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2 Clarivate
Analytics

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

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmsa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

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,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.
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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
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(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

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Cob6ctBennuk: Pecrybnukanckoe obmiecTBeHHOE 00bennHenne «HaronansHas akaxeMust Hayk
Pecrry6mmkn Kazaxcram» (T. AMatsr).
CBUAETENECTBO O MOCTAaHOBKE HA y4eT NMEPHOIMUYECKOro nedaTHoro uiganus B Komurere mHbopManum
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Tupax: 300 3K3eMIIIIPOB.
Anpec penakiuu: 050010, . Anmarsr, yi. [lleBuenko, 28, od. 219, rem.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H=5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H= 13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan)
H=11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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UDC 622.349.5
B.R. Rakishev', M.M. Mataev’, Z.S. Kenzhetaev'", A.Kh. Shampikova'

'Satbayev University, Almaty, Kazakhstan;
“Institute of High Technologies LLP, NAC JSC Kazatomprom,
Almaty, Kazakhstan.
E-mail: kzhiger@yahoo.com

INNOVATIVE METHODS OF INTENSIFICATION IN SITU
LEACHING OF URANIUM IN DEPOSITS WITH LOW FILTRATION
CHARACTERISTICS OF ORES

Abstract. Improving the efficiency of downhole uranium production by
selecting special decolmating solutions and selecting rational parameters of the
technology of influencing the near-filter zone of the formation of geotechnical
wells, improving the filtration characteristics of the formation depending on the
mineralogical composition and structure of sedimentary materials.

The structure and composition of sedimentation causing a decrease in the
filtration characteristics of the productive horizon of the Syrdarya and Chu-Sarysui
deposits are determined. The effective composition of a special decolmating
solution for destruction and prevention of sedimentation in the productive
horizon with the use of ammonium bifluoride with the addition of sulfuric acid
and surfactants was selected. Rational parameters of an innovative technology
for improving the filtration characteristics of a productive horizon with the
use of special decolmating solutions have been developed and experimentally
confirmed. The effectiveness of the developed complex method for improving
the filtration characteristics of reservoirs in uranium deposits worked out by the
well method is substantiated.

The use of an innovative technology to improve the filtration characteristics
of ores in difficult mining and geological conditions can increase the uptime
and utilization rate of geotechnical wells, which in turn will positively affect the
intensity of mining of technological blocks and increase productivity and labor
safety, as well as reduce the operating costs of mining enterprises.

Key words: In situ leaching, filtration characteristics, sedimentation,
decolmating solution, x-ray phase analysis, microscopic studies.
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B.P. Pakumen', M.M. Maraegn?, /K.C. Ken:keraes'", A.X. lllamnukosa'

!CornaeB YuuBepcureti, Anmarsl, KazakcraH;
“Xoraps! Texuonorusuiap uactutyThl JKIIC, Kazaromenepkacimy ¥ AKy»
AK, Anmarel, Kazakcras.
E-mail: kzhiger@yahoo.com

KEHJEPIIH CY3Y CHTIATTAMAJIAPBI TOMEH KEH
OPBIHJAPBIHJA YPAHJIbI YHFBIMAJIBIK OHIIPY/II
KAPKBIHIATVIBIH MHHOBAIIASLIBIK OICTEPI

AHHOTamUsl. ApHailbl JEKOJBMATU3ANMUIBIK — EPITIHAUICpAl  TaHaay
KOHE TEOTEXHOJOTHSUIBIK YHFhIMANIap KaOaThIHBIH CY3Ti aiiMarblHAa dcep €Ty
TEXHOJIOTUACHIHBIH YTHIMJIBI TIapaMeTpliepiH TaHIay apKbUIbl ypaHAbl YHFbI-
MaJIbIK OHAIPYAIH THIMAUINTIH apTThIpy, IIOTIHII MaTepuaigap/blH MHHEpa-
JIOTUSUIBIK KYPaMbl MEH KYpPbUIbIMbIHA OalIaHBICTBI KAOATThIH CY3y CHIIATTa-
MaJlapbiH apTTHIPY.

