream is insignificant. If before the flooding of the
Dnipro valley, the adjacent streams were dominated by lateral erosion and hanging
active ravines in the original slopes of the Dnipro, then after the flooding of the
reservoir and the afforestation of the ravines and the slope of the stream, abrasion
processes and landslides are intensified due to the washing of the banks. It can be
traced by comparing archival aerial photographs of 1944 and a space image of the
shores of the Kakhovsky Reservoir (Fig. 1.5, a, b). After the water receded, the Dnipro
restored its course in the exact contours; the location and morphology of islands,
shoals, and wetlands were preserved, which can be traced on a series of Sentinel-2 and
Landsat satellite images. For example, near the village and cape of Dobra Nadiya,
which was partially flooded, the entire sloping part of the bottom (in places diluyi

2023 (Fig. 1.5, ¢).
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Puc. 1.5. [IpaBobepesxnnii cxun y paiioni c. Jobpa Hamist: A) aepodoTozobparkenns, Fig. 1.5. The right-bank slope in the area of the village Good Hope: A) aerial photo,
1944 p. Caiit: oldmaps.dn.ua (Inrepaxrusui icropuuni kapru Juinpa); B) Kaxosceke 1944. Site: oldmaps.dn.ua (Interactive historical maps of the Dnipro); C) Kakhov

Bogocxosuue, 2013 p.; C) z00paxenns 3 cynyruuka Sentinel-2 sig 28.09.2023 p. reservoir, 2013; C) image from the Sentinel-2 satellite from September 28, 2023.

oy 9 Y
Puc. 1.6. Binnornenns mexx HoronarmiBchKOTO THMaHy Ta pycia, p. Piuume: a) Fig. 1.6. Restoration of the borders of the Novopavlivskyi estuary and ¢
¢parment kapru-tproxeeperku 1975 p. Caiir: oldmaps.dn.ua; 6) 306paxenus 3 Richishe river: a) a fragment of a three-page map of 1975. Website ol
cymytHuka Sentinel-2 Bix 28.09.2023 p. image from the Sentinel-2 satellite from September 28, 2023
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Ha samaBi 1 mepluux Haj3aruiaBHUX Tepacax JlHinpa [0 3aTOILICHHS Mo
MICLIC 3HAYHE IPYHTOBE PI3HOMAHITTS — POMIOYI YOPHO3EMHO-IyYHI [PYHTH HA
CYMIIIaHHUX TiJIBUIIEHHAX Ta Tepacax, IePHOBI IPYHTH Ha MIIIAHUX OCTPOBax i DONOTHI
T MYJIHCTI IPYHTH Y NOHM334X 3aruiasy. TyT icHyBalla CUCTEMa OCTPOBIB, IyK, A10poB,
03ep, pyKaBiB 1 cTapHllb, [e 30cepemkeHHs ¢uopu i daynn miBaHs Yxpainun Ta
mkepena uuctol Boau Tta pubnux 3anacis. llle 3 xo3aubkux 4YaciB Ta TATAPCHKHX
MoceneHb 3amuIIMIocas Oarato BiIOMHX TOTOHIMIB HuX exocucTteM — KoHka,
[Mignineua, Jlanuuka, Ckap6ua, Pesyn, Piunme, Kapauokpak, Kyuryrym touo [8].

3icTaBneHHs icTopuuHOT KapTH-TPHOXBEPCTKH 1875 p- i3
aepodorozodpaskennsm 1943 p. (i3 caifry “IurepakTuBHi icropuuni kapru Juinpa”
(oldmaps.dn.ua ) Ta ocymeHoro mHa 3a gaHMMH cymyTHHKa Sentinel-2 Bim 28 repecHs
2023 p. (ouB. puc. 1.6, 1.7) neMoHCTpyeE sk BigHOBUIOCH pyciio p. KoHka y paiioHi c.
Boysinoro, Hosonaemiscbkuil nuMan ta p. Piumie y paiioni UepBOHOIpHIOpIBKH.
ITopipHIOFOYH HUHIIIHIO Mopdorpadiro qHa KOTHIIHBOTO BOJOCXOBHINA 3 PHCOBKOMO
CIPOJIOrTYHUX  EIIEMEHTIB, MNIJIBULICHHX Ta NOHMKCHHX IUBIHOK HA 1CTOPHYHHX
300paykeHHX CiTiJl 3a3HaunTH, 110 bimozepchkkuii MTMMaH iCHYBAR 1 paHilne, KOHTYPH
pycen Yopromimka i CxapOHOT, CHIBIAAIOTE 338 OKPEC/ICHHIMH; YK€ BHHLLIN 3-I1i1
BozH 1 hopmyroreea Cymuibki Ta YopTommuipki nnasyi, NoKH mo Ak OonoTa. 3a qHOM
BOJIOCXOBHUILA BKe BiAHOBIeHO pycino [Hinpa, ame y JesKHX MiCHSX BOHO
unpsamusiocsa (puc. 1.8). HoBoyTBOpeHa cucTema ayke AHHAMIYHA 1 3aJ€KHTH Bill
HU3KH YHHHHUKIB — O3B, CKMIB BOJHU 3 BEPXHIX BOJOCXOBHLL,

Tepuropis, wo nepebysaia iJ BOXOCXOBHLIEM, lepedyBae y NOCYLLINBIM,
my)Ke Temmii arpokmiMatuudiii 30Hi. Kmimar momipHO-KOHTHHeHTanmbHMH. JliTo,
[IEPEBaKHO, KapKe, CyXe, 3MMa - M'SKa 1 MAJIOCHDKHA. 3 NPHUPOJHHUX KOMIIOHEHTIB —
KIiMAaTHYHI YMOBH, KIJBKICTE OMagiB € KIIOYOBMM MOMEHTOM Y (hopMyBaHHI
EKOCHCTEMH CTEIy. 3arajioM KIIMAaT 3a iICTOPUYHHUI [1epioJl 3a3HAB KOJIMBAILHHX 3MiH,
JOCIHHKH-reorpadi BiA3HAYA0TL 3MILEHHS MeKi [IBHIYHOrO crely Ha nisuig [15].
BomominsHi moBepxHi Ta cxmiu 6amox nmeperakHO posopaHi. [IpupogHa pocnHHHICTE —
pisHOTpaBHi crenu Ta Oalipauyni jicu — 30eperiucs Ha cxuiax Oatok. OCHOBHUMU
nopoaamu OaiipauHMX Jicie Ta JicocMyT € ay0, Oina akaiis, KieH.
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On the floodplain and the first floodplain terraces of the Dnipro before the
flooding, a significant soil diversity was observed - fertile black earth-meadow soils on
sandy elevations and terraces, turf soils on sandy islands, and marshy and muddy soils
in the lower floodplain. Here, there was a system of islands, meadows, thickets, lakes,
inlets, and inlets, which were a place of concentration of flora and fauna of southern
Ukraine, a source of clean water and fish stocks. Since Cossack times and Tatar
seftlements, many well-known toponyms of these ecosystems have been preserved -
Konka, Pidpilna, Lapinka, Skarbna, Revun, Richishche, Karachokrak, Kushugum,
etc. [8].

Comparison of the historical map — three-fold version of 1875 with an aerial
photo of 1943 (from the site “Interactive historical maps of the Dnipro”
(oldmaps.dn.ua) and the drained Don according to data from the Sentinel-2 satellite
from September 28, 2023 (see Fig. 1.6, 1.7) shows how the Konka River in the area of
the village of Vodyano, the Novopavlivsky estuary and the Richishche River in the
area of Chervonogrigorivka have been restored. It compares the current morphography
of the bottom of the former reservoir with the drawing of hydrological elements in
elevated and lowered areas on historical images. It is noted that the Bilozersky estuary
existed before the contours of the Chortomlyk and Skarbnaya riverbeds coincide in
outline; they have already come out of the water, and the Sulytskyi and Chortomlytskyi
floodplains are forming, so far like swamps. At the bottom of the reservoir, the channel
of the Dnipro has already been restored. However, in some places, it has straightened
(Fig. 1.8). The newly formed system is dynamic and depends on several factors, such
as precipitation water releases from upper reservoirs.

The territory occupied by the reservoir is located in an arid, hot agro-climatic
zone. The climate is moderately continental. Summer is primarily hot and dry; winter is
mild and has little snow. Of the natural components — climatic conditions — the amount
of precipitation is critical in forming the steppe ecosystem. In general, the climate has
fluctuated over the historical period, and researchers and geographers have noted the
shift of the border of the northern steppe to the north [15]. The watershed surfaces and
slopes of the streams are mostly ploughed. Natural vegetation in the form of multi-
grass steppes and birch forests has been preserved on the slopes of the streams. The
main species of Bairach forests and forest strips are oak, white acacia, and maple.




Puc. 1.7. Ino Bogocxosumia Mixk ceamu Kanyniska 1 Benmka 3nam'saka: A) Fig. 1.7. The bottom of the reservoir between the villages of Kapulivka and Velika
aepodoTozobpakenns, Bepecens 1943 p. Caiit: oldmaps.dn.ua; B) 300paxkenns 3 Znamyanka: A) aerial photo, September 1943. Website: oldmaps.dn.ua; B) image from
cymyrauka Sentinel-2 Bix 28.09.2023 p. the Sentinel-2 satellite from 09/28/2023.

Puc. 1.8. Ceno Bomsine Ha JliBoGepexoxi. BinHornenns pycna p. KoHka, a Takox Fig. 1.8. Vodyane village on the Left Bank. Restoration of the Konka Rivey
KOHTYPIB CTApUX 03ep Ta poTok 3a JHoM: A) aepodorosobpaskeHts, Bepecers 1943 p. contours of old lakes and channels along the bottom: A) aerial photo, Sepi@
Caiit: oldmaps.dn.ua; B) 300paskenns 3 cynmyTHuka Sentinel-2 pin 28.09.2023 p. Website: oldmaps.dn.ua; B) image from the Sentinel-2 satellitﬂﬂJmAa
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PO3/ILJI 2. HACJIJAKHU PYUHYBAHHS KAXOBCBKOI I'EC:
3A JAHUMHU KOCMIYHOI 3MIOMKH

2.1. Mippus paméu Kaxoseskoi I'EC: xponoaoris noaiii

6 uweprnaa 2023 p. mix 02:00 ta 03:00 Houi celicMiuHi ceHcopn YKpaiHH Ta
Pymynii 3adikcyBann o3Haku Bubyxis, a OGmmuszsko 06:00 panky oneparusHe
rkomanayBanaa “Tlipmens” 30poiiHux cun YKpaiHH TOBIIOMMIHM TIpO KaTacTpody Ha
Kaxoscokiit TEC. 3a nosigomiennsm Hadanbuuka XepcoHChKoi 0BJacHOT BiHCHKOBOT
agminictpanii O. [Npoxymina, ctanom Ha 07:30 paHKy 11bOT0 mHA OYyIM TOBHICTIO abo
YACTKOBO 3aTOIUIEHO HaceneHi nyHktH — Taruska, Jlesose, Onupajoxam’sHka
bepucnasceroro paiiony, IBaniBka, Mukinsceke, Tokapieka, [TonsaTieka, binoszepka. O
08:00 pamky wuepe3 3aromienus paiiony Kopaben y Xepcoui einOynocs ioro
3HECTPYM/IEHHS.

3a moinomieHHAM Y KpaATHCHKOTO HAalliOHANBHOTO iH(opMariiiHoro areHTcTRa
YKPIHOOPM, y KkpuTuuHid 30HI PH3HKY Tilbkd Ha npasobepescki JlHinpa
ommuHMNoca O0mu3bko 16 THe, moneit. Hacninkm katactpodwu Ha miBobepesoxi [lHinpa
cranu Habarato cepio3HINMHI Yepes JBa OCHOBHI YHHHUKH — [10-1IepLle, JiiBuil Oeper
Juinpa HmKYMii 32 MpaBMii, TOMY TYT IUIONIA 3aTOIUICHHS Oyna 3HayHO OUIBIION; TIO-
apyTe, MPEICTABHUKH POCIHCHKOT OKymaliiHoi BIagyM He CTROPHWIH HEOOXITHHX YMOB
1IO/J10 €BaKyallil HACEJICHHS 13 30HH 3ATOILICHHS.

3a panmmm  JlepxarHoi cayOM Haa3BHYAiHUX CHTyalid, 7 4YepBHA Ha
rizposoriqHomy mnocty y Xepconi 6ylo 3aiikCOBaHO MIJHATTS PiBHA BOAH HA 5.3 M;
BogHouac y Hikonomni, Ha y36epexoki KaxoBchbKOro BOOCXOBHIIA, 1110 MOYAJI0 CTPIMKO
MITiATH, BiIOYBAI0C 3HUKEHHS PIBHA BOAM Ha 2,2 M.

Oxpim JlHinpa, piBeHs BOJM 3HAYHO TIAHSBCA TAKOXK HA p. IHrymens ta y rupmi
npuroku IHrynsus, p. BHCyHb, TakuM YHHOM, 3aTOIUICHUMH BHABMINCS BelMKa
KUTBKICTh MPHOEPEIKHUX HACENCHHUX TIYHKTIB Ta iH(QpacTpyKTypHHX 00’ €KTIB, 30KpeMa,
COHSYHI €IEKTPOCTAHLIT.
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CHAPTER 2. CONSEQUENCES OF THE KAKHOVKA DAM
DESTRUCTION: ACCORDING TO SPACE SURVEY DATA

2.1. Undermining of the Kakhovka Dam: chronology of events

On June 6, 2023, between 02:00 am. and 03:00 a.m., seismic sensors of
Ukraine and Romania recorded signs of explosions, and around 06:00 a.m., the South
operational command of the Armed Forces of Ukraine reported the disaster at the
Kakhovka Dam. According to O. Prokudin, the head of the Kherson Regional Military
Administration, as of 07:30 a.m. that day, the following settlements were entirely or
partially flooded: Tiahynka, Lvove and Odradokamianka in the Beryslav district, and
Ivanivka, Mykilske, Tokarivka, Poniativka, Bilozerka. At 08:00 a.m., due to the
flooding of the Korabel district of Kherson, it was cut off.

According to the Ukrainian national news agency UKRINFORM, up to 16,000
people are in the critical risk zone on the right bank of the Dnipro River alone. The
consequences of the disaster on the left bank of the Dnipro River were much more
severe due to two main factors: firstly, the left bank of the Dnipro River in this region
is lower than the right, so the flooded area was much more significant; secondly,
representatives of the occupying forces did not pay the necessary attention to
evacuation measures.

According to the State Emergency Service, on June 7, a water level rise of 5.3
m was recorded at a hydrological station in Kherson, while a water level drop of 2.2 m
was observed in Nikopol, on the coast of the Kakhovka Reservoir, which began to flow
rapidly.

In addition to the Dnipro River, the water level also rose significantly on the
Ingulets River and at the mouth of the Ingulets tributary, the Vysun River; thus, a large
number of coastal settlements and infrastructure facilities, in particular, solar power
plants, were significantly flooded.




Ha 8 ugeprus 2023 p. cepenniii piBeHs nigHaTTS Boaum y JlHinpi y mexax
3aTOIICHHX TepHTOpii cranoBuB 5,6 M. Yactkopo abo nopwictio OynM 3aToIUIeHi
Opnpapnokam'suka, Tsaruunka, JIbsose bepucnascekoro paifony, IToustiska, Binosepxa,
IBaniBka, Mukinbceke, Tokapieka, mpuOepekHa uyacTWHa XepcoHy. Takok uepes
ATOIUIGHHS [IPOMHUCIOBUX 00’ekriB XepcoHy Binlyiocs 3a0pyAHEHHS NPUIETIIHX
TepuTOpiii HadTOmpomyKTaMu. 3aramoM Ha JiBoOepexcks mnpunanae 32 % rrormi
3aTOILICHHS, Ha nipaBoOepencks — 68 % (puc. 2.1).

Jliro6epesxoxs Jlninpa noctpaxpano Habarato Oinbie, OKpeMi BEJTHKI MicTa Ta
CelMILA MaifKe [OBHICTIO ONUHUIMCS 1iJ] Bojoto. 3okpema, [ona IIpucrans, Onemiky,
Kopcynka, Kpunku, Kozaui Jlarepi, Kapmanmnuka, Mana ta Benuka Kapmammakwy,
Koxanu. Yacrkosomy nijprormnennio nignanacs takox Hosa Kaxoska.

[MinBumenuii piBeHb BOAM TpUMaBcs A0 9 YepBHA, MIiCHA HOTO BiH NOYaB
mocTynoro 3HmwKyBaTHes. Ha Xepconcskomy ctropi 11 wepsas o 7:00 paHKy piBeHB
Boju craHoBus 3,92 m, a 0 20:00 — 3,6 M, na 1,77 M Hwkye Big Makcumymy. BogHovac
Ha HikomonschkOMy cTBOpI piBeHb BOOM 3HM3MBCA Ha 7,67 M 1 TpPOIOBXKYBaB
SHHIKYBATHCS, 3HAMEHYIOYM 3HMKHEHHsA Haiibiblioro BojocxoBuiia B Ykpaini 3
o06’emom 18,2 km’.

3a indopmauicio, Hajanowo komnawiclo YKPITIPOEHEPTO, ymacninok
pyiinyBanua Kaxorcekoi 'EC Ykpaina Brpatuna 3540 % 3anaciB nuTHOT BOIH, AKY
moriia © cnoskuBatu ynpouopx poky. IIpobnemu 3 BogonocTadyaHHAM BHHHKIH Y
Kpuomy Po3zi, Mapranni, Hikomoni, BTpadeHO MOMKIMBICTE BOJOMOCTA4YaHHS
Kpumcekoro nisoctposa [liBHiuno-KpuMcbKuM KaHaioM.

OxpiM Benukol KiIBKOCTI HAcelIeHMX IYHKTIB, 3aTOILIEHHMH
BHSIBUJIIMCh HHW3Ka 00'€KTIB TPHPOIHO-3amoBimHOTO (oHIY YKpaiHH, SKHMH IyKe
Oarata pmisHka y rupai Juinpa. 3aranom, yes axeatopis Jluinpa Hukde rpeui
KaxoBcekoi I'EC MPEeACTaBRIIAE Hauionansrmuit MPHPOIHHH napK
“HusKHBOAHINPOBCEKUH™ i3 3aransHO0 momelo 801 kMm%, skuil Maitike HOBHICTIO
BHSIBUECS 3aTOIUIEHHM. TakokK NOCTpakaain HU3Ka ManuadTHUX 3aKa3HHUKIB.

