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edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
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the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

Kaszaxcman Pecnyonuxacol ¥nmmoix eoinvim akademusicol «KP ¥£A Xabapnapei. ['eonoeus scone
MEXHUKAIBIK bLIBIMOAD CEePUsChly blIbIMU JCypHAIbiHbiY Web of Science-miy oicanananzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvli xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index osicone the Arts & Humanities
Citation Index-xe xabwvioay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
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Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
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FplabiMu XaTiibl
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CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
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(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
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nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
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CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
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(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11
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DEVELOPMENT OF METHODOLOGICAL FOUNDATIONS AND
RESEARCH OF TECHNICAL SOLUTIONS TO INCREASE THE VOLUME
OF THE NORTHERN ARAL SEA WITH MINERALIZATION OF THE FLOW
OF THE SYRDARIA RIVER

Abstract. The article presents a study of technical solutions for increasing the
volume of the North Aral Sea with mineralization of the flow of the Syrdarya River.
The Syr Darya River is the source of food for the Kazakhstan part of the Aral Sea, in
particular the Small Aral Sea. The Syr Darya also provides water for irrigated lands in
the republics of Kyrgyzstan, Uzbekistan and Kazakhstan. The total area of agricultural
land in the Syrdarya river basin is 34 million hectares, including 4.2 million hectares of
arable land.

The water resources of the basin are represented by the average long-term flow of the
Syrdarya River in the amount of 37.2 km3, return water from irrigation - 14.1 km3 and
under-stream water reserves within 3.3 km3. The formation of natural river flow in the
context of the states of the basin is extremely uneven: Kyrgyzstan - 74.2%, Uzbekistan
- 13.8%, Kazakhstan - 9.3%, Tajikistan - 2.7%.

The actual use of water resources in the Syrdarya river basin by sectors of the economy
in recent years amounted to: regular irrigation of agriculture - 5458.1 mln. The process
of intense salinization occurred as a result of the intense evaporative capacity of the
atmosphere, the bilateral salinization of soils due to the evaporation of groundwater, and
the transfer or blowing of salts from the exposed dry bottom. An assessment according
to the classification (Chembarisov at all, 1989) showed that the waters of the Aral Sea,
in terms of mineralization, belong to weak brines. According to other data, the average
annual mineralization of river runoff in the formation zone varies insignificantly within
0.35-0.40 g/1.

Despite such a large water consumption, the areas of saline and salinized irrigated
lands in the Aral Sea basin did not decrease all these years and remained at the level of
55-60% of all irrigated lands. At the same time, the mineralization of water in springs,
especially in the middle reaches and in river deltas, increased to 1.0-2.5 g/l, while the
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quality of water deteriorated, and MAC in many respects increased significantly due to
the discharge of collector and drainage runoff into rivers. (12 - 14 km3 per year). To
manage and stabilize the hydro-ecological state of the Aral Sea basin, comprehensive
measures are needed to improve the efficiency of distribution of environmental releases,
suppress emissions of salts and dust into the atmosphere, and develop technical measures
to reduce the salinity of sea water.

Key words: mineralization, technical solution, river runoff, formation of natural
runoff, water resources.

K.M. Myxrtapos!’, C.P. Uoarymnun?, M.IO. Kagunun®, I E. Omaposa!

'"M.X. dynaru areinaarsl Tapas eHipnik yauBepcurterti, Tapa3s, Kazakcran;
T'uIpoTeXHUKANBIK KYPhUIBICTAP/IbIH KayiNci3airi OOWbIHIIA XaTbIKapablK OKY
opranbirbl, Tapas, Kazakcran;

*A.A. CaxapoB aTbIHAAFbl XaJIbIKapaJIbIK MEMJICKETTIK SKOJIOTHSIIBIK HHCTUTYTHI,
Benapycs MemnekeTTik yHUBepcuTeTi, MUHCK, benapyce.

CBIPIAPHUSI O3EHIHIH AFBIHBIHBIH MUHEPAJIIAHYBI
FKAFJIAUBIHJIA COJTYCTIK APAJI TEHI3IHIH KOJIEMIH YJIFAUTY
MAKCATBIHJIA 9IICTEMEJIIK HETI3EP/I O3IPIEY 'KOHE
TEXHUKAJIBIK IIEIIIMJIEPIH 3EPTTEY

Annoranusi. Makanaga Ceiprapusi ©3eHiHIH aFbIHBIH MHHEPATH3aLUsUIAY apKbUIBI
ContycTik Apall TeHi3iHIH KeJIeMiH YIFalTy OOHBIHIIA TEXHUKANBIK IIemIiMAepIi
3epTTey yCchiHbUTFaH. Chipiapusi e3eHi Apai TEHi3iHiH Ka3aKCTaHJbIK O6ITiHiH, ararl
aitkanaa Kimi Apait TeHi3iHiH a3bIK Ke31 00bIn Ta0butaabl. ChIpaapus COHBIMEH KaTap
Keipreicran, ©30ekctan sxoHe KazakcTan pecnyOianKaIapbIHBIH CyapMallbl sKepiepiH
cyMeH Kamrtamacbi3 ereai. CoIpAapusi e3eHi OacceiHiHAeri aybul IIapyallbUIBIFBI
KepIepiHiH Kalmbl KejaeMi 34 MITH ra, OHBIH imiHae 4,2 MIIH ra ericTik xep.

