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GROUNDWATER TREATMENT
FROM HEXAVALENT CHROMIUMUSING
IN SITU TECHNOLOGY

Abstract:The article reflects results of groundwater treatment from hexavalent chromium on Ilek industrial site,
Aktobe, Kazakhstan. This study describes specific techniques, practices and methodologies currently being em-
ployed on sites with so-called “historical contamination” in Kazakhstan using in situ technology. The goal of this
technology is to reduce Cr (VI) in groundwater and contaminated soil to the more thermodynamically stable Cr (III)
by creation reactive zones in the aquifer where migrating contaminants are intercepted and permanently immobilized
or degraded into harmless end products. All work performed by injecting reagent in a contaminated groundwater
plume and allowing them to “react” with the contaminants. The main difference from the standard in situ treatment
technology was in creating so-called hydrocycles when after a period of reagent injection started phase of water
injection for pressurization and enlargement the area of reagent delivery and after that period of pumping and re-
injecting for the further intensification of treatment process. The process of treatment controlled on a numerical
model to add or exclude injection wells from the pumping net.Results from chemical reduction experiments on con-
taminated zone shown a considerable decrease of hexavalent chromium from 53 mg/L to 0.05 mg/L, indicating that
in situ treatment using hydrocycles may be an effective approach when deployed at the field scale. The results of
successful treatment are proved by the absence of secondary contamination during three-year monitoring on a site
after a period of work performed.Totally injected 1875 tons of ferrous sulfate.Proved high efficiency of treatment
using in situ technology.

Keywords: groundwater treatment, numerical modeling, hexavalent chromium, in situ method, hydrocycle.

VJIK 556.3.048(047.34)(574.57)
B. C. CanbibexoBa, /1. K. Kaauros, B. A. 3aBaJeii, T. A. Paxumon

HAO «KasHUTY um. K. . CatmaeBa», Anmarsl, Kazaxcran

INPUMEHEHME METOA0B
BHYTPUIIJIACTOBOM OUUCTKHU MOJA3EMHBIX BOJI
OT LHIECTUBAJIEHTHOI'O XPOMA

AnHoTanusi. OTpaXKeHbI Pe3yJIbTaThl OYUCTKH MMOJ3EMHBIX BOJI OT 3arpsA3HEHHUI IIECTUBAIICHTHBIM XPOMOM Ha
WieKCKOM TOJTUrOHE 3arpsA3HEHUS] B MPOMBIIUICHHON 30HE T. Aktobe. MccienoBaHusi OMKMCHIBAIOT COBPEMEHHBIC
TEXHOJIOTMH M METOJMKU OYUCTKU HA YYAaCTKaX C TaK HAa3bIBAEMbIM «UCTOPHUYECKHUM 3arpsi3HEHUEM), IPUMEHSEMbIX
B Kazaxcrane. OuncTka nponsBegeHa METOJOM insitu, MyTeM HarHETAaHHs peareHTa HEMOCPEICTBEHHO B BOJOHOC-
HBIM TOPU30HT U CO3JaHUS 30H PEAKIUil, 3a CUET B3auMOAeHCTBUA KOTOPhIX TokcnuHblid Cr (VI) mepexonut B 6osee
TepMoMHaMHuYecKu cTaduibHyo Gopmy Cr (III), Takum 0Opa3om, MUTPUPYIOILIUIA 3arps3HUTENb MIEPEXBaTHIBACTCS,
JIOKaJIM3YyeTCsl U B pe3yjibraTe o0pa3yeT Oe3BpenHoe BemectBo. OCHOBHON 0COOEHHOCTBIO IIPH MPOBENICHUHU padoT, ¢
MMPUMEHCHUCM TEXHOJIOTUH BHyTpHHJ'laCTOBOfI OYUCTKH iIlSitLl, OBLIIO CO3J1aHMEC TaK Ha3bIBACMbIX T'MAPOILUKIIOB, KOI-
Jla TIepruoJ] HarHETaHWs peareHTa CMEHsUICS IMEepUOZOM OTKAauyKH, TaKUM 00pa3oM, yBEIWYMBasi CTEIECHb B3aUMO-
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NIEHCTBUS peareHTa C 3arps3HATENIEM W MHTeHCH(UKanuel mporecca ouncTKu. [Iporecc O9MCTKY Tak K€ OTCIIEKH-
BaJcs Ha MAaTEMaTHYECKOHW MOJENH, U1 BKIIOUCHHS JIMOO WCKIIOUEHHS] HATHETATENbHBIX CKBAXHH B TPOIECCE
OUYNCTKH. B pesynbraTe MpoBeeHHBIX PabOT CoAepKaHWE MIECTHBAIICHTHOTO XpOMa Ha Y9acTKe OBLIO CHIDKEHO C
53 10 0,05 mMr/am’, uto moaTBepKAACT SbBEKTHBHOCTD MPUHATON TEXHONOTHH O4HCTKH. D)EKTHBHOCT IIPHHSTOMN
METOIWMKH TOATBEpP)KICHA TaK K€ pe3ylbTaTaMd TPEXTOAWYHOTO MOHHTOPHHTA Ha Y4acTKe, I/I€ BTOPUYHOE 3a-
rpsi3HEHUE OTMeueHO He ObLIo. Beero 3akadano 1875 TouH cysbdara xenes3a. JJokasaHa Bbicokas 3 QEeKTUBHOCTh
MMPUMEHCHUSA TaHHOTO METO/J1a.