HaCTKOBO
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As of June 8, 2023, the average level of water rise in the Dnipro river within the
flooded territories was 5.6 m. Odradokamianka, Tiahynka and Lvove in the Beryslav
district, Poniativka, Bilozerka, Ivanivka, Mykilske, Tokarivka, and the coastal part of
Kherson were partially or entirely flooded. Also, due to the flooding of industrial
facilities in Kherson, the surrounding territories were contaminated with oil products.
In general, 32 % of the flooded area is on the left bank and 68 % on the right (fig. 2.1).

The left bank of the Dnipro River suffered much more. Some large cities and
towns were almost entirely underwater, in particular, Hola Prystan, Oleshky, Korsunka,
Krynky, Kozachi Laheri, Kardashynka, Mala and Velyka Kardashynka, Kokhany.
Nova Kakhovka was also partially flooded.

The elevated water level lasted until June 9, which began to decrease gradually.
On June 11, at 7:00 a.m., the water level was 3.92 m on the Kherson reservoir, and at
8:00 p.m., it was 3.6 m, 1.77 m less than the maximum. At the same time, the water
level in the Nikopol reservoir dropped by 7.67 m and continued to drop, marking the
disappearance of the largest reservoir in Ukraine with a volume of 18.2 km?>,

According to the information provided by UKRGHYDROENERGO, due to the
destruction of the Kakhovka Dam, Ukraine lost 35—40% of its drinking water reserves,
which could be consumed during the year. Problems with water supply arose in Kryvyi
Rih, Marganets, and Nikopol, and the possibility of water supply to the Crimean
peninsula via the North Crimean Canal was lost.

In addition to many settlements, several objects of the nature reserve fund of
Ukraine, which are very rich in the area at the mouth of the Dnipro River, turned out to
be partially flooded. In general, the entire water area of the Dnipro River below the
Kakhovka Dam represents the Lower Dnipro National Nature Park with a total area of
801 km?, which was almost completely flooded. Some landscape reserves were also
affected.




30 wm

Bonna nosepxHs 10 3atoruieHHs 6 uepsus 2023 p.
Water surface before flood on 6 June, 2023

Puc. 2.1. Kaprocxema BomHOi nmoBepxHi JHinpa Ta [Hryneig 1o 3aTOIUICHHS Ta Yepes
Tpu aui nicns pyitnyeanss Kaxoscekoi TEC 6 wepsus 2023 p. (1a 9 uepsus 2023 p.).
JlaHi mpo BOIHY MOBEPXHIO OTPUMAHO 3a 3HIMKaMu cymyTHHKIB Landsat-8 ta -9,

Bopna nosepxus craHoM Ha 9 uepias 2023 p.
Water surface on 9 June, 2023

and on June 9, 2023, three days after the destruction of the Kakhovka B
2023 (data on the water surface were obtained from Landsalﬂarﬁ
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2.2. OnepaTHBHHI CYNYTHUKOBHIi MOHITOPHHT 3aTOIUIEHHS Y ONTHYHOMY
Aiana3oni e1eKTPOMarHiTHOro CeKTPY

Jist aHanizy BUKOpUCTAHO OaraToCHEKTpalibHI JaHi, OTPUMAHI CYIyTHHKAMU
Landsat-8, Landsat-9 Bix 01.06.2023 p. (tobT0, mo migpury I'EC) ta Big 09.06.2023 p.
(uepes Tpu gobu micng nigpusy). Jlis OHEpaTHBHOrO OLUHIOBAHHS MaciuTadiB
3aTOMIEHHS TepuTopii o00paHO KOMIIIEKT KapT pO3MNOALTy HOPMAalli30BaHOTO
nudepenuiiinoro ingexcy Bomnorocti NDWI (Normalized Difference Water Index),
KM pO3paxoBYEThCs 3a popmMynoro:

NDWI = (NIR — Green)/(NIR + Green) ,

ne NIR — 3HauyeHHs crekTpaibHOTO BiAOMTTA y OmbkHii iHdpayepBoHiii obmacti
criexTpy, a Green — 3Ha4EHHA CIIEKTPANILHOTO BiJOUTTA Y 3eleHiil o0nacTi crekTpy.

Takox BUKOpHCTaHO po3nozaiay morepxHeBoi Temneparypu LST (Land Surface
Temperature), otpumani cymytHukamu Landsat-8 Tta  Landsat-9, 1 mani
riNCcOMETPUYHUX PIBHIB, SKI go0pe cebe 3apeKoMeHIyBalli B aHAIOT4HIN cuTyauii mij
yac 3atoruteHHs [Ipuipninas (Kwiscbka obmacts) y 2022 p. [18].

VY pesyibrari aHalily CyNYTHHKOBHX JaHMX 1 UuHQpoBOi MOjell MICLEBOCTI,
nobymoeanoi 3a maauMu SRTM v.3 plus (puc. 2.2) BM3HAYCHO TUIOINLY 3aTOTLICHHS
TepuTOpii 4Yepes Tpu A00W micins pyiHyeanHs jgamOu. Pesynbrarti aHanizy 3MiHH
101 BoHOI noBepxHi JIHinpa Ta [Hrymbis 3acBiTuniy, 1110 MJI0MIA BOIHOT MOBEPXHI
y MeKax JIOCHIKYBAHOT JUISHKH [0 3aTOIUIEHHs cTaHoBuia Gimssko 784 kMm% a na
9 ueprust 2023 p. (uepez 3 mui micna pyinyeanna I'EC) 3a3navena mimoima mocsria
gennauan 1480 kM2, To6TO, 36iMBIMAACE HA 696 KM,
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2.2. Operational satellite monitoring of flooding in the optical range of the
electromagnetic spectrum
Multispectral data obtained by Landsat 8 and 9 satellites from 06/01/2023
(before the detonation) and 06/09/2023 (three days after) were used for the analysis. A
set of maps of the Normalized Difference Water Index (NDWI) distribution was
chosen for the rapid assessment of the extent of flooding, which is calculated according
to the formula:

NDWI = (NIR — Green)/(NIR + Green),

where NIR is the value of the spectral reflectance in the near-infrared range of the
spectrum, and Green is the value of the spectral reflectance in the green range of the
spectrum.

Land Surface Temperature (LST) distributions obtained by Landsat-8 and
Landsat-9 satellites and the hypsometric levels data, which proved themselves well in a
similar situation during the flooding of Pryirpinnia (Kyiv region) in 2022, were also
used [18].

As a result of the analysis of satellite data and a digital model of the terrain built
according to SRTM v.3 plus data (Fig. 2.2), it was determined that the flooded area
three days after the destruction of the dam. The results of the area change analysis of
the Dnipro and Ingulets River water surface showed that the area of the water surface
within the studied area before flooding was about 784 km? and on June 9, 2023 (3
days after the destruction), the indicated area reached 1480 km?, that is, it increased on
696 km?.




Kandalig

AL PAT = (A

Puc. 2.2. Cxema rincomerpii penbedy BinTHHKA goaunHu p. Jninpo Bij 3pyiiHoBaHOi Fig. 2.2. Gypsum scheme of the of the Dnipro River valley from a destroyed dam
rpebii 10 rupia piuku
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Puc. 2.3. Jonuna Huwxuworo [duinpa po pyinyeanus rpedm Kaxoscwkoi I'EC 3a Fig. 2.3. Lower Dnipro valley before the destruction of the Kakhovka dam according
nanumu cynytHuka Landsat-8 sin | wepsus 2023 p. KonbopoBuii KOMIO3HT KaHaIlB to Landsat-8 satellite data from June 1, 2023. Color composite of Red — NIR — Blue
uepBoHMil — OmwkHiil indpadepBounil — cuHiit bands
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Puc. 2.4. 3aroriena gonuna HikHboro JHinpa micns pyiinysanus rpedii Kaxoscekol
I'EC 3a panumu cynyrnuka Landsat-9 Big 9 uwepsus 2023 p. Konsoposuii KOMIIO3HT
KaHaliB: cepe/niit inpadepBoHuii — GrnkHii iHppadepBOHMHA — 3eNeHHI

Huppamn y xomax nosnadeno: | — I'pebinst Kaxoscokoi EC, 2 — Bono3zabip
[TiBHiuHOKpUMCBHKOTO KaHaty, 3 — [upno p. duinpo
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Fig. 2.4. Flooded Lower Dnipro valley after the destruction of the Kakhovka dam

according to Landsat-9 satellite data of June 9, 2023. Color composite of SWIR2 — NIR —
Green bands

Numbers in circles indicate: 1 — Kakhovka dam, 2 — Water intake of the North Crimean
Canal, 3 — Dnipro River mouth




Ha 3HiMky po mnigpuea rpebmi (puc. 2.3) UITKO TPOCTEKYETHCH PYCIO
p. Auinpo, p. Iaryneus, oszep y 3amnaei, gensra uinpa (4opHUil Komip) Ta BliacHe
3amiaBa (HacuuyeHWH 3eneHWit kouip). YV pyem p. [mryneus BuaHo oOMiniHHA 1
3apOCTaHHSA pycia,

Ha 3uiMky nicns nigpusy rpedmi (puc. 2.4) npakrudso Bes 3atuiasa p.JHinpo
zaroreHa. Piuku Ilparobepesokst y TPUTHPIOBMX YaCTHHAX MIANPYKEHI INTYIHHM
MaBOJAKOM 1 3arorUieHi Ha Oararto Kulomerpie yropy 3a Tedierw. Yacrkoso saroruieni
micta [oma [lpucrtans, Omnemxu, paiion Kopabenr Xepcona, Hopa Kaxogka,
npubepexHi cena i gauni nocenents. Ckliagna oOCTAHOBKA BIJCTEKYETbCS Y JOIMHI
p.Iurynens, me cnocrepiraeTbca KPUTHYHE TIHATTA PiBHA BOAM. Y 30HI MiITOMIICHHS
onuHuIMCs HaceneHi nynkrn Kanunisceke, 3anosit, Kpacnomobensk, bobposuii Kyt
Ha BIZICTaHI MOHAM 45 KM yropy 3a Teuiko Bifl THpa.

Amnanis 3Hauens NDWI ta remnepatypu 3emuoi noeepxni LST (puc. 2.5 —2.9)
YMOMIIMBHE YTOUHMTH IUIOLLY 3QTOIUICHHS Y MEXKax AUIHKH JOCIUKeHb, Posmoain
3HadeHs NDWI micnst pyitHanii rpe6mi i mTy4YHOro maBoaky ayske mudepeniiioraHmit
1 HE J1ac OJIHO3HAYHOT BIAIOBIAL [1PO IUIOLLY 3aTOILICHHS.

Jlns omepaTHBHOTO BW3HAYEHHA MEX 3aTOMeHHA Oyno BHKOPHCTAHO KapTH
noeepxHesoi temneparypu LST, mo pospaxoBysajimcs 3a JaHUMH TEILIOBOrO KaHaua
B10 cynyrnukie Landsat-8, Landsat -9 (puc. 2.8 — 2.9). Ha kapti poznoniny
remreparyp LST no pyiinyBanns rpebmi y pgommsi p. Juinpa OJHO3HA4YHO
BHIAUIIIOTHECA pycio (temneparypa 20 — 25 °C), 3ponoxeHa 3amiaBa (temnepatypa 25
-30 °C) i cyxoxmin (remneparypa 35 — 40 °C i Oumbme). Ha xapri LST mnicns
KaTacTpo(u 3arliaBa MOBHICTIO 3aTOIUICHA, 3AJIMILIHINCS OKPEMI JUITHKH MIJATOIICHHX
3eMeltb 3 000X GopTiB nonuHU. 3a paxyHOK KOHTpAcTy TeMmepaTyp (MoyaToK YepBHH)
MIK MPOTPITOI0 MOBEPXHEKD CYXOA0JYy 1 BiJHOCHO XOJOJHOK) BOJIHOK MACOK, IO
MOCTYIHIA 3 BOJOCXOBHINA, 30KpeMa i 3 TTHOMHHOT il YacTHHH, YiTKO TIPOCTEKYEThCA
MEKa BIJIOKPEMIICHHS 3aTOIUICHHX TEPUTOPIH BiJ HezaTomleHUX. TakoxK Ha TEIIOBHX
Kaprax (iKCyeThCs MiANPYIKEHHS 1 3aTOIUICHHS [IPUTHPIOBUX YaCTHH JIMMAHIB 1 MaJliX
pivoK Ta HHKHBOT YacTHHHM p.IHryneus Ha nparobepesxoki p. uinpo.

Jlist yTOUHEHHS MEK1 3aTOILIEHHS JAOCIIPKEHO IIICOMETPII0 JOJUHH p. JHinpo,
1Ie, BPaXOBYHOYH MAKCHMAIBLHUH TIHOM MaROAKY 70 6 M, BHILE 3a HOKaTacTPodidHMH
piBeHb, 30HA MATOILICHHs o0MexeHa OOpTaMy [IO/IMHH 3 BIAHOCHOIO BHCOTOX0 10 7 — 8
M BiJl pIBHS pyCJia i HU3bKOI 3aIJIaBH.
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The image before the dam was blown up (Fig. 2.3) clearly shows the Dnipro
riverbed, the Ingulets River, lakes in the floodplain, the Dnipro delta (black), and the
floodplain itself (deep green). In the Inhulets riverbed, shallowing and overgrowth of
the riverbed can be observed.

In the image after the dam was blown up (Fig. 2.4), almost the entire floodplain
of the Dnipro River is flooded. The rivers of the Right Bank in the estuarine parts are
stressed by an artificial flood and flooded many kilometres upstream. The towns of
Hola Prystan, Oleshky, the Korabel district of Kherson, Nova Kakhovka, coastal
villages and summer cottages are partially flooded. The situation is complicated in the
Ingulets River valley, where a critical rise in water levels is observed. The settlements
of Kalynivske, Zapovit, Krasnolyubetsk, and Bobrovy Kut, more than 45 km upstream
from the mouth, are in the flood zone.

The analysis of NDWI values and LST (Fig. 2.5 — 2.9) clarified the flooding
within the research area. The distribution of NDWI values after the dam's destruction
and the artificial flood is very differentiated and does not give an unequivocal answer
about the flooded area.

LST temperature maps were used to quickly determine the inundation limits,
which were calculated based on data from the thermal channel B10 of Landsat-8, -9
satellites (Fig. 2.8 — 2.9). On the map of LST temperature distribution before the
destruction of the dam in the Dnipro River valley, the channel (temperature 20 — 25°C),
wet floodplain (temperature 25 — 30 °C), and dry land (temperature 35 — 40 °C and
higher) are clearly distinguished. On the LST map, the floodplain was flooded entirely
after the disaster, and there were separate areas of flooded land on both sides of the
valley. Due to the temperature contrast (beginning of June) between the heated surface
of the land and the relatively cold water mass that came from the reservoir, including
from its deep part, the boundary separating flooded from non-flooded areas can be
traced. The thermal maps also record the rise and flooding of the mouth parts of
estuaries and small rivers and the lower part of the Ingulets River on the right bank of
the Dnipro River.

The hypsometry of the Dnipro River valley was studied to clarify the flooding
limit, where the flooding zone is limited to the sides of the valley with a higher height
of up to 7 — 8 m from the level of the channel and low floodplain, taking into account
the maximum rise of the flood up to 6 m above the catastrophic level.




Juauenns NDWI

Bix -0,200 o -0,015
CYXHil BIAKPHTHIT TPYHT, OpHi 3eMi

]
- Bix -0,15 no +0,05
=

BOJIHA TIOBCPXHA
Big +0,05 go +0,25
JUIAHKH 3 TYCTOI POCIHHHICTIO, MICLIAMH 3BOJIOMKEH]

Big + 0,25 mo +0,50
cyXl TMSHKH 3 PO3PIKEHOK POCIHHHICTIO

Puc. 2.5. Po3nojin 3Hadens HopmatizoBaHoro BojHoro ingexcy NDWI no karacrpodu
(3a 06pobKkoIo 3HIMKY cymyTHHKa Landsat-8 Big 01.06.2023 p.)
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The value of NDWI

from -0.200 to -0.015
dry open soil, arable land

from -0.15 to +0.05
water surface

from +0.05 to +0.25
areas with dense vegetation, sometimes moistened

from + 0.25 to + 0.50
dry areas with sparse vegetation

Fig. 2.5. Distribution of normalized water index NDWI values before the disaster.

Processing of Landsat-8 image from June 1, 2023.
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3uavennusn NDWI The value of NDWI

Big -0,200 no -0,015 from -0.200 to -0.015

CYXHil BIOKPUTHIT IPYHT, OpHI 3eMIIi dry open soil, arable land

Big -0,15 go +0,05 from -0.15 to +0.05

BOJIHA TTOBEPXHSA water surface

- Bin +0,05 no +0,25 from +0.05 to +0.25

MIIHKA 3 TYCTOH POCITHHHICTIO, MICILIME 2BOJIOMKEH] areas with dense vegetation, sometimes moistened

Big + 0,25 no +H0,50 from + 0.25 to + 0.50

CyXl TIAHKH 3 PO3PITKEHOKO POCIHHHICTIO dry areas with sparse vegetation
Puc. 2.6. Posnogin  3HayeHs HopmanizoBaHoro Bojsoro ingexcy NDWI micis Fig. 2.6. Distribution of normalized water index NDWI values after the disaster.
karacrpodu (3a 06pobkoro 3HimMka cynyrHuka Landsat LC09 Bix 09.06.2023 p.) Processing of the Landsat LC09 short circuit dated 06.09.2023
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Puc. 2.7. Po3noain remmepartyp 3eMHOI 0oBepxHi y Aomauui p. JHINpo g0 miapusy Fig. 2.7. Distribution of earth surface temperatures in the Dnipro River Valley before

nambu Kaxoecekoro sogocxosuia cranom Ha 01.06.2023 p. the Kakhovka Reservoir dam was blown up as of June 01, 2023.
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Puc. 2.8. Posmoain temnepatyp 3eMHOT IOBEpXHI y jonuui p. JHinpo Ha Tperii JeHb Fig. 2.8. Distribution of ground surface temperatures in the Dnipro River Valley on the
micis nigpusy aambn Kaxosebkoro Bojocxosumia, crat a 09.06.2023 p. third day after the Kakhovka Reservoir dam was blown up as of June 09, 2023.
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2.3. Ouinka HaCJALIKIB 3aTOMJICHHS HACEJICHHX MYHKTIB Ta
ingpacrpyxrypu Bnacainox pyiinypanns Kaxosebkoi TEC

Vuacnifok pyinysanus rpedni Kaxoscekoi IEC 6 wepsua 2023 p. na muiomi
npubausto y 700 xm? Bix 3aTommeHHs mocTpakaano 0amM3pko 80 HaceneHMX NMYHKTIB
y3nosx Oeperie duinpa ta lurymeus. 3 yciel 3aromvieHol Tepuropli Haiibinbiue
nocTpakaana TepuTopis Mixk M. Xepcon Ta 30yp’iBcekoro i Kenerelickkoio apeHamu
OnewnkiBChbKUX MICKIB, SKI IPEACTaBIAI0TE CODOIO IPOCTOPY HU3HHY.

Y XepcoHi NMOBHICTIO 3aTOTUICHWH TpoMucioBui paiion Kopaben — mirmeHHa
gactuHa KopabensHoro paiiony, BijaiieHa Bij peurrs Micta nporokow Komogomw. ¥
paifoHi, KpiM JKMTIOBOi 3a0yI0BHM, 30CEpeKEHI TPOMHCIOBI 00’€KTH, 30KpeMa
XepcoHcekuit  kopaGueOyuiBHHI 3aBOJ, [I0 MANO CYIYTHI €KONOIIYHI HACIIIKH.
Takox Ha 3axiHUX OKOMMIAX XepcoHa BiAOyNOCS MiATOTUIEHHA TEPHTOPIH uepes
MIHATTS piBHS BoaW y p. Bepepumna. 3aximsimie Micta 3aTomjeHa IONHMHA P.
Biosepka.

OcobmuBO KpHMTHYHA cHTyanis ckimamacs y M. Onmemkm Ta  cenuimax
Kappamnuka ta Koxanu, ski 6y IHOBHICTIO 3aTOILICH, 1110 CTBOPHIIO BHCOKY 3arpo3y
LIS FKUTTSI HACENIEHHS T4 B CYKYITHOCTI i3 3aTOIIEHHAM HaHOMIKIMX apTOMaricTpaiei
ta repeOyBaHHsM uiel TepuTopil IMiJ pPOCIHCLKO OKyNamiclo YCKIaIHIOBAIIO
epakyaitito. Bocenn 2022 p. pociiickKMMH BificEKaMH TTiJT yac BIACTYMY BiJ XepcoHa Ha
nisobepexoxs uinpa Oyino 3pyiiHoBaHo AHTOHIBCEKHIL MicT, SKui 3" canyBas Oleniku
3 [IpaBobepexskaM Ta MOTEHIIHHO MIT CTATH eBaKyalllHHHM HUTIXOM.

Takoxk Maii:ke nosHoro 3aroruvienss 3asHainu I'ona Ipucrans, Mana ta Benka
Kappammuka, sxi nmepeGysaiu Ha Mexi po3iuBy Boj KaxoBcbkoro BoJOCXOBHINA.

Haceneni mynktn y3moexk pycna [minpa Bim Homoi Kaxopku mo Kozaumx
JlarepiB Takok 3a3HanM  3HayHOro 3artoruieHws, Tak, y Hogiii Kaxoeui 6yno
3aTOMJICHO TIpHOepeKHY MapKOBY 30HY Ta Haibmskdi f0 piuku Bynuni. Y JIHinpsHax,
IsaniBni ta Koszaunx Jlarepsax takoxk BigOyiock 3aroruieHHs NpuOepeskHOl 30HH.
Hacemeni nynkrn Kopcynka Tta Kpunku 3a3Hanu Maibke HOBHOIO 3aTOILICHHSL.
Kputnana cutyanis cknanacs y KpuHKax, OCKinbKHM TepuTOpis MiK KpuHkamu Ta
Kozauumu Jlarepsamu npeacraeise cofoio 3amiaBHy Tepacy, ska Takox Oyia
MOBHICTIO  3aTOMJEHA  pa3oM i3 3axigHor  vacTWHOW  KopcyHbecbkoro
3arajibHO300J10T14HOrO 3akaszHuka. Ha npasoOepexoxi JHinpa 3aTOIVICHHIO 1111aMUC
npubepekHi HYacTHHH HacelleHHX IyHKTIB, 30KpeMa Y3I0BkK pycna [Hryneus Ha
gigcrani y Omnuseko 110 kM Bijg rupia. 3aTolUieHHS 3a3HAINM HACENEHI IYHKTH
Kamunieceke, CHirypieka, Adanaciieka, HoporacumiBka, HoBotumodiiska,
Muxaiiniska, @enopiska, 3apidHe Ta iH., HaceleHuH nyHkr AdpanaciiBka Oyl
MOBHICTHO 130JIb0BAHO BomoM0 (puc. 2.9 -2.11).

33

2.3. Assessment of the consequences of the flooding of settlements and
infrastructure as a result of the destruction of the Kakhovka Dam

Bue to the dustruction of the Kakhovka dam about 80 settlements along the
banks of the Dnipro and Ingulets rivers were affected by the flooding within the area of
approximately 700 km?. Of the entire flooded territory, the area between the city of
Kherson and the Zburyiv and Kelegey arenas of the Oleshkiv sands, which represent a
vast lowland, was the most affected.

In the city of Kherson, the Korabel industrial district — the southern part of the
Korabel district, separated from the rest of the city by the Koshova Strait - was
completely flooded. In addition to residential buildings, industrial facilities are
concentrated in the area, particularly the Kherson Shipyard, which had accompanying
environmental consequences. Also, on the western outskirts of Kherson, territories
were flooded due to rising water levels in the Verevchyna River. The valley of the
Bilozerka River west of Kherson was also flooded.

The situation was particularly critical in the cities of Oleshky and the villages of
Kardashynka and Kokhany, which were completely flooded. That created a high threat
to the lives of their population and, combined with the flooding of the nearest highways
and the fact that this territory was under russian occupation, made evacuation difficult.
In the fall of 2022, russian troops retreated from Kherson to the left bank of the Dnipro
River and destroyed the Antonivskyi Bridge, which connected Oleshky to the Right
Bank and could become an evacuation route.

Also, Hola Prystan Mala and Velyka Kardashynka, on the verge of spilling the
waters of the Kakhovka Reservoir, were almost completely flooded.

Settlements along the Dnipro River from Novaya Kakhovka to Kozachy Lagery
also experienced significant flooding. In Nova Kakhovka, the coastal park zone and the
streets closest to the river were flooded. Flooding of the coastal zone also occurred in
Dnipriany, Ivanivka, and Kozachy Lagery. The settlements of Korsunka and Krynky
were almost completely flooded. A critical situation arose in Krynky, as the territory
between Krynky and Kozachy Lagery is a floodplain terrace, which was also
completely flooded along with the western part of the Korsun general zoological
reserve. On the right bank of the Dnipro River, coastal parts of settlements were
flooded, including along the Ingulets River, which is a covered area approximately 110
km from its mouth. The settlements of Kalynivske, Snigurivka, Afanasiivka,
Novovasylivka, Novotymofiivka, Mykhailivka, Fedorivka, Zarichne and others were
flooded, the settlement of Afanasiivka was entirely isolated by water (fig. 2.9 —




3aroruleH] Ta NiATONEHI TepUTOPii cTaHOM Ha Y uepBHS
2023 p.
Flooded areas on 9 June, 2023

Puc. 2.9. OxpecneHHs HaceleHHWX TIYHKTIB, IO HaiOLIbIIEe TOCTPa)kaaid Bil
satorieHHs. 300paxkeHHsi, orpumane cynyraukom Landsat-9 3a  09.06.2023 p.
KonbopoBuii KOMMO3MT KaHAMiB Yy IOTYYHHX KOJBhOpax “‘depBOHMI — OmMKHIM
iH(payepBOHUit — cHHIH"

- Haceneni nynxru

Settlements

Fig. 2.9. Outline of seftlements most affected by flooding. Image obtain
Landsat-9 satellite on June 9, 2023. Colour composite of channels in arti
red — near infrared — blue
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Fig. 2.10. Outline of settlements most affected by flooding near Kherson
obtained by the Landsat-9 satellite on June 9, 2023. Color composite of ¢

Puc. 2.10. OxpeciieHHs HAaceIEHHMX I[IYHKTIB, 010 HAaHOLIbIIe NOCTPAKIAIM BIJ
3aTomeHHs mobnu3y M. XepcoH. 306paxkeHHs, oTpumane cynmyTHukom Landsat-9 3a
09.06.2023 p. KonbopoBuii KOMIIO3UT KaHANIB y IUTYYHUX KOJILOpaxX “YepBOHHH — artificial colors red — near infrared — blue
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3aronuneHi Ta niATornieHi Tepuropii Ha 9 uepsusa 2023 p. - Haceneni nyHkti
Flooded areas on 9 June, 2023

Settlements

Puc. 2.11. OkxpecieHHst HaceleHHX IYHKTIB, 110 Hai0LIblIe IOCTpaNKialy Bij Fig. 2.11. Outline of settlements most affected by flooding near Kahovka s
3aTOIUICHHS Huk4e 3pyitHoBanoi rpebni Kaxoscekoi I'EC. 3o0paxenus, orpumane obtained by the Landsat-9 satellite on June 9, 2023. Color composite
cymyraukoM Landsat-9 3a 09.062023 p. KonbopoBuii KOMIIO3UT KaHaNiB y ITYYHHUX artificial colors red — near infrared — blue

KOIILOpax “uepBOHUH — OluKHIN 1H(padepBOHU — cHHIH




OxpiM  Benukol KUIBKOCTI HAceNeHMX MYHKTIB Ta 00’€KTIB [PUPOJHO-
3anoBigHOro (OHAY Yy MEKax 3arTOIUICHHX TepuTopid XepCOHIIMHH 30CEpPEIKEHO
MPOMMCITOBI Ta eHepreTHYHi 00’ €KTH, SKi TaKOK TOCTpaKIamn Bim 3aToruieHHs. Cepen
HUX arpoIpoOMMCIIOBI 00’€KTH, COHSYHI EIEKTPOCTAHLIT Ta ENEKTPOIIACTAHLIT, [IOPTH
Xepcona, 3aBoH, HA(QTOBRI TepMiHamM Ta iH. OCHOBHA KiJIBKICTh MiATOIUICHUX 00’ €KTIB
repedyBaiy HAa OKYNOBAHHMX TEPHTOPiAX, TOMY OUIBIICTE 3 HHX HAa MOMEHT
pyiinyBanua Kaxoscekoi I'EC e ¢ynxiionysanu. OnHak, mkona eKoHOMIll YKpaiHu
T4 HABKO/IMIIHLOMY CEPEIOBHILY 3aBJaHa 338 PaXyHOK [OIIKO/KEHHS YCTaTKyBaHHS,
YacTHHA AKOTO BHSBHIACA 3MHTOK BOJaMHu. 30KpeMa, MiJ 4Yac 3MHBY MaJHBHO-
MacTHJIBHUX MaTepiais Ta iHmux piaud (puc. 2.12).

IleperaxHa KinbKiCTh 3aTOMIEHHX 00’ €KTIB 30cepemkero y Xepconi, Onemkax
ta T'oniii Ilpucrani. Tak, y Xepconi 3atomneHo (akTHYHO BCi MPOMHCIOBI 00’ €KTH
KopabenbHoro paiiony:

* XepCOHCHKHI CyIHOOYTiBEeILHUIN 3aBO/I;

» XepcoHCEKHIT plYKOBHii HOPT;

» CynnoOyaisae mignpuemctBo “Tlanama”;

* XepcoHCbKHIl MOPCBKUIT TOProBeibHUil opT;

» XepcoHchKa HaTob6a3a;

* Hajroraeans;

+ Kinkka MaJmxX MmiAMNPHEMCTE Ha TepHTOpIl
OymiBensHOT KOMIIaHiT.

UYepes 3HA4HIl 3aTOILICHHS BEIHKUX NPOMHUCIIOBUX MiANPHEMCTB y XepcoHi
BUHMKJIM CEpifo3HI ©KOJIOTiuHI 3arpo3W BHACHIJOK 3a0pyaHeHHS TepuTOpiit
naronpoxgykrami. Y Tomiil TIpucraHi 3aT0IUIEHO €1€BATOp, €IEKTPOINJCTAHLIs Ta
3aBOJI KAMHIIIUTOBHX TUTHT.

3HauHUX pyiHYBaHb ingpactpykrypa M. Ollemkn BHACIILOK
MPaKTHYHO CYUUILHOTO 3aTOIUIEHHA Micra. 3-HOMIK HHMX — XepCOHChKHUI
remono3onanepoBiii  kombOinar, MammHoOyniBHHI 3aBon “Ameruct”’, beronnwmii
3aBoj, enekrpouigcranuis (150 kB) ta 3 coHsuHHX elIeKTPOCTaHLIT.

Cepen iHmmx 00’€KTiB, 10 MOCTPaXAANW Bil 3aTOMJIEHHS, Tpeba Ha3BaTH
npom3ony Hosoi Kaxosku, eneparopu y Kozanbkomy rta Oins Tsarunky, a rakox
COHAUHY enektpocTaniito 6ins HoBoBacunisku Ha Oepesi [Hrynbis.

BHHHK/IA KPUTHYHA CUTYAllis Ta TPYIHOIL 3 eBaKyauiclo HacenenHs OIeliok,
30KpeMa i 4Yepe3 3aTOMNeHHs BaX¥UIMBHX Aopir — apTonumsaxie M 14 ta P 57 y3mork
yeiei ginsaxu Onenkn — Iona [pucrans.

konmumHeoi  Tappiiicekoi

3a3Hajia
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In addition to many settlements and objects of the nature reserve fund, industrial
and energy facilities are concentrated within the Kherson region's flooded territories,
which were also affected by flooding. Among them are agro-industrial facilities, solar
power plants and substations, Kherson ports, factories, oil terminals, etc. The main
number of flooded objects were located in the occupied territories. Therefore, most of
them were not functioning at the time of the destruction of the Kakhovka Dam;
however, the damage to the economy of Ukraine and the environment was caused by
damage to the equipment, part of which was washed away by water and due to the
washing away of fuel and lubricants materials and other liquids (Fig. 2.12).

Most flooded objects are concentrated in Kherson, Oleshky and Hola Prystan.

In Kherson, virtually all industrial facilities of the Ship district were flooded:

» Kherson Shipbuilding Plant;

+ Kherson river port;

» Shipbuilding enterprise “Palada™;

» Kherson sea trade port;

* Kherson Oil Base;

* Qil harbour;

* Several small enterprises on the territory of the former Tavriya construction
company.

Due to the significant flooding of large industrial enterprises in Kherson, serious
environmental threats arose from contaminated territories with oil products.

In Hola Prystan, an elevator, an electric substation and a reed board factory
were flooded.

The infrastructure of the city of Oleshki was seriously damaged due to its
almost complete flooding. Among them are the Kherson pulp and paper mill, Amethyst
machine-building plant, concrete plant, electric substation (150 kV) and three solar
power plants.

Among other objects affected by the flooding, it is worth noting the industrial
zone of Novaya Kakhovka, the elevators in Kozatske and near Tiahynka, as well as the
solar power plant near the village of Novovasylivka on the shore of Ingulets.

The critical situation and difficulties with evacuating the population of Oleshky
also occurred due to the flooding of important roads: highway M 14 and R 57 along the
entire section of Oleshky — Hola Prystan.
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© 3Baronneni Ta migromieHi Tepurtopii Ha 9 yepens 2023 p.
“  Flooded areas on 9 June, 2023
. Ipomucnosi 06 exTi ’ CoHs4HI eeKTPOCTaHIil

Enextpudni migcraniii
Electric substations

Industrial facilities Solar power plants
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Puc. 2.12. Kaprocxema 3aTOINICHHX IPOMHCIIOBHX Ta IHPPACTPYKTYPHUX 06 €KTIB Fig. 2.12. Map-scheme of the flooded infrastructure after the Kakhovka Dam
BHACII0K pyiinyBanns Kaxoscskoi TEC destruction -
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2.4. Brume 3aTornJieHHs Ha PHPOI00X0POHHI TepHToOpii HHKHBbOT0 IHinpa

Timexku y miknii teuii, Big Kaxoseskoi TEC no [duinposcbko-bysbkoro
aumany, p. Muinpo 30epersia cBiif NOpIBHAHO [PHUPOJAHMEL cTaH. 3alUiaBHO-
JTOpaTbHI KOMIUIEKCH menbTH [Hinpa € ocepeakoM 3HAYHOTO OiOpi3HOMAHITTA i
Hanexkars g0 Pamcapeskux yrigs [19]. 3 2015 p. iX oxopomsiiorh y cKiail
HamionamsHoro npupoanoro napky (HITIT) “Hwxseaninporcekuii” (puc. 2.13).

Yuacninok pyiinauii Kaxosebkoi I'EC maibke Best tepuropiss HITIT Gyna
3aTorvieHa. CTpiMKe MiBHIIEHHS PiBHA BOJAM MPH3BEJI0 0 MAcoBOI 3arnbeni TuKux
TBAPHH Ta YHIKAILHUX POC/IMH, @ €KOCHCTEMM [apKy 3a3HalM KaracTpodidHoro
BIUTHRY [20].

Jdns BU3HAYEHHS JWHAMIKHM 3aTOIUIEHHS BOJHO-OONIOTHHX Yyrins Oyio
3a7yYeHO yacoBHi paa (puc. 2.14) mocTynmHMX CYNMYTHHKOBHMX 3HIMKIB Sentinel-1
[21], omepxaHuX MO MOMEHTY KatacTpogm, 2 uepBHs, Ta micus Hei — 9, 14 1 21
yepsus 2023 p.

Puc. 2.13. Kapra dyHKIioHaNEHOTO 30HYBaHHS HallioHanhHOTO TPHPOAHOTO MapKy
“Huxupoauinposcekuii”.  Dxepeno:

nacionalnogo-parku
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2.4. The impact of flooding on protected areas of the lower Dnipro

The Dnipro River preserved a relatively natural state only in the lower
course, from the Kakhovka Dam to the Dnipro-Bug Estuary. The floodplain and
littoral complexes of the Dnipro delta are a biodiversity hotspot and belong to the
Ramsar sites [19]. Since 2015, they have been protected as part of the Lower Dnipro
National Nature Park (Fig. 2.13).

The destruction of the Kakhovka Dam flooded almost the entire territory of
the nature park. The rapid rise in the water level led to the mass death of wild
animals and unique plants, and the park's ecosystems were catastrophically affected
[20].

A time series of available Sentinel-1 satellite images [21] (Fig. 2.14)
obtained before the disaster, on June 2, and after it — on June 9, 14, and 21, 2023 —
was used to determine the dynamics of wetlands flooding.

HIXHbOHINPOBCHKMA

Tocriopapceka 30Ha
Management zone

3oHa perynsoBaHol pekpeartii
Use zone

3anosijHa 30Ha

Core zone

Fig. 2.13. Functional zoning map of the Lower Dnipro National Nature Park. Source:
http://nppn.org.ua/news/interaktivna-mapa-nacionalnogo-parku
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[xepeno: @elicbyk-cmopitka napky/ Source: Park’s FB page

Mnouwia BogHOro A3epKana, Km?
& Water mirror, km?
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14.08.2023 S 21062023
BonHa nosepxus |:| Mexi* npHpoI00XOPOHHHX TEPHTOPIH
Water surface

Boundaries of protected areas

* Mexi, BusHadeHi 3a BeecBiTHROIO 623010 JaHHX MPHPOIOOXOPOHHHX TEPHTOPIH, BKIoHaoTs HITT “HukHe0AHINPOBCEKHA™

* The boundaries are defined according to the World Database of Nature Protected Areas (WDPA) and include the Lower Dnipro National Nature Park

Puc. 2.14. JInnamika 3aTOTUICHHS BOAHO-00MOTHHUX YTi/Ib ¥ MEXKaX MPHPOI00XOPOHHHX Fig. 2.14. Dynamics of wetland flooding within the protected areas of th
TepuTopiit HHKHBOro JlHinpa, 3a januMu cynyTHuka Sentinel-1 by Sentinel-1 SAR data
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Puc. 2.15. 300pakeHHs MPUPOI0OXOPOHHUX TEPHTOpIi HIKHBOTO [Himpa, oTpuMane Fig. 2.15. Image of protected areas of the Lower Dnipro River, acquired by the
cynyraukoM Sentinel-2 3 ta 5 uepsus 2023 p. Sentinel-2 satellite on June 3 and 5, 2023.




KM

Boana nosepxns
Water surface

JHoOpe 3iMKHeHeHHIT POCIIHHHUI MOKPHB, 3 EPEBAKHO TPAB SHOK POCIHHHICTIO
Well-closed vegetation cover, with mainly herbaceous vegetation

-1-0 0.3-046

Shalow water Dense vegetation cover, with shrubby vegetation on dry land areas

Bigkputhii rpyHT, cyxa abo ayike MOMKOKEHA POCTHHHICTE
0.03-0.2 .
Bare land, dry or severely damaged vegetation

Hanseuuaiino minsHuit pocanHAKIT MOKPHB, 3 ICPEBHOI0 POCTHHHICTIO

Extremely dense vegetation cover, with woody vegetation on dry land areas

10

T
0-003 Minkosomas - 0.46 - 0.5 HlineHuil pocIHHHUI NOKPHE, 3 YArapHHKOBOK POCIHHHICTIO HA AUISHKAX CYXOM0IY
| ERS

Pospimxennii abo moMipHO MOMIKOJKEHUH POCIHHHHI TOKPHB

0.2-03 Scarced or moderately damaged vegetation cover
Puc. 2.16. Ilpocroposuii posnogin ingexcy NDVI npupoiooXOpoHHUX TepUTOpiH Fig. 2.16. The NDVI index spatial distribution of the Low
HIDKHBOro JIHinpa, po3paxoranuii 3a 3HiMKamu Sentinel-2 3 Ta 5 wepsna 2023 p. calculated from the Sentinel-2 images of June 3 and 5, 2023.
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Puc. 2.17. 3o0paxkeHHsS NPUPOJI0OXOPOHHHUX TEPHTOpPii HWkHBOTO JIHinpa, oTpuMani Fig. 2.17. Image of protected areas of the lower Dnipro, acquired by the Sentinel-2
cynyraukoM Sentinel-2 20 ta 23 geprus 2023 p. (dopHi oGnacti BinoOpakaroTh MacKy satellite on June 20 and 23, 2023 (black areas referes to cloud mask)
XMAapHOCTI)




1-0 Boana nosepxss - 03— 046 JloGpe 3iMKHeHeHHT POCITHHHKIT OKPHB, 3 NePEBAKHO TPAB STHOK POCTHHHICTIO

Water surface Well-closed vegetation cover, with mainly herbaceous vegetation
0—0.03 MinkoBoans - 0.46 — 0.5 IiTEHHIT POCTHHHIH TTOKPHB, 3 YArapHUKOBOIO POCTHHHICTIO HA AUTAHKAX CYXOIOMy
' Shalow water ’ ’ Dense vegetation cover, with shrubby vegetation on dry land areas
0.03 0.2 BigkputHii rpyHT, cyxa abo ayKe MOMKOIKEHA POCTHHHICTE - 05— 1 Hanseuuaiino minbHuit poCIHHHNI MOKPHB, 3 IEPEBHOIO POCIHHHICTIO
' ’ Bare land, dry or severely damaged vegetation ’ Extremely dense vegetation cover, with woody vegetation on dry land areas

Po3pimxennit abo momMipHO NOIIKOAKEHHH POCTMHHHII TOKPHB

0203 Scarced or moderately damaged vegetation cover
Puc. 2.18. Tlpocroposuii posnoain ingekcy NDVI npupojJoOXOpOHHHX TEpUTOpIH Fig. 2.18. The NDVI index spatial distribution of the lower
HIDKHBOTO JIHiTIpa, po3paxoBanuii 3a 3HiMKaMu Sentinel-2 20 ta 23 uepras 2023 p. calculated from the Sentinel-2 images of June 20 and 23, 20
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Puc. 2.19. 3006pakeHHs TPUPOIOOXOPOHHUX TEPHTOpPI HIXKHBOrO JlHiNpa, oTpumane Fig. 2.19. Image of protected areas of the lower Dnipro, acquired by the Sentinel-2
cynytHukoM Sentinel-2 17 cepnust 2023 p. satellite on August 17, 2023.
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T
Bonna nosepxss
-1-0
- Water surface -
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Bare land, dry or severely damaged vegetation
02-03 Pospimkennii abo MOMipHO NOMKOUKEHHIT POCTHHHHIT TOKPHB

Scarced or moderately damaged vegetation cover

Puc. 2.20. ITlpoctoposuii poznoain inmekcy NDVI npupomgooXopoHHMX TepHTOpiH
HuKHBOro JlHinpa, pozpaxosanuii 3a sHiMkamu Sentinel-2 17 ceprns 2023 p.

Jobpe 3iMKHeHeHHH POCIHHHHKIT NOKPHB, 3 NEPEBAKHO TPaB'SHOK POCIHHHICTIO

e Well-closed vegetation cover, with mainly herbaceous vegetation
046—0.5 [linbHuii pocmuHHNiT TOKPHB, 3 YarapHHKOBOIO POCTHHHICTIO HA AIMAHKAX CYXOIOTY
Dense vegetation cover, with shrubby vegetation on dry land areas
051 Hanzsuuaiino minsHuH pOCTHHHHIA TOKPHB, 3 1EPEBHOI0 POCTHHHICTIO

Extremely dense vegetation cover, with woody vegetation on dry land areas

Fig. 2.20. The NDVI index spatial distribution of the low
calculated from the Sentinel-2 images of August 17, 2023,



Puc. 2.21. 300pakeHHs MPUPOI0OXOPOHHUX TePHTOpIii HIKHBOTO [[Himpa, oTpuMane Fig. 2.21. Image of protected areas of the lower Dnipro, acquired by the Sentinel-2
cymyTtHHKoM Sentinel-2 16 pepecus 2023 p. satellite on September 16, 2023.




10
— 3Kra
- -0 Boana noeepxus - 0.3 — 0,46 Jlo6pe 3IMKHEHEHHI POCTHHHMI MOKPHB, 3 TIEPEBAKHO TPAB AHOK POCITHHHICTIO
Water surface : ' Well-closed vegetation cover, with mainly herbaceous vegetation
- 0003 Minkosopas - 0.46 — 0.5 HTinenmii pOCJ'xHHHm“»l ﬂOKPHB, 3 liar‘apHHKOBO'!O POCIIHHHICTIO Ha AUISHKAaX CYXOOO0ITy
Shalow water Dense vegetation cover, with shrubby vegetation on dry land areas
0.03- 0.2 Bigkputuii rpyHT, cyxa abo Jyxe MOLMIKOKeHa POCTHHHICTE - 051 Hanzeuyaiido minkHUi pocIMHHAI NOKPHE, 3 IEPEBHOK POCTHHHICTIO
' ' Bare land, dry or severely damaged vegetation ' Extremely dense vegetation cover, with woody vegetation on dry land areas
0203 Pospimkennii abo MOMIpHO MOMIKOKEHAH POCIHHHHI TTOKPHB
' ’ Scarced or moderately damaged vegetation cover
Puc. 2.22. Ilpocroporuii posnonin ingexkcy NDVI npupomooxopoHHHX TepuTOpiit Fig. 2.22 The NDVI index spatial distribution of the low
HkHboro J{Hinpa, pospaxosaHuii 3a 3uimkamu Sentinel-2 16 sepecus 2023 p. calculated from the Sentinel-2 images of September 16, 2023



2.5. MoniTopuHr 3MiH sikicHoro ctany Boj /IninpoBcbko-bBy3bKoro mumany
Ta aksaTopii HopHoro Mops BHacaAiIok kaTacTpodiunoro cuycky
KaxoBchbKoro BoocxXoBHINA

3a3BHYai OIHKAa AKOCTI BOIU TIPOBOIHMTHCA 3a JONOMOTOI ANTOPHTMIB, IO
0a3yloThCsi HA BHKOPHUCTaHHI CYNYTHHKOBHX JAHHUX, @ TAKOK HA OCHOBI HA3eMHMX
BHMIPIOBAaHE MapaMeTpiB AkocTi Boan. Hu3ka HayKoBHX mocmimkeHs [24] qoBenw, 1o
AFOPUTMH  CHIBBIIHOLIGHHS CHEKTPAJBHHX CMYI 33 [JaHUMH [JHCTAHUIHHOTO
30H/IyBaHHA € e()eKTUBHHMH JUIA OI[IHKH TapaMeTpiB AKOCTI BOAH Y BOIOHMAX, TAKHX.,
AK  KoHUeHTpauis xuopodiny-a (Chl-a), xonuentpauis dikouianiniz (PC),
kamamyTHicTe Boau (Turb), rmmbmna Cexxi (SD) abo BMICT 3aBHCIMX TRepaHX
peuosuH (SPM).

BignogigHe\ananoriuHe QOCTIHKEHHS BHKOHAHO Ut TepuTopii JHiNmpoRceKoO-
by3pKoro TUMaHy, a caMe miBHIYHO-3aximHoi yacTHHM akBaTopii YopHoro Mops Bim M.
QOuakie g0 M. YopHomopcek, Bkmouaodn npubepexui Boxn KinOypHebkoi Ta
Tennepiecekoi  koc, Sropauueky Ta  TenpepiBebky 3atokm. Ha  ocHosi
faraTocniekTpaibHUX JaHuX 3 cynyrHuka Sentinel-3 OLCI 3a nepioa 3 5 yepHs 10 26
BepecHs 2023 p. Oymo po3paxoBaHO HACTYIHI MOKA3HHKH SKOCTI BOJIH:

Iposzopicte Boau 3a auckom Cekki (Secchi depth - SD). Tlokasuuk
HAABHOCTI 3BaJKEHHWX YacTOK Yy BOji, OJMHHIA BHUMIpPIOBaHHA — meTp. YnM MeHmie
3BAKEHUX YaCTOK Y BOJI, THM npozopima Boja i auck Cekki IHIIACTECS BUAUMUM Ha
Oinpmiiii BigcTaHi. Y JOCTIKEHHI 3aCTOCOBAHO aNrOpPHTM po3paxyHky SD [25] mns
obuucnent 3a Sentinel-2 ta amanropanuil [24] mis Buxopucranus Sentinel-3 (puc.
2.23):

SD = 0.036x((Red)/(VNIR 740 xVNIR 342))+0.79.

Kanamyrnicrs soau (Turbidity, Normalized Difference Turbidity Index -
NDTI). INoxazuuk yMicTy 3Ba’KE€HHMX YacTOK Y BOIi, OaMHHIN BuMiptoBanHs — NTU -
HedeIoMeTPHYHI OJUHHL KalaMyTHOCTI (OAMHHALIA KaJlaMyTHOCTI Y BOJI, BUMIpsAHA 3a
IOIOMOToK HedelloMeTpa Ta 3aCHOBAHA HA KUILKOCTI PO3CisHOro ceitia). Ynum Buiue
KOHIIEHTPAIlis 3BaKEHUX PEUYOBHH Y BOJI, THM BOHA 312€ThCs OPYIHINIOW i THM BHINE
i xanamyraicrs. Kanamyrhicts Biitouae B cebe Opyn, ocai, HaaMmipHuii pict
BOZOPOCTeH, (DITOTIAHKTOHY, IIIMHH i Myny. Y JOCHKEHHI 3aCTOCOBAaHO AITOPHTM
PO3paxyHKY [IOKa3HHKa KanamyTHocti [26] (puc. 2.24):

NDTI = (Green-Red)/(Green+Red).

IMoka3Huky Npo30pocTi Ta KAIAMYTHOCTI OLiHIOBaMCcA 3a gauumu Sentinel-3 y
nepioan o karacTpodwu, ompasy micnd, a Takox uepes 1, 2 ta 3 Micsmi. IHTeHCHBHE
UBITIHHS, XapakTepHO MEpPEeyCiM [Uis BOJOHM 31 ClabKUMM TedisMM, 30KpeMa, JUis
Kackamy JIHINPOBCEKMX BOJOCXOBHMIN, IO TpEACTaBleHi Oe3nocepeqHb0 Y IBOMY
BuaanHi, J{Hinporceko-by3pkoMy nuMaHi.
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2.5. Monitoring the qualitative state changes of waters in the Dnipro-Bug
Estuary and the Black Sea basin due to the catastrophic discharge event
from the Kakhovka Reservoir

Water quality is usually assessed using empirical algorithms based on satellite
data and ground-based measurements of water quality parameters. Several scientific
studies [24] have proven that algorithms for the ratio of spectral bands based on Earth
remote sensing data are practical for evaluating water quality parameters in reservoirs,
such as the concentration of chlorophyll-a (Chl-a), the concentration of phycocyanins
( PC), water turbidity (Turb), Secchi depth (SD) or suspended solids content (SPM).

A corresponding/analogous study was carried out on the territory of the Dnipro-
Buzka estuary, namely the northwestern part of the Black Sea water area from the city
of Ochakiv to the city of Chornomorsk, including the coastal waters of the Kinburn and
Tenderivska kos, Yagorlytska and Tenderivska bays. Based on multispectral optical
data from the Sentinel-3 OLCI satellite for the period from June 5 to September 26,
2023, the following water quality indicators were calculated;

Water transparency according to the Secchi depth (SD). The units of
measurement are meters for the indicator of the presence of suspended particles in
water. The fewer suspended particles in the water, the more precise the water and the
Secchi disc remain visible at a greater distance. The SD calculation algorithm [25] for
Sentinel-2 calculations and adapted[24] for Sentinel-3 use is used in the study (Fig.
223y

SD = 0.036x((Red)/(VNIR 749 xVNIR 342 ))+0.79.

Water turbidity (Normalized Difference Turbidity Index - NDTI). Indicator
of the content of suspended particles in water, units of measurement - NTU -
nephelometric units of turbidity (a unit of turbidity in water, measured with a
nephelometer and based on the amount of scattered light). The higher the suspended
matter concentration in the water, the dirtier it looks and the higher the turbidity.
Turbidity includes dirt, sediment, excessive algae growth, phytoplankton, clay and silt.
The research uses the algorithm for calculating the turbidity index [26] (Fig. 2.24):

NDTI = (Green-Red)/(Green+Red).

Transparency and turbidity indicators were evaluated from Sentinel-3 data in
the periods before the disaster, immediately after, as well as after 1, 2 and 3 months.
Intense flowering is characteristic, first of all, for water bodies with weak currents, in
particular, such as the cascade of the Dnipro reservoirs and directly in_ -
Buzka estuary presented in this publication. ¢’
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Puc. 2.23. Jlunamika mnposopocri Boau 3a auckom Cexki (Secchi Depth - SD) y
Juinposceko-by3pkomy numani, otpumana 3a 2023 p. 3a sHiMkamu Sentinel-3
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Fig. 2.23. Dynamics of water transparency according to Ht 1
Dnipro-Buzka estuary obtained in 2023 from the Sentinel-3 images |_
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Fig. 2.24. Dynamics of water turbidity — Normalized Dﬂrﬂ
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“IIBiTiHHSAM” BOAM BBaKalOTh MACOBHI PO3BHUTOK MiKPOCKOMIUHHX BOIZOPOCTEH
(3a3BHYAl CHHBLO-3EIIEHHX), W0 CYIPOBOKYIOTLCS 3HAYHUM IIOTIPIICHHSM SKOCTI
Boau. lle BHKIMKAHO UMMM KOMIUICKCOM YHHHMKIB, TaKHX, #K 3MiHa KJIIMary
(30KkpeMa, aHOMalLHO BHCOKa TEMIleparypa TOBITPA BIITKY OCTAaHHIMH POKaMH),
HA/IXO/UKSHHS Y BOJY BEIHKOI KUIBKOCTI PI3HHX MIHEPaJIbLHHX 1 OPraHiYHUX PEHOBUH
Ta TOB'A3aHe 3 IHTEHCH(]IKAIIE TOCTOAAPCHKOI MiSNIBHOCTI JMOAMHH. 30Kpema,
HA/IXO/UKEHHSM Y BOJOHMH 3a0pyaHeHHX GIOreHHUMH PeYOBHHAMH KOMYHAILHHX YH
CITbCHKOTOCIIOJAPChKHX CTOKIB, MiHEpaJIbHHX OOPHB, CHHTETHYHHX MUIOYHUX 3ac00iB,
touto. @itonnankron Mae Oesrocepe/iHiii BIUIMB Ha SAKICTh IMTHOT BOJM — CYCIIEH31IO,
KOJTbOPORICTh, TOKCHYHICTh, 4 33 3HAYHOTO PO3BHTKY 0ioMacH BHKIMKAE 3aMOpH pHO,
[MOpyweHHs poOOTH OYHCHHUX CHOpYH, 3a0pyaHeHHs y30epexoks Ta  IUISDKIB.
IToxka3HHKH KiTBKICHOTO PO3BHTKY (hiTOMIAHKTOHY IHIHPOKO BHKOPHCTOBYIOTH ITiJI Yac
BH3HAYEHHA TPO(IYHOrO CTATYCY BOAOHM i IS MPHAHATTS pillleHh 3 €KOJOTIYHOI
peabinitauii BogOHM.

IlposBnseTsca “uBiTiHHA' y 3MiHI 3a0apBiIeHHS BOAM BHACIIJOK MAcOBOTO
POSMHOKEHHA MIKpocKomiyHuX Bogopocreit. [Ipu usomy Meroan o6pobkH KOCMiMHUX
3HIMKIB 178 BUABICHHS TINSHOK “UBITIHHA  BOAM 3a3BWuaii 0a3yloThea Ha aHami3i
Bapiauiii  koediuienrty  audysHoro  BinOMBaHHS ~ CBITJIA  HOBEPXHEBUMH i
MiTOBEPXHEBHUMH [IapaMH BOH 3a 30iIbIIEHHS Y HUX KOHIEHTpAaIlil QiTOMIaHKTOHY.
Haiibinplue NiXoauTs 1A TAKHX CIIOCTEPEeKeHb YepBOHA 00IACTh CHEKTPY BHAMMOTO
aiamazony 600...700 uMm Ta 6misKkHIN iHOpauepBOHMIA Aiana3zoH.

Takoxk 04aTKOBOIO JeMM(PYBAILHOI O3HAKOW Y XOAI  Bi3yalbHOI
ientudikanil “uBiTIHHA" BOXM MOMKE CIYIYBaTH TEKCTYpa 300paskeHHs, TaK s
OIISHOK ~ IHTEHCHBHOTO  “LBITIHHA'  HailyacTille  XapakTepHa  crenudiyHa
HUTKONOAIOHA TekcTypa. Y Mepiojfid 3 TPHBAIOK TEIUIOID, COHAYHOIO 1 Oe3BITPIHO
Morojioky 1iaHoOakTepii 00'eTHYIOTBCS B arperatH, 10 CIUTHBAIOTH J0 TMOBEPXHI,
YTBOPIOIOYHM rOBepxHeBi afo mijnoBepxHeBi ckyndeuHs. Ha cymyTHHKOBHX
300pakeHHsX LiaHoDakrepli NPOSABIAIOTHCS AK sSCKpaBi HUTKOMOMIOHI cMyru abo
OKpeMi CKYTTUYeHHS.

Ha ocHoBi faratocriekTpaibHHX JaHuX 3 cynyTHuka Sentinel-2 MSI — nepioan
M4COBOTO PO3BHTKY (piTommanKTOHY abo “uBITIHHA™ BOAM y OUmHI — ceprHi 2022 —
2023 pp. po3paxoBaHO HACTYIIHI IOKA3ZHUKY SKOCTI BOJIM:

Xaopogin (Chlorophyll-a (Chl-a)). Konuentpamis xjopodiny y Bomi —
[MOKa3HHK HAABHOCTI T BIJHOCHOI KIUIBKOCTI (hITOIIAHKTOHY, OJMHULI BUMIPIOBAHHS —
mr / M. BUKOpHCTaHO NOKA3HMK aNanToOBaHMil M1 0OUMCIEHHS yMIicTy Xaopodiny 3a
nauumu Sentinel-2 [27] (puc. 2.25):

Chi-a = 14.039+86. 1 Ix(VNIR 795-Red)/(VNIR 7p5-+Red)+ 194. 32 5x(VNIR 755
RBd)/(W]R;;}j— +R€d)3'
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A water “blooming” is considered to be the massive development of
microscopic algae (usually blue-green), which is accompanied by a significant
deterioration of water quality. This is caused by a whole complex of factors, such as
climate change (in particular, abnormally high air temperature in summer in recent
years), the entry of a large amount of various mineral and organic substances into the
water, and is associated with the intensification of human economic activity. In
particular, the entry into water bodies of municipal or agricultural effluents, mineral
fertilizers, synthetic detergents, etc., contaminated with biogenic substances.
Phytoplankton has a direct effect on the quality of drinking water: suspension, color,
toxicity, and with a significant development of biomass, it causes fish bloat, disruption
of the operation of treatment facilities, pollution of the coast and beaches. Indicators of
the quantitative development of phytoplankton are widely used in determining the
trophic status of water bodies and for making decisions on the ecological rehabilitation
of water bodies.

“Blooming” manifests itself in a change in the color of the water due to the
mass reproduction of microscopic algae. At the same time, the methods of processing
space images to detect areas of water “blooming™ are usually based on the analysis of
variations in the coefficient of diffuse reflection of light by the surface and subsurface
layers of water with an increase in the concentration of phytoplankton in them. The red
region of the spectrum of the visible range of 600...700 nm and the near-infrared range
are most suitable for observations.

Also, the texture of the image can serve as an additional deciphering feature for
the visual identification of water “blooming”, for example, areas of intense bloom are
often characterized by a specific thread-like texture. During periods of prolonged
warm, sunny and windless weather, cyanobacteria unite in aggregates that float to the
surface, forming surface or subsurface clusters. On satellite images, cyanobacteria
appear as bright thread-like bands or entire clusters.

On the basis of multispectral data from the Sentinel-2 MSI satellite — periods of
massive phytoplankton development or water “blooming” — July — August in 2022 and
2023, the following water quality indicators were calculated:

Chlorophyll-a (Chl-a). The concentration of chlorophyll in water is an
indicator of the presence and relative amount of phytoplankton, the unit of
measurement is mg/m3. The indicator adapted for calculating the chlorophyll content
based on Sentinel-2 data was used [27] (Fig. 2.25):

Chl-a = 14.039+86.11x(VNIR 705-Red)/(VNIR 705-+Red)+194.325x(VNIR 795-
Rea')/( VNIR 7p5- +Rea')3
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- Bincytns Absent Cepenns Medium

- Hy#e mana/ayxe HI3BKA Very low / very low - Bucoka High

- Mana/nnseka/ cnaboeupaxeHa Small / low / weakly expressed - Ocobnueo BUCOKA/ Ny ke BHCOKA Particularly high / very high

- TlomipHa Moderate - Hansucoka Extra high
Puc. 2.25. Jlunamika IOLIMPEHHs [NIAHKTOHHUX Bojopoctel y JIHinpoBebko-By3bkomy Fig. 2.25. The dynamics of the planktonic algae distribution in the Dnipro-Buzka
JIUMaHi, OTPHMaHa Ha OCHORI 3HaueHk Xiaopodiny (Chlorophyll-a) — 2022 — 2023 p. 3a estuary, obtained on the basis of Chlorophyll-a values — 2022 — 2023 from the
3HiMKaMH Sentinel-2 Sentinel-2 images
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®ixonianin (Phycocyanin — PC). Konuentpauis dikamianiny y Boai — Phycocyanin (PC). The concentration of phycacyanin in water is an indicator

[MOKa3HUK HASBHOCTI Ta BiJHOCHOI KiIbKOCTI HiaHOGaKTepiil, OAHHULI BUMIPIOBAHHS — of the presence and relative amount of cyanobacteria, the unit of measurement is
mr / M, BUKOPUCTaHO MOKa3HUK afanToBaHuil 1ist o6umMCieHHs yMicTy xinopodity 3a mg /m’. The indicator adapted for calculating the chlorophyll content based on
manumMu Sentinel-2 [28] (puc. 2.26): Sentinel-2 data was used [28] (Fig. 2.26):

PC = 21.554x(VNIR70s nn/Red)**™! PC = 21.554x(VNIR70s u/Red)* ™!

28.07.2022 07.08.2022 06.09.2022

173 L 17
- -

28.07.2023 07.08.2023 12.08.2023 11.09.2023
- Hywe mana/mysxe HU3EKA Very low / very low - Bucoka High
- Mana/nu3eka/ cnaboeupaxeHa Small / low / weakly expressed OcobnuBo BHCOKA/yxe BUCOKA Particularly high / very high
- [Momipua Moderate Hangucoka Extra high
- Cepenns Medium
Puc. 2.26. JlnHaMika MoImMpeHHs TUIAHKTOHHHX Bojgopocteit y JIHinpoecsko-bBy3skomy Fig. 2.26. The dynamics of the planktonic algae distribution in th
JIMMaHi, OTpUMaHa Ha OCHOBI 3Ha4YeHb (ikouianiny (Phycocyanin) — 2022 — 2023 p., 3a estuary, obtained on the basis of Phycocyanin values — 2022

3HIMKaMu Sentinel-2 2 images
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2.6. CTan cilbcLKOTOCHOAAPCHLKHX YIilb ¥ Mekax o0/acTeil, 110 323HAK0Th
BILIMBY Hacaigkie pyiinysanna Kaxoscbkoi TEC

IliBaennmii cren YKpaiHM HANEKUTH J0 30HM PH3MKOBAHOTO 3emiiepobceTra, e
BOJIOTA € FOJIOBHUM (JAKTOPOM, IO MIMITYE IPOAYKTHBHICTE pociiuH [29]. Onepxants
y perioHi BHCOKMX Ta CTAaOUTBHHX YPOKAiB CiIBCHKOTOCTIONAPCHKHX KYJBTY],
0coOIMBO OBOYEBMX, #KI Yy HaiiOuibwomy o0cs3i BupouryBanucs y XepcoHChbKiii
00mnacTi, iCTOTHO 3a7€KHTh BiJl INTYYHOTO 3POIICHHSA CLILIOCIYT/Ib.

Kaxosceke BogocxoBuie OyJ10 pKepenoM xkuslieHHs Uit 94 % 3poinyBaibHUX
cucteM y XepcoHcebkiid, 74 % — y 3amopisekiii Ta 30 % — y JIHinponeTpoBchKii
obnactax. 3 HpOro 3abHpaid BOAY OXpa3zy HOTUPH I[OTYXKHI CHUCTEMH KaHAIIB —
KaxoBcekuii marictpansHuii kanan, [liBHiYHOKpHUMCBKHI KaHan, kanan JlHinpo —
Kpusuii  Pir i [IliBniyHo-PoraunHchka 3pouryBanbHa CHCTeMa, 4Yepe3  8Ki
3uificHioBatocs 3porenns 584 tuc. ra semens [30]. Tlicns pyiinysanns KaxoBcbkoi
I'EC, cTpykTypa GifbIIOCTI TOCTIOAAPCTB HA X TEPHTOPIAX 3a3Hana 3HAYHUX 3MiH
YHACIOK 3MEHIIeHHs Bojo3abesnedyennsd. Henpsamoro BIUIMBY 3a3HaBaTHMYTh 1
cimerocnyrinas [Tpapobepesxcs, 30kpeMa MukonaiBecskoi obmacTi, uepes 30inbHICHHS
HABAHTAKEHHS HA [HIYIICLBKY 3pOIIYBAILHY CUCTEMY, SKY HKUBUTE P. [HTYIENb.

CyMapHy KiTBKICTE BOJIOTH, 10 BHIIAPOBYETHCH TPYHTOM 1 TPaHCHIPYETHCS
pociuHHICTIO y atMocdepy, Jae 3Mory ouiHuTH iHpopMmauiiinuid npogykr MODI16A2
I eBamoTpaHcmipanii  (nmpocropopa po3pizHeHHicte 500 M), oTpuMaHuii  3i
crekrpopazgiomerpa MODIS  [31]. Lleit Oiodizuununii napamerp Kkopeioe 3
6i0npolyKTUBHICTIO Ta Bojgo3adestedenusM yrijie. Ha eBanorpancnipaniio BILIMBAIOTE
AK BOJIHI YMOBH Ta XapaKTEPUCTHUKH IPYHTY, TaK i METEOPONOTIUHI YHHHUKH, 30KpeMa
TeMIIepaTypa Ta BOJIOTiCTh.

Ha puc. 227 Ta 2.28 moka3zaHo TMPOCTOPOBHI PO3MOAIT  TOBHOT
€BaroTpaHcIipalii, o ypaxoBye sK BHIAPOBYBAHHA IPYHTY, Tak 1 TpaHcnipaliio
POCIIMHHOCTI JUIs TEPUTOPIH, 110 3a3HAKOTEL YIUIMBY HACHiAKIB pyiiHyBanus Kaxoscbkoi
I'EC. 3naueHHs eBamoTpaHcmipauii OymM ycepeiHeHi 3a IJHIeHb, HaHOLIBII
MOCYIUIMBHI Ta CHEKOTHHI MicAlb Ui LBOIO PErioHy, Ta OTPHMAaHI 3a TPH POKH —
2023 — pik karactpotu, 2022 — movaToK MOBHOMaIITAaGHOrO0 BOEHHOTO BTOPTHEHHS P
B Ykpainy, 2021 — noBoeHHe (PYHKLUIOHYBAHHS 3POLIYBAILHHX CHCTEM. 3aBAHTAKEHHS
3mificHIOBasocss  3a  gonomoroiw  eeO-mmardopmmu  Google Earth  Engine 3
indopmauiitnoro npogykry MOD16A2.061: Terra Net Evapotranspiration [32].
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2.6. Land use changes within the regions affected by the consequences of
the Kakhovka Dam destruction

The Southern Steppe of Ukraine belongs to the zone of risky land use, where
moisture is the main factor limiting plant productivity [29]. Obtaining high and stable
yields of crops in the region, especially vegetables, which were grown plentifully in the
Kherson region, depends significantly on artificial irrigation of the land use.

Kakhovka Reservoir was a source of power for 94 % of irrigation systems in
Kherson, 74 % — in Zaporizhia, and 30 % — in Dnipropetrovsk regions. It gave water
simultaneously to four powerful canal systems - the Kakhovka Canal, the North
Crimean Canal, the Dnipro — Kryvyi Rih Canal, and the North Rohachyn irrigation
system, through which 584,000 hectares of land were imrigated [30]. After the
destruction of the Kakhovka Dam, the structure of most farms in these territories
underwent significant changes due to a decrease in the water supply. Land use of the
Right Bank, in particular Mykolaiv region, will also be indirectly affected due to the
increased load on the Ingulets irrigation system fed by the Ingulets River.

The total amount of moisture that evaporates from the soil and is transpired by
vegetation into the atmosphere can be estimated by the MOD16A2 information product
for evapotranspiration (spatial resolution — 500 m), obtained from the MODIS
spectroradiometer [31]. This biophysical parameter correlates with bioproductivity and
the water supply of lands. Evapotranspiration is influenced by water conditions, soil
characteristics, and meteorological factors, particularly temperature and moisture.

Fig. 2.27 and 2.28 show the spatial distribution of total evapotranspiration,
which considers both soil evaporation and vegetation transpiration, for the areas
affected by the consequences of the Kakhovka Dam destruction. Evapotranspiration
values were averaged for July, the driest and hottest month for this region, and
obtained over three years: 2023 — the year of the disaster; 2022 — the beginning of
Russia’s full-scale military invasion; 2021 — the pre-war operation of irrigation
systems. The download was carried out using the Google Earth Engine web platform
from the data catalogue of MOD16A2.061: Terra Net Evapotranspiration[32].
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Puc. 2.27. KapTH mpocTOpOBOTO pO3MOALTY CEpelHBLOMICAUHOI TMOBHOI eBanoTpaHcHipalii (Kr/M*/Micap) abo KiTbKiCTh BOJNOTH, 1O BHAUIAECTHCA BHACIIZIOK BHMAPOBYBAHHA Ta
TpaHcnipauii 3 MOBepXHi IPYHTY Y HallCHEKOTHIIMH Micsiub (Jmens), 2021 — 2023 pp.
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Fig. 2.27. Maps of the spatial distribution of monthly average total evapotranspiration (kg/m?/month), or the amount of moisture released as a result of evaporation and transpiration from
the soil surface in the hottest month (July) of 2021, 2022, and 2023.
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Puc. 2.28. ®parMenTH KapT IIPOCTOPOBOrO PO3INOJLLY CEpeHbOMICHIHOT NOBHOT eBanoTpancmipawii (Kr/m?/Micsis) y
HalicneKoTHImMHA Micsiub (unens) 2021 — 2023 pp. Ha minsHKH Mepeski kanamie 1) KaxoBchKoi 3ponnyBambHOT CHCTEMH
y memxax Kaxoscbkoro paiiony Xepconcbkol obmacti ta 2) ITiBHiunO-Poraunupkol 3ponyBaibHOl CHCTEMH Y MeKax
Bacumiscekoro paiiony 3amopisekoi obmacti

Fig. 2.28. Fragments of maps of the spatial distribution of average monthly total evapotranspiration (kg/m2/month) in the
hottest month (July) of 2021, 2022, and 2023 for two sites:

1) the Kakhovka irrigation system within the Kakhovka district of the Kherson region and

2) the North-Rohachytka irrigation system in the Vasylivskyi district of the Zaporizhzhia region
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PO3/L1 3. OCYHIEHHS KAXOBCBKOI'O BOJJOCXOBHILIA
BHACJILIOK MIJPUBY JJAMBH: 3A JAHUMHU KOCMIYHOI
3UOMKH

3.1. Metoaguka ouiHioBaHud JHHAMIKH ocymenns KaxoscbKoro sojgocxosuunia

INigponoriynmii peskuM KaxoBChKOTO BOJOCXOBHINIA Pi3KO 3MIHMBCSA BHACIIIOK
cXo/pKeHHs Boau y uepeui 2023 p. rta naginHs pisug Ha Hikononscwbko-
EnepromapcskoMy CTBOpPi BOJOCXOBHINA A0 7 — 9 M MOPIiBHAHO 3 HOpMOto 15,5 — 16 M.
[Inonyi BOAHHX I[OBEPXOHL [POTATOM JHTHIX MICALIB HOCTIHHO CKOPOYYIOTLCSL.
Ynpomork wepBHS — JsmnHA BigOynmacs audepeHiliaiis TOBEpXHI THHINA 3
(opMyBaHHSAM 1 PO3BHTKOM HOBHX reocucreMm. [l BH3HAYEHHS IIBHIKOCTI Ta
HALIPAMY 3MIH HAMHM BHKOHYBABCH CYIIYTHHUKOBHH '€OMOHITOPHHI' YCHOI'O OCYILEHOT'O
IHa.

Tak, skuo y nepmuil Micaub BiIOYBalnoCs TUIBKW BUIHOBICHHS OCHOBHOI'O
pycna [[ainpa ta oKpeMHX MpoTOK Ta ctapuis (1 kiac), a iHma TepuTopis Oyna myxe
BOJIOTOI0, TO B HOJAANBIIOMY Y X011 OCYILEHHS novaind GopMyBaTHCs MUBIHKY MIAHO-
CKIAJICHUX JIPCHCEHOK (BiAMEPIMMH CTYJIKAMH
piukoBuX MoJrockiB — Dreissena polimorpha ) ta mimannm amoiem (2 knac). Hamgami
OrOJIMIIMCH 1 BHCYLIWIMCA 3HA4HI TepHTOpii MOKpUTI MyaucTHMHU Hanocamu. Lle
BUDIBHSHI TIOBEPXHI, HIO TiJ Yac CXOJYy BOMH, TEPECHXAUH PO3TPICKYBAIHCH,
YCKIIAIHIOBAIMCA BTOPHHHOIO €PO3ici0. IX YMOBHO HA3BAIM TaKMPONOMAIOHMMH 3a

TDETPUTOBHX TIPHPYCJIOBHUX BAliB,

noaibHicTIO 3 (opMamMu chOpMOBAHMMH B apHIHMX yMOBax (OCYIIEHI BHpPIBHSHI
MYJIMCTI [IOBEPXHI CXMIIBHI JI0 HEPECUXaHH Ta PO3TpicKyBanHs — 3 kiac). Y TBopuiacs
BEMKA KIJBKICTh TIUIONI, HIO OXOIUTIOIOTE BOJIOTI MYJIHCTI TIOBEPXHI HABKOIO
OCTAHLICBHX O3€p Ta CErMEHTOBHAHOI (JOPMH CTAPHYHHX [IOHHIKEHb, HKi Y
nmojanemoMy OyayTh AudepenuitoBaTHcs Ta 3a00710YyBaTHCS, 3apOCTAI0YH BOJHO-
BOII0THOIO POCIHHHICTIO (4 KI1ac).
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CHAPTER 3. DRAINAGE OF THE KAKHOVSKY RESERVOIR
AS A RESULT OF THE DETONATION OF THE DAM:
ACCORDING TO SPACE SURVEY DATA

3.1. Methodology for assessing the Kakhovka Reservoir drainage dynamics

The hydrological regime of the Kakhovsky Reservoir changed dramatically due
to rising water in June 2023 and a drop in the level of the Nikopol-Energodar reservoir
to 7 — 9 m compared to the norm of 15.5 — 16 m. The surface areas of water surfaces
are constantly decreasing during the summer months. The bottom surface was
differentiated in June-July, and new geosystems were formed and developed. We
performed satellite geomonitoring of the entire drained bottom to determine the speed
and direction of changes.

Thus, if in the first month, only the restoration of the main channel of the
Dnipro and some canals and tributaries was observed (class 1), and the rest of the
territory was very wet, then in the future, areas of river banks composed of greisen
(river mollusc — Dreissena polimorpha) began to form (class 2). Further, significant
areas covered with muddy sediments became exposed and dried up. These are levelled
surfaces that dry up and crack during the ascent of water, complicated by secondary
erosion. They were conditionally called tachyro-like due to their similarity with forms
formed in arid conditions (drained, levelled muddy surfaces are prone to drying out and
cracking — class 3). Many areas covered wet, muddy surfaces around the last lakes and
the segment-shaped form of old depressions, which will later be differentiated and
swamped, overgrown with wetland vegetation (class 4).




YNpoaorK TPhOX MIcsIIB BigOyBasocs IIBMIAKE 3apOCTaHH] MOBEPXOHb 3 i 4
KJIACIB PI3HHMH BHJIAMH POCIHMHHOCTI, 3'SBISIOTECS [OBEPXHI YKPHTI IOHEPHOIO
POC/IMHHICTIO 3 PI3HOI0 WUIBHICTIO NOKpuTTs (5 kinac). [hiouy nporo Kiacy nocTiiHo
301IBIIYIOTECS | pO3MMPIOOTECS. Hamam BOHM TakoK TMOAIIATHMYTBCS HA CYXOITYTHI
1 1ipudepekHO-00IOTHI THITH POCITHHHOCTI.

Ha ocymenux minsHkax mHa 3'SBISIOTHCS pyAepanbHAa Ta iHINA iHBa3siiHa
pocitHHicTb, a 6ins HITI “Kam’sucbka Ciy™ Oiibl 3By’KeHA YacTHHA JHA BIOHMU Ta
MpHJIETIIl PaHill 3aTOMJICHI THPJIOBI YacTHHH OalOK YKPHIMCS HIUTBHUMH MaroHaMH
BepOM.

Po3nineHHs 3eMHOT TIOBEPXHI Ha BiAMORBIAHI KJaCH BUKOHAHO i3 3aCTOCYBAaHHAM
NaHUX ONTHYHOIO 3HIMAHHS, OTPHMAHUX cynyTHukamu cepii  Sentinel-2 13
3acTocyBaHHAM XmapHoro cepenosuma Google Earth Engine, mo ymoxmusmoe
BHKOHAHHA MO3aiK{ 3 KIIBKOX CIeH 1 00’e/1HaHHA 1X B €inHe 300pakenHsa. OTpumano
ONTHYHI 300pakeHHs Y BHAWMHX KOILOpAaxX HAa KOXKHY Jociiady nary — 20 gepsHs
2023 p., 5 mamas 2023 p., 19 cepnas 2023 p. ta 28 Bepecns 2023 p. (puc. 3.1 —3.5).

Bukonano wiacudikalio JaHUX 13 3aCTOCYBAHHSIM OIMCAHHX BUILNE KIIAciB
3eMHOi moBepxHi (puc. 3.6 — 3.9), 3acrocoBaHo Mmetox CART (Classification And
Regression Tree). [IpoBejeHo nopiBHAHHS ONTHYHUX BIACTHBOCTEH JHA BOJOCXOBUILA
32 AaHUMH  0ararocrneKTpaJHBOTO 3HIMaHHA CymyTHMKOM Sentinel-2 Ta omnineHo
posmoain Bererauiinoro ingexcy NDVI — Normalized Difference Vegetation Index
(puc. 3.10 — 3.13), sIKHii AEMOHCTPYE TYCTOTH POCITHHHOTIO TTOKPHBY.

61

Over three months, there has been a rapid overgrowth of the surfaces of classes
3 and 4, with various types of vegetation, and surfaces already covered with pioneer
vegetation with different coverage densities (class 5) appear. The areas of this class are
constantly increasing and expanding.

Ruderal and other invasive vegetation appears on the drained areas of the
bottom. Near the Kamyanska Sich reserve, the more narrowed part of the bottom and
the adjacent previously flooded mouth parts of the beams are covered with dense
willow shoots.

The separation of the Earth's surface into the appropriate classes was performed
using optical survey data received by the Sentinel-2 series satellites using the Google
Earth Engine cloud environment, which allows to create a mosaic of several scenes and
combine them into a single image, perform classification (the CART method is used -
Classification And Regression Tree) and estimated the area of each of the classes for
each experimental date: June 20, 2023, July 5, 2023, August 19, 2023, and September
28, 2023 (Fig. 3.1 - 3.5).

The data was classified using the classes of the earth's surface described above
(Fig. 3.6 — 3.9), and the CART (Classification And Regression Tree) method was
applied. The optical properties of the reservoir's bottom were also compared according
to the multispectral imaging data of the Sentinel-2 satellite, and the distribution of the
vegetation index NDVI—Normalized Difference Vegetation Index (Fig. 3.10 — 3.13),
which shows the density of the vegetation cover, was evaluated.




3.2. OnTnuHi 300pakeHHs] BOAOCXOBHINA Y Tiepiox odMiniHHA 3.2. Optical data of the Kakhovka reservoir during shallowing
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Puc. 3.1. 3o6pakenns KaxoBchKOTO BOJOCXOBHIIA /10 pyitHyBaHHs rpedmni 'EC, Fig. 3.1. Kakhovka reservoir optical image before destruction of the
3a JAHUMH OIITHYHOI'0 3HIMaHHs 13 cyryTHuka Sentinel-2 Bix 6 Tpasus 2023 p. received by Sentinel-2 on May 6, 2023.




Puc. 3.2. 3o0paxenns KaxoBCbKOro BOJOCXOBHIIA, 38 JaHUMH ONTHYHOI'O 3HIMAHHS 13 Fig. 3.2. Kakhovka reservoir optical image after destruction of the Ka

cymytHuka Sentinel-2 Bix 20 yepras 2023 p. received by Sentinel-2 on June 20, 2( (




cymytHuka Sentinel-2 Bing 5 mumha 2023 p. received by Sentinel-2 on July 5, 2023,




Puc. 3.4. 3o6paxenns KaxoBcekoro BOJOCXOBHIIA, 33 JAaHUMU OITHYHOI'O 3HIMAHHA 13
cymytHuka Sentinel-2 Bix 19 cepmus 2023 p. received by Sentinel-2 on August 19, 2023,




Puc. 3.5. 3o0paxenns KaxoBcbKkoro BOJOCXOBHILA, 32 JaHUMH OINTHYHOI'O 3HIMAHHS i3 Fig. 3.5. Kakhovka reservoir optical image after destruction of the Kakf
cymytHuka Sentinel-2 Big 25 Bepecus 2023 p. received by Sentinel-2 on September 25, 2023.




3.3. Knacudikauis 1aHUX ONTHYHOTO 3HIMAHHA

3.3. Optical data classification

Knac / Class number | Konip kmacy / Class color

Tun noeepxwi / Land cover type

1

Boana nmosepxus / Water

2

ITigBuiieHi cyxi mimano-aeTpuToBi ainsHku / Sandy dry surfaces

[Mnocki cyxi mynucti nosepxi / Muddy dry surfaces

3abonoyeni moepxni / Wetlands

[95]

|

IToBepxHi, BKpUTa MiOHEPHOIO pociuHHICcTIO / Primary vegetation

[Ipuknaau 3aBHINIHLOIO BUIJISAY NaHAIA(TIB, MPEACTABICHUX BIAMOBIAHMMHU KlacaMU

(oto nanane B.I'. BepxoBuesnm) / Examples of the landscapes, represented by corresponding class (photo by V.G. Verhovtsev)

Boana 1103e>€wl (K.Flaj.': 1)
Water surface (class 1)

Cyxi niaHo-1eTpuToBi JisHKH (k1ac 2)

. - .
L - -

Cyxi MyTHCTO-CYTJIMHUCTI TTOBEPXHi (Kmac 3)

Sandy dry surfaces (class 2) Dry silty loamy surfaces (class 3)

Bomora mynucTo-cyrnmuHECTa OBepXHA (Kiuac 4)
Wet loamy surface (class 4)
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[Tionepna pocauHHicTh (Kmac S5)
Primary vegetation (class 5)




Puc. 3.6. Knacudixauis noeepxsi jina KaxoBcbKoro BoI0CXOBHINA, 32 JaHUMH 3HIMKIB Fig. 3.6. Classification of the Kakhovka Reservoir surface using SerltinliI o
[

Sentinel-2, 20 weprhna 2023 p. June 20, 2023.
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Puc. 3.7. Knacudikauis nosepxui qHa KaxoBcskoro BOJOCXOBHING, 328 JaHUMH 3HIMKIB Fig. 3.7. Classification of the Kakhovka Reservoir surface using Senti
Sentinel-2, 5 munas 2023 p. July 5, 2023.
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Puc. 3.8. Knacudikauis nosepxui qHa KaxoBcbKoro BOJ0CX0BHLIA, 32 JaHUMH 3HIMKIB Fig. 3.8. Classification of the Kakhovka Reservoir surface using Senti
Sentinel-2, 19 cepraa 2023 p. August 19, 2023,
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Puc. 3.9. Knacudikauis nosepxui gHa KaxoBcbKoro BoJOCX0OBHILA, 33 JAaHUMH 3HIMKIB Fig. 3.9. Classification of the Kakhovka Reservoir surface using Senti
Sentinel-2, 28 BepecHs 2023 p. September 28, 2023.

71



3.4. Jocnimxenns nuHamikn ingexcy NDVI y meskax KaxopebKoro BogocxoBHina 3.4. NDVI dynamic within Kakhovka reservoir research
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Puc. 3.10. 3o0pakenns posnomainy BeretamiiiHoro iHaekcy NDVI Ha momepxni nHa Fig. 3.10. NDVI distribution of the Kakhovka Reservoir surface
KaxoBchKOro BOIOCXORBHINA, 38 TaHUMU 3HIMKIB Sentinel-2, 20 yepeus 2023 p. imagery, June 20, 2023,

UA
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Puc. 3.11. 3o0paxenns posnojiny sererauiiinoro imgexcy NDVI na nosepxui jgna
KaX0BCHKOTO BOJIOCXOBHIIA, 3a JaHUMH 3HiMKiB Sentinel-2, 5 mumma 2023 p. imagery, July 5, 2023.
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Puc. 3.12. 3o0paxenns posnofiny Beretauiiinoro inaekcy NDVI Ha nosepxni gna
KaxoBCcBKOro BOJOCXOBHINA, 3a JaHuMu 3HIMKIB Sentinel-2, 19 ceprinst 2023 p.

Fig. 3.12. NDVI distribution of the Kakhovka Reservoir surface using ¢S&it
imagery, August 19, 2023, "
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Puc. 3.13. 3o0paxenus po3noainy sererauiiinoro injgexcy NDVI na nosepxui 1Ha
KaxoBcEKOro BOIOCXORHINA, 33 TAHUMH 3HIMKIR Sentinel-2, 28 Bepechs 2023 p. imagery, September 28, 2023.



3.5. 3aranbHa ouinka AuHaMiKH ocymenas Kaxosckoro BogocxoBuma

3a pesyisraTaMy aHAII3Y AUHAMIKH ocyIleHHs 1Ha KaXoBCBKOro BOJOCXOBHILA
ouineHo oty y 1 9953 kM? Ta BUABIEHO pi3Ke CKOPOYEHHS BOAHOI IUIONIl 32
YepBEHb Ta TMOCTYIOBE BiJHOBJIEHHSA icTopudHoro pycna uinpa. CpopMoBano BemHKi
3a00/04eH] YJIOTOBHHM, $KI Y HOJAJIBIIOMY CTaHyTh OCHOBHHMH OCEpEIAKAMH
(hopMyBaHHS MiOHEPHOI POCIMHHOCTI T2 HOBUX HEBEIHKHX BOXONM. Bim3HaueHo mesike
CKOPOYEHHS ILIONI POCIMHHOCTI YIPOJOBXK YEpBHs, WO Moxke OyTd OB s3aHe 3
Bi/IMHPAHHAM 3aJIMIIKOBHX BOJOPOCTEH, AKi 3aJHUIININCA TCA 3HHKEHHS PIBHS BOJIH.

Hajinmk4a 1WIMBHICTE POCIMHHOCTI BiJ3HAYEHA Y JIMIIHI, KOJIM L€ HE Hoyaia
3'ABIATHCH TIOHEPHA POCIMHHICTE Ta YKe BiaMepna 3amumkoBa pocauHHicTs (1,7 %
BiJ 3araibHOi IUIOM[ BOJOCXOBHIIA). Y [OJANLIIOMY IUIONIA  POCIHHHOCTI
30inbIIyBanacs 3HauHuMHu TeMnamu — 8,3 % y cepnni Ta 22,4 % vy BepecHi. Ilpn npomy
BiIOYBasIOCA TOCTYNMOBE OCYIIEHHS OTOJIEHHX TIIAHHX Ta MYIHCTHX [INAHOK Ta
nocrynoea crabimisauis pycna. OpHak piBeHb BOJM 3alIMINABCH MiHIMBUM 4depes
MiIBMIIEHY KITBKICTh OMAaIiB Y BECHAHMI Tepiofl, a TakoXk CHITOTAHEHHA Ta
repiofuyHi MycKH BOAM 3 BepXHix Bojocxosuil. Hanpukian, y nepiojy IHTeHCHBHOTO
ocymeHHs Ha KaxoBCchbKOro BOIOCXOBHINA y CEPITHI TUTOIIA BOJAHOTO /3epkana Oyna
Ounbioro, Hixk y mumai — 5,2 % npotu 4.8 %. Ha kinens BepecHst mioma BOJHOIO
I3epKaia CTAaHOBWIIA TiMbKK 3 % 3araibHOT MO T0CHiKyBaHoi TepuTopii (Tadm. 1).

Ta6mnuuns l. Po3nogin Ta crniBBiiHOEHHS KJ1ACiB 3eMHOT [IOBEPXHI y MexKax
KaxoBchKOTO BOJOCXOBHIIIA 33 PE3YIbTATAMH KJacH(IKaIlil YOTHPEOX 300paykeHb,
OTPHMaHHX CYNMYTHHKOM Sentinel-2 3a uepreHs — Bepecens 2023 p.

3.5. Overal Kakhovka reservoir drainage dynamics assessment

According to the results of the analysis of the drainage dynamics of the bottom
of the Kakhovsky Reservoir, the area was estimated at 1,995.3 km2 and a sharp
reduction of the water area in the month of June and the gradual restoration of the
historical channel of the Dnipro were revealed. Large swampy basins were formed,
which will later become the main foci of the formation of pioneer vegetation and new
small water bodies. Some reduction of the plant surface area during June was noted,
which may be related to the drying of residual algae that remained after the water level
decreased.

The lowest density of vegetation was noted in July, when pioneer vegetation
had not yet begun to appear and residual vegetation had died (1.7 % of the total area of
the reservoir). Subsequently, the area of vegetation increases at a significant rate: 8.3 %
in August and 22.4 % in September. At the same time, there is a gradual draining of
exposed sandy and muddy areas and a gradual stabilization of the channel. However,
the water level will be variable due to periodic releases of water from reservoirs
upstream. For example, during the period of intensive drainage of the bottom of the
Kakhovsky Reservoir in August, the area of the water table was larger than in July:
5.2 % versus 4.8 %. At the end of September, the area of the water mirror was only 3
% of the total area of the studied area (Table 1).

T able l. Distribution of land surface classes within the Kakhovka Reservoir
according to the classification results of four images received by the Sentinel-2 satellite
in the period June — September 2023

[1moma BiAMOBIAHMX KNaciB Ilnoma BiAMOBIAHUX KIaciB [Tnoma BiAMOBIAHKMX KIaciB [Tnoma BiAMOBIAHUX KIaciB
cranom Ha 20 ueprns 2023 p. / ctanom Ha S5 smnas 2023 p. / craHoM Ha 19 cepnas 2023 p./ | cranom Ha 28 Bepechs 2023 p. /
Particular class area on the Particular class area on the Particular class area on the Particular class area on the
June 20, 2023 July 5, 2023 August 19, 2023 September 28, 2023
kM2 sq. km % kM2 5q. km % kM2 sq. km % kM2 sq. km %
B i 389,36 19,5 96,37 4.8 102,76 52 60,34 3,0
Water
ITinBuIneni cyxi minaHo-AeTPHTORI
JIUISHKH / 133,44 6,7 353,34 17,7 297,39 14,9 135,51 6,8
Sandy-detritus dry surfaces
MynmcTi cyxi noeepxsi / 33445 16,8 986,86 49.5 960,79 48,2 1165.07 B o
Muddy dry surfaces - )
3abonoueni noBepxHi / Wetlands 1104,91 554 536,14 26,9 469,16 23,5 187,56
Thonepsn pocmmemicts | Primaty 33,15 1,7 226 11 165,22 8,3 446,83
vegetation

76



Jis knacudpikauii peanizoBaHo jgiarpamy po3NOALTY KIAciB 3a IUIOMEAMH Y
Mezkax kommHeoro Kaxoseekoro sojocxosuina (puc. 3.14).

JonaTkoBo BHMKOHAaHO KiacH(ikaliro Ta ONIHKY IUIOHII JAaHHX pPO3NOALTY
ingexcy NDVI 3a yorupma pianazonamu: < (0 — yMOBHO BIIIOBIIA€ BOJAHIH IOBEPXHI;
0...0,35 — yMoBHO BimmoBifae ocyieHiii moBepxHi Ge3 pocmmuHOCTi; 0,35...0,65 —
YMOBHO BIJNOBiJlac OCYIIEHIH [OBEPXHI 3 PO3PIKEHOI pociuHuicTio; > 0,65 —
YMOBHO BiIIIOBIIA€ OCYIIEHIi TMOBEPXHI 3 T'YCTOK POCTHHHICTIO. 33 IIMMH JaHHMH
TAKOXK IMPOCIIJKOBYETHCS 4YiTKA JMHAMIKA BTPAaTH IUION BOXHOT I[IOBEpXHI Ta
MOCTYNMoOBe 30IMbINEHHS TUION] TEPUTOPIH 3 TYCTOK POCIHHHICTIO Ta 3a00N0UeHHMH
IUSTHKAMH.

VY pesynbTarti aHami3y MHX 300paKEeHb YiTKO MPOCTEKYIOThCA IMIBHAKOCTI 3MIHH
oOpa3zy CTpPyKTYpH 3eMHOI mnoBepxHi aHa KaxoBCRKOTO BOJOCXOBHINR, HAOYHO
JIEMOHCTPYETbCS 3aMIIEHHsl OJHMX KJIACiB NOBEPXHI IHIIMMH 3 TEHJCHLICIO [0
OCYIIIEHHS i 3aPOCTaHHS.

1200

Maowa kaacy, ke. kv / Class area, sq. km

PR PP PP » 2 » P P P
SO I T

P

&

= Bopgna nosepuuna [ Water
Mpupycnoel nigewyen cyxi niwani glaankm [ Sandy dry surfaces
s Wy mCTi oyl noBepxni [ Muddy dry surfaces
!

{ Primary

Puc. 3.14. diarpama po3nojily IUIOLL KIaciB 3eMHOT NOBEpXHI y Mexax Kaxoscbkoro
BOJIOCXOBHIIIA 38 JIOCIIIZKYBAaHHH TIepioJt

Fig. 3.14. Diagram of the land surface classes within the Kakhovka Reservoir for the
study period

For classification, a diagram of the distribution of classes by area within the
former Kakhovsky Reservoir was implemented (Fig. 3.14).

In addition, the classification and assessment of the data area of the distribution
of the NDVI index was performed in four ranges: < 0 — conditionally corresponds to
the water surface; 0...0.35 — conditionally corresponds to the drained surface without
vegetation; 0.35...0.65 — conditionally corresponds to a drained surface with sparse
vegetation; > 0.65 — conditionally corresponds to a drained surface with dense
vegetation. According to these data, clear dynamics of the loss of the water surface
area and the gradual increase in the area of territories with dense vegetation and
wetlands are also observed.

lamgerye analysis clearly traced the rate of change in the image of the structure
of the Earth's surface at the bottom of the Kakhovka reservoir. It also demonstrated the
replacement of some classes of the surface by others with a tendency to drainage and
overgrowth.

% gig, 3aranbHoi nnowj [/ % from total area

S nunka /[ July 5 19 cepnia f August 19 28 sepecHn / September 28

20uepeHa [ June 20

®NDVI>0.65 = 0.35<NDVI<=0.65 w0<NDVIi<=0.35 EMNDVI<O

Puc. 3.15. [diarpama posnoainy Bererauiiinoro ingexcy NDVI y mexax
BOIOCXOBHILIA 33 JOCITITHHIT mepion

Fig. 3.15. Diagram of the NDVI distribution of the within the Kakhov}
the study period




3.6. Jocaigxennd JMHAMIKH TeMIIepATYPHOIO IOJIA JHA
KaxoBchbKoro BoiocxoBuuia

Jlani MOBroxBMJILOBOTO iH()pauepBOHOrO [iama3oHy, HAJaHi CYMYTHHKaMH
Landsat paiors 3mory cdopmyBati 300pakeHHS PO3IIOALLY TEMICPAaTypH 3EMHOI
MMOBEPXHI Ta OTEPATHBHO BH3HAYMTH MIMAHKH, AKi MiTAOTHCA TIOPIBHAHO IIBHIKOMY
BHCHXAHHIO, 8 TAKOMK JUIAHKH, 1110 30epiraloTh HU3LKY TEMIICPATypy, SKi MOKYTEL OyTH
ocepeIkaMH HAKOIMMYEHHA BOJM Ta HOBOYTBOPEHHMH BOJOHMamH abo ocepeiaxkaMmu
(OpMYBaHHS I'yCTOrO POCIMHHOIO [IOKPHBY.

Mo 2023 p. BomHa NOBepXHS BOJOCXOBHMIIA CTBOPIOBANIA OXOJO/KYBaJbHHMIA
edexT y NpHIEIIUX 0 BOJOCXOBHIIA [UISHKAX, ICHYBAIO 0arato MONHBHUX 3EMEIIb.
Hatipumi MOBEPXHEBOi  TEMIEpPaTypH  CHOCTEPITAlOThCA  Haj
MPOMHCIOBHMH  TIANPHEMCTBAMH, HE 3apOCIHMH  POCIMHHICTIO  BiJBalamHu,
CUIBIOCHYT1IAMH, HKUTIOBOIO 3a0y/10BOIO MICT.

Oninka TeMIepaTypHOTO ITONIA TOBEPXHI Y MekaxX KOKHOTO 3HIMKY 3a 18
uepeHst 2023 p., 4 munus 2023 p., 21 cepnus 2023 p. Ta 30 Bepecus 2023 p. (puc 3.16
—3.19) 3acBimumnia BiZHOCHI Mepenaay MOBEPXHEBOT TEMIEpPaTypH IS OKpeMHX K1aciB
3eMHOI [oBepxHi. Bi3yalnbHO NPOCTEKYETBCHA, IO 3 4acOM JHO Crac CyXIUM i
CHIBHIIIE TporpiBaeTecad  (ocobnmeo y  cepmui). Tyt Oumemn  amMmmiTyaH
TEMIIEPAaTYPHHUX KOJNMBAaHbL Ta 3HA4YHi JudepeHuiamii MK CyXOl0, 3BOJIOXKEHOK 1

MOKA3HUKH

BKPHTOI) POCIHHHICTIO 3€MHOI0 MOBEPXHEFO, AKA MBHAKOTIIMHHO 3MiHI0eThCA. [IpoTe,
BXKE Y BepecHi, BigOyBaerbcs 3MeHLICHHs BigHocHOI JudepeHLiauii MOBepXHEBOI
TEMIIEpATypy Ta 3apOCTAHHI POCIHHHICTIO 1 BiJ4yBacThes €(EKT OXOJOKEHHS
VKPHTHX POCITHHHICTIO JIISTHOK.,

PospaxoBaHi noBepXHeBl TeMIIEpPaTYPH KOJIUBAKTLCS B iHTepBaiax Bix +22 °C
1ns BogHOI moBepxHi, o +30 °C Ha #miisHKax 3 MOHEPHOI0 pociuHHIcTIO, 10 +40 °C
HA CYXHMX MYJIHCTHX HOBEPXHAX Ta 10 +53 °C Ha NiliaHo-JUTPUTOBUX ALISHKAX.

[TpoBenenuil MOHITOpUHI IOBepXHeBHX Temmeparyp 3a Landsat tepuropiit
yHm3 i yropy JlHinpom Bix 3pyiiHoranoi rpebmi. [lepionm mo migpuBy rpebmi i micis
[M0Ka3zaB, L0 pa3oM 3 BIJAHOBICHHSAM POCIAHHHOIO [OKPHBY BIJHOBIIOETHCH
OXONOKYBATBHUX e(eKT [JHa BOJOCXOBMINA, TOOTO y THX caMuX HAiISHKAX, e
BiA0yBaeThes npupict iHgekcy NDVIL

Y momanemioMy OYiKyeThCs OiNBIN IHTEHCHBHE BiJHOBICHHS POCITHHHOTO
[IOKPHBY Ta BIANOBIIHO GUILIINH 0XO0I0KYBAILHUX eEKT, ale BiguyTHO cnabiiunii 3a
PaxyHOK 3Ha9HOTO 3HHMKEHHS TUIOINL BUTIAPOBYBAHHS.
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3.6. Study of the dynamics of the temperature field at the bottom of the
Kakhovka Reservoir

Data of the long-wave infrared range provided by Landsat satellites make it
possible to form an image of the temperature distribution of the earth's surface and
quickly identify areas that are subject to relatively quick drying, as well as areas that
maintain a low temperature, which can be centers of water accumulation and newly
formed reservoirs or centers of the formation of dense vegetation cover.

By 2023, the water surface of the reservoir had a cooling effect on the areas
adjacent to the reservoir, and there were many irrigated lands. The highest indicators of
surface temperature are observed over industrial enterprises, dump sites not overgrown
with vegetation, agricultural land, residential buildings of cities.

The assessment of the surface temperature field within each image for June 18,
2023, July 4, 2023, August 21, 2023, and September 30, 2023 (Figs. 3.16 — 3.19)
showed relative differences in surface temperature for individual surface classes. It can
be seen visually that over time, the bottom becomes drier and warms up more
(especially in August). It has larger amplitudes of oscillations and differentiation
between a dry, wet and vegetated surface, which rapidly changes its image. However,
already in September, there is a decrease in the relative differentiation of the surface
temperature when it is overgrown with vegetation, and the cooling effect of areas
covered with vegetation is already felt.

The calculated surface temperatures range from +22 °C for the water surface, up
to +30 °C on areas with pioneer vegetation, up to 40 °C on dry muddy surfaces and up
to +53 °C on sandy-detrital areas.

The Landsat monitoring of surface temperatures in the areas downstream and
upstream from the damaged dam along the Dnipro River, in the periods before and
after the detonation, showed that the cooling effect of the bottom of the reservoir is
restored together with the restoration of the vegetation cover, i.e. in the same areas
where the NDVI index increases.

In the future, a more intensive restoration of the vegetation cover and,
accordingly, a greater cooling effect is expected, but it will be significantly weaker due
to a significant reduction in the area of evaporation.




Puc. 3.16. 3o0paxkenHs posnojaiiny Temreparypd Ha mosepxui jgxa KaxoBcbkoro Fig. 3.16. Land surface temperature distribution of the Kakhovka RescrVe
ROJIOCXOBHIIA, 32 NTaHUMH 3HIMKIB Landsat, 18 ueprns 2023 p. using Landsat imagery, June 18, 2023, "

79



e

Puc. 3.17. 3o6paxenHs po3noiiny Temieparypd Ha nosepxHi gua Kaxoecwkoro Fig. 3.17. Land surface temperature distribution of the Kakhovka ReserVest
ROJIOCXOBHIIIA, 32 TaHWMH 3HIMKIBR Landsat, 4 mumas 2023 p. using Landsat imagery, July 4, 2023. "

.‘
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Puc. 3.18. 3o0paxeHHs po3nojily Temieparypu Ha nosepxsi aHa KaxoBcekoro Fig. 3.18. Land surface temperature distribution of the Kakhovka Rese
ROJIOCXOBHIIIA, 32 NTaHUMH 3HIMKIR Landsat, 21 cepras 2023 p. using Landsat imagery, August 21, 2023.
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Puc. 3.19. 3o0paxeHHs pos3nojiny Temieparypu Ha nosepxsi axa KaxoBcekoro Fig. 3.19. Land surface temperature distribution
ROJIOCXOBHIIA, 32 JaHUMH 3HIMKIB Landsat, 30 Bepecns 2023 p. using Landsat imagery, September 30, 2023.

82



PO3JLJ 4. TIPOI'HO3 PO3BUTKY BIO®I3BUYHUX TA
I'EOEKOJIOI'MYHHUX IMPOLHECIB YHAC/IIJOK OCYHIEHHS
KAXOBCBKOI'O BOJOCXOBHIIA: “3A” I “ITPOTH”
BITHOBJIEHH A KAXOBCBKOT'O BOJOCXOBHILA

VYkpainceki Giomorn, GoTaHIKM Ta €KOJOTH TmepenbadaroTh, IO BiHOBICHHS
[IPUPOAHUX KOMILIEKCIB Y MekKax KOIMHIIHEOro KaxoBchKoro BoJOCXOBHIA TPHBATHME
10 — 20 pokis, ane Ha iHmomMy GioueHoTudHOMY piBHI. OYiKy€TbCS, IO MOHUIKEHHS
piBHS TPYHTOBHX 1 Mi3eMHMX BOJ CHOHYKATHME /10 PO3BHTKY T4 aKTHBi3amii
eK30reHHUX npoueciB. 3MeHummTbes abo 30BciM 3HuMKHe abpasis Oeperis, aie
aKTHBI3yE€ThCS e€po3id, 3ab0movyyBaHHSA 3amiaB Ta OCYIIEHOTO JIHA BOJOCXOBHINA
BHACIIJOK IOBEHEBUX PO3/IMBIB BOJAM TA [CPIOAMYHMX Omnamis. ICHYIOTh IUISIHKH
nMpuOepeKHUX Kic Ta BaiB HA MIIIAHOMY TPYHTI, IKI MOXKYTh B&KKO 3aKpITLIIOBATHCH,
TOMY MOXKYTh aKTHBI3YBATHCS €0JIOBI IIPOLIECH, & TAKOXK epo3is. A JUISHKA IIOHHKEHb,
o Oynu 3a00/I04eH], MAKOYH [ICBHUI PIBEHb TEXHOICHHOTO 3a0py[IHEHHS JOHHUX
BiZIKIAMIB, ¥ XOMi MepecHXaHHA 1I¢ TPUBAIHI 4ac MOXKYTh OYTH HeNPUIATHHME IS
BHKODUCTAHHS Ta BererauiiHol Alle BOHM 3al04aTKyIOThL HOBI
OioreoneHo3M i BHKOHYBATHMYTh iHIII €KOCHCTEMHI TTOCTYTH, HANIPHKIA, TOCTaYaHHsA
JNOHHUX MYJIB Ta CalpoIlellio JUld HOKpalleHHs poliodocTti IpyHTis. Ha npuniernomy

AKTHBHOCTI.

CYXO0JI0Ji B YMOBax AedilNTy BOJIOTH, CIOCTEPITATHMYTHCS 3MiHHM T€0eKONMOTIYHOTIO
cramy, Jerpagaiii icHytouux exocucteM. Lle crocyerses Takox 3aTOILNIEHUX IHPJIOBUX
4acTHH Oanok, ae OynH cTaBKH, HEBENHKI BOJIOCXOBHIIIA BiArOpo/UKEHI taMbamu.

BaxknuBuM € Te, 1I0 OCYIIEHHS BOAOCXOBHIA HE CTAN0 3arpo3or s
3anopizekoi AEC, 1o BUKOpHCTOBYBana BOAY Ui CBOIO CTaBKa OXOJIO/KYBa4a;
piReHb Boj103a0e3MevueHHs AaTOMHOT CTaHIlii Hapa3i € 3aI0BITBHHM.

Hatenep pocmipkeHHs TepuTopil KoIMuHBOro KaxoBCBKOrO BOJOCXOBHILA
IEMOHCTPYIOTh MOCTYIOBE BiTHOBIEHHA POCIHHHOTO MOKPHBY Ta BIIHOBIEHHS CTAPHX
pyceln pidok Ta pykasis Juinpa (puc. 4.1). ¥ nepioxg 3uma — Becta 2024 p. BinbyJocs
3HaYHE HATIOBHEHHS TEPHTOPIi BOIOCXOBHINA MABOIKOBUMH BOJAMHM, IO MOTEHIIHHO
CIIOHYKAaTHME JI0 aKTHBHOIO BIJIHOBJIGHHS BererauiiiHoro nepioiy, HOJAbILe
TMOCTIIKEHHS AKOTO TPOIOBKUTRCA ¥ MAHOYTHEOMY.,
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CHAPTER 4. BIOPHYSICAL AND GEOECOLOGICAL
DEVELOPMENT FORECAST AS A RESULT OF THE
KAKHOVKA RESERVOIR DRAINAGE: ADVANTAGES AND
DISADVANTAGES KAKHOVKA RESERVOIR RESTORATION

Ukrainian biologists, botanists, and ecologists predict that restoring natural
complexes within the former Kakhovka reservoir will last 10 — 20 years but at a
different biocenotic level. Lowering the underground water level is expected to lead to
the activation of exogenous processes. Coastal erosion will decrease or disappear; at
the same time, erosion, floodplains' waterlogging and the reservoir's drained bottom
will intensify due to floodwater spills and periodic rainfall. Coastal spits and
embankments on sandy soil can be difficult to anchor, so eolian processes and erosion
are likely to become more active. Swamped depressions with contaminated sediments
and may not be suitable for use and vegetation activity for a long time after drying out.
However, it can give life for new biogeocenoses and perform other ecosystem services,
such as the bottom silts and sapropel formation to increase soil fertility. Changes in the
geoecological state and degradation of existing ecosystems will be observed in
moisture shortage conditions on the adjacent dry land. It also applies to the flooded
streams in which dams fenced off ponds and small reservoirs. The restoration process
also holds the potential for new ecosystem services, further enriching the ecological
landscape.

It is reassuring to note that the reservoir's drainage did not pose a threat to the
Zaporizhzhia Nuclear Power Plant, which relies on the reservoir for its cooling
properties. The water supply of the power plant remains satisfactory and stable. Today,
studies of the former Kakhovka reservoir reveal the gradual vegetation cover growth
and the restoration of old riverbeds and branches of the Dnipro River (Fig. 4.1). During
the winter-spring period in 2024, there was a significant filling of the reservoir with
flood waters, which can potentially encourage vegetation activity, a pheng,

s

requires further research. o




IMoxu cknagHO pOOHTH NPOrHO3H MOAO TOAAIBIIOTO BiIHOBIEHHA EKOCHCTEM Y
MEKaX KOIMIIHBOrO BOjocxoBHiia Ta Bemukoro Jlyry, OCKUIBKH —YIPOLOBHK
HACTYITHUX POKIB OYIKYeTbecs IHocTynosa crabimizanis Geperosux niniid. OjHak yxe 3a
MepIIMii BereTaliitHui ce30H OyJI0 CIPOCTORAHO MPOTHO3 MPO Te, IO Ha I TepuTopil
chopmyerhes nepMaHeHTHA mycrens Ta Oulbll HMOBIpHUM craHe (OopMyBaHHs
IMHPOKOTr0 CMEKTPY Ppi3HOMAHITHMX EKOTOMIB, SKi TOTEHIIHHO MOXYTh CTaTH
JKEPENIOM HOBUX €KOCHCTEMHHX 1ociyr. IMOBipHO, GLIBLIICTE IOHEPHOT POCIHHHICTI,
mo chopMmyBanacs YIPOAOBXK MEpIIOTO MNcas pyiHyBaHHA rpebii BererauiiiHOro
ce30Hy, 3aruHe Ta chopMyeThes HadaraTo rycTiliuil pOCIIHHHAH IOKPHB.

Puc. 4.1. 306paxenns KaxoBCEKOro BOIOCXOBHINA, 38 JTAHUMH ONTHYHOTO 3HIMAHHS
i3 cynytHHKa Sentinel-2, 3 6epe3ns 2024 p.
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For now, it is difficult to predict further ecosystem restoration within the former
reservoir and the Great Meadow, as the gradual stabilization of the coastlines is
expected in the following years. However, the prediction that the permanent desert
would form on this territory was disproved during the first growing season. A wide
range of diverse ecotopes formed within the reservoir, potentially becoming a source of
new ecosystem services, became more likely.Most of the pioneer vegetation grown
during the first growing season after the dam destruction will die, and a much denser
vegetation cover will be established.

Fig. 4.1. Kakhovka reservoir optical image after destruction c“ne R
received by Sentinel-2 on March 3, 2024 {'::




Oppasy micnst pyiinysannst rpebni Kaxoscekoi 'EC mnocrano nwrasxs
aKTYaJIbHOCTI BijHOBIeHHS  rpebai  Ta  rigpoeliekTpocraHuii.
CdopmyBamucs aBI NPOTHISKHI IYMKH — 3a BIJTHORJIEHHs rpe0ii, eIeKTpocTaHIlii 1a
BOJIOCXOBHILA Ta 3a 30epeikeHHs HoBochopmoBanoro pycia [uinpa 6e3 BiHOBIEHH:
rpedmi.

3a sigHOBICHHs rpebil, eleKTpOCTaHUii Ta BOJOCXOBHUILA I'OBOPSTH Ti, XTO 3a

NOBOEHHOIO

HEOOXigHICTh BiIHOBJICHHSA BOJONOCTAYaHHS pPETiOHIB YKpaiHH, IO 3amexano y
MUHYJIOMY Bijl KaHa/liB, sKi BHKOPHCTOBYBalH Boay 3 KaXoBCLOKOro BOJOCXOBHIUA
mwis  OarathoX ToTpe® Yy MeTamyprii, €HEepreTHIl, CUTbCBKOMY TOCIOJAPCTBI,
nmoGyrogomy Bomosabesneuenni. Perion Haskono KaxoBCBKOro BOJOCXOBHILA
KOMOIHYE aKTHBHE CiTbChKE TOCTOAAPCTBO Ta 3HAUHI MPOMMCIIOBI MOTYKHOCTI, IO
noTpedyroTh BemMKOl KimskocTi Boau. Ha 2023 — 2024 pp. cknamacs KpPHTHYHA
cHTyalis 3 Bojo3abe3ledeHHAM BRKIMBUX MicT periony — Hikomons, Maprauus,
Kpusoro Pory. JledinnT BogHUX pecypciB y perioHi MoXe TIPH3BECTH J0 eKOHOMIYHHX
yTpar Ta coLialbHuX 30HTKIB HA BE/IHKHX TEPUTOPIAX.

Bignoenenns Kaxorcekoi ['EC  yMOMIHBHTE TeHEpYBaHHS JIOJATKOBOI
EIIEKTPOCHEPT1, IOTYIKHITE Y MHHYIIOMY SKOT craHoBHIA ycsoro 335 MBr.

JlonaTkoBHM YHHHHKOM € Te, 1110 B YMOBAax TMOBHOTO 3aperymroBanHs [lHinpa B
yciit cBOill poTsKHOCTI y Mekax YKpainu piuka Oylia CyJHOIUIABHOIO, @ TEelep cyHa
MOXKYTh JICTATHCh TUTEKH 10 3amopiioks.

3 inmoro Goky, 30eperkeHHs NOTOYHOIO CTAaHy BOJOCXOBHIIA JACTL 3MOTY
copmyBarH BeMUKI NPUPOAHI CTBOPATL IIHPOKHH  CIIEKTP
€KOCHCTEMHHX TIOCIYT, YMOKJIHBIATE JIeTalbHE Ta pPi3HOOIYHE BHBYEHHS 3€MHOI
[OBEPXHi, 110 JECATHIITTIMH Nlepe0yBali Mijl BOJOIO.

Huckycis mono pinmHoneHHs Kaxorcekoi ['EC € BiakpuTolo, a yXBajcHHA
PiLICHHS [P0 JOJI0 LUHX 3eMelb He Oy/e BUPILIEHO [0 3aBeplUeHHs BOCHHOTO CTaHy B

KOMILICKCH, IO

Vkpaini, 0o jgae 3Mory JAerallbHO po3pobuTH HaibilbI e(eKTUBHI Ta CYCIHLILHO-
KOPHCHI pillIeHHS.

IMosuTHBHI Ta HeraTuBHI HaciAku BigHoBneHHs Kaxoscbkoi I'EC naBejeHo y
mabn. 2. OgHak, skuMu 6 He OyIM My1aHH, X BTIJICHHS HEMOJKIMBE B YMOBaX BOEHHOTO
CTaHy Ta NOCTIHHOI poCiHCBKOT BOEHHOI arpecii NpOTH HAceleHHs NPH(POHTOBHX
MiCT.
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After the destruction of the Kakhovka dam, the relevance of the post-war dam
restoration and the hydroelectric power station arose. Two opposite points of view
were formed: either the dam, power plant, and reservoir restoration or the preservation
of the newly formed Dnipro current without restoration of the hydro-technical
facilities.

Building the new dam is required for water supply restoration in the regions of
Ukraine, which depend on canals that take water from the Kakhovka reservoir for
many needs: metallurgy, energy supply, agriculture, and domestic water supply. The
area around the Kakhovka reservoir combines active agriculture and significant
industrial facilities that require much water. In 2023 — 2024, there is a critical situation
with the water supply of several big industrial cities: Nikopol, Marganets, and Kryvyi
Rih. Water shortages in the region can result in economic and social losses over large
areas.

Restoring the Kakhovska hydropower plant will also allow additional electricity
generation; however, its energy capacity was only 335 MW in the past.

Another factor is that under full regulation, the Dnipro was navigable along its
entire length within Ukraine's borders; now, ships can only reach Zaporizhzhia.

On the other hand, maintaining the current state offers the opportunity to create
large natural complexes that can provide a diverse range of ecosystem services. It also
allows for a detailed and comprehensive study of the land that has been submerged for
decades, potentially yielding valuable insights and knowledge.

The discussion on the restoration of the Kakhovka Dam is open. The fate of
these lands will be decided at the end of martial law in Ukraine, making it possible to
develop the most effective and socially valuable solutions in detail.

All positive and negative consequences of restoring the Kakhovka hydropower
plant are listed in Table 2. However, it's important to note that the current conditions of
martial law and ongoing Russian military aggression against the population of the
frontline cities pose significant challenges to the implementation of any plans,
including the restoration of the Kakhovka hydropower plant.




Tab6nuusa 2. [NopiBHAIbHUN aHANI3 eKOHOMIYHHX HACIIAKIB BlIHOBIICHHS
KaxoBcbkoro BogocxoBuma

Table 2. Comparison of the economic consequences of the Kakhovka reservoir

reconstruction

TosuTneHI

Heratugni

Positive

Negative

BupoBHuITBO eneKTpoeHepril

PerymioBanus piBHs BOON

3axucT Bia noseHeil

CyIHOIUIABCTBO

3pomieHHs MIAXoM OYAIBHHLTBA KAHAIE 10
MIBACHHUX CTETIB

[okpamenns Bogo3abe3neyeHHs s
MPOMUCIIOBUX 00 €KTIB Ta HaceleHHs
PubopozeeneHHs

3MeHIIeHHs epOo3iitHUX NPOLIECiB HA CYXO0ui

VOoBinkHEHHA Teuii

HaxonuueHHs TOHHHUX BiIKI4MIB Ta
AKyMYIBILis 3a0pyIHeHb Ta HeoOXiAHICTE
PO3YHILEHHS pycia

Tocunenss eprpodikattii

TMepioauunnii mop pubu

Samynenns wKepen Bogozabe3neueHus Piuky
IlinBuieHHs piBHS IPYHTOBHX BOJL
[ligTonneHHs npUIErIHX TEPUTOPIH
AbGpa3sis Ta pyiiHyBaHHs Oeperis
HeobxignicTs SeperoykpinmeHus

Electricity generation

Water level regulation

Flood prevention

Shipping

[rrigation through building canals to the
southern steppes

improvement of water supply for industrial
facilities and the population;

Fish farming

Erosion risk reduction

River current slowing

Sediments and pollution accumulation
and current cleaning necessity
Increasing eutrophication

Periodic plague fish

Siltation of water supply sources
Ground water level rising

Periodic flooding

Abrasion and banks destruction
Coastal fortification building necessity
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BUCHOBKH

3uumieHHsa pociiickkoro apmieto rpedni Kaxorcskoi ['EC BHOui 6 yepBHs
2023 p. crano HAHOLIBIIOKW TEXHOreHHOW Karactpoolo B Ykpaiui micis
Yoprobuibeskoi. [IBuake nigHATTS pIBHSA BOAM CHPHYUHMIO 3ATOIUICHHS TEPUTOPIT
Ha Gigbi Ak 600 kM? 3 TOBHHM 3aTOMIEHHSM KibKOX HACEJIEHMX TTYHKTIB Ta BEIMKOI
KUIBKOCTI JIKOJICEKUX JKEPTB.

3 inmoro Goky, Oyio ocymieHe OjiHe 3 HAMOLILLIMX BOAOCXOBMIL €BpomH 3
06’emom 18,2 KM® BOJIM, TIO CTA/IO BENMKHM BHK/IHKOM Il YKPAiHCBKOTO CTEMY, SKHIl
OyB 3aIEKHUM B BOJOCXOBHIIA. JIHINPOBCEKI BOAW, IO Jy’KE MIBUAKO HATIOBHHIIH
Yopue ™ope Huwxkye rupna JHinpa, CHPUYHHUIK KOPOTKOYACHE II1JABUILCHHS
BEreTamiifHOi aKTHBHOCTI Ta 3HIKEHHA coioHocTi mopa. llicma cxomkenHs Boau
pycio Jduinpa crabunizyeanock, a y Mexax KoIMUHeoro KaxoBCLKOrO BOZOCXOBHUILA
MOYaIHCh JOKOPIHHI eKOTOTIYHI 3MiHH.

HesBasxaroun Ha 65-piunmii nepiof eKcriyararii, HAKOMHYEH] JTOHHI BifKmaau
HE 3MOIVIH MOBHICTIO 3aMylIuTH aHi pycrno [uinpa, ani okpemi #oro nporokd ra
ctapuii. Hapasi BOHH BilIHOBIIOIOTBCA Maike y THX caMHX Mexax i1 abpucax. 3HauHa
YACTHHA KOJIMIIHLOT 3aIUIaBH Ta HAJ3AIIABHOI TEPAcH BHIHLLIA 3 BOAM [IEPILOID 1 TaM
ollpazy rmouana TIPOSABIATHCH BHCOKA BETeTaliiiHa aKTHBHICTE. Y 3abomoueHmx
HU3HHHHMX [ITAHKaX 3aliaBH HAKOMHYYIOThCA 3HA4YHI 00’€éMM JOHHOTO ocamy ¥y
purisigi  mynie.  IlpuGepexni uwactuHu, 30aradeHi [JelOBialbHO-UIOBIAIBHUMH
BiknanaMu, € OinbII poarOYMMH, BOHH MEpIli BKPHIMCA TAPOCTKAaMH JE€PEBHOI i
TpaB’sSTHOI POCITHHHOCTI.
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CONCLUSIONS

The destruction of the Kakhovka dam by the Russian army on the night of June
6, 2023, became the largest aman-made disaster in Ukraine after the Chorobyl
disaster. The rapid rise of the water level caused the flooding of an area of more than
600 km?, with the complete inundation of several settlements and a large number of
human casualties.

On the other hand, one of the largest reservoirs in Europe, with a volume of
18.2 km® of water, was drained, which became a big challenge for the entire Ukrainian
steppe, which was dependent on the reservoir. The Dnipro waters, which quickly filled
the Black Sea below the mouth of the Dnipro, caused a short-term increase in
vegetation activity and decreased sea salinity. After the rise of the water, the Dnipro
River began to stabilize, and fundamental ecological changes began within the former
Kakhovka reservoir.

Despite the 65-year period of operation, the accumulated bottom sediments
were unable to completely silt up the Dnipro riverbed, nor its distributary channels and
old streams. They are restored almost in the same shapes. A significant portion of the
former floodplain and fluvial terrace was the first to emerge from the water, sparking a
surge in vegetation activity. In the swampy lowland areas of the floodplain, substantial
volumes of bottom sediment in the form of silt accumulate. Coastal parts, enriched
with deluvial-iluvial deposits, are more fertile, they were the first to be covered with
sprouts of woody and herbaceous vegetation.




CdopmyBamich HOBI NIPHPYCITORI BaimM, KOCH, OAHKH 3 PIYKOROI JpelCeHH Ta
allIOBIAIHOTO MICKY, 10 BOYEBMIbL MOXKYTh 3MIHIOBATH abpucH Mij 4ac IoBeHel Ta
IHTEHCHMBHMX CIYCKIB BOJM 3 BEPXHIX BOJIOCXOBHIIL. MYIHCTI IPYHTH, IO BUCHXAIOTh
Ta PO3TPICKYIOTHCS, MOCTYIIOBO CTAbIMI3yIOTECSA BETETAIlIiTHHM POCIMHHHM TTOKPHBOM.
3a 2023 p. sigdynocs QopmyBaHHs pociHHHOCTI Ha 23 % TepUTOpIl BOJOCXOBHILA.
BecHsana noeiab 2024 p., 1o Bkpuia GibIIy YacTHHY [THA KOJHIIHEOTO BOAOCXOBHIIA,
[AKPIILIIOE IPOTHO3U — BEreTaliifHa akTHBHICTD TUILKH MOCHITIOBATHMETLCSL.

Ot3xe, CTBOPHIIMCH YMOBH /UL BiTHOBJICHHS LIHHUX TA YHIKAJILHUX €KOTOIIB Ha
TepuTopii mona Ha 2000 kM® Ta GopMyBaHHSA HOBUX 3aMOBITHUX TEPHTOPIii.

Ilpote., y xoxi oGroBopeHHs Ta miaHyBaHHs MaiibyTHeoT momi Kaxorcekoi 'EC
1 B LUIOMY NIBJGHHOIO PEriOHy, HE MOKHA IFHOpYBAaTdH NpoOieMy BiJHOBIICHHS
MPOMHCITOBOTO Ta TOCMOAAPChKOr0 BOJAOMOCTAYAaHHA 3HAYHOI YACTHHH CTEMOBOI 30HH
VYkpainy, mo Gararo jecaTHIiTh 3auekana Bij Boj KaxoBcbkoro BoJOCXOBHILE, HAl-
BAJKJIMBOTO B YMOBAaX CYYacHHMX KIIMATHYHHX BHKIHKIB. Tak, ICHYIOTh EKCHEpTHI
ouiHky, mo Ge3 BOAOCXOBHUINA BeNHKI mianpuemcrsa [Juinpornerposeskoi obnacri He
3MOKYTh TIpaIoBaTH HaeiTh Ha 50 % cBo€l moTy:kHOCTI. 3anumaeTsca noTpeda y Boi
TaKok 1y XepcoHchKiii Ta 3anopisekiil obnactax, y BusBoieHomy Kpumy.

Crip e BpaxoBYBATH, IO Y BiICYTHICTh KaXoBChKOTO BOAOCKOBHINA PIUKOBHI
TpaHCIOpPT nepedyBaTHMe 3aMKHEHHMM Y MeXkKax BEpXHbOI Ta cepeiHboi Teuii JIHinpa,
TOOTO 3YNHHHUTBCA TPaH3UTHE cydHomnaBcTBo Bif Kmesa mo Yopnoro mops, mio
BiflirpaBaio BEIHKY POJIb B arpapHOMY Ta METAIypriiiHoMy ekcrnopTi YKpaiHu.

Omxe, nepes BIAJ0K 1 BIANOBIIHAMH BiIOMCTBAMM BHMHMKJIA HAJCKIIa[HA
3a7auya — BIJIHAHTH ©€KOHOMIYHO 1 €KOJIOTIYHO OOIpyHTOBaHE pIlICHHA MIOI0
maiibyrusoro Kaxoscskoil I'EC i niBgennoro periony zaranom. QueBHIHO, IO [OLIYK
ONTHMABHOTO (PalliOHaNBHOTO) pilleHHsA, HOro OOIPYHTYBaHHA HeMOKIWBI 0Oe3
MPOBEICHHA KOMIIIEKCY MUKIHCIUILTIHADHHX HAYKOBHX JOCIIIKEHb.
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New dams, spits, banks of dreissena, and alluvial sand were formed, which can
change their outlines during floods and intensive releases of water from upper
reservoirs. Muddy soils that dry out and turns into takirs gradually stabilizes by
vegetation cover. In 2023, vegetation covered 23 % former reservoir’s area. The spring
flood in 2024, which covered most of the bottom of the former reservoir, reinforces
predictions that vegetation activity will only increase.

Thus, conditions were created to restore valuable and unique ecotopes on the
territory of more than 2000 km? and to form new protected areas.

However, when discussing and planning the future fate of the Kakhovka dam
and the southern region as a whole, one cannot ignore the problem of restoring
industrial and economic water supply to a large part of the steppe zone of Ukraine,
which for many decades depended on the waters of the Kakhovsky Reservoir, which is
especially important in the conditions of modern climate challenges. Yes, there are
expert assessments that large enterprises of the Dnipropetrovsk region will not be able
to operate even at 50 % of their capacity without a reservoir. Water is also needed in
the Kherson and Zaporizhzhia regions of liberated Crimea.

Furthermore, the absence of the Kakhovsky reservoir would have far-reaching
implications. River transport would be halted within the upper and middle reaches of
the Dnieper, effectively ceasing transit shipping from Kyiv to the Black Sea. This
shipping route has been instrumental in Ukraine's agricultural and metallurgical
exports, making its potential closure a significant concern.

Given these challenges, the authorities and relevant departments are confronted
with a complex and demanding task. They must find an economically and ecologically
sound solution for the future of the Kakhovsha dam and the southern region. It is clear
that this task cannot be accomplished without a comprehensive and rigorous set of
interdisciplinary scientific studies to guide the search for an optimal solution.
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