AnaObIHHBIH cy pecypceTapbl Chiprapusi 3eHiHiH opTalia KOIDKbUIABIK aFbIHBIMEH
37,2 kM3, cyapyaaH KalTapbulaThiH cy — 14,1 kM3 jkoHe aFblH acTBIHAAFBI Cy KOpHI 3,3
kM3 merinae oepinred. TaOuFu e3eH aFrbIHBIHBIH KaJBIITACYbl MEMJIEKETTED apachlHaa
Oipkenki emec: Kwipreisctan — 74,2%, O30excran — 13,8%, Kazakcran — 9,3%,
Toxikcran — 2,7%. Colpaapusi e3eHi adaObIHAAFBI Cy PECYpCTapblH COHFBI KBUIAAPHI
SKOHOMHKA cajajapbl OOMBIHIIA HAKTHI MaiijajaHy: aybll IIApyallbUTBIFBIH JKYHe
cyapy — 5458,1 mun. KapKeiHasl Ty3aany npoueci atMocepaHblH KapKbIHABL OyliaHy
KaO1JIeTiHiH, Xep acThl CyJapbIHBIH OyJaHybIHAH TOMBIPAKTHIH €Ki dKaKTbl COPTaHAaHYbI
JKOHE allbIK KYpFaK TYOIHEH Ty3AapblH TackIMaJaHybl HEMECE YpJIeHYyi HOTHXKeCIHAe
6ongpl. Knaccudukanus OoibiHIIA Oaramay Apail TEHI3iHIH Cyaapsl MUHEpalIJaHybl
JKarblHaH 9JICi3 TY3/BI Cylapra j>KaTaThIHBIH KepceTTi. backa MamiMmerTepre calikec,
(hopmarus aiiMarbIHAAFbl ©3€H aFbIHBIHBIH OpTalla KbUIIBIK MUHepanaanysl 0,35-0,40
I'/J1 TIETiH/AE TIaMabl ©3Trepe/i.
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OcpIHzall Kem cyabl TYThIHYFa KapamacTaH, Apajl TeHi31 alaObIHIaFkl COpTaHJaHFaH
YKOHE COpTaHIaHFaH CyapMaJlbl )Kepiiep alKanTapbl OChI )KbUIAAp OO B a3aiiMaii, GapibIK
cyapmMaiisl xepinepain 55-60% nenreiiinge kanapl. CoHbIMeH Oipre Oyiiakrapa, acipece
OpTa arbICHIH/IA KOHE 03€H apHaJlapblHAa CyIbIH MUHepanganysl 1,0-2,5 r/n neitin ecti,
Oy peTTe CydblH camachl Hallapiaabl, KOm jKarnaiiia arblHABl SFHU KOJUIEKTOPIIBIK
KOHE JPEHAXKIBIK aFbIHIBI CyTapAblH TacTadyblHa OainaHbicTel e3eHnepre LK
MoHZepi altapnbikTail ecti. (kputbiHa 12 - 14 km3). Apan TeHi3i OacceliHiHIH
THIPO3KOJIOTHAJIBIK Kai-KyHiH OacKapy *oHe TYpaKTaHABIPY YILiH KOpIIaFaH OpTaHbIH
LIBIFAPBIHABUIAPBIH TapaTyAblH THIMALUIITIH apTTeIpy, aTMocepara Ty3aap MEH IIaH-
TO3aHJAapAbl WIBIFAPYAbl TOKTATy, TEHi3 CYBIHBIH TY3IBUIBIFBIH TOMEHIETY OOMBIHILIA
TEXHUKAJIBIK HIapaiapAbl 93ipiey OOMbIHIIA KEIIeH 1 [apajap KaxeT.

Tyiiin ce3nep: MuUHEpanaaHy, TEXHUKAJIBIK LICLITIM, ©3€H aFbIHbI, TAOUFH aFbIHHBIH
KaJIBIITACYhI, CY peCypcTaphbl.

K.M. Myxrapos", C.P. U6arymmn®, M.IO. Kaaunun®, [.E. Omaposa’

'Tapa3ckuii peruoHanbHblil yauBepcutet umenn M. X. [lynaru, Tapa3, Kazaxcran;
2 MexayHapoIHblid y4eOHbIN EHTP 0€30IaCHOCTH TUAPOTEXHHYCCKUX COOPYKEHHIA,
Tapa3, Kazaxcran;
*MexXIyHapOIHbIil TOCYIapCTBEHHBIH IKOJOTNUYECKUIT HHCTUTYT UMEHU
A.A. Caxaposa BI'Y, Munck, benapycs.

PABPABOTKA METOAUYECKHUX OCHOB 1 UCCJIEJOBAHUE
TEXHUYECKHUX PEIIEHUI YBEJIUWYEHUS OFBbEMA CEBEPHOI'O
APAJIBCKOI'O MOPSA ITPU MUHEPAJIM3ALIMNA CTOKA PEKH
CBIPIAPBA

AnHoTaums. B crarbe npuBeneHsl UCCIEAOBAHUS TEXHUUYECKUX PEILICHUN yBEIH-
yeHuss o0ObemMa CeBEpHOr0 ApallbCKOTO MOpPsI MPH MHUHEpPAIHM3AIlMH CTOKA PEKU
Ceipaapss.

Pexa Ceipapbs sSIBIsI€TCS UCTOUHUKOM MUTAHUS Ka3aXCTAHCKOM YacTh ApaiabCKOro
Mopsi, B yactHocTH Manoro Apana. Pexka Ceipaapesi oOecnieuymBaeT Takke BOAOH
opoiaeMble 3eMiin B peciiyOnukax Keipreizcrana, Y30ekucrana u Kazaxcrana. Oomas
IIOMIAb CeNbX03yroauii B 0acceiine peku Chipaaphs COCTABIISACT 34 MITH. Ta, B TOM YU CIIE
narrau — 4,2 MiTH. ra. BonHbie pecypcebl OacceiiHa npecTaBIeHbl CPEHEMHOTOJICTHUM
crokoM peku Cripaapbs B 00béMe 37,2 kM?, BO3BpaTHBIMU BOJaMHU OT oporieHus — 14,1
KM® ¥ 3aracaMu MOAPYCIOBBIX BOJ B mpeaeiax 3,3 km®, ®opMHUpOBaHHE €CTECTBEHHOTO
PEUHOTO CTOKa B pa3pe3e ToCylapcTB OacceliHa WCKIIOYHTEIBHO HEPaBHOMEPHO:
Keipreizcran - 74,2%, Y30exucraH - 13,8%, Kazaxcran - 9,3%, Tamkukucras - 2,7%.

dakTHUeCKOoe WCIOJIb30BAHUE BOJIHBIX PECYpcoB B OacceitHe peku CwIpmapbs
[0 OTpacisiM SKOHOMHUKH B TMOCJIEIHUE TOAbl COCTABUIIO: PETYISIPHOE OPOLICHUE
cebCcKoro xo3siicTBa - 5458,1 muH. [Iporecc MHTEHCHBHOTO 3aCOJICHUS POUCXOAMII B
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pe3ynbraTte HHTCHCUBHOM HCMApUTEIbHON CIIOCOOHOCTH aTMOC(EpHl, IBYCTOPOHHETO
3aCOJIEHUS TIOYB 3a CYET MCMApPEHMs] TPYHTOBBIX BOJ U MEpPEHOCA WM BBIAYBaHUSA
conell ¢ oOHaxkeHHOTo cyxoro aHa. Onenka no kinaccuduranun (Chembarisov at all,
1989) noka3zana, yTo BoIbl ApanbCKOro MOpS [0 MUHEPaTU3aluK OTHOCSATCS K CIIa0bIM
pacconam. Ilo apyrum naHHBIM, CpEIHEro10Basi MUHEPATU3aLsl pEYHOIO CTOKA B 30HE
(hopmupoBaHust konebneTcst HesHaunTenbHO B npenenax 0,35-0,40 r/n. Hecmotps Ha
Takoe 00JIbILIoe BOJONOTpeOIeHNE, IUTOIAAN 3aCOTEHHBIX U TIOIBEPKEHHBIX 3aCOJICHHIO
OpOLIaEMBIX 3€MeIlb BCE ATU IoAbl B OacceiiHe ApabCKOro MOpS HE YMEHBIIAINUCH U
OCTaBaJIUCh Ha ypoBHE 55-60% Bcex opolraeMbIx 3eMenb. B To jxe BpeMst MuHepamu3aus
BOJBI B POJHHUKAX, OCOOEHHO B CPEAHEM TEUCHHH U B AEJbTaxX PeK, yBEeIHYMJIach 10
1,0-2,5 1/1, mpu 3TOM KauecTBO BOXBI yXyAmmiaoch, a I1JIK mo MHOrMM mokazaressimM
3HAUUTEIIHLHO MOBBICHIHCH 33 CYET cOpoca KOIJIEKTOPHO-IPEHAXKHOTO CTOKA B peku. (12
— 14 kM3 B ron). [nis ynpaBneHus U cTaOUIM3aLUU THAPOIKOIOTUIECKOTO COCTOSHUS
OacceifHa ApaibCKOTO MOpS HEOOXOOMMBI KOMILJIEKCHBIE MEpHl 110 MOBBILICHHIO
3G PEKTUBHOCTH pacTpelesIeHHsI SKOIOTHYECKUX TOIYCKOB, MOJABICHUIO BHIOPOCOB
colell ¥ MBUIM B atMocdepy, pa3padoTKa TEXHUYECKUX MEPONPHUSTHI MO CHIKECHHIO
MUHEPATU3aLI MOPCKOH BOJIBI.

KioueBble cioBa: MUHepanu3alusi, TEXHHYECKOE peIIeHHEe, CTOK peKH, (popMu-
pOBaHHE ECTECTBEHHOT'O CTOKA, BOAHBIE PECYPCHI.

Introduction. The Syrdarya River is the main water artery of the basin, formed from
the confluence of the Naryn and Kara Darya rivers, small tributaries of the Ferghana
Valley, the middle reaches, and tributaries of the Akhangaran, Chirchik, Keles,
Kurukkeles, and Arys. The main volume of runoff (71%) is formed in the upper part of
the basin before leaving the Ferghana Valley. Downstream to the city of Shardara, the
flow of right-bank tributaries (the Akhangaran, Chirchik, and Keles rivers) is 23% of
the total water resources. Share of runoff The Arys and the rivers flowing down from the
Karatau ridge are small - less than 6%. In the zone of formation, the distribution of flow
between countries is as follows: the main flow of rivers - about 78% - is formed on the
territory of Kyrgyzstan, about 15% of the river flow of the Syr Darya is formed on the
territory of Uzbekistan, in Kazakhstan - about 6%, in Tajikistan - about 1%.

The Syr Darya River is the source of food for the Kazakhstan part of the Aral Sea, in
particular the Small Aral Sea. The Syr Darya also provides water for irrigated lands in
the republics of Kyrgyzstan, Uzbekistan, and Kazakhstan. The total area of agricultural
land in the Syrdarya river basin is 34 million hectares, including 4.2 million hectares of
arable land.

The water resources of the basin are represented by the average long-term flow of
the Syrdarya River in the amount of 37.2 km?, return water from irrigation - 14.1 km?,
and under-stream water reserves within 3.3 km? (Karlikhanov T.K. et all, 2016). The
formation of natural river flow in the context of the states of the basin is extremely
uneven: Kyrgyzstan - 74.2%, Uzbekistan - 13.8%, Kazakhstan - 9.3%, and Tajikistan -
2.7%.

The actual use of water resources in the Syrdarya River basin by economic sectors in
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recent years amounted to regular irrigation of agriculture - 5458.1 million m?, industrial
needs - 51.4 million m?, household needs of settlements, cities, regional centers, etc. -
61.0 million m?, fishery needs - 11.1 million m’, bay of natural hayfields and estuary
irrigation - 558.5 million m?, forced water withdrawal - 1139.9 million m?, releases to
the Aral Sea 6619.0 million m®. The summary requirements of water consumers in
the lower reaches of the river, taking into account the inflow of the Arys River and the
return flow, are shown in Table 1 (Karlikhanov T.K. et all, 2016).

Table 1 - Summary requirements for water consumption in the lower reaches of the river, km?

Provision, %

Consumers and runoff costs Average long-term value 20 %0 %

Irrigation 5,50 6,10 5,45 5,00
Natural ecological systems 1,00 1,50 0,72 0,33
Delta 1,20 1,60 1,26 0,77
Losses 2,92 3,65 2,50 1,90
Inflow to the Small Aral 2, 3,70 2,53 1,70
Total 13,4 16,6 12,5 9,70

Economic and anthropogenic activity during the noted period developed at a rapid
pace, which had a significant impact on many processes associated with excessive
regulation and use of water resources. Under these conditions, the process of degradation
began in the natural environment of the Aral Sea region. At the same time, measures
were taken to regulate the flow of the river by large reservoir waterworks. In the period
from 1955 to 1980, the Kairakkum (1956), Shardara (1965), Sharvak (1970), Toktogul
(1975), and Andijan (1978) and other reservoirs with a total useful capacity were built
about 35-36 km?, which was commensurate with the average annual flow of the river.

Currently, more than 1,000 canals for various purposes (main, inter-farm, economic,
etc.) with a total length of about 75 thousand km, an extensive network of collector-
drainage networks, and waste collectors with a total length of about 55 thousand km are
operated in the river basin. From 1950 to 1995, the area of irrigation in the river basin
doubled and reached 10.14 million hectares. During this period, the area of irrigated
land in the region increased by 94%; in the context of decades, these increases amounted
to 1950-1965. - by 12%; 1965-1975 - by 20%; 1975-1985 - by 44% and 1985-995. by
25%; this is an excessive burden on ecological systems.

Based on this, now, to save and restore the ecological balance in the region, irrigation
should not dominate in matters of water distribution. It should be taken into account that
a huge amount of water is lost along the way as a result of the irrational use of irrigation.
Thus, the Aydarkul-Arnasay wetlands and the Sarykamysh depression were formed as
a result of water discharge into the lowlands. Although before it was empty places.
Currently, in the Syrdarya basin on the territory of the Republic of Kazakhstan, there
is 1 reservoir (Shardara, commissioned in 1965) and 1 counter-regulator (Koksarai,
commissioned in 2008) with a total capacity of 8.2 km®. The hydrological regime of
the rivers of the river basin. The Syr Darya until 1961 can be considered conditionally
natural; which since 1961 has been greatly distorted by economic activity.
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The flow formed on the territory of the Republic of Kazakhstan is 4.7 km?®, along
the river. The Syr Darya receives 14.96 km® from outside the Republic of Kazakhstan,
in total, water resources brought to modern conditions are 19.66 km®. Despite the
implementation of a set of preventive measures to mitigate the consequences of
floods, the region suffered huge economic and social damage (Zhaparkulova E.D. et
all, 2021). Settlements and agricultural lands were flooded, hydraulic structures and
separate sections of roads were destroyed, several thousand residents of settlements
were evacuated from the flood zone, etc. The total material damage in the two regions
amounted to about 2 billion tenges.

The Committee on Water Resources of the Ministry of Agriculture of the Republic
of Kazakhstan agreed on the investment feasibility study for the second phase of the
project «Regulation of the Syr Darya river channel and conversation of the northern
Aral sea (RSRCNAS), which includes the construction of the second stage of the North
Aral Sea dam», which provides for raising the water level in the Small Sea to the level
of 46.0 m BS; construction of a hydroelectric power plant as part of the Aklak hydraulic
structure with an annual electricity generation of up to 23 MW, rehabilitation and
construction of protective dams, with a total length of 500 km; straightening the bed of
the Syrdarya river; repair and restoration work at the head structure of the Kyzylorda
Left-bank main canal; rehabilitation of the Aksai-Kuvandarya lake system; construction
of the Raim hydroelectric complex; construction of two bridges across the Syr Darya
instead of the current pontoon crossings. In addition, the issue of studying the water
balance and creating a simulation model of the Syrdarya River is being considered. In
this context, the issue of using the water resources of the Syr Darya, and sharing them
with neighboring states on the principles of international water law, based on mutual
respect and trust, and constructive cooperation, is very important for Kazakhstan.