Kﬂl{)‘leBLIe CJI0oBa: OYMCTKA IOJA3CMHBLIX BOJ, MAaTCMaTU4YCCKOC MOJACIUPOBAHUC, [IECTUBAJIEHTHBIN Xpowm,
BHYTpHILIACTOBAsA OYUCTKA, THAPOLUKIIL.

Beenenue. Xpom (Cr) TSOKENIBIA METaIUI, UCHIOIB3YETCS B PA3IMYHBIX OTPACIISX HMPOMBIILICHHOCTH,
BKIIFOYAs CTaJeNUTEHHYIO, JIAKOKPACOYHYIO, NepeBO0OpadaTHIBAIONIYI0, KOKEBEHHYIO, TEKCTHIBHYIO U
xummugeckyto [1]. Kazaxcran 3aHmMaeT BTOpOe MECTO B MHUpE IO TPOHM3BOJCTBY XpOMa, BhIpabaThIBasd,
Oonee 4 miH. TOHH exeronHo [2]. Ilpu mpou3BoACTBE W MPUMEHEHUH COSAWHEHHUH XpOMa, BCIIEACTBHUE
yTeUeK W3 TEXHOJIOTYECKOW CXEeMBl W TPH €ro XpaHeHWH Ha Teppuropun PecnyOmmku Kazaxcran
00pa30BaMCh OYary, Tak Ha3pIBAEMOTO, HCTOPUYECKOTO 3arpsI3HEHIsI. 3arpsA3HEeHNe TTOYBBI M TIOJ3EMHBIX
BOJI TSKEIBIMU METaJlIaMH, TAKUMU KaK XpOM, SIBJIAETCS CEpPbE3HOW YIrpo30M /Jid HacelIeHHs pailOHOB,
MOJBEPKEHHBIX 3arpsi3HeHuio [3, 4]. B obmem ciaydae, oyMcTKe MOIJIEKAT YYaCTKH C 3arpsi3HCHUEM
BBICOKOTOKCHYHBIM IIeCTHBANeHTHBIM xpoMoM (Cr’") u TpancdopMamus ero 1o MeHee TOKCHYHOTO U
cTaGuIbHOro TpH peakimsx TpexsanentHoro (Cr'*) [5, 6]. PesyapraTsl paGoT IO BHYTPHIIIACTOBOI
OYHMCTKE IMOJ3EMHBIX BOJ OT IIECTHBAJICHTHOI'O XpPOMa HA PEallbHOM YYacTKe 3arps3HCHUs, C MPUMEHE-
HUEM METOJIOB MaTEeMaTUYECKOT0 MOJEIMPOBAHUS ISl MOHUTOPHUHTA M YIPABJICHUS MPOIIECCOM OUYUCTKH
MIPUBOJATCS B JAHHOH CTaThe.

Ouncrka MOA3eMHBIX BOJ MpPOBEACHA MO 3akasy MUHHCTEpPCTBA OXpaHbl OKpYyXKarolled cpeabl U
BOJHEIX pecypcoB Pecrybnmuku Kazaxcran. B kauecTBe miitoTHOro o0beKkTa BEIOpaH ydacTok Ne 3 B 30He
Nnexckoro monurona 3arps3HeHus, TPOMBIIIUIEHHAs 30Ha T. AKToO€e. 3arps3HeHue BIepBble 00HAPYKEHO
B 1957 r., cpa3y mocie Havaja NMPOU3BOJACTBA Ha AKTIOOMHCKOM 3aBoJie XpOMOBBIX coenuHeHui. I1o pe-
3yJIbTaTaM MOHHTOPHHTOBBIX HCCIIEIOBAHHM, MPOBOAUMBIX B mocieaytomue S0 jer, oOHapy>KeHO, YTO B
pe3ynbTaTe yTedyeK IpW MPOU3BOACTBE OBLT O0pa30OBaH oOdar 3arps3HEHUs IDIOManbio 14 KB. KM.
MakcuManbHOe coziepxkanue xpoma (3657 Mr/am’) oGHApYkeHO B NpyHax HAKOMUTENsAX, 320 Mr/am’ Ha
ydacTKax BOJTH3M 3aBOJA, M 53 MI/AM® Ha yYacTKe OUMCTKH, B 13 KM OT 3aBOJa, IPU HOPME COIEPIKAHMUS
XpoMma B noazeMHbIx Bogax 0,05 Mr/,uM3 [7].

3arpsi3HEeHHbIE TOA3EMHBIE BOABI OT NPYAOB HAKOMHTEIEH MOCTYMIIA BHU3 1O TOTOKY K peKe U
ObuUIM OOHapyKEHBI B CKBOKMHAX HEAAJICKO OT pekd. [Ipu ycnoBuH 3arpsi3HEHHs TMOBEPXHOCTHBIX BOJ
p. ek, BO3HHKIIA yrpo3a TOKCHYECKOTO OTPABJICHUS HACCICHUS, TPOKUBAIOIIETO BOIM3U PEKU MPSIMBIM
(TIpu KyTIaHWM) WM KOCBEHHBIM ITyTeM (TIpY yIIOTpeOIeHUH B MUY PACTEHUH, a TaK K€ MsCca )KUBOTHBIXC
TEPPUTOPHUH 3arpsA3HEHHs). MHOrOYHCIEeHHBIMU HccienoBaHuaMu [3]. OmpezneneHo, YTO TEXHOTEHHOE
3arpsi3HEHHE OKpY)KaloUleld cpenbl JTU0O0 OTHENBHBIX €€ KOMIIOHEHTOB CEpPhe3HO BIHUSET Ha 3I0POBBE
YeNoBeKa.

Taxum 00pazoM, TEXHOTCHHOE 3arpsS3HEHUE OKPYKAIOIICH MMPUPOTHON CPEIbl XPOMOM U €T0 COSIH-
HEHHUSIMHU OKa3bIBacT HEMOCPEACTBEHHOE BIMSHHE Ha COCTOSHHUE 3A0POBBS B3pPOCIOTO M JETCKOTO Hace-
JeHus. YXyAIIeHHe MeAUKO-AeMorpaduiecKux IOKa3aTeneld, poCT WHBAIHIHOCTH W 3a00JIeBaeMOCTH
HaCeIJleHHs, MPOKUBAIOIIETO B 3TOM PErHoHe, HAMPSIMYIO COMPSIKEHO C MaryOHBIM BO3IEHCTBHEM XHMH-
YEeCKHX BEIIECTB, CPEIN KOTOPBIX 0c000€ MECTO OTBOIUTCS Xpomy. [locnenHuid, mocTymnas B OpraHu3M M3
pa3IMyYHBIX Cpei, MPUBOJUT K 3HAYUTEIBHBIM OOMEHHBIM HApYIICHUSM U AWCOANIaHCY B MMMYHHOU
CHUCTEME, KOTOpbBIE, B CBOIO OYepelb, YXyANIAIOT TEYCHHWE OCHOBHOTO 3a00JIEBaHHS U CHOCOOCTBYIOT
Pa3BUTHIO MHOTOYHCICHHBIX OCIIOKHEHUH [3].

3arpsizHeHne p. Miek, BIOCIEACTBMM MOTJIO CTaTh HE TONBKO PETMOHAIBHOW, HO W MPOOJIeMOit
MEXTOCYAapCTBEHHOTO 3HAYEHUS, TaK KaK peKa sSBISETCS TPAHCTPaHUIHOM.

IIpuauMass BO BHUMaHHE BbIenepedncicHasle (GakTopsl, B 2007 roay ObUTH Ha4aThl pabOTHI IO
COCTaBJICHHUIO HpOCKTHO-CMeTHOﬁ JOKYMCHTAalMU MO OYMCTKE MOA3CEMHBIX BO. B pE3yIbTATC pa60T, BBbI-
JISJIEHBI TPU yYacTKa OYUCTKU. YdacTok Ne 3 ObIT BHIOpaH B KayecTBe MUJIOTHOTO, Iomanbio 0,8 KB. KM,
0 pe3yabTaTaM OYUCTKH KOTOPOTO IIPUBOIATCS JaHHBIC B 3TOM padore (pucyHOK 1).
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Pucynok 1 — Kapra pacnpenencHust KOHIICHTPAIMH IIECTUBAICHTHOTO XpoMa
B BEPXHEM CJIO€ aJNTIOBUAJILHOTO Y€TBEPTUYHOI'O BOJIOHOCHOT'O TOpU30HTa B fojiuHe p. Miek no coctosinuio Ha 01.01.2011 .

Q=

1 — cKkBa)kHa pa3BeOYHAs; 2 — CKBAXMHA KapTUPOBOUYHAs; 3 — CKBaXKMHA 30HAUPOBOYHAS; 4 — CKBaXXMHA, B KOTOPOH HpO-
BOJISITCSI MOHUTOPHHTOBBIE HAOMIOAEHNS 32 MOJ3EMHBIMU BOJAMH B BBIACICHHOM CJIO€ JUTIOBHATBHOTO BOZOHOCHOTO TOPH30HTA
B fonuHe p. Mnek; 5 —KycT U3 AByX CKBa)XKHH, BCKPHIBIINX Pa3HbIE CJIOHM AJUTIOBHATEHOTO BOJOHOCHOTO TOPU30HTA B OJJHOH TOUKE;
6 — OIIBITHBIN KYCT CKBaXXHH, TI0 KOTOPOMY BBIIIOJTHEHO OIBITHO-MUTPAIIMOHHOE OIPOOOBaHUE BOJOHOCHOTO TOPU30HTA; 7 — CKBa-
JKHHBI, TPOOYpEeHHbIe Ha TEPPUTOPHH IIOJIHMIOHA B Pa3HOE BPeMs II0J PEIICHUE Pa3IMYHBIX 331ad; 8§ — CKBa)XKMHA Pa3BEIOTHO-
SKCIUTyaTalMoOHHas; 9 — IpeHa)XKHbIe dKCIUTyaTallMOHHbIe CKBaXKUHBI poMIutomaakd AO "A3XC" o npoexTy JIoKaJIn3aluu 3a-
TPSI3HEHHS MOJ3EMHBIX BOJ| IIECTHBAIEHTHBIM XpoMoM; 10 — npoduiu Ha p. ek, Ha KOTOPOM H3ydaeTcsl 3arpsi3HeHNE PeYHbIX
BO/J] LIECTHBAJICHTHBIM XpoMOM; 11 — MOTeHMaNbHbIe HCTOYHUKH 3arpsi3HeHus moa3eMHubix Box (1 — nonst ¢pusibrpaunn A3D AO
"HTK Ka3xpom", 2 — nedrebasza, 3 — nuaxo-orsan A3® AO "HTK Kasxpom", 4 — gamma 3omoorBaia AO "Axktobe TOII",
5 — mutamoBbie mpyzasl-otcToitHukE AO "A3XC", 6 — mpommiomanka AO "A3XC", 7 — mpommiomanka A3® AO "HTK
Kasxpom", 8 — mpommoniagka AO "Akrobe TOL"); 12 — u301MHIMA KOHICHTPAINH MECTUBAIICHTHOTO XpoMa, IHU(PHI — 3HAUