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Abstract The peophysical, hy dmiogical, mnd ecological conssquences of the Russia. Ukmine war for the
major rivers and water infmstrocture in LUimine ane addreseed beee, fooned on the dems #nd reservoirs of ite
Dimipro {Dmeper) River and magor tribotarbes, up to and incleding the destruction of the Kakhovka Dam in June:
2023, using mmode wnsEng systems, on-ike- ground meports, and official sources. The rivers have long played

a me ax physical barriers during conflicts, bot in the corment war, waier and built water sysiems have also

bern tarpeted for atiacks and used as both ofiensive and defensive weapons. Among the conseque noes of the
conflict have been both disect and indirect effects on cvilisn popelstions. agriculme, militery opsrations, water
supplies and quality, and natural ecosy sems. An historical review shows thet such atiacks heve ocourmed in the
pt, bt the exient and sverity of the coment violenoe sppesr unprecedemed, raising important gquesdions of
imiermational low and bow internationa] kegal and scientific o itie s should |

Plain Langmsge SUMMEry The Ukmine B ussin war has led tnextensive attacks on waler msommes
and water infrastructure. Ubing remots sensing. media reports, on-the- ground observations, we eview the
types 2nd history of violenoe ageinst water systems in Ulomine from the stert of the conflict. Among tbe most
merious impects ane & series of sbacks on denes in the Dindpeo river walershed, with ssvere impacts on humans,
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eousy eneTgy, waler supply, and irtigation, incleding the destruction of the Kakbovkha dam, one of

Enmpe’s larpast. Thix review mises importent goestions shont how the internationsl community should mspond
o water-nzlaled comflicts.

1. Intmduction

In 3014, Russin occupied Crimes and portions of eastern Ukraine and then on 24 Febrosry X122 lamnched a
large- scale invasion of the mest of Ukrmine, initinting 2 major conflict that continses as of this writing. in mid- 2023,
In addition bo the immenss buman, economic, and polifcal comssquences of the war, there bove bren ez ensive
impacts for the egion's nateral msoomes, incloding agriculiore, ndustry, ad especially waler resources and
Waler sysiems.

The is a long history of violenoe pssocised with water resoroes worlthwide. s tracked by the Pacific Insttita’s
open-sowe datbace. the Water Conflict Chrorol ogy. water conflicts can be traced back mos than 4,500 years
im three ey fiorms: water scarcity or dispotes over water access and contml heve frigpered vinkenoe and conflict;
waler and waber sy siems heve: been need as ofensve and defensive weapors during conflicts; and waler and waber
wysiems can be camsaitier or tarpets of conflict. An messment of wordwide trends in (e dats shows 2 subsiantiol
mcrease in the number of such events in recent decade s . HL Gleick & Shimabeko, J023).

The cument Russia-Ukrmine war is the most significant srmed comflict imvoelving major powers in
Europe since World War 1, when water and waer systems wem alse involved in military opers-
tions. Im 1940, for example, the Metherlands wmed water as & defensive wespon when they Flooded
the Celderze Walley to cremte a barrier to advancing German troops (2 H. OGleick et al, 2009;
Information mnd Documenmtion Center for the Geography of the Metherlands (D), 1996). In 1941, during
the offensive of (German troops on the ensern front, the Irpin River on the western ouiskirts of Kyiv was
turmed into & defensive fronter. In Aogust of that year, the retreating Soviet Army intentionally destroyed
the: Drndpra by dmoslectric power plant (HPP) on the Dnipro: River near the city of Zaporichrhis in order to
delny advancing German forces—an example of the me of water sysiems as both a targe teosoalty of war
and s an offensive weapon. The breaching of that dom mnd the massive downsiream flooding reporiedly
kifled tens of thonsands of people downstream (P. H_ Gheick et al, 2009 Swain, 2001; YVyshnevskyi, 200 1).
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In May 1943, the Britsh Royal Air Foroe bombed dams on the Edes, Mithne, and Sorpe rivers in Germany,
killing more then o thousand people and cawsing messive downstream flooding. ITn 1944, German troops
destroyed dams on the Lird River in laly, releasing flood wakers as o weapon against ermitory ocoupied by
British troops (P H. Gleick et 2., A00%; Kircchner, 15449,

Oine of the conssguence s of the hormors of World War 11, and especislly its impacts on civilisns, was the devalop
ment of intermatione] humenitarin ks of war, incloding the GenevaComvention of 1949 and its 1977 Additional
Prolncols. Among many other provisions in thess lews, sevem] explicitly probibit using water and water systems
as & weapon against cvilian populstions. For example, two provisions of the 1977 Priooals o the Geneva
Comventions {Article 56 of Prosocol | and Article 15 of Probocol 117 prohibit atincks on infrastructune “ooctsining
danperoes forces” including ecphicitly “dams”™ and “dykes™ if such abincks “may camse the releass of danperouns
forces mnd consequent seven losses among the civilian popalation” (Dennenbawm, 2023 P H. Gledck, 20196).
Despie these inemational probibiticns, as noied sbove, the number of mcdents of waker-elated viokenoe 15
imcreasing. In the A0 10s and moee recemily, wide spread violeno: amound water mesoonoes bax been reporied. espe-
cially in the Middle Eact associaied with the conflicts in Traq and Syria (P.H. (Beick, 201%; Hacen et o, 2019}
As described below, the Rusia- Ukmine war has alwo imnvolved exiensive stincks om rivers and water ystems
and the w=e of waier &5 o weapon, and rivers have: been nsed as physical barriers i military operations. My of
thess actions deserve i e reviewed md if approprise, adde wmed by the Internations]l Criminal Coort (100 or
oomparzhle ke pal suthorities. For ecample. Dannenhanm (X072 7) reises the possihility that the intenfiona] destroc.
ton of the dam afmost certainly violses sveral rokes of inemmations] bomanitrian b ond “very Blely maobes
multiple coveriapping war crimes” ender the purisdication of both the 10T and state: bodies.

1. Methodology and Data

Ohver the pust seve ml months, new information shoat the B usas-Ukraine war and its esvimnmenizl comssquencoe s
b becoeme: available (Hsradaetal | 2027 K hilchevskyi, 2022; Pensirn et al., X122; Rewtan et al, 2022; Shevchak
et al.. 0ZL; Shevchuk & Yyshnevskyi, 022; Shumilovaet al., X023; V. Vyshnevsiyi et al.. 2075; Zhelermyak
etal. W22 In many caes, the main snoree of primary informeton about militry evestswas and remains visoal
ohservation and local media wports. In = cent decades, oo sensing s beoome mone widespread, which 3s
esperially relevant in times of war when soess by tmuditions]l media =nd other indeprndent sonmes hecomes
mmune challenging (Al-doski et al., X1153; Banmenn & Knemmesis, X116; Fakbei & Gkanstsios, 3021; Gaedn &
Walimsrki, N20; Hasan et al., 2014%; Shevchok et al., 2027; Witmer, 2015). We expend upon that work heme with
an up-io-daie analysis of explicit impacis on the fvers md water infrastructme, particularly the Dnipro River,
since the expansion of the war in 2022, bat we also noie that there is a relative lack of information abowt comdi-
tinns within Rossian-held territory.

An importsnt source of mformation sboot water bodies of Ukmine was obigined from the eardier siodies of
Wyshmevsky i (201 [} and Vyshnevskyi and Kotsiy (2022) New datawen also developed using images of Sentins|
I, Sentine] 2, and Sentinel 3 (spatial resolution of 10 m), Landcat 8 and Landscst @ satellites {spatial msnlution
of 3 ml. Corespondent imapes ame availabbe a1 bitps:/fscibob. copermicus.so and bttpsflesrthes ploner. usgs. gov.
Measmrement of wole r kevels for rivers and reservoirs come from the by dmological peuping stations locaied on the
Dindpro River and iis tribotaries. Satellids images of Sentine] and L andsal sabe]lides were prooessed nsing ArcMap
1L Im mddition, wartime events and datn were obtanined from official Ulkminian sgencies, including the Ukrainion
Hy dromefeomdogical Service and the Ukmimian Scientific Cenler of Ecalogy of the Sea, snd from indernational
sources anid imdependent news media

3. Ukraine Rivers and Systems

Thee naly g% hene covers magor evenits on Ukraine's rivers, with a special focus oo the Dnipro River. The: Dmipro 15
one of the larpest rivers in Enmope, shared by Russia, Belaros, and Ulaaine, ond is oritical for orban and industrinl
water supply and for spricultural production in the region. The int] kength of the river is spprimuiely 22300 km
with o watershed area of 504 thousand km®. The overage flow of water near the river mowth in natural condic
Gons was around 1,690 m% or 53 km® per year, though in recent decades, the average waier flows have dropped
by around 10 km® per year due to anthmpogenic influences, including water withdnswals mnd increased evaponztion
fram walet bodie s (Vyshnevsky 1, 2011 ). The larpest river in the east of Ukraine is Sverskyi Donets (Figume 1L

GLEICKET AL

2al13

g e o ) s 1T TR

W

e - g g

e T S e

]y e oy R g s ) ]



AGU

NN LTS
A L R

s

Figare L. The lecalion of Ukraine, the Drnipro Rawer, and e cilies and reservoirs described in the tex L The reservoirs of the Dnspeo Cascide are mambered om Ue mapc
|—Kyivshe, 2 Kanivsie, 3— Kremeachuiske, £ Kamyamse, 5— Dmiprvske, 6— Kakchovske

Starting in the late 1520s, siz bydmelectric power plants were hilt on the Dripe River. Dnipro HPP near the
Faparizhehia city was the First by dmoelectric power station built on the river. At the time of ils completion in the
1950 it was the largest bydmopower plant (560 MW ) in Eumpe. As mentoned shove, the eireating Red Army
blew ap the dam in Augus 1941, but the station was = built afier World War 11

The zecomd HPP built was K akhovka Dam, completed in 19946, dow nstream of the Dnipro HPP and showt @) km
upsiream of the city of Kherson, creating the largest mesasvoir on the Dnipro River, one substantislly larper than
the ome creaded by the Dinipeo HP, with o reservoir volume of 182 cobic kilometers of water {km™) at & normal
mienton bevel of 160 m shove mean =a kvel (zs.0). In addition to bydmpower, the primary purpose of the
creation of the Kakhowske meervoir was o prowide reliable mripation wader and waler supply for the sowth of
Ukzaime In the 19805, the Zaporizheiia NPP, the most powerful in Eurnpe, was built on the southern bank of the
Kakhovske reseneoir neer the town of Enerhodar,

Four additional dams and ressrenirs, Kemenchotske. Kamyanske, Byivike ond Kaniveie, wes subsquenthy
bauilt om the Dmipro River bo produce ele ciricity and o facilitte waler supply. irmigation, shipping, and fishing.
The total design vilume of afl siv rervoins is 437 bm®, spproimately sqgual to the annual waker fkaw of the
river.

Extensive additiomal levees and dikes wes almo buill along the margins of the mservoin o protect popelaied
ureas vulnerable to Fooding. The total size of the protected area is 2540 km®, which exceeds the aea of the lrg-
est Kremenchutske or Kakbovske msrvoins In particalar, a large part of Nikopal city near Kakbovske reservoir
is located in an area with a lower elevation than the normal level of waer in e reaemvoin,

4. Water-Reated Implications of the Russis- Ukraine War

Water sysiems and infrastroctune have played an essential role in the Russis- Ukrine war, and have regularly been
e 2x & defensive and offerive weapons, and ax tergets or casualties of the conflict On 24 Febroary 2022,
following early missils strikes on many facilites in Ukrine, R ussia launched o groond aisdk, with an attemnpt to
encirclke and then captus Ulkrine's capital, Kyiv. In the frst days of the war, the Ukminian militry wsed rivers
and waler infrastroctune as defemsive ioals by destroying many bridpes over rivers o slow the Rusxian assaolt
and creating an artificial flood on the Irpin River (the lefi thbutery of the Dnipmo River) on the western outskints
of Kyiv. This ertifictal flood was created by Ukminizns by the destruction of the dam in the mouth of the Irpin
River, causing water from the Kyiveke Reservoir io inmndate the Trpin River Noodplsin (se ilem 11 o Figes 21
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Figmme 1. Map show g the localion of Kyiv amud the mais waler obiecls near il 1-1—the Kyvivsie and Kanivske mservoing 3-5—the Pripyal, Desm, and Irpss rivenc
f-10-—hridge s somss the 1rpin River near Hosinmed med Demidiv villapes, Irpin, Siovanko, md Rommivia: 11—Ue Sevee along the Irpin Rner near Karesmichi;
12— dminzge coml; 13— bredge over e drinage comal.

The msulting Flooding peaked on 1821 March 1022 and hecame & seriows obstscls io advancinp Rossian roops
from the north and the nortinvest {Shevchuk et al., X22). In some places the widih of the flooding on the Irpin
River excerded 1 km (Figone 5. Thess actions wess helpful in succassfully shwing and ulfmately stopping the
threat to Kyiv.

The Siverskyi Donets River and its beft tributary Oskil River also became an importst fronter in the east of
Ukraine in early 2022, During the first day s of the larpe-scale invasion, in order to siow Russian troops, the kigh-
way owver the dam of Pechenigske Reservoir on the Sivendoyt Donets River was damaged. 1n addition, walsr was
released froen the Oskilske mervois o ceale an antificial food dow sigmificantly increasing the width
of the Siverskyi Donets River (Fipum 2.

In the months following the releaxe, the voleme and mrea of the Oskilshe reereoir wene greatly edoosd —the first
relativedy larpe reservoir to he doined during the war (Figene Sh

Dither water infrastructure oo Llkraine’s rivers has also been tarpeted for atiack during the war In ord-Seplember
022, Rassizn missiles struck a dam on the Inhulets River in the Ukrtinien city of Kryvyi Rih, MNooding parts
of the city (Getthernan, 0220 In May 2023, the Karlivia dam forming the Karliveke s gerveir on the Viowcks
River sround 40 km from Done sk was destroyed, reporiedly by Russian artillery during the shelling of the town
of Karlivia (Top War, 2023). A Ruskan missile attack occored in October 2027 on the hydmslectric dam at
the town of Kemenchuk on the Dnipry River. The above mentioned Dinipeo ydroe lectric plant near Zapar-
irhizhin city was attacked in December X122 and again in February 2023 {BBC Mews, A123). Ukmines urban
waker-supply and wasiewater iresiment sysiems, or the electmicity sysiemns needed io run them, heve also been
mepulardy desoroved by Russian attacks, cutting acoess to sefe walet and sanitation o civilian populations in the
rities of Chermdhiv, Sloviansk, Seve mdometsk, and Ly sychan<k. among others (Shevchuk ot ai., M127).

5. Kakhovka Dam and Reservoir

The e m=aches of the Dnipro River and especially the Kakhowios dam have been an essential focus of conflict

since the heginming of the larpe-sale ivasion in early 2022 when the dam md hy dopower plant wene ooco-
pied by Russion fomes. In Agpril 30232, the Russians weme accused of cutting off the waer supply io the city of
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Figmre 4. Fioodayg ol te Oskil and Siverskyi Donets rivers on 29 March 2077 (2) and oo 1 Apri 027 ¢y Images from the Sentinel 2 sie e
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Figare 5. The view ol the Oskiske maeovair on the kil River: ¢a) oz 29.03. 2007 mnd (B oa 1650 3072, Images trom the
Seninel T el

Myvkolaty when they advanced i the Dinipro R iver (Zbohen & Threhim, 2022}, In November M22, the pumping
stafion for the waler supply of this cty, standing on the right bank of the rver upstresm of Kherson city. was
porposefully destroyed (Kesmieva, X270

But the most domatic situation cccurmed as a result of destruction of the Kokhovka dam and ydroe ke ciric power
plant on & Jome 2023, The Kakhovke hydmeleciric complex consisted of foor main elements: the l=f-bank md
the right-bank ground dam with a total length of 3.8 bm, a concrede spillway with 28 goes (450 min length), the
geremminr bailding (130 mi, and the shipping lock (I8 m). Six penemiors with 2 ol capacity of about 335 MW
were insinlled of the Kakhovka HFF. Just upsteam of the dam on the k6 bank of the reservoir s the intske for
the Morth Crimen Canal (Figue &)

O 11 BNove mber 2022, the Ukminian army liberated Kherson city and other settle ments on the right bank of the
Dindpe River. That day Russian fores destrove d part of the madway across Kachovka dem and thaese sactioos of
spilhway near the right benk of the Dinipro River, o peevent Uireinizn fommes from cossing the river (Figume 7.
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Figmre . The Kakhovka hvdmeleciric dem befre iis destraction on 2 seellie mmape. The isiske for the Morth Cremes el @ i e boliom right of te smape

(Sourne: Goople Earth Pro, 20,10 000),

A fter the damage o the spillwmny and doring the sobsegpent winier months, wakers bevel in K akbovske Bessrvair
began o drop doe v uncontrolled releases of water. By the end of Febroary 2073, water beve ks had dropped mone
then 2 m, keading i fish kills and mebreat of the shoe bine in some places by moe then 100 m

With spring snowmelt md ramfll, eeervoir bevels began to riss apain @ afl Dnipro reservodrs, including
Kakhovske, znd by ealy May, water levels measued 21 the Nikopol gaeging station reached 17.153 m asl., the
bghest keved simce the maervoir was cremied i the Tae 1950s. On the night of 6 June 123, the dam ot Kakbovka,
=till under the comtrod of Rissian fome s, was destroyed by an expliosion, leading immedinely o massive fhows of
watler anst of the reservaoir and the washing mway of major portions of the dam (Figure &)

Soom after the explosion the waler kevel dow nstream in Kherson begen o rise. A1 400 am.. on Fune 6th, the
waler kvel at the Khemson ganging siafionwas 031 mas.L At B00 am it mached Lédmasl By B200 am the
Eollrving day it bad risem o 3.29 m befone pealing at 568 m, on B June 2023 at 340 pom Thas, the total mmense
of the water lvel in the city of Khenon reached 5. 37 m Figure 9).

Water pouring oot of the mssrvair nundated = tensive aneas below the dam alenp the hanks of te Dnipro River
and nearty, partly flooding four cities: Nova Kakhovka, Dieshky, and Hola Prystan on the left hank and Eherson
mnd sveral dosen smoller villages on the right bank. Other conssquences of the destmction of the dam inclode
the human and ecological impacts of that flooding. and backerial and chemical contamination downsteam fom
poll mtants released from flooded industrial siies. lmdfills, sewage plants, and petroleum sintons. The loss of the
mewrvair also means the hsx ofwater supply for arban cenders and for sgriculivral lands dependsnt on waler from
the Teservair (Figues 1n and 100).

The Aow of polluionts inio the northwestern par of the Black Sea contributed o0 8 larpe algal bloom, mceased
meaznrements of heavy metals, and the closure of swimming heaches near Oidesy (V. Vyshnevslyi ef al., 2023).

Acoording to the Ministry of Internsl A ffsirs of Ukmines on 18 June 2023, around 50 penple were mported kilked
or missing on the right bank of the Dnipro River (Knight, 2023). No information on the boman ioll on the keft
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Figure 7. Satellie wmge of the demaged Kakhorka dam showing the damage o the sty 2nd dam on 11 Nowmber 2022
[Soarr: bepetiwilier.com/Man i Satus'] ¥ L3455 R0 36K Rl 7).

bank of the river onder the comtrod of R ussion foroes was available = this time of writing, but given the Eatums
of the settbements” bocation, it is possibie tat the number of victims on the keft bank is much larger than on the
right hank.

The downsteam flooding was acoompamied by 2 mapid de coesse in the water level in Kakbovshe resenyoir. Befos
the: explosion the water level af Mikopol stabion was 1676 m 25, and the total = servodr vilome was extraomdi-
narily high. at an estimated 19.8 km". Afier the destruction of the dam in the easty hiurs of June Gth, it deceased
o 16153 mas.] by 8200 am At B0 am. the following doy, the meenvoir level had dropped o 1448 max] By
B0 pumn. 11 June 2023 it decressed to'9.04 m and the mzin part of the reseryoir volume was lost, A fter that daie,
ocal ganges were oo longer able i meazore water levels. Sateflite imapes obinined in Joly and August of 2023
(Figue 11) show the disappeamnce of what was onoe the karpest msenvoir on the Dnipro River.

Thes will be other long-tesm oonseguences of the use of rivers and water sy siem as a casualty of war in Urmine.
The Eskhovske resarvoir provide d e iensive witer supply for regional citiex, the Faporizbehia KPP, and fmigs-
Gon waler for Ukmine's agricultural lands. Accontding to the Ukminian Ministry of Agricultore, tens of thowsands
of hectares of agricnltural bed beve been lost o flooding below the dam and opsiream as moch as 550,000 b
may mo lemger be irigable in the near futune, thresening even preater losses to Ukrainion harvests than e
ocourmed over the pust year (Fayamti, 30035, with inock-on conseguence s for global food supply and prices. Addi-
tinnal impacis will be falt in Crimea, which mlied heavily for waler supply from the Morth Crimes Cansl. That
supply will now be oot off.
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Figmre §. The dessowed Kakborks Beilily on & fune 2003 2 bw howrs after te explosion (Soure: hitps:A e iter oom
Crznlucaie e o enie 1GOL00TO TS IR 1AL
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Figare 8. The changs of waier ewl & Khersos (dotied laae ) asd Nikopol hydmobkogcal gruging sations (sold Exe) bebvees

o5 and 11 Jumwe 202310 meters shove meme e level.
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Figmre M. The Noodpiuin Below the Kakhovia dam o the lower maches of the Dinipre R ver {0} on 3 Jme 3023 {image tnvm the Sestard 2 sevllibe) med () alter e
o was destved, 0 fuse 2023 shaowing ihe exieasive Aoodisg (Image from Ladsat & sellie ).

6. Conduosions

Waker msoures and infrastructuse in Ulrzine and, in particalar, the major sysiems on the Dnipro River, have
plaved an imporiant mde m the Russia Ukmine war, adding to a lonp history of waer conflicts. But thess
moent mitacks on water infrastructone have been ooprecedentesd in moent history in extent and severity (P H.
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Figmre 11. The Kakhovske reservoir (o) on 20 Jene 2073 md (&) on0S Juy 2023 showing, the dmining of te @ servoirn, Images trom the Sentine] 2 siebe.

Clleick, 2019g; P.H. Gleick & Shimsbuku, X123), including especially the destruction of Kakhovka dam and the
loss of the larpest s rvodr oo the Dndpro River, keading io downsineam Aooding of a very large territon: with
sveral major cities and dozens of smaller villages: exensive pollution of the lower mach of the Dmipro River, the
DindpreBop estusry, and the Black Sea with chemical and biological contemimantc @nd =oological effects Hlehy
extending tvwand the termitories of Romania and Bulparia along the Black Sea (V. Vyshnevskyi et al., H230 A
mnge of socio-econmmic impects ane alsy ke ginning S0 manidest, including the cooff of waer aspplies i loge
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urben @nters and exiensive amreage of agriculiural lands that depended on water from the reservorr. OF perticular
oo in the nesr ferm are the human health effecs of the boss of ehable clean water and sanitsiion systems
in the region, mnd the brper-scale plobel implications for food availshility snd prices From the kss of Ukrainian
fiood procduction. The s imparts ane just beginnimp o be evaluged, ond we anticipste other ressarch and other
msarchers will be shle o shed light on them as addiional dats becomes availahle.

Effiorts to address these impacts ane underway, though the full scope of the long-ierm efects Temain i be sen.
As imformation from the scientific commumity on thess events becomes availshle, it may help provide information
ond evidence useful fo any foime nesg from the i iomal lepal commumity. Debaie is mmaderaay—and
shinfid be ex panded—in the globe] community zbout how i apply inemational lomenitarizn lows of war, @nd
beorw s prevent these kinds of aitscks on river and wader systems i the foture. In particulsr, the Ceneys Comen-
tion and its Protocols, and other imternational agreements proiecting civilizn populations, infrastrocture:, and the
emvironment from war mnd conflicts need i be more ap gessively enfoered by the Inermational Crimina Couort
and other bodies with jurisdication.
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