Most of the seabed (more than 33 thousand km?) in the period from 1960 to 1998.
After drying, it was covered with salt, which, according to the Institute of Geography
of the Academy of Sciences of the Russian Federation, is estimated at 10 billion tons of
salts, among which salts of sodium chloride make up 56%, magnesium sulfate 26% and
calcium sulfate 15%.

As the sea dries up, a huge amount of salt accumulates on its bottom. This occurs as a
result of capillary uplift and subsequent evaporation of highly mineralized groundwater
along the coast, seasonal fluctuations in the level that contribute to the deposition of
salts due to evaporation, and winter storms bringing deposited sulfates to the coast.
Therefore, at present, the most serious problem is the blowing of salts and dust from the
drying seabed, as traces of them have been found 1000 km southeast of the sea in the
fertile Ferghana Valley, in Georgia on the Black Sea coast and even on the Arctic coast
of Russia.

The drained strip of the seabed became a source of powerful dust storms. According
to some scientifically confirmed sources, dust is transported at least 150-500 km. From
the southeastern coast of the Aral Sea, 15-75 chloride salts rise in a year and spread over
hundreds of thousands of square kilometers, damaging the generative and vegetative
organs of plants, and reducing pasture productivity and crop yields.
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Materials and research methods.In the Aral Sea region, three powerful directions
of entry of sand-salt aerosols into the atmosphere were formed (Abstract of diss.
Tazhiyeva T.Ch., 2014). The largest of them in terms of area is the source, stretching
along the eastern shore from the delta of the Syrdarya River in the north to the Aktepe
archipelago in the south. The second source is the bottom of the former Saryshyganak
Bay, and the third is the vast sandy bottom of the sea near the Kokaral peninsula and
the former protected island of Barsakelmes. Figure 1 shows a diagram of the phased
implementation of phytomeliorative measures on the dried bottom of the Aral Sea to
reduce the negative impacts of sand-salt emissions in the north-south direction.

The drop in the level of the Aral Sea has led to negative changes in the sea itself
and the environment in the adjacent region: its water area and biota have been reduced,
the groundwater level has been lowered to 3-4.5 m in a strip of 100-120 km from the
modern water line; the process of desertification covered the delta and coastal areas;
the climate is changing; the deflationary processes of the dried sea bottom have been
intensified, which leads to the transfer of salt dust to the territory of the Aral Sea region,
the natural complex in the zone of influence of the sea has been changed.

The drying up of the sea affects the temperature regime and moisture regime in the
coastal strip 50 to 100 km wide in the north, east and west and from 200 to 300 km in the
south and southwest. With the change in the temperature regime of the Aral Sea region,
the amount of precipitation and their intra-annual distribution have changed.

The drying part of the sea has become a source of powerful salt and dust emissions
into the atmosphere. According to some estimates, up to 100 million tons of salt dust
per year is blown out and carried out of the sea. Due to the decrease in the size of the
sea, the increase in evaporation and the inflow of drainage-collector waters, the salinity
of the water in the sea has increased, which was 9.94 g/l in 1965, and now more than 65
g/l (Martin Schmidt et all, 2018).
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Figure 1 - Proposed measures to stabilize the environmental situation in the Aral Sea region:
1 - phytomeliorative measures of the first stage, 2 - phytomeliorative measures of the second stage
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The most common pollutants in the Aral Sea include petroleum hydrocarbons,
phenols, synthetic surfactants, organochlorine pesticides, and heavy metals. As aresult of
changes in the water balance of rivers and the resulting increase in water mineralization
in the Aral basin, a unique biocenosis and several endemic animal species have been
lost. Of the 319 species of avifauna, no more than 30% are mammals. Of these, 70% are
rodents that have managed to master the drained bottom.

The forecast of the hydrochemical regime of the water of the Syrdarya River was
carried out by the balance method according to the following equation:

O +0,+0;+0,

where: C; — mineralization of water in this section, g/l;

Q,- volume of runoff in the overlying section, km’/year;

C,,- mineralization of water in the overlying section, g/l;

Q, and C, - volume of return collector-drainage waters from irrigated fields and
their salinity;

Q, and C, - volume of return wastewater from irrigated fields and their salinity;

Q, and C , - volume of runoff and salinity of water in tributaries.

Research results. The calculation was carried out for the case that the inflow of
surface waters remains at the level of recent years, and its average annual volume
remains at 5.2 km?, the volume of groundwater recharge remains at the level of 10
km?, then the southern sea will be divided into two parts with a total area of about 12
thousand km?, and their salinity will increase to 140 g/I.

Changes in the hydrochemical regime of groundwater in the river delta and the dry
bottom of the Aral Sea are shown in Figures 2 and 3.
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Figure 2 - Mineralization of groundwater in the delta of the Syrdarya River
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Figure 3 - Mineralization of underground waters of the dry bottom of the Aral Sea

The process of intense salinization occurred as a result of the intense evaporative
capacity of the atmosphere, bilateral soil salinization due to the evaporation of
groundwater and the transfer or blowing of salts from the exposed dry bottom. An
assessment according to the classification (Abstract of diss. Tazhiyeva T.Ch., 2014).
showed that the water of the Aral Sea, in terms of mineralization, belongs to weak

brines.

According to other data (Mozheiko A.M., et all, 1958),
mineralization of the river runoff in the formation zone varies insignificantly within
0.35-0.40 g/1. With the flow of collector-drainage water, the mineralization of water in
the river increases downstream. For example, in the Bekabad gauge it varies from 0.44
to 1.40 g/, and in the Kazalinsk gauge from 0.52 to 2.26 g/l (Table 2).

the average annual

Table 2 - Mineralization of water in the Syrdarya river, g/l (Mozheiko A.M., et all, 1958).

. C,gl Main iones, mg/l
Alignment | Years °
Ca' Mg* Na* Hco, So,? Cl
1955 0,44
1975 0,64 15 65 104 204 437 82
Bekabad 1985 0,97 111 66 117 195 482 84
1995 1,38 132 90 115 219 579 123
2005 1,40 109 60 113 195 482 84
1955 0,48 96,2 37,1 9,5 134,2 220,7 50,8
1975 0,74 85 38 80 177 286 62
Tomenaryk | 1985 0,94 101 58 145 166 452 102
1995 1,74 111 95 240 186 670 151
2005 1,23 111 95 240 186 670 151
1955 0,51 71,1 28,2 61,0 148,3 246,3 48,6
1975 0,70 94 26 74 199 246 49
Kyzylorda 1985 0,98 99 60 155 174 455 110
1995 1,74 110 72 226 185 615 132
2005 1,58 113 81 236 141 466 141
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1955 0,52 86 30 88 198 217 58
1975 0,95 97 57 169 182 485 111
Kazaly 1985 1,01 112 87 253 173 731 197
1995 1,72 110 72 226 185 615 110
2005 1,26 88 46 135 178 6185 102

The increase in mineralization in the Kazalinsk hydro-section is caused both by
an increase in the volume of discharged collector-drainage water (CDW), and by
some increase in its mineralization due to an increase in the volume of discharge of
highly mineralized water from the rice paddies of the Kyzylkum, Togusken and other
massifs. As can be seen from tables 1, from the analyzed indicators of water quality, the
maximum permissible coefficient (MPC) was exceeded, including the following main
indicators of water quality: water salinity, total hardness, the presence of petroleum
products, hexochlorocyclohexane (HCCH), fluorine, dichlorodefinyl dichloroethane,
dichlorophenyl dichiorethane, dichloro dephenyl trichloroethane, etc (Ibrayev T. et all,
2022).

Based on these data, it can be stated that at the current level in the lower reaches of
the river, the quality of river water does not meet the requirements for the vast majority
of standardized indicators (Balyuk S.A., et all, 1993). Thus, the water quality of the
Syrdarya River does not meet the regulatory requirements for both fishery and household
water bodies (Soroush Barkhordari et all, 2022). There is an excess of mineral and
organic compounds over the maximum permissible concentrations (MPC) almost along
the entire length of the river, since up to 30% of wastewater is discharged into water
bodies without treatment (Chembarisov at all, 1989).

The total amount of CDW in the river basin has reached 12 to 14 km?/year, of which
10 km? goes back into the river, and 2 to 4 km? is discharged into natural depressions.
The mineralization of the CDW along the river varies within the following limits: in
the upper reaches - 1.45-7.6 g/, on average - 3.3-15.9 g/1, in the lower reaches - 5-8 g/l
(Pankov V.I. et all 1985). Analysis of the deterioration of the qualitative composition of
the runoff in the lower reaches of the Syrdarya River and in the Aral Sea.

The anthropogenic regime, characteristic of all the river systems of the world, had its
worst effect on the qualitative composition of the water of the Syrdarya River. Increased
mineralization and a gradual increase in the amount of harmful chemicals have led
not only to a decrease in the productivity of agricultural landscapes, but also to a
deterioration in the ecological situation in the region. This process is especially strongly
observed in the delta part of the river and in the Aral Sea region. Simultaneously with
an increase in the general mineralization of river water, the content of such chemical
components as magnesium, copper, iron, sulfates, chlorides, etc. increases. As a result,
the water of the Syrdarya River, not only in the lower, but already in the middle reaches,
is not suitable for drinking water supply. Significant pollution of the river as a source
of drinking water often leads to an increase in morbidity among the local population.

The assessment of the hydrochemical regime of the water in the lower reaches of the
Syrdarya River shows that, for all control sections, the mineralization of water in the
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river increases compared to the period of 1960-1970. This is clearly shown in Figure 4,
where, compared to the Naryn-Karadaria section, in the remaining sections of the river
in the anthropogenic period (from 1965 to 2020), mineralization increased by 1.2-2
times, in the degraded part of the Aral Sea - hundreds of times (Fig. 4).

,..-tt-i“' o '

Figure 4 - Long-term trend of river runoff mineralization along the sections of the Syrdarya river
and the Aral Sea (according to the GEF - 2002, N.A. Amirgaliyev - 2007, T.Ch. Tazhiyeva - 2014, Zh.
Mukhtarov Zh. - 2020).

The most well-known method for assessing water quality was developed by A.M.
Mozheiko and T.K. Vorotnik (Mozheiko A.M. et all, 1958), who consider water suitable
for crops, if the ratio is less than 65%, if it is 66-75% - the water is dangerous, and the
ratio is more than 75% indicates that the water is very dangerous, soil salinization can

occur.
(Na+ K)-100/(Ca + Mg + Na + K)

According to M.F. Budanov (Budanov M.F. 1970), water is considered suitable for
crops if the ratio is less than one, the ratio is less than 0.7 for waters with salinity up to
1 g/1, and for waters with salinity from 1 to 3 g/1, the quotient of dividing the sum of
all ingredients by the hardness value should not exceed 4 for medium and heavy loamy
soils, 5 for light loamy and 6 for sandy and sandy soils.

The most suitable for assessing the suitability of water is the formula of I. Antipov-
Karataev and G. Kader (Antipov - Karataev I.LN., et all 1959):

rCa +rMg 0.23C

= ()
rNa-0.23C
where #Ca, rMg, ¥Na - content of cations in water, mg-eq; - mineralization of

water, g/l.

When the water is considered suitable for irrigation, when it is unsuitable, since with
a higher sodium content, soil solonetzization begins.

To assess the quality of river and waste water, you can use the method developed by
the US Department of Agriculture, which takes into account the indicator of possible
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soil solonetzization, the so-called sodium-adsorption ratio ( ), which is determined by
the formula (Nasrulin A.B., 2000).
SAR = Na/+/(Ca = Mg)/2 3)

During irrigation, an active interaction occurs between the irrigation water and the
soil, as a result, a new composition of the soil solution is formed, which is taken into
account when calculating the so-called «refined»:

SAR™ = SAR[1 +(8/4 — pHc)], &)

where pHc = (pK2 — pKCaCO3) + p(CA+mg) + p(Alf) -isaccording
to the table given in the manual(Pankov V.I. et all 1985).

The listed methods for determining the suitability of irrigation waters are used for
a qualitative assessment of the water of the Syrdarya River and their results for the
Shardara and Kazalinsk gauges for the period from 1960 to 2020 are presented in Table
2. The assessment of the suitability of the water of the Syrdarya River for irrigation
shows that the water is suitable without any restrictions (Altunin V.S. et all 1991).

However, it is known that the intensity of the alkalinization process increases if
magnesium predominates over calcium in the composition of the water, then both
the alkalizing capacity of the water and the absolute content of cations that solonetz
(Qingyu Sui et all, 2022) the soil in its increase, this must be constantly remembered by
meliorators and taken into account when carrying out reclamation measures.

Table 3 - Assessment of the suitability of the water resources of the Syrdarya River

Shardara Kazaly
1960 [1975 [2020 | 1960 [ 19752020

Assessment Methods values

Irrigation assessment of waters by the ratio of cations
<60 419 |33.6 |39.7 |52.3 |55.4 |58.3

100- Nat (Cat + Mg?* + Na™)

< 0.71 048 [0.66 [1.03 [1.24 |1.40
Na™ /(Ca2+ +Mg2+) <0.7

2+

<1.0 1.19 |1.63 |1.21 {0.79 [0.72 |0.63

(Ca®t + Ma®t)/(Na +0.23CT)

< 142 1096 |1.32 |2.19 [2.48 [2.79
oNat (Ca®t + Mg =10

Irrigation assessment for the danger of oversaturation of chemical elements
<60 1.40 [2.06 |[1.52 {091 |0.79 |0.71
( Ca2+ hS

+Mg2+)/Na+

< 33.1 |33.0 |42.1 |37.0 |43.7 |35.0
100- Mg 2+ /(Ca®* + Mg?t) =30

<0.7 0.71 ]0.48 |0.66 |1.10 |1.27 |1.40
Na2+/(Ca2++Mg2+) <

<1.0 1.28 |0.88 |0.89 |1.52 |[1.28 |1.67
Na™+ Ca2+ =
Assessment of waters by the danger of soil alkalization
pH 7.8 7.1 72 |73 |75 |7.8 |17

1.00 0.76 [0.53 [1.63 |0.85 |0.61 |1.41
(HCO-Ca?™)
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As is known, irrigation in the lower reaches of the Amu Darya and Syr Darya
has been practiced for several millennia. In 1900, more than 3 million hectares were
irrigated in the Aral Sea basin, by 1960 - 5 million hectares, and irretrievable water
withdrawal reached, according to the then estimate, 40 km3. However, water withdrawal
for irrigation until the 1960s was compensated by a corresponding decrease in natural
evaporation, transpiration, and filtration, especially in the deltas of the Syr Darya and
Amudarya, where truncated spring floods reduced floodplain flooding, the area of delta
lakes, and the spread of phreatophytes. In addition, the creation of a drainage network
has increased the amount of waste water entering the rivers.

By 1995, the irrigated area in the Aral Sea Basin had increased to almost 7.6 million
ha [33, 34]. Water withdrawal from the Amudarya and Syrdarya was 106.4 km3 (Table
4).

Table 4 — Dynamics of irrigated areas, water withdrawals and collector-drainage flow in the Aral Sea

basin
K xonmy nepuona Specific water CDS,
Years Irrigation % Water Water intake, thousand | km?
area, mln.ha | solonethic | intake, km® | mineralization, g/l m3/ha

1900-1915 3.25 3-5 10-15 0.3-0.4 2-6
1916-1931 3.071 5-10 20 0.3-0.5 53
1931-1940 4.337 1620 26.1 0.3-0.5 6.0
1941-1950 4.545 25-30 32.1 0.3-0.6 7.1 1-2
1951-1960 4.982 56 40.4 0.3-0.7 8.2 5-6
1961-1970 5.129 56 50.3 0.5-1.0 9.8 10-12
1971-1980 6.127 56 65.8 0.7-1.0 10.7 29-30
1981-1990 6.930 51-60 86.0 1.0-1.25 12.4 32-34
1986-2000 6.920 60-62 106.8 1.0-1.8 154
1991-2010 7.600 62-63 106.4 1.2-1.8 14.0 29.6
1996-2020 7.990 63-64 94.7 1.4-1.8 11.9
Perspective 7.983 64-65 1.4-1.8

Analysis of the data shows that between 1996 and 2000 irrigation efficiency
increased significantly in the sea basin, resulting in a reduction in water withdrawal
from an average of 15.4 to 11.9 thousand m3/ha. This led to an increase in the irrigated
area with a decrease in specific water consumption and return waters, but to reach the
level before 1970. on specific water, consumption is still not successful (Luyang Y.ang
et all, 2022).

The volume of the return water from irrigated fields is very large and, therefore, it
plays an important role in environmental releases (Table 5).
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Table 5 - Formation of return waters and water disposal in the Aral Sea basin (Nasrulin A.B., 2000).

Collector- Drainage

State drainage | Wastewater | Total | on River | into natural reuse for

water depressions irrigation
Kazakhstan 1.60 0.19 1.79 0.84 0.70 0.25
Kyrgyzstan 1.70 0.22 1.92 1.85 0.00 0.07
Tadzhikistan 4.05 0.55 4.60 425 0.00 0.35
River Syr-Darya 1.05 0.14 1.19 0.92 0.00 0.27
River Amu-Darya 3.00 0.41 341 3.33 0.00 0.08
Turkmenistan 3.80 0.25 4.05 0.91 3.10 0.04
Uzbekistan 18.4 1.69 20.09 | 8.92 7.07 4.10
River Syr-Darya 7.60 0.89 8.49 5.55 0.84 2.10
River Amu-Darya 10.80 0.80 11.60 | 3.37 6.23 2.00
Total in Aral Sea Basin 29.55 2.90 3245 | 16.7 10.87 4.81
River Syr-Darya 11.95 1.44 13.39 | 9.16 1.54 2.69
River Amu-Darya 17.60 1.46 19.06 | 7.61 9.33 2.12

For 20-30 years of operation of reclamation systems, it was not possible to radically
get rid of the secondary salinization of lands, despite the fact that the volume of CDW
during this period (1965-1985) increased from 5-6 to 32-34 km3 per year, and water
withdrawal - respectively from 50.3 to 86 km3 per year.

At present, the total volume of CDW in the sea basin exceeds 33 km3/year (Table
6) [36].

Table 6-Characteristics of some large reservoirs - reservoirs of collector and drainage water

Lake |River basin | Water surface area, km? | Volume, km? Water mineralization, g/l
Arnasai Syr-Darya 1865 13.9 10.10
Kamyshlybash | Syr-Darya 78 1.00 3.40
Sarykamysh Amy-Darya 2575 20.20 12.50
Sudachye Amy - Darya 300 0.60 2.00

In the sea basin, more than 2000 reservoirs-accumulators of the CDW were formed
with an area of 7000 km?. Most of them are small lakes with a water surface area of up
to 1 km?, but there are also large ones.

Conclusion. The analysis shows that, despite the efforts of water engineers,
maintaining the leaching irrigation regime and the use of almost annual non-vegetation
irrigation on saline soils against the background of efficient drainage (vertical and
horizontal) and other recommended measures, it is not possible to achieve a stable
water-salt regime of soils in the region. managed.

For example, by 1960, about 5 million hectares of land were irrigated in the Aral
basin, for which 40.4 km’ of fresh river water (8.2 thousand m3/ha) with mineralization
0f 0.3-0.7 g/1; by 1985 - for irrigation of about 7 million hectares, water intake increased
to 86 km? per year (12.4 thousand m*/ha).

Despite such a large water consumption, the areas of saline and saline-prone irrigated
lands did not decrease all these years in the Aral basin and remained at the level of 55-
60% of all irrigated lands. At the same time, water mineralization in springs, especially
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in the middle reaches and in river deltas, increased to 1.0-2.5 g/1, while water quality
deteriorated and MPC increased significantly in many indicators due to discharges of
collector and drainage runoff into rivers (12 — 14 km3 per year).

To manage and stabilize the hydro-ecological state of the Aral basin, comprehensive
measures are needed to improve the efficiency of the distribution of environmental
releases, suppress salt and dust emissions into the atmosphere, and develop engineering
measures to reduce the salinity of seawater.

In this regard, national experts express concern about the unsatisfactory technical
condition of treatment facilities (about 60-70% of the total), which do not provide
effective treatment of sewage and industrial effluents.

On the problem of improving the quality of water, the following priority measures
are proposed:

- limiting the discharge of return waters into the river and the volume of discharges
of certain pollutant ingredients for various sections and zones;

- introduction of the “polluter pays” principle into interstate practice (for violation
of these limits);

- Strengthening water quality control measures;

- establishing the value of environmentally sound sanitary passes for different water
content years and different periods for rivers of interstate significance;

- development of methods and means for monitoring the quality of water resources;

- Share participation of the interested states in financing and performance of works on
prevention and liquidation of consequences of water pollution on the rivers of interstate
significance.
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