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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.

Kaszaxcman Pecnyonuxacer ¥immoix evlivim akademusicol « KP ¥F'A Xabapnapuol. 'eonozus scane
MEXHUKATILIK bLILIMOAP Cepusichbly &bliblMu dcypHanvinvly Web of Science-miy orcayananzan
nycxacvl Emerging Sources Citation Index-me unoexcmenyee Kabvli0aH2anblH xXabapiatiowl.
Byn unoexcmeny 6apvicvinoa Clarivate Analytics komnanuscol sHcypHanowvl ooaw api the Science
Citation Index Expanded, the Social Sciences Citation Index occone the Arts & Humanities
Citation Index-xe Kabwi10ay macenecin Kapacmwipyoa. Webof Science 3epmmeywinep,
aemopnap, 6acnawsliap Men mekemenepee KOHmeHm mepeHoici Men canacvld ycviHaovl. KP
¥I'A Xabapnapul. I'eonocus sxcane mexHukaivlk ulavimoap cepuscel Emerging Sources Citation
Index-ke enyi 6i30iy K02aMOACMbIK YULiH eH 63eKmi Jcate Dedenoi 2eo0eusl HCaHe MEXHUKANbIK
EbLILIMOAP OOUBIHUA KOHMEHMKE A0aAN0bIEbIMbI30bL DI0Ipeo.

HAH PK coobwaem, umo nayunwiii scypran « Mzeecmusi HAH PK. Cepusi ceonoeuu u mexHu14eckux
HayK» ObL1 npuHsam 0151 unoexcuposarus 6 Emerging Sources Citation Index, o6noénennoti epcuu
Web of Science. CoOepacanue 8 5mom uHOEKCUPOBAHUU HAXOOUMCS 8 CIAOUU PACCMOMPEHUS
komnanueu Clarivate Analytics ona danvneuuezo npunamus sxcypuana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem kavecmgeo u 2enyoumy KoHmemwma O ucciedogameiel, asmopos,
uzoameneu u yupescoenuu. Bxnouenue Mzeecmus HAH PK. Cepus ceonocuu u mexHuieckux
Hayk 6 Emerging Sources Citation Index oemoncmpupyem Hauty npusepiceHHOCmb K Haubonee
AKMyanbHOMY U GIUAMENbHOMY KOHMEHmMY N0 2€0102UU U MEeXHUYeCKUM HAyKam OJisl Hauile2o
coobwecmaa.



Bbac pexakrop

KYPBIHOB Mypat KypbiHy/bl, XUMHs FBUIBIMIAAPBIHBIH JTOKTOpHL, mpodeccop, KP ¥FTA
akamemuri, Kazakcran PecmyOnmkacekl ¥YnTTeik FeutbiM akaneMusichiHBIH Tpe3uneHTi, AK «/1.B.
COKONBbCKHUI aThIHIAFBl OTBHIH, KaTAIN3 KOHE 3JICKTPOXUMMSI HHCTUTYTBIHBIHY 0ac AMPEKTOpPbI (AMarsl,
Kazakcran) H = 4

PenaxkunuaablK alKa:

ABCAJIBIKOB BbaxbiT Hapuk6aiiyiibl, TeXHHUKa FEUIBIMAAPBIHBIH JOKTOPHI, Tpodeccop, KP ¥FA
JKayanTsl XaTIIBICH], A.b. BeKTypoB aThIHAAFBI XUMHUSI FHUTBIMIAPBI MHCTUTYTH (AnmaThl, Kazakctan) H=
5

I9BCAMETOB Moauaic Kyabicyabl (6ac pegakTopnablH oOpbIHOAcaphl), Te€0JIOrHs-MHUHEpaTOrus
FBUIBIMIAPBIHBIH  JOKTOPBI, mnpodeccop, KP ¥FA akamemuri, «Y.M. AxmencaduHa aTbIHIAFbI
THIPOTEOJIOTHS KOHE F€OIKOJIOTHsI HHCTUTYTBIHBIR» TUpeKTophl (AnMatsl, Kazakcran) H = 2

KOJITAEB Tepoii Koaraiiyasl (0ac pemakTopablH OpbIHOAcapbl), TI'€OJIOTHs-MHUHEPAIOTHS
FBUIBIMIAPBIHBIH 1OKTOPHI, nipodeccop, K.M. CarnaeB ThIHOAFbl Te0JI0THs FHUIBIMAAPHl HHCTUTYTHIHBIH
nupekTopsl (Amvatel, Kazakcran) H=2

CHOY Ipumen, Ph.D, xayeiMuacteipbutFad nmpodeccop, Hebpacka yauBepeurteTiHiH Cy FBUTBIMIAPEI
3epTxaHachIiHbIH qupekTops! (Hebopacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, Ttaburn tapux mypaxalbiHbIH JKep Typaisl FeUIBIMAAp OeiiMiHe
NETPOJIOTHSI KOHE Taijanbsl Kaz0amap KEeH OpbIHIApbl callaChIHIAFbl 3EepTTEYJIep/iH IKETeKIIici
(JIonnon, Aurnus) H =37

MMAH®WJIOB Muxani bopucoBu4, TeXHHKa FRUTBIMIAPBIHBIH JOKTOPBI, HaHCH yHUBEpCHTETIHIH
npodeccopsl (Haucu, ®pannus) H=15

HIEH ITun, Ph.D, KpiTali Te0I0rdsTbIK KOFAMBIHBIH Tay T€0JOTHSCH KOMUTETI JUPEKTOPBIHBIH OPBIH-
Oacapbsl, AMEpUKaH/IBIK YKOHOMHKAJBIK Te0JIorTap KaybIMIacTHIFBIHBIH MyTieci (Ilekun, Kprrait) H = 25

OUIHIEP Axcean, Ph.D, [Ipe3neH TeXHUKaIBIK YHUBEPCUTETIHIH KaybIMIACTHIPBUTFAH MPO(ECcCCopsI
(Apesnen, bepmun) H = 6

KOHTOPOBHUY Anekceii IMHIbEBHY, TEOJOTHA-MUHEPAJOTHA FHUIBIMIAPBIHBIH JIOKTOPHI,
npopeccop, PFA akagemuri, A.A. Tpodumyka aTbIHIAFbl MYHal-Ta3 TEOJIOTHSICHI KOHE Teopu3nKa
nHctuTyThl (HoBOoCcHOUpck, Peceit) H = 19

ATABEKOB Buaaaumup EHoxoBuY, XUMUS FEUIBIMAAPBIHBIH TOKTOPEI, benapycs ¥FA akanemuri,
JKana maTepuaniap XuMUsICbl HHCTUTYTHIHBIH KYpMeTTi nupextopsl (Munck, benapycs) H = 13

KATAJIMH Credan, Ph.D, [Ipe3nen TeXHUKANBIK yHUBEPCUTETIHIH KaybIMIAACTBHIPbUIFAaH
npodeccopst (pesnen, bepnun) H = 20

CEUTMYPATOBA Dieonopa IOcynmoBHa, TeoorHs-MHHEPATOTHs FHUIBIMAAPBIHBIH JIOKTOPEI,
npodeccop, KP ¥FA xoppecnonment-mymreci, K.M. CarmaeB arbiHmarsl |eoflorust FHUIBIMIAPHI
WHCTUTYTHI 3€pTXaHaCBIHBIH MeHrepytrici (Anmatsl, Kazakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, kaysimaacteipsuiran npodeccop, Hazapoaes ynusepcureri (Hyp-
Cyiran, Kazakcran) H =11

®PATTUHMH ITaouio, Ph.D, bukokk Musian yHUBEPCUTETI KaybIMIACTHIPBUIFaH Mpodeccopbl
(Munan, Uramus) H =28

«KP ¥T'A Xa0apaapsl. ['eos10rus :x9He TEXHUKAJIBIK FhLIBIMIAP CEPUICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecrryOnukachlHBIH ¥ ATTHIK FRUTBIM akageMusickl»y PKB (Anmartsr K.).
Kazakcran PecmyOmukachiHBIH AKMapar >kKoHe KOFaMIIBIK JaMy MHHHCTPIITIHIH AKmapat
xomuretiaae 29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3imMaik 6achUTBIM TipKeyiHe KOHBLUTY
Typaibl KyaJliK. TaKbIPBINTHIK OaFBITHI: 2€0.102Usl, MYHAU JHCIHe 2a30bl OHOeYOIH XUMUSLIbIK
MEXHOA02USLNAPBL, MYHAT XUMUACHL, MEMALOAPObL ALY HCIHE OAAPObIH KOCLIHObLIAPIHBIY MEXHONOUSLCDL.
Mep3iMaiTiri: )KbUTBIHA 6 PET.
Tupaxst: 300 gana.
Penaxmmsaeie Meker-xkaier: 050010, Anmvartsr K., [lleBuenko ker., 28, 219 6eir., Ten.: 272-13-19 http://
www.geolog-technical.kz/index.php/en/

© Kazakcran PecriyOnukachbiHbiH Y JITTHIK FBUTBIM aKajaeMuschl, 2023

TunorpadustHeIH MekeH-Kaitbl: «ApyHa» XK, Anvars! k., Mypar6aes kerr., 75.
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I'naBHBIM pexakTop
KYPUHOB Mypar KypuHoBu4, T0OKTOp XUMHYECKUX HaYyK, Ipodeccop, akagemuk HAH PK,
npe3naeHT HammonansHo# akagemun Hayk PecniyOonuku KasaxcraH, renepanbhelid aupekrop AO
«MHCTUTYT TOTUMBA, KaTanu3a u anekTpoxumuu uM. J[.B. Cokxonbckoro» (Anmatsl, Kazaxcran) H = 4
PenakuumoHHass KoOJJerHs:
ABCAJIBIKOB BaxwpiT Hapuk6aeBu4, TOKTOp TEXHHYECKHUX HaAyK, Mpodeccop, OTBETCTBEHHBIH
cexperapp HAH PK, Uncturyr xumudecknx nayk um. A.b. bekrypoBa (Anmarsl, Kazaxcran) H = §
ABCAMETOB Manuc KyabicoBud, (3aMECTUTEINb TJIABHOTO PEAAKTOPA), TOKTOP TCOJOTOMHUHE pa
JO-TUYECKUX Hayk, mpogeccop, akaaemuk HAH PK, npupekrop HWHCTUTyTa THAPOrE€ONOTHH H
reodkosioruu uM. Y.M. Axmencaduna (Anmatel, Kazaxcran) H =2
JKOJITAEB I'epoii KosaraeBu4, (3aMeCcTUTENb TVIABHOTO PEIAaKTOPa), TOKTOP T€OJIOTOMHHEPATIO-TH
YecKuX Hayk, mpodeccop, mupektop MuctuTyTa Teonormdeckux Hayk uMm. K.M. CarmaeBa (AmmaTsl,
Kazaxcran) H=2
CHOY [Ipumen, Ph.D, acconumpoBanHblii npodeccop, aupekrop Jlaboparopuu BOAHBIX HayK
yauBep-cutera Hebpacku (mrat HeOpacka, CLLIA) H = 32
3EJIBTMAH Peiimap, Ph.D, pykoBoauTenb ucciaeJoBaHU B 00JaCTH METPOJIOTUH U MECTOPOXKICHUN
TMOJIE3HBIX MCKomaeMbix B Otaene Hayk o 3emiie Myses ecrectBeHHor ucropuu (Jloumon, Anrnms) H =
37
IMAH®NJIOB Muxani BopucoBud, 10KTOp TEXHUIECKUX HAYK, Ipodeccop YauBepcurera Hancu
(Hancu, ®pannnsg) H=15
IIEH IMMun, Ph.D, 3amectutens paupekropa Komwmrtera mo ropHoii reonmorum Kwuraiickoro
T€0JIOTHYECKOTr0 00IECTBa, YIeH AMEPHKaHCKOHM acconuanny 3koHoMuueckux reosyioroB (Ileknn, Kurait)
H=25
OUIIEP Axcean, acconuupoBaHHbI Tpodeccop, Ph.D, TexHmuecknii ynmBepcuteT JlpesmeH
(Upe3nen, bepana) H=6
KOHTOPOBHUY Auiekceii DMHIbeBHY, JOKTOP I'€OJIOr0O-MHHEPAIOTHYECKUX HayK, mpodeccop,
akagemMuk PAH, Muctutyt HedterazoBoil reonmoruu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19
ATABEKOB Buaaaumup EnokoBHM4Y, 10KTOp XuMuyeckux Hayk, akagemuk HAH Bbenapycu,
MTOYETHBIN nupekTop MHCTUTYTa XUMUK HOBBIX MaTepraioB (Munck, benapycs) H = 13
KATAJIUH Credan, Ph.D, accommnpoBanusiii mpodeccop, Texunuecknit yauepcuteT (IpesneH,
bepnun) H =20
CEHUTMYPATOBA Daeonopa FOcynoBHa, 10KTOp Ieo0ro-MHHEpaIornieckux HayK, npodeccop,
uynen-koppecnonaeHT HAH PK, 3aBenyromas nabopatopun MuctuTyTa reojorndeckux Hayk um. K.
CarmaeBa (Anmatel, Kazaxcran) H=11
CATI'HHTAEB Kanaii, Ph.D, acconmmupoBanusiii mpodeccop, Hazapbaer yausepcurer (Hypceynran,
Kazaxcran) H= 11
®PATTUHMU IMaouo, Ph.D, accormnpoBanuslii mpodeccop, Munanckuii yauBepcureT BUKOKk
(Munan, Utanus) H = 28

«H3Bectuss HAH PK. Cepus reoioruu u TeXHHYeCKMX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcTBenHuk: Pecrybnukanckoe odmecTBeHHOe 00benuHenue «HarmonansHast akaaeMust HayK
Pecny6nuku Kazaxcran» (T. AJIMarsl).
CBHIETENBCTBO O MOCTAHOBKE HA y4eT MEpUOAMYECKOro neyarHoro m3nanus B Komutere mudopmannu
Munucrepctsa nHGopManuu u o01iecTBeHHOTo pa3BuTHs Pecryonmku Kazaxcran Ne KZ39VPY 00025420,
BeiganHoe 29.07.2020 r.
Temaruueckasi HaIpPaBIEHHOCTb: 2€0102Us, XUMUYECKUe MeXHONo2UY nepepabomku Hedpmu u 2asa,
Hegmexumus, mexHoN0SUY U3GeHEeHUSI MEMANN08 U UX COeOeHEeHU].
IlepuonngyHOCTE: 6 pa3 B rof.
Tupax: 300 3K3eMIIIIpOB.
Anpec penakiuu: 050010, . Anmarsl, yi. llleByenko, 28, od. 219, ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© HauwnonanpHas akagemusi Hayk PecryOnuku Kaszaxcran, 2023

Anpec tunorpaguu: UIT «Apynay», . Anmartsl, yin. MypaTOaeBa,
75. 4



Editorial chief
ZHURINOY 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
Editorial board:

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of
NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H = 5§
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

PANFILOYV 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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© National Academy of Sciences of the Republic of Kazakhstan, 2023
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© A.A. Kabdushev*, F.A. Agzamov, B.Zh. Manapbaev, D.N. Delikesheva, D.R. Korgasbekov, 2023
Taraz Regional University named after M.Kh. Dulaty, Republic of Kazakhstan.
E-mail: arman-kz@mail.ru

STYDING THE EFFECT OF REINFORCEMENT ON THE PROPERTIES OF PLUGGING
MATERIALS WITH EXPANDING ADDITIVES

Kabdushev A.A. — Taraz Regional University named after M.Kh. Dulati. Republic of Kazakhstan. 080014. Taraz, st. Tole
bi, 60

E-mail: arman-kz@mail.ru

Agzamov F.A. — Ufa State Oil Technical University. 450062, st. Kosmonavtova 1. Ufa. Russian Federation

Manapbaev B.Zh. — Taraz Regional University named after M.Kh. Dulaty. Republic of Kazakhstan. 080014. Taraz, st.
Tole bi, 60

Delikesheva D.N. — Satpayev University. Republic of Kazakhstan. 050000. Almaty, st. Satpaeva 22a

Korgasbekov D.R. — Satpayev University. Republic of Kazakhstan. 050000. Almaty, st. Satpaeva 22a.

Abstract. Ensuring the tightness of the insulation and durability of the cement stone depends on many
factors that occur at all stages of cementing the operational column. If one of them is the penetration of gas
during cementing or after the delivery of cement mortar into the annular space, then another factor is in-well
work that creates dynamic loads on the cement stone and violates the tightness of the annular space insulation.
These factors can be the cause of many problems that arise during the operation of the well. Therefore,
improving the quality of well anchoring taking into account these factors, especially in the productive
formation zone, is always relevant. Since the initiation of gas penetration into the cement mortar can manifest
itself when moving upwards in the annular space and during its hardening, it becomes necessary to use
expanding and reinforcing additives in the development of grouting material formulations. The article offers
for consideration the results of a study conducted to assess the effect of reinforcement on the properties of
grouting materials with expanding additives, as well as the role of other modifying additives. They make it
possible to increase the deformation stability, prevent the destruction of cement stone when exposed to shock
loads and minimize the processes of gas entering the cement mortar (stone). Instruments and equipment
conforming to API and GOST 1581-96 standards were used for the research. The results of experimental
studies made it possible to obtain grouting solutions with expanding and reinforcing additives at a
concentration of 0.25 %, providing the necessary deformation stability of the grouting stone.

Keywords: well fastening, cement stone, grouting mortar, fiber fiber, reinforcement

© A.A. Kaoaymes*, ®.A. Arzamos, b.7K. Manano6aes, /I.H. lesnkemena, JI.P. Kopracéexos, 2023
M.X. dynatu ateianarsl Tapa3 eHipiik yHuBepcureTi, Kazakcran Tapas.
E-mail: arman-kz@mail.ru

YJIFAUTYIIbI KOCITAJIAPBI BAP ThIFBIHJIAY MATEPHUAJIJAPBIHBIH KACUETTEPIHE
HIBIPMAJIAYABIH OCEPIH 3EPTTEY

Ka6aymes A.A. — M.X. arsigarsl Tapas eHipnik yausepcuterti. lynaru, Kazakcran. 080014. Tapa3s, kemr. Texe 6u, 60

E-mail: arman-kz@mail.ru;

ArzamoB D.A. — VYa MemiekeTTik MyHail TexHukaiblK yHuBepcuteTi. 450062. kem. KocmonaBroBa 1. Ya. Peceit
denepanusacel

Mamnan6aes B.2K. — M.X. lynatu ateingarsl Tapa3s eHipiik yauBepcuteti. Kasaxkcran. 080014. Tapas3, xem. Tene 6u, 60

Henunxemena JI.H. — CorbaeB ynusepcureti, Kazakcran. 050000. Anmartsl, kemr. Cotnaesa 22a

Kopracoexos /I.P. — Cotbaes yausepcurerti, Kazakcran. 050000. Anmarel, kemn. Cotmaesa 22a

AnHoranusi. OKImaynayablH TepMETUKAIBIFBIH JKOHE IIEMEHT TACTHIH OEpIKTITiH KaMTaMmachl3 €Ty
JKYMBIC OaraHbIHBIH IIEMEHTTENYiHIH OapiblK Ke3eHAepiHae 00aThiH KenTereH (akropiapra OalIaHbICTHI.
Erep omapnbiy 0ipi leMeHTTEY Ke3iHIe HeMece IIEMEHT epITIH/ICIH CaKMHA KEHICTIriHE KEeTKI3TeHHEH KeiiH
rasziblH eHyi 00Jica, OHja Tarbl 0ip (paKkTOP-OYJI LIEMEHT TaChlHA THHAMHKAIIBIK KYKTEMEJIED TYAbIPAThIH KOHE
KYOBIp KEHICTIT1HIH OKIIay/IaybIHbIH THIFBI3IbIFbIH OY3aThIH YHFbIMA KYMBICTApbl. Byl hakTopiap YHFBIMaHbI
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nmalganady Ke3iHIe TYBIHAANTBIH KeINTereH Mocenenepain cebebi Oomysl MymkiH. COHABIKTAH, OCHI
(haxTopIapaBl ecKepe OTHIPHIN, YHFBIMaIApAbl OCKITY camacklH apTTHIPY, acipece oHiMaiI KabaT aiimMarbIiHIa
opkamaH e3ekTi Oombin TaObutazbl. LleMeHT epiTiHmiciHe Ta3AblH C€HyiHIH OacTamybl CaKWHa KEHICTITiHIe
KOFaphl Kapai >KbIJDKY Ke3iHJe maiiga 00Iysl MYMKiH JKOHE OJ1 KaTalFaH Ke3/e TAMIIOHAKABIK MaTepUaIblH
peLenTypachIH )Kacay Ke3iH/Ie KeHeHTeTiH jKoHe KYIIeHTeTiH Kocnaaapas! KoJaHy KaxeT 6onansl. Makanazna
KEHEeWTy Kocmamapel Oap TaMIIOH MaTepHalIapblHBIH KaCHETTEpiHE apMaTypaHBIH OCEpiH JXoHEe Oacka
MOIUHUKANMATAYIIBl  KOCIANApABIH peniH Oaranmay OOHMBIHIIA SKYPri3UIreH 3epTTey HOTHXKemepi
KapacTeIpbutafipl. Onap nedopmMariusra TOIMAUTIKTI apTThIPYFa, COKKBI KYKTEMellepiHe YINbIparaH Ke3Jie
HEMEHT TachIHBIH OY3BUTYbIH OOJIBIpMayFa >KOHE IEMEHT epiTiHiiciHe (Tacka) ra3 aFbIHBIH a3aiTyra
MYMKiHIIK Oepeni. 3eprrey xyprisy ywiH API sxone I'OCT 1581-96 cranmaprrapblHa coliKkec KeneTiH
acrmamnTap MeH >KaOABIKTap NaiJanaHbUIAbl. OJKCIHEPUMEHTTIK 3epTTeyJIepAiH JKOrapblga KeJTipijireH
Hotmwkenepi 0,25 % KoHICHTpalMsiia KEHEHTETIH KOHE KYIICHTETIH Kocmajgapbl Oap TaMIOHIBIK
epiTiHALIepAl amyFa MYMKiHIIK Oepai, OyI TaMIOOHABIK TACTHIH Ka)KETTi Ae(OPMAaLVSUIBIK TYPaKTBUIBIFbIH
KaMTaMachl3 eTel.
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AnHoTanus. O6ecrieyeHre repMEeTUIHOCTH U30JIAINHN U TOJITOBEYHOCTH LIEMEHTHOTO KaMHSI 3aBUCUT
OT MHOTHUX (haKTOPOB, KOTOPHIC HMMEET MECTO BO BCEX ATarax [EMEHTHPOBAHUS SKCIUTYaTAIIHOHHON KOJIOHBIL.
Ecnmu omHuM w3 HHUX SBIAETCS MPOHWKHOBEHHE Tra3a BO BpeMs IIEMEHTHPOBAHHUS WIIM IIOCIE IOCTaBKU
IEMEHTHOTO PAacTBOpa B KOIBIIEBOE MPOCTPAHCTBO, TO JAPYTHUM (aKTOPOM SIBISIOTCS BHYTPH CKBa)KHMHHBIC
paboThI, KOTOPBIE CO3/Ial0T TUHAMHUYECKUE HArpy3KH Ha IIEMEHTHBIM KaMEHb W HAPYIIAIOT TePMETUYHOCTD
M30JISIIIAY 3aTPyOHOT0 IPOCTPAHCTBA. DTHU (DAaKTOPHI MOTYT OBITh TPUYMHON MHOTHX TIPOOIIEM, BO3HUKAIOIIIX
IIpu SKCILTyaTallu CKBAXWHBI. HOSTOMY TMMOBBIIICHUE KAa4Y€CTBa KPCIUVICHUA CKBaXXWH C YUCTOM IOaHHBIX
(hakTOpoB, 0COOEHHO B 30HE MPOJAYKTUBHOTO IIJIACTA BCET/IA SBISETCS aKTyalbHOM. Tak Kak MHUIIMAPOBaHUE
MMPOHUKHOBEHMsSI Ta3a B IEMEHTHBI PAacTBOP MOXKET IMPOSBISIOTCS MPHU JBMKCHHU BBEPX B KOJIBIIEBOM
IIPOCTPaHCTBE U IPH €I'0 TBEPACHNUN BO3SHUKACT HeO6XOJII/IMOCTB MIPUMCHCHUA PACIHUPAIONIUX U apMUPYIOIIUX
N00aBOK MpH pa3pabOoTKe pelenTyp TaMIIOHAXKHOTO Marepuaia. B craThbe K pacCMOTPEHHIO TpeaiaracTcs
pe3yIbTaThl MPOBEACHHBIX HCCICIOBAHUM IO OIICHKE BIUSHHSI apMHUPOBAHHS HA CBOWCTBA TaMIIOHAXHBIX
MaTepHaIOB C PACIIUPSIONIMHI J00aBKaMH, & POJIb APYTHX MOAUGUIINPYIOMHUX 100aBOK. OHHU MO3BOJISIIOT
MOBBICHTh  Ie(DOPMAIIMOHHYI0 YCTOWYMBOCTh, MPEJAOTBPATHTh pPAa3pylICHUS IIEMEHTHOTO KaMHS TpU
BO3JICHCTBHM YAApHBIX HArpy30K U MUHUMH3UPOBATh MPOIECCH MOCTYIUICHUS Ta3a BHYTPh LEMEHTHOTO
pactBopa (kamHs1). [l mpoBeNEHUS WCCIIEIOBAaHUN WCIIOJNB30BaHBI TPHOOPHI W 000pYHOBaHUE,
cootBercTBytomee cranmaptam API m 'OCT 1581-96. IlpuBeneHHbie pe3yabTaThl dKCIIEPUMEHTATHHBIX
WCCIICIOBAHUN TIO3BOJIFUIM TIOJIYYUTh TaMIIOHAXKHBIC PACTBOPHI C PACIIUPSIONIUMU H apMHUPYIOIIIMH
nobaBkamu ipu koHneHTpanuu 0,25 %, obecrneunBaronme HeoOX0UMYIO Te(hOPMAITHOHHYH) YCTOWYHUBOCTh
TaMITOHAYKHOT'O KaMHSI.

KiwueBble cjoBa: KpeIieHWE CKBaXWH, I1IEMEHTHBIA KaME€Hb, TaMIIOHAXXHBIA pacTBOD,
(hnOPOBOIIOKHO, ApMUPOBAHUE
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Discovery of new deposits and growth in the volume of prospecting and exploration work in various
regions of the UIS countries. For example, in recent years, new fields with large reserves have been discovered
in Kazakhstan, such as the Klimene field, which is being developed by Tethys Petroleum, and the Khalela
Uzbekgaliyeva field (Kaz Energy. The national energy report. P. 232 (2021)). This allows us to conclude about
the prospects for production drilling, and, consequently, the growth in the volume of related work and services.
It is known that fixing is one of the most important and most difficult stages in the entire cycle of well
construction. At the same time, the wellbore is always in difficult thermobaric conditions, therefore, the
technology of well casing provides the only possible, today, way to create a well casing by filling the annulus
with cement slurry, which after a while should form a strong impermeable stone. This operation requires
special control, because its further fate depends on the quality of well casing.

It has been established that the majority of oil and gas wells in the world have interest ratal flows of
varying intensity or leakage of the support (Kireev, 2015). There is a need to carry out work to eliminate the
leakage of the cement ring or casing, which, in addition to material costs and time, reduces the further
productivity of the well by 10-15 % due to their killing during repair work (Shilov, 2013).

Therefore, high quality and the correct choice of plugging materials, the correct implementation of all
technological operations can prevent a number of problems and increase the life of the well. In addition to
cementing techniques and technologies, a very promising area is the development of modified cement
compositions aimed at solving a number of problems that cannot be excluded even with full compliance with
all regulations and the use of the latest technology (Gregatti et al., 2015).

One of the main disadvantages of cementing materials is the low resistance of the resulting stone to
impact loads, as a result of which cracks form in it during work carried out inside the casing string. Such works
include pressure testing, perforation, cement cup drilling, well deepening and hydraulic fracturing. The
appearance of cracks in the cement sheath leads to subsequent complications associated with leakage of the
annulus, such as cross-flows, annular circulation, annular pressures, further and deeper destruction of the
cement stone.

The strongest stresses in the well lining occur at the stage of the secondary opening of the reservoir.
Despite the presence of gentle perforation methods that allow you to carefully open the reservoir and avoid
high loads on the casing, the most widely used perforation method is cumulative. According to (Gregatti et al.,
2015), dynamic loads on the casing string and cement lining increase up to 300 MPa, and the diameter of the
string itself can increase by 15 mm (Agzamov, 2011). Such stresses certainly cause cracks in the cement stone
and are capable of destroying it already in the early stages. It was shown in (Samsykin, 2007) that the
propagation zone of stresses dangerous for the cement stone can spread up to 10 m above and below the
perforation interval, and the cracks formed in the cement stone lead to watering of the well production already
at the stage of development.

Drilling out the cement cup, casing shoe, as well as further deepening of the well negatively affects
the integrity of the cement stone and is also one of the reasons for the leakage of the support even before the
completion of the well construction. The analysis of field materials (Tikhonov, 2013) showed that during the
drilling (deepening) of the well after cementing, it causes a deterioration in the contact between the cement
stone and the casing string due to high vibrations and beats of the drill string against the inner walls of the well
casing string.

Today, a significant part of additionally produced oil becomes available due to hydraulic fracturing,
and the number of wells using this technology is growing every year. The process of hydraulic fracturing also
poses a serious threat to the cement ring, since in addition to a significant dynamic load, there is also a large
static load that lasts for a long time, about 1.5-2 hours (Agzamov, 2017). The work (Tikhonov, 2013) shows
the field statistics of the causes of behind-the-casing fluid circulation (FCC) in some fields, from which it
follows that, on average, more than 70 % of wells have leakage due to perforation and hydraulic fracturing
processes, which indicates insufficient strength of the cement stone for carrying out this operation (Orynbayev
et al., 2019).

Often, the strength of the cement stone does not correspond to the actual loads that occur during various
operations in the well, since when designing the composition of backfill materials, a number of factors that
have a serious impact on the integrity of the cement stone are usually not taken into account. The paper
(Samsykin, 2007) compares the strength of the cement stone with the loads that occur during certain operations
at different temperatures, which were obtained by calculation. From the presented work it follows that the
cement stone in most cases is not able to maintain tightness during work in which the main loads are dynamic
(Agzamov, 2017).

These data indicate the need to take into account the strength of the stone during technological
operations in a cased well, and the need to take into account these factors when developing the formulations
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of cement compositions, paying special attention not only to strength, but also to the resistance of the stone to
dynamic loads (Orynbayev et al., 2019).

Currently, for cement stone, indicators of compressive and bending strength are regulated. At the same
time, a number of researchers consider it necessary to introduce requirements for the elastic properties of
cement stone and propose to introduce indicators of cement stone properties necessary to assess its elastic
properties, which are important during operations leading to the occurrence of shock loads (Bu et al., 2020).

In this regard, the issue of developing cementing materials with sufficient resistance to dynamic loads
is relevant. Among the modifying additives that increase the impact resistance of cement stone, we can
distinguish: 1) polymers, which, when mixed with cement, reduce its strength, but increase plasticity; 2) small
amounts of microspheres, which can act as dampers or absorbers of stresses that occur in the stone and prevent
destruction; 3) fiber — a fibrous material (basalt, glass fiber, asbestos), when using which part of the external
load is perceived by the cement stone, and part is perceived by the reinforcing additive, and the more randomly
the fiber is distributed in the volume, the better the stone works for any type of loading, in including impact
loads (Erofeev et al., 2011). The fiber is classified according to the value of Young's modulus E, according to
which low-modulus and high-modulus fibers are distinguished. The first group includes fibers with an elastic
modulus of up to 250 GPa (basalt, asbestos, etc.), as well as fibrous materials with an elastic modulus of up to
700 GPa (carbon fibers, etc.).

The high modulus fiber makes it possible to achieve higher strength values of the cement stone in
relation to the stone from traditional cements.

Low-modulus fiber does not allow achieving high strength values, but it is able to reduce stone
shrinkage during hardening, and, therefore, eliminate the appearance of cracks, increase deformation resistance
and provide a higher water-holding capacity of the mortar (Erofeev et al., 2016).

Fibre-reinforced cement has a different failure mechanism than unreinforced cement. First, a
microcrack appears in the cement stone, then it cracks, and the load of the collapsing zone is perceived by the
fiber, some fibers are torn, then the load is taken by the remaining fibers located in the fracture zone, after
which the continuity of the components is broken, and the bearing capacity of the fibers is lost (Bu et al., 2020).
When a reinforced stone is destroyed, two options are possible — fiber rupture or its pulling out of the matrix
(Stel’'makh et al., 2021). Obviously, the greatest effect from the use of fiber is achieved in the first type of
destruction, while the degree of adhesion of the fiber to cement, as well as the depth of its anchoring, are very
important.

The research results given in works (Stel’'makh et al., 2021) show that the amount of fiber in plugging
materials should be (0.3-0.5) %, with a fiber length of (3—5) mm. This does not exclude the use of fibers with
different characteristics and at higher concentrations, but field experience has shown that with a larger number
and longer lengths of fibers there is a problem with the preparation of cement slurry due to clogging of the
cement supply holes. Combining fibers of different origin is effective (Quercia et al., 2016). In 2015, the
authors of (Abtahi et al., 2010) noted the effectiveness of polypropylene fiber.

According to (Agzamov et al., 2011), the modification of cements with fiber concentration up to 2 %
can provide an increase in bending strength by (15-35) %, in compression — (8—12) %, in tension — (20—100)
%. The value of specific impact strength can increase from 30 to 75 %. Longitudinal and transverse
compressive deformation at failure increases by 50-70 %. The addition of fiber in recommended amounts has
the least effect on the filtration properties of cement mixtures, while sedimentation stability increases by 30—
50%, which helps prevent possible manifestations and collapses during cementing (Erofeev et al., 2016).

In (Quercia et al., 2016), 6 mm basalt and polypropylene fibers were used to reinforce expanding
lightweight cement. When using basalt fiber, it was possible to increase the compressive and bending strength
by 19 and 24 %, respectively, polypropylene fiber was not suitable for increasing strength characteristics.
Impact endurance increased almost 3 times when using basalt fiber and 2 times when using polypropylene
fibers. These studies also confirmed a positive effect on the change in water loss and a slight change in filtration
properties within acceptable limits (Abtahi et al., 2010).

In addition to these types of fibers, asbestos can be used to reinforce grouting materials. Asbestos fiber
in the process of cement hardening forms a common structure with stone due to its composition, which contains
compounds similar in composition to cement stone (Galishnikova et al., 2021). However, in the world, asbestos
is treated with caution, despite its widespread use in construction.

To combat losses in permeable formations during well drilling, various types of fibers are used, for
example, cellulose fibers, cotton fiber and other fillers, which play the role of bridging additives in the intervals
of absorbing formations. These additives can also be used in plugging materials, however, the effect for
plugging materials is less than with the addition of the previously described types of fibers (Agzamov, 2013).
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Schlumberger has its own development of an anti-absorption builder, which includes fiber in its
composition. These are the so-called “CemNET” and “CemNET+” technologies, which can be used both as
part of the cement mixture and as part of drilling fluids, since the fibrous material is able to pass through bit
nozzles with a size of 6.4 mm. Additives can be used with any liquids, as they are inert and have little effect
on the properties of the cement mixture. However, the fibers should only be used for injection into the loss
interval, because an impermeable network is formed in the loss zone, which isolates the loss channels. This
technology proved to be successful in the Deepwater Malaysia Malikai field, when the drilling crew faced
catastrophic losses and loss of fluid circulation, it became clear that cementing the drilled interval would be a
formidable task. Schlumberger representatives suggested using the development of "CemNETfiber
technology". This technology gave positive results, the fiber fibers plugged the absorption channels with the
formation of an impermeable grid, the well was cemented according to the plan with the least loss of cement
slurry, which was necessary to prevent absorption. This saved time and avoided costly repairs, below is the
cementing schedule for this interval (Figure 1).
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pressure as
e expected
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0 100 200 300 400 500 GO0 700 00 900
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Figure 1-Schedule of cementing a wellin the Deepwater Malaysia Malikai fieldusing CemNET fiber-modified cement

As can be seen from the graph, the actual maximum pressure on the aggregates during cementing and
the volume injected into the well correspond to the calculated ones, which confirms the effectiveness of the
technology, and, consequently, the effectiveness of the fiber as a bridging agent.

Fiber can be very effective when using lightweight expanding cements. The fact is that lightweight
cements, as a rule, have a water-cement ratio (W/C) of more than 0.7, which significantly reduces the
effectiveness of expanding additives (ED) (Agzamov et al., 2016), which are designed to ensure tight and
reliable contact of the cement stone with the casing string.

The fact is that during the hardening of cement, contraction inevitably arises (Agzamov et al., 2016),
leading to shrinkage of the stone during hardening. At the same time, as a result of the formation of a cement
gel, the volume of hardening products increases in comparison with the initial volume of cement. These effects
have the opposite result, but shrinkage is most often observed, which worsens the quality of contact between
the cement stone and the bounding surfaces. That is why the addition of expanding agents is practiced in
backfill materials, which, interacting with water, increase in volume and push the cement grains and hardening
products apart. In cement slurries with a high water-cement ratio, the hardening products and the expanding
additive are at a sufficiently large distance from each other, as a result of which the expanding additive cannot
create pressure on the structural frame of the hardening products, leading to their expansion and expansion.
The addition of fiber at the early stages of mortar and stone hardening ensures the transfer of the forces of the
expanding additive to the cement hardening products, which leads to an increase in the volume of the cement
stone (Ahmed et al., 2018).

In practice, it is often necessary to use lightweight cement mixtures in order to prevent the absorption
of cement slurry, because ordinary cement slurry creates a sufficiently high hydrostatic pressure, when
cementing formations with abnormally low pressure, this can become a serious problem.

The density of the cement slurry can be reduced by lightening additives or by increasing the water-
cement ratio, in both cases the quality of the casing string is reduced. Such cements are most susceptible to gas
breakthroughs. Mortars with a high water-cement ratio have lower sedimentation stability compared to
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solutions of normal density, their water loss is much higher, the density of the mixture is distributed unevenly
along the wellbore, and through channels appear during the hardening process.

Cement slurries are prone to gas breakthrough in the early stages of hardening, because as the cement
hydrates, the hardening products bond with the walls of the well and the casing and the formation of a structure
in the hardening cement-water slurry. In this case, the hydrostatic pressure of the solution is not transferred to
the bottomhole, and a pressure drop occurs between the reservoir and the well, which causes gas to enter the
annulus. According to V.D. Malevansky, more than 50 % of gas shows that turned into open fountains occurred
precisely during the waiting period for cement hardening (WSC). An aggravating factor is the high
permeability of the cement stone at this stage.

Studies in (Rozhkov, 2020) show that the reinforcing additive, forming a structure in the initial stages,
is able to block gas breakthrough. The authors conducted a comparative analysis of a mortar made from
conventional lightweight cement with lightweight fiber-modified cement. Studies carried out on a special
installation developed at the Ufa State Oil Technical University (USPTU) showed that when using a cement
slurry with the addition of fiber, there was no strong decrease in the hydrostatic pressure of the cement slurry
column compared to the formation pressure during the WOC, which, after a slight decrease, remained constant
during the entire time of the experiment, which cannot be said about the cement slurry without a modifying
additive. The results of the study are shown in the form of graphs in Figure 2, clearly illustrating the
effectiveness of the addition of fiber, which significantly increases the ability of the cement slurry to prevent
gas movement during the hardening process.
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Cement without fiber addition (PCT III-vol 5-50, W/C=0.65) Fiber cement (PCT III-vol 5-50, W/C=0.65)
Figure 2-Reduction of hydrostatic pressure on the formation when using solutions from various cements

Works (Samsykin, 2007) also proved the effectiveness of fiber as a gas blocker, even after repeated
simulations of further drilling.

The problem is always easier to prevent than to prevent, which is what reinforced grout cement
mixtures do, however, it is worth noting the ability of some types of fiber fibers to contain existing cracks and
prevent them from growing, destroying the cement stone. For example, in the study of the author (Rozhkov,
2020), it was shown that with the addition of polypropylene fiber, there is no volumetric destruction of the
stone, only local chips and cracks are observed.

The effectiveness of the use of fiberglass and asbestos with a concentration of 0.5 % and (0.5-1) %,
respectively, has been experimentally proven in terms of overgrowing cracks and preventing gas breakthroughs
in the cement stone. Fibre-modified cements exhibited much less discontinuity upon failure, which was not
the case for the unadded samples.

An analysis of the works cited above allows us to conclude that the use of reinforcing additives, among
other advantages, has a positive effect on the destruction of cement stone, preventing crack propagation. Even
if the dynamic loads on the cement stone are severe enough to destroy the reinforced cement, some fibers may
prevent further failure of the stone. Referring to the mechanism of destruction of the cement stone modified
with fiber (Agzamov, 2016), it is necessary to note the importance of the degree of adhesion of the fiber to the
cement matrix and the depth of penetration, because if the fiber has poor adhesion, it will simply be torn out
of the cement stone when significant loads are applied, and the technology will not be effective.

The above analysis of the use of dispersed reinforcement of grouting cements shows the prospects of
this technological method for obtaining effective grouting systems with differential properties, for their use
when fixing wells in various mining and geological conditions.

Materials and methods
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For research, instruments and equipment were used that meet the standards of API and GOST 1581
96 and GOST 30353-95. The studies were carried out at temperatures of 220C.

Devices:

1. To study the effect of fluid loss reducers on the water-retaining and, in particular, sedimentation
properties of the cement slurry with a reinforcing additive, the VM-6 device (GOST 1581-96) and glass
cylinders were used to determine the cement slurry segregation (API).

2. To evaluate the effect of polypropylene fiber on the rheological properties of cement slurry with an
expanding additive, such as plastic viscosity, dynamic shear stress, static shear stress at 10 s. and at 10 minutes
(Samsykin, 2007).

3. Studies of the effect of polypropylene additives on the strength properties (in bending and
compression) of cement stone with expanding additives were carried out on a MATEST E160 N (API)
machine.

4. To study the effect of a reinforcing additive on rheology, atmospheric viscometers were used.

5. To determine the effect of a reinforcing additive on the adhesion of a cement stone containing an
expanding additive to metal, samples were cast into special metal molds and a MATEST E160 N(API) machine
was used.

6. To assess the deformation resistance of cement stones containing polypropylene fiber and KMD, a
pile driver was used (GOST 30353-95)

Used materials and reagents:

KMD - expanding additive produced by Cement Technologies LLC;

CaCl2 — calcium chloride treated with calcium stearate;

NaCl - sodium chloride;

PPV — polypropylene fiber;

FLOSS - fluid loss reducer;

NTF — retarder of hardening of cement mortars;

EXR — 250—fluid loss reducer

Results and discussions

Determination of the influence of a reinforcing additive on the filtration properties of a cement slurry
with expanding additives.

The composition of the recipes for research:

Composition 1-W/C 0.7; KMD-5 %; CaCl2-4 %; PPV-0.25 %; Floss-0.3 %

Composition 2—W/C 0.7; KMD-5 %; NaCl-4 %; PPV-0.25 %; Floss-0.3 %

Composition 3—W/C 0.44; KMD-5 %; NTF-0.2 %; PPV-0.25 %; Floss-0.3 %

Composition 4-W/C 0.44; KMD-5 %; NTF-0.1 %; PPV-0.25 %; Floss-0.3 %

Table 1 - Results of measuring the filtration properties of cement slurry

Water separation, ml/2 hours, when the cylinder is tilted| Water loss, cm3/30 min
Compound | V/C .
Density 0 rpan
Compound 1 | 0,7 1.66 9 -
Compound 2 | 0,7 1.63 50 15
Compound 3 | 0,44 1.94 0 10
Compound 4 | 0,44 1.93 0 8.5

Composition Ne 1 is not suitable for spreadability, it turned out to be a very thick solution. It was
proposed to reduce the concentration of fiber and CaCl2. Also, the filtration characteristics of the cement slurry
with formulation 2 did not meet API standards. Sodium chloride (NaCl) was replaced by calcium chloride
(CaClI2) due to low efficiency. After a number of adjustments, the recipes were changed as follows:

Composition 1-W/C 0.7; KMD-5 %; CaCl2-2.6 %; PPV-0.15 %; Floss-0.5 %

Composition 2—-W/C 0.7; KMD-5 %; CaCl2-2.5 %; PPV-0.25 %; Floss-0.3 %

Composition 3—W/C 0.44; KMD-5 %; NTF-0.05 %; PPV-0.25 %; Floss-0.3 %

Composition 4-W/C 0.44; KMD-5 %; NTF-0.09 %; PPV-0.25 %; Floss-0.3 %

Table 2 - The results of measuring the filtration properties of the cement slurry after adjustment

Water separation, ml / 2 hours, at an
Compound 'v/C |Density [inclinationiunusaapa

0 rpan

Compound 1- fiber 0.15% 0.7 1650 |y

Water loss, cm3/30 min

27
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Compound 2-fiber 0.25 % 0.7 1675 o h5
Compound 3—1 (NTF-0,05%) 1.905
0,44 0 9

2. Determination of the influence of a reinforcing additive on the strength properties of cement stone with expanding additives.

Table 3-Results of measuring the strength characteristics of cement stone

Bending strength, MPa | Ultimate compressives trength, MPa
Compound V/C | 2 day 7 day 2 day 7 day
Additive-Free PTC-1-G 044 | 2,9 38 10,8 154
Additive-Free PTC-I-G-G | 0,7 | 1,5 2,6 45 13,8
Compound 1 0,7 1.97 2,95 5.53 8,7
Compound 2 0,7 3.0 4.37 6,71 12,2
Compound 3 0,44 | 3.9 5.57 17.26 More 22
Compound 4 0,44 | 3.5 5.52 13.2 More 22

Table 3 shows that cement slurries Ne 3 and No. 4 showed good results, but the composition which contains;
KMD-5 %; NTF-0.05 %; PPV-0.25 %; Floss-0.3 % at W/C 0.44 has the highest strength (Goncalves et al.,
2014).

Study of the impact resistance of cement stones containing reinforcing and expanding additives
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Figure 3. Change in impact resistance of cement stone during hardening of 2 and 7 days.

Grouting stone composition 4 relatively no additive cement stone showed good results when hardening
2 days and 7 days.
Evaluation of the influence of a reinforcing additive on the rheological properties of the cement slurry

Table 4 - Results of measuring the rheological properties of the cement slurry

Compound VIC | py,mPa*c | DNS,Pa | SNS, 10¢, Pa | SNS, 10 min, Pa
Additive-free PC 0,7 33,0 9,3 3 5

Additive-free PC 044 | 81,5 23,3 11 13

Compound 1+ EXR-2500,5% | 0,7 | 32,3 8.1 1 3

Compound 2+EXR-250 0,7 % | 0,7 | 29,1 8,0 0 2

Compound 3+EXR-250 0,1 % | 0,44 | 75,3 21,6 10 11

Compound 4+EXR25002% | 044 | 73.1 21,0 10 10

It can be seen from Table 4 that it was necessary to use an additive based on hydroxyethyl cellulose to
ensure that the rheological parameters were consistent. For W/C 0.44, EXR-250 was added at 0.1 % and 0.2

115



ISSN 2224-5278

% concentrations. For a water-cement ratio of 0.7, these additives were used but with concentrations of 0.5 %

and 0.7 %.

Influence of a reinforcing additive on the adhesion of a cement stone containing an expanding additive

with metal.

Table 5-Results of measuring the adhesion of cement stone

Compound V/C | Adhesion, MPa (2 day) | Adhesion, MPa (7 daY)
Additive-Free PTC-1-G 0,44 | 12,5 19,7

Additive-Free PTC-1-G 0,7 4,2 5,8

Compound 1+ EXR-2500,5% | 0,7 4,9 6,2

Compound 2+EXR-250 0,7 % | 0,7 4,9 6,4

Compound 3+EXR-250 0,1 % | 0,44 | 12,9 20,3

Compound 4+EXR-250 0,2 % | 0,44 | 14,0 21,3

All presented compositions with W/C 0.7 and W/C 0.44 showed insignificant results in adhesion
relative to cement without additives, but nevertheless, the results obtained correspond to the requirements.

Conclusion

Cement stone has insufficient deformation strength when exposed to shock dynamic loads, which can
lead to destruction and leakage of the annulus.

At the design stage, it is necessary to take into account the dynamic loads that will arise during further
work in the well, such as pressure testing, hydraulic fracturing, etc. It is also necessary to regulate the
requirements for the elastic properties of cement stone in order to assess its deformation resistance.

The introduction of fiber helps to increase the strength of the cement stone, its resistance to shock
loads, and also increases the sedimentation stability of the solution.

Fiber can be used in absorbent formations as a bridging additive in cement or drilling fluid to prevent
loss of process fluid during severe losses.

One of the most important advantages of fiber is the possibility of its use as a gas-blocking additive,
which makes it possible to exclude gas penetration into the annulus during the WOC period.

Expanding additive DR-CT provides the main expansion of the cement stone in the first 2 days.
Subsequently, the expansion is insignificant, which has a positive effect on the strength of the cement stone by
reducing internal stresses during the formation of a strong structure of the cement stone.

An increase in water loss always reduces the amount of expansion of the cement stone during
hardening by increasing the distance between the hardening products. The use of fiber reinforcement
compensates for the negative impact of an increase in the water-cement ratio by transferring tensile stresses to
the hardening products through the reinforcing fibers in the cement stone.

The use of fluid loss reducers did not lead to a significant change in the adhesion of cement stone with
limiting surfaces for cement stone from the same density of cement slurry in the same hardening time.

Reducing the water-cement ratio, increasing the density of the cement slurry and increasing the
duration of hardening of the cement stone gave a significant increase in adhesion.

Reinforcement of backfill materials provided an increase in the strength of the cement stone from the
same density of the cement slurry in the same hardening time.

Reducing the water-cement ratio, increasing the density of the cement slurry and increasing the
duration of hardening of the cement stone gave significantly the strength of the cement stone, both in bending
and in compression.

The use of a reinforcing additive led to a decrease in water loss and water separation of cement slurries
at the same water-cement ratio.

The use of fluid loss agents did not lead to noticeable changes in rheological parameters, since the
main role in this process belongs to plasticizers. Reducing the water-cement ratio from 0.7 to 0.44 significantly
increased all the rheological characteristics of cement slurries. To regulate the rheological characteristics, the
additive EXR-250 was added to the main composition, which made it possible to meet the requirements. These
composition changes did not lead to a significant impact on other processing properties such as strength and
water-retaining properties.

Cement stone containing reinforcing (polypropylene fiber) and expanding additive showed good
results compared to cement stone without additives.

Anknowlegement. Water consumption of crops. Irrigation norms of crops by regions. Irrigation modes
watering methods. Adoption of the mode and method of irrigation as a basis for planning and organizing water
use and water supply.
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