Coeipnapus xone Illy-Cappicy aemnpeccusichl KeH OpPBIHIAPBIHBIH OHIMII
TOPU3OHTBHIHBIH CY3y CHUIIATTaMajapblHbIH TOMEHJIEyiHEe OKeJeTiH TyHOa
TY3UTyiHIH KYpBUIBIMBI MEH KYpaMmbl aHbIKTaIIbl. KyKipT KBIIIKBUIBI MEH
OeTTik OeJceHnl 3aTTap KOCHUIFAaH aMMOHUN OMGTOPUAIH KOJJaHa OTBIPHIIL,
OHIM/II TOPU30HTTA >KAYBIH-IIAMIBIHHBIH Taii1a 0OJTYBIH KO0 JKOHE OOJIABIpMAy
YIIiH apHaibl JIEKOJIbMATU3ALUSIIBIK EPITIHAIHIH THIMAI KypaMmbl TaHIAJJIbL.
ApHaiibl 1eKoJIbMaT epiTIHAIEPIH KOJIAaHa OTHIPHIT, OHIM/II TOPU3OHTTHIH CY3Y
cUnarTaMajapblH apTTHIPYIbIH WHHOBAIUSUIBIK TEXHOJOTHSICHIHBIH YTHIMIIBI
napamMeTpIiepl 31pJeH Il XKoHEe TIKIPUOETIK TYpAe pacTaiabl. ¥ HFbIMa o/liCIMEH
OHJICJICTIH ypaH KEH OpBIHJApBbIHIA KadaTrTaplblH CY3y CHIIaTTaMaapbiH
apTTHIPYAbIH 931pJICHI€H KEeIeH 11 9AICIHIH THIMIUTIT HEeTi3AereH.

Kypemitay-KeH-TeoJIoT UsTBIK KaF faiiapaKeHIepIiH Cy 3y CHITaTTaMaIapbiH
apTTHIPYIBIH HHHOBAIIUSUIBIK TEXHOJIOTHSICHIH KOJIJIAaHY Y3/IIKCi3 )KYMBIC K€3€HIH
YKOHE re0TeXHOJIOTUSIIBIK YHFbIMAIap bl Naiianany K03 QpUIMEeHTIH apTThIPYI
MYMKIiH, OYJ1 63 K€3€TiH/1€ TEXHOIOTHSUIBIK OJIOKTap bl OHICY KAPKBIH IBLTBIFBIHA
OH ocep eTei )koHe EHOek oHIMILTITT MEH KayilCi3IiriH apTThIpabl, COHAaM-aK
OHJIIPYTe KOCIMOPBIHAAPBIH Taii1aaHy MIBIFBIHIAPEIH a3aiTa bl

Tyiiin ce3aep: YHFBIMaHbBI OHIPY, CY3Y CHIIATTaManapbl, TyHOa Ty3lnimMaepi,
JEKOJIbMaTU3ANMSUIBIK €PITIHIl, PEeHTreHOo(da3anbIK Talaay, MUKPOCKOMHUSIIBIK
3epTTeyep.
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B.P. Pakumes'!, M.M. Maraen?, JK.C. Ken:keraes!", A.X. [llamnukosa'

!CarmaeB Yuuepcutet, Anmartsl, Kazaxcran;
>TOO UHCTUTYT BBICOKUX TEXHOJOTHH, AnMarbl, KazaxcraH.
E-mail: kzhiger@yahoo.com

NHHOBAIIMOHHBIE METOAbI THTEHCUPUKALIUN
CKBAKWHHOM JIOBBIYUA YPAHA HA MECTOPOXKJIEHUAX C
HU3KUMHU PUJIBTPAIIMOHHBIMU XAPAKTEPUCTUKAMM PY/]

AnHoranus. [loBeiienne >PQPEKTUBHOCTH CKBOKUHHOW JOOBIUM ypaHa
3a cyeT moAbopa CIEeUHaJbHBIX JEKOJIbMATUPYIOUIMX PAacTBOPOB U BbIOOpA
palMoOHANBHBIX MapaMETPOB TEXHOJOTHMHM BO3JIEHCTBHA Ha HPUDUIBTPOBYIO
30HYy IUIacTa T€OTEXHOJOTHYECKUX CKBaXKUH, IMOBBIIIEHUE (DUIBTPAIIMOHHBIX
XapaKTEepUCTUK IUIacTa B 3aBUCUMOCTH OT MHUHEPAJOTHYECKOIO COCTaBa U
CTPYKTYPBI 0CaIKOOOPa3yIOIUX MaTepHUasoB.

OnpeneneHa CTPyKTypa M COCTaB O0CaJKOOOpa30BaHUS, BbI3bIBAIOIINE
CHIDKCHUE (DUIBTPAIMOHHBIX XApAaKTEPUCTHUK MPOAYKTUBHOTO TOPHU30HTA
MectopoxaeHuit CeipaappuHckoir U Yy-Capricyiickor nernpeccun. BreiOpan
3 PEKTUBHBI COCTaB CIEMUAIBLHOTO JIEKOJIbMATHUPYIOIIETO pacTBOpa st
paspyuieHusi ¥ TPeAOTBpAIlleHUs O0CaaKooOpa3oBaHHs B MPOAYKTUBHOM
TOPU30HTE C MPUMEHEHHEM OH(TOpHIa aMMOHHUSA C J100aBIEHHUEM CEpPHOMU
KHCIIOTHI M TIOBEPXHOCTHO-aKTUBHBIX BelIecTB. Pa3paboTaHbl M OMBITHBIM
ITyTEeM MOATBEP KICHBI palliOHaIbHbIE TapaMeTPhl UHHOBAIIMOHHOM TEXHOJIOTHH
MOBBIMICHUST (PHIBTPAIMOHHBIX XaPAKTEPUCTUK MPOAYKTUBHOTO TOPH30HTA C
MPUMEHEHUEM CIIeIUATbHBIX JIEKOJbMATUPYIOMUX pacTBopoB. OOocHOBaHA
3¢ pexTuBHOCTE  pa3pabOTAaHHOTO  KOMIUIEKCHOTO  METOJa  IMOBBIIICHUS
(UIBTPAIIMOHHBIX XapPaKTEPUCTUK IJIACTOB, Ha YPAHOBBIX MECTOPOXKICHUSIX
0TpabaThIBAEMbIX CKBaKUHHBIM CITIOCOOOM.

[IpuMmeHeHre MHHOBAIMOHHON TEXHOJIOTHH MOBBIIICHUS (DUIBTPAIMOHHBIX
XapaKTePUCTUK Py B CIOXKHBIX TOPHO-T€OJIOTUYECKUX YCIOBUSX MOXKET
YBEJIIMYUTH Tepuoy] Oecriepe0oitHol paboThl U K03()(PHUIIMEHT UCTIONH30BAHHMS
TEOTEXHOJNOTUYECKUX CKBaXXUH, YTO B CBOIO OYepelb MOJOKHUTEIHHO
MOBJIUAET HAa HWHTEHCUBHOCTb OTPAOOTKM TEXHOJIOIMYECKUX OJOKOB U
MOBBICUT TPOM3BOIUTENBHOCT, M 0E30MACHOCTh TPYyAa, a TaKKe COKpPATHT
JKCIUTyaTallMOHHBIE PACXO/IbI MPEANPUATHI HA JOOBIUY.

KuroueBble ¢J10Ba: CKBOKMHHAS JOOBIYA, PUIIBTPAIIMOHHBIC XapaKTEPUCTHKH,
0CaIK000pa30BaHuUs, AEKOJIbMATHUPYIOIINIA PacTBOP, PEHTTeHO(A30BbIN aHATHU3,
MHUKPOCKOITUYECKNE UCCIIEIOBAaHUS.
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Introduction. Uranium is the most representative element of the actinides,
which is of fundamental importance in the nuclear fuel cycle. The nuclear power
market is expected to grow significantly over the next 20 years. For example,
in the US alone, it is projected to grow by 50% by 2030. According to the
Ministry of Energy of the Republic of Kazakhstan global electricity consumption
will double by 2030 (Khawassek, 2016: 12). The Intergovernmental Panel on
Climate Change (IPCC) highlights the urgent need to use all available low-
carbon technologies to prevent climate change. The International Energy Agency
(IEA) and the Nuclear Energy Agency (NEA) predict that the world’s nuclear
potential will double by 2050 (Rashad, 2020:12, Atia, 2018:11). Combined with
the expected growth of nuclear power, the demand for uranium will also increase
dramatically in the future (Chen, 2018: 10). Kazakhstan’s uranium industry,
which relies on progressive, highly efficient downhole production of uranium
ores, can make a worthy contribution to solving the problem.

M Australia 10% M Kazakhstan M Kazakhstan M Canada M Australia
H Canada M Russian Fed
Figure 1. Proven uranium reserves by country Figure 2. Shared production of uranium by the

countries of the world

Uranium deposits in Kazakhstan are located in six provinces: Shu-Sarysu,
Syrdarya, North Kazakhstan, Caspian, Balkash, Ile. The main production is
carried out in the first two provinces located in the Kyzylorda and Turkestan
regions. They are shown schematically on in the figure 3.

North-Kazakstan

Pre-Balkhash

Pre-Caspian Shu-Syrasu

&<

Figure 3. Scheme of location of regions of explored uranium deposits in Kazakhstan
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The technology of borehole uranium extraction involves the dissolution of
the useful component by a moving flow of solvent at the location of the ore
body, followed by the removal and lifting of the formed compounds to the
surface (Kuandykov, 2020:8, Rakishev, 2019 a:6). The use of sulfuric acid as a
solvent reagent at enterprises in Kazakhstan is due to its low cost, availability,
and the possibility of relatively complete conversion of uranium to solution.
However, the high kinetics of the interaction of sulfuric acid with carbonate and
clay minerals of the ore-bearing rocks causes sedimentation, which prevents the
dissolution process (Rakishev, 2022b:11, Kenzhetaev, 2022a:13). The practice of
operating geotechnical well systems in the development of uranium deposits by
the method of in situ leaching of uranium (ISL) of uranium shows that over time
there is a decrease in their productivity. One of the main reasons for the decrease
in the throughput capacity of technological wells is an increase in hydraulic
resistances and a decrease in the filtration characteristics of the formation due
to the formation of colmatation due to the deposition of substances dissolved
in technological solutions, or mechanical movement of particles of the ore-
containing horizon (Kenzhetaev, 2021b:7, Issayeva, 2022:8). Figure 4 shows
a schematic diagram of the flow of process fluids during downhole uranium
mining.

2 ) Acid content
Sulluric acid check point Processing plant

Preciptation pond
leucling procluetive
solutions - solutions
unit unit

Monitoring

well Injection

Injection
well

Monitoring

well okl

Upper Clay

Uranim
deposit

Lower clay

Figure 4. Flow diagram of process fluids during downhole extraction of uranium ores

Difficult-to-dissolve sediments and displaced clay particles in the productive
horizon increase hydraulic resistance and form impenetrable sections of
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geochemical barriers that overlap the lines by current solutions. As a rule, a
decrease in the filtration characteristics of a productive horizon leads to a decrease
in the uranium content in the productive solution (PS), and a decrease in the flow
rate and the period of uninterrupted operation of wells. This increases the period
of working out of technological units, as a result of which, the consumption of
sulfuric acid, electricity and other operational components increases (Yusupov,
2017a:4). Wells in these blocks are often stopped for repair and restoration work
(RRW) and there is a need for an additional increase in the permeability of the
near-filter zone of the formation (NZF). In some cases, it is necessary to carry
out costly, heavy complex treatments using drilling rigs, including washing,
chemical treatment, swabbing and compressor pumping (Yusupov, 2018b:4).

The efficiency of downhole uranium production largely depends on the
methods used to restore the initial filtration characteristics of the formation and
the ability to increase the flow rate and the period of uninterrupted operation of
wells. The main methods for restoring the permeability of rocks in the bottom-
hole zone of the formation during restoration work are physical, chemical and
combined types of restoration work (Rakishev, 2022¢:12).

The choice of a method for restoring production or injection well performance
depends on the characteristics of each individual method, budget, equipment
and well design, hydrogeological and other field features. A brief description of
the main methods of reservoir permeability restoration and their average cost is
given in table 1.

Table 1. Applied RRW methods at uranium mining enterprises

Nature of | Implementation Main purpose Cost price,
theimpact | method USD
Hydro- Compressor Removal of clay solution, mechanical 142.5
dynamic | pumping suspended

particles and impurities from the NZF

Flushing with Removal of fine pulverized particles and clay 112.3
industrialwater materialsfrom NZF
Sulfuric acid Dissolution of ferrous and aluminium 225.0
chemicaldeposits
Chemical Clay-acidic Dissolution of carbonate and silicon chemical |397.5
andmechanical deposits
Combined Removal of sand plugs from the well column
Reagent treatments | and filter section, dissolution of chemical 2250
withmechanical deposits, intensification by swabbing,
action clarification of solutionsby compressor

pumping.
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As can be seen from Table 1, the RRW methods used by type are divided
into hydrodynamic, chemical and combined, aimed at effectively eliminating
a certain type of sedimentation. Hydrodynamic methods, such as compressor
pumping and well flushing with process water, are based on the impact and
pressure difference and are aimed at destroying and dispersing mechanical
sedimentation (Kenzhetaev, 2022¢:10, Zammit, 2014:9). The costs of these
methods are relatively low due to the use of high-performance technological
equipment. Chemical methods of exposure to dissolution are mainly aimed
at destroying and eliminating sediments formed as a result of the interaction
of technological solutions with the host rocks of the productive horizon
(Panfilov, 2016:13). The costs of these methods are relatively high, due to the
use of technological equipment and the consumption of chemical reagents.
Combined methods include carrying out complex operations using drilling rigs
and auxiliary equipment, combining well flushing with subsequent chemical
treatment, swabbing and compressor pumping (Nikitina, 2019:6, Mamytbekov,
2014). This method is the most expensive due to the use of a large number of
equipment, chemical reagents, maintenance personnel and a long duration of
work. At the same time, these methods are ineffective in difficult mining and
geological conditions, multicomponent sedimentation accumulates in the NZF
and forms cemented impenetrable areas that do not respond to traditional methods
of impact. This required conducting appropriate laboratory and pilot-industrial
experiments.

Purpose of the work is improving the efficiency of downhole uranium
production by selecting special decolmating solutions, improving the filtration
characteristics of the formation, by destroying it, and preventing sedimentation
in the productive horizon, depending on the mineralogical composition and
structure of sedimentary materials.

Material and methods. Identification of the type and mineralogical
composition of sedimentation plays an important role in solving the filtration
characteristics of a productive reservoir. These data allow to select the most
suitable solutions for processing both the filter and the near-filter zone of
geotechnical wells. To determine the quantitative and qualitative characteristics
of sedimentation, sediment samples were taken from the Chu-Sarysu and
Syrdarya deposits (Carla, 2014:9).

X-ray diffractometric analysis was performed on an automated DRON-
3 diffractometer with Cu, - radiation, B - filter. Conditions for shooting
diffractograms: U=35 kV; =20 mA; shooting 6-20; detector 2 deg/min.
X-ray phase analysis on a semi-quantitative basis was performed based on
diffractograms of powder samples using the method of equal weightings and
artificial mixtures. Quantitative ratios of crystal phases were determined.

194



ISSN 2224-5278 5.2022

Interpretation of diffractograms was carried out using data from the file cabinet
ICDD: powder diffractometric data base PDF2 (Powder Diffraction File) and
diffractograms of minerals free of impurities. For the main phases, the content
was calculated (Kassenov, 2020: 6).

According to X-ray phase analysis, colmatant has a high crystallization of
several phases. In table 2 The results of X-ray phase analysis of sedimentation
from the uranium deposits of the Chu-Sarysu and Syrdarya regions are presented.

Table 2. Mineralogical composition of sediments from the uranium deposit

Minerals Formula Syrdarya deposit, Chu-Sarysu deposit,
(Concentration,%) (Concentration,%)

Gypsum Ca(SO,) (H)0), |52.0 81.8

Quartz SiO, 423 32

Potassium feldspar | KAISi,O, 5,7 2.2

Sillimanite AL,0, SiO, 12.8

Data tables 2 It is shown that the basis of the sample from the Syrdarya
deposit deposit is made up of chemical compounds Ca(SO,)(H,0), (52%) and
Si02 (42%), minerals-gypsum and quartz. The rest of the sample is potassium
feldspar (5.7%). Characteristics of samples from the Syrdarya deposit indicate
a combined origin of sedimentation, chemical-gypsum, and mechanical-quartz.
The bulk of the sample from the Chu-Sarysu deposit consists of a chemical
compound Ca(SO,)(H,0), (81,8 %), mineral gypsum. The rest of the sample
consists of quartz (3.2%), potassium feldspar (2.2%), and sillimanite (12.8%).
Data from samples from the Chu- Sarysui deposit indicate the predominance of
the chemical origin of gypsum sedimentation and the presence of mechanical
impurities of quartz.

Analysis of X-ray images of samples from different deposits shows that the
main sedimentary component of colmatant is calcium sulfate CaSO,*2H,O. In
this regard, it can be said that the main cause of colmatation is the interaction of
the leaching solution of uranium ISL with calcium carbonate, which proceeds
according to the formula:

CaCO, + H,SO, = CaSO,| + H, CO, (1)

For effective destruction and prevention of such sedimentation, it is necessary
to develop a decolmating solution using hydrofluoric acid with the addition of
surfactants with complexing properties. To improve the solubility, sulfamic acid
was used as a surfactant, which has the properties of reducing the pH and bind
metal ions.
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Experiments on the treatment of sediments were carried out on samples from
the same sample with different compositions of chemical reagents of decolmating
solutions. To determine the effective composition of the solution, the most solvent
properties were selected. For example, experiment Ne 1 included treatment with
a solution of hydrofluoric acid (10% by weight) and industrial water (90%).
Experiment Ne 2 included treatment with a solution of ammonium bifluoride
(5.0%) and sulfuric acid (10.0%) Surfactants (1%) and industrial water (84%).
Experiment No. 3 included treatment with a solution of sulfuric acid (10%) and
industrial water (90%). Table 3 shows the parameters of decolmating solutions
for laboratory studies.

Table 3. Parameters of decolmating solutions

Composition HF, % NH4,F * HF, % H,SO,, % CAK, %
HF 10
H,SO, + NH F*HF 5 10 1
H,SO, 10

In experiment 1 preparation of a decolmating solution HF — (10%), industrial
water (90%) was produced from semi-finished hydrofluoric acid. The choice
of semi-finished hydrofluoric acid is due to its low cost, high reactivity with
gypsum, aluminosilicates, and siliceous compounds that are part of ore-bearing
rocks and colmating sediments. Interaction reactions proceed according to the
formulas:

CaSO, 2 H, 0 + 2HF = CaF,+ H, SO, + 2H,0 )
CaALSiO, + 16HF = 2AIF, + 2SiF, + 8H,0 + CaF,, 3)
(3) 6HF + SiO, = SiF, + 2 HF + 2H, O. 4)

In experiment 2 the decolmating solution was prepared on the basis of
ammonium bifluoride and sulfuric acid surfactants at the following ratios
NH,HF, — 10%, H,SO, — 10%, surfactant-1.0%, industrial water-79%. The
choice of ammonium bifluoride as the main component is due to its high ability
to exchange reactions with mineral acids (sulfuric, hydrochloric, nitric acids)
and the formation of hydrofluoric acid according to the formula:

NH_HF, + H,SO, = NH,SO, + HF. (5)
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As a result of the interaction of hydrofluoric acid with sedimentation, both
the colmatant and part of the terrigenous component of the sands are dissolved,
which increases the effective porosity of the ore block massif. The addition
of surfactants increases the interaction of hydrofluoric acid with sedimentary
minerals. At the same time, hydrofluoric acid is completely utilized due to the
large amount of quartz contained in the sands.

In experiment 3, the decolmating solution was prepared on the basis of a
combination of sulfuric acid H,SO, (10%), industrial water (90%). The choice
of sulfuric acid as a solvent reagent is due to its reactivity with aluminum oxide,
iron and potassium hydroxide, low cost and availability at mining enterprises.
The reaction of interaction proceeds according to the formula:

ALO, + H,S0, = AL(SO,),| + H,0 (6)

Discussion of laboratory results. After conducting laboratory experiments
on the processing of samples by the drip method with various compositions of
decolmating solutions, the sediments were dried at room temperature. A scanning
electron microscope was used for a detailed study of the sample surface. A
comparative analysis of the images after processing with a particular solution
and comparing it with the original image made it possible to visually establish
the effectiveness of the composition of the decolmating solution.

Images of the sediment surface before and after treatment with various
solutions were recorded using a high-resolution analytical scanning electron
microscope. It is manufactured for a wide range of research tasks and quality
control at the Tescan MIRA 3 FEG-SEM submicron level. SEM TESCAN
MIRA electron column, electron source: Schottky autoemission cathode. The
energy range of the electron beam incident on the sample is from 200 eV to
30 keV (from 50 eV with the option of beam deceleration BDT). To change
the beam current, an electromagnetic lens is used as an aperture changer. Beam
current: from 2 pA to 400 nA with continuous adjustment. Maximum field of
view: more than 8 mm at WD = 10 mm, more than 50 mm at maximum WD.
Electron column resolution, high vacuum mode 1.2 nm at 30 keV,  Detector
SE. 3.5 nm at 1 keV, In-Beam detector SE. 1.8 nm at 1 keV, beam deceleration
option BDT. In the figure 5 shows images of samples from the Syrdarya deposit
before and after treatment with special solutions.

On figure 5, a It can be seen that the surface of the initial sample is formed from
dense lamellar crystals with dimensions from 5 to 30 pm with a characteristic
skeleton structure without breaks or cracks in the body. The crystal shapes are
elongated with a chaotic arrangement and uniform surface relief. Figure 5, b
it can be seen that after treatment with decolmating solution 1, there was a
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noticeable destruction of the structure and a change in the shape of crystals with
a decrease in their size and density with the formation of small loosened flakes.
It can be seen the rounded edges of the crystals and the formation of cracks in
the bodies.

Figure 5. Image of the sample surface of the Syrdarya deposit: (a) — the initial sample.
(b) — samples of experiment 1. (¢c) — samples of experiment 2.
(d) — samples of experiment 3;

The arrangement of crystals became less dense with the formation of voids
and gullies in the pore space. Partial dissolution of the sample is noticeable,
and the crystal size is significantly reduced from 30 to 15 um. This is due to the
dissolution of part of the sample in hydrofluoric acid. From figure 5.c showing
the data from experiment 2, it can be seen that the changes in the sample structure
are similar to the previous experiment with a more pronounced character. Also
noticeable is the dissolution of sedimentation with decolmating solution and the
formation of gullies and large cracks along the path of the solution movement.
Deformed forms of crystals with altered shapes and structures, the size of voids
is larger compared to experiment 1. This is due to the dissolution of precipitation
in hydrofluoric and sulfuric acids. On figure 5,d, depicting the data of experiment
3, it is shown that changes in the structure of the sample after treatment with
decolmating solution 3 are less pronounced. The crystals acquired round shapes
without changing their size. The minor impact is due to the low content of
aluminum in the sedimentation composition. Figure 6 shows samples taken from
the Chu-Sarysu deposit before and after treatment with special solutions.
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Figure 6. Image of samples of Chu-Sarysu deposit: (a) — initial sample; (b) — sample of
experiment 1; (c) - sample of experiment 2; (d) - sample of experiment 3;

From figure 6, a It can be seen that the surface of the initial sample is formed
from dense crystals of various sizes from 3 to 20 um with a characteristic
skeleton structure without breaks or cracks in the body. The crystal shapes are
rectangular with a chaotic arrangement and uniform surface relief. figure 6, b it
can be seen that after treatment with decolmating solution 1, the structure was
destroyed and the shape of the crystals changed with a decrease in their size and
the formation of small loosened flakes. It can be seen the formation of holes
and cracks in the sample body with the formation of voids and deposits. Partial
dissolution of the sample is noticeable, and the crystal size decreases from 20 to
10 pm. Significant changes are caused by the dissolution of precipitation with
hydrofluoric acid. figure 6, ¢ with the data of experiment 2 shows that the sample
structure has changed more significantly, the formation of many deep voids and
cracks along the path of the solution movement is noticeable. It draws attention
to the deformed shapes of crystals with rounded shapes. Destruction is caused by
the dissolution of precipitation in hydrofluoric and sulfuric acids, and penetration
due to the action of surfactants. figure 6,d, with the data of experiment 3, it can be
seen that the structure of the sample after treatment with a decolmating solution
changed less pronounced. The crystal shapes retained their shape, however,
voids appeared and the crystal density became smaller. The minor impact is due
to the dissolution of only aluminum and potassium sedimentation minerals in
sulfuric acid.

The use of decolmating solution must be carried out according to a special
method on special technological equipment. The innovative method involves
treating the filter area of the well directly with decolmating solution and
maximizing the destruction and prevention of sedimentation in the reservoir.
The method provides an increase in the productivity of production units and the
completeness of metal extraction from them, due to the removal and prevention
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of sedimentation in a porous medium. In addition, it reduces the specific costs
of sulfuric acid, electricity, labor and other production costs in the process of
downhole extraction of uranium from various mining and geological blocks.

Methods of conducting production experiments. To increase the efficiency
of uranium production by intensifying geotechnical processes and restoring the
permeability of the reservoir’s near-filter zone, the authors developed and tested
a method for chemical treatment of wells with a special solution. This method
of impact on the formation provides for the supply of solutions of a complex of
chemical reagents to the filter zone, to the productive horizon for its reaction with
sedimentation, dissolution and removal of reaction products outside the well by
airlift pumping. On in the figure 7 shows the developed scheme of components
of work on the intensification of uranium production.

= From plant |
Monitor well

Ore Harizon

Figure 7. Scheme for the intensification of downhole uranium production
1 — productive horizon; 2 — impenetrable rocks; 3-sedimentation in the NZF; 4 — pumping
wells; 5 — injection well; 6 — equipment for chemical treatments; 7 — pressure hose; 8 — tank.

Asseen from of'the figure 7, the bulk of sedimentation 3 occurs in the productive
horizon 1, directly in the zone of unloading solutions and increasing the speed
of movementl solutions from injection wells 5, to pumping wells 4. Chemical
treatment using a complex of chemical reagents provides for the preparation
of solutions on special equipment 6, and feeding through the pressure sleeve
7 to the filter part of wells 4. At the same time, the prepared special solution is
fed from the tank 8 by a pump. The supply of decolmating solutions based on
ammonium bifluoride (10%), sulfuric acid (10%) directly to the filter part of
technological wells reduces the consumption of chemical reagents and increases
the penetration of water. At high capacity for greater destruction and dispersion
of precipitation.

For the organization of experimental work in downhole uranium mining,
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compliance with the leaching process mode, and calculation of the required
volume of decolmating solutions and chemical reagents, it was necessary to
calculate the following geotechnological parameters: the ratio of liquid to solid
(L:S), calculated spreading radius. L:S ratio was calculated using the formula:

in=1 le
Sh,$
where: Q, — the amount of leaching solution delivered to the subsurface
during the time period t, m’; S — leached area, m?; h — effective capacity of the
productive horizon, m; 6 - volume mass of ore-bearing rocks and ores, t / m3.
The calculated area of spreading of solutions from the filter along the productive
horizon was determined by the formula:

__Q
0,22h,’
Where: Q, — the volume of decolmating solutions supplied to the well, m*

0.22 — average porosity coefficient of the host rocks of the productive horizon.
The spreading radius of decolmating solutions was determined by the formula:

R = (E)%, )

T

L:S = > (7)

S ®)

The equipment for the preparation and supply of chemical reagent solutions
consists of a container and a pump, which are made of corrosion-resistant mate-
rial. Due to the fact that they are in contact with sulfuric and hydrofluoric acids.

Results & discussion. Pilot tests to study the effectiveness of chemical
treatments directly to the filter part of technological wells were carried out at the
Syrdarya deposit field. A photo of the manufactured and implemented equipment
for improving the filtration characteristics of ores according to the developed
method at the Syrdarya and Chu-Sarysu deposits is shown in figure 8.

Figure 8. Developed technological equipment for improving the filtration characteristics of ores
using the developed compositions
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The actual geotechnological conditions of the Syrdarya and Chu-Sarysu
deposits were taken into account when developing, manufacturing and adapting
the units. When conducting production experiments, the developed and approved
technological regulations were strictly coordinated. These results are high and
confirm the indisputable effectiveness of an innovative integrated method
for intensifying downhole uranium production in deposits with low filtration
characteristics of ores.

Below are data on 20 production wells using various formulations of
decolmating solution. The developed decolmating solution includes: industrial
water, ammonium bifluoride, sulfuric acid in various proportions. Table 4 shows
the parameters of the formulations of the decolmating solution and the processed
results of experimental work.

Table 4 - Parameters of decolmating solution sand results of experimental work

Composition Volume | H,SO,, |NH,F*HF, | Number | inter- repair | inter- repair
LS,m3 |kg kg of wells | cycle before, | cycle after,
processed day day
H_SO, + NH F*HF 3 150 19 5 16 127
H,SO, + NH F*HF 2 100 12 5 22 118
H,SO, + NH F*HF 1 50 6 5 21 95
H.SO, 3 300 5 11 36

Ascanbe seen from Table 4, decolmating solutions with a volume of 3m3 2 m3,
and 1 m3 were prepared, based on ammonium bifluoride, with a concentration of
HF - 1.2%, and H,SO, — 5%. For comparative analysis, a decolmating solution
based on 10% sulfuric acid with a volume of 3 m3 was prepared. Analysis of
production wells ‘ performance before and after experimental operations allowed
determining the efficiency of chemical treatment of wells using an innovative
method. Figure 9 shows a diagram of the periods of uninterrupted operation
of wells before and after experimental work. The blue color shows the average
values of the period of uninterrupted operation of selected wells after restoration
of reservoir filtration characteristics by traditional methods. The red color shows
the periods of uninterrupted operation of wells after chemical treatment using an
innovative method using developed formulas.
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Figure 9. Results comparative analysis of the period of uninterrupted operation of geotechnical
parameters of wells

A comparative analysis of the above data shows that the average uptime of the
selected geotechnical wells before the experiments was 16 days. After applying
the innovative method of restoring filtration characteristics, the average value
of the uptime period of wells was 84 days. On wells treated with 3,2 and 1 m3
decolmating solution based on H,SO, + NH F*HF the period of uninterrupted
operation exceeded 127, 118, and 95 days on average, respectively. At the same
time, the period of uninterrupted operation of wells treated with the com-
pound H,SO, 3 m3 It was 36 days, which exceeds the traditional indicator by
more than two times.

Conclusions. Quantitative and qualitative studies of the sedimentation
composition of deposits in the Chu-Sarysu deposit indicate that the main part of
the sample is gypsum (81.8%). The rest of the sample consists of quartz (3.2%)
and sillimanite (2.2%). Al,O,'Si0, (12,8%). Field sample basis The Syrdarya
deposit consists of gypsum (52%) and quartz (42.3%), the rest of the sample
consists of KPS (5.7%).

As a result, due to the interaction of sulfuric acid solutions with carbonate
minerals, the structure of sedimentation is strongly deposited in the discharge zone.
They cause low efficiency of hydrodynamic methods and difficulties in working
out technological blocks, lead to a decrease in the productivity of production
and injectivity of injection wells due to a deterioration in the reservoir filtration
characteristics. They raise additional costs for restoring the permeability of the
productive horizon and increasing the productivity of production and injectivity
of injection wells, increase the operating costs for working out blocks.

Preparation of a decolmating solution based on ammonium bifluoride (5%),
sulfuric acid (10%), and surfactants in small amounts increases the solubility of
the decolmating solution and prevents sedimentation in the reservoir for a longer
time.

203



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

The developed method for restoring the filtration characteristics of a productive
horizon based on the treatment of the filter part of wells allows reducing the
specific consumption of chemical reagents and increasing the efficiency of
decolmating solution.

In the conditions of industrial downhole uranium mining, rational parameters
for applying an innovative method for restoring filtration characteristics in
ores with low filtration characteristics were established at geotechnical wells.
The new method effectively restores the productivity of production wells and
injectivity of injection wells, increases the period of uninterrupted operation of
wells by 70-80%. Reduces operating costs for production, ensures compliance
with environmental and industrial safety requirements.

Further research on improving the efficiency of dissolution and preventing
sedimentation of the productive horizon in various conditions using physico-
chemical methods of exposure will reduce the cost of finished products and
increase labor productivity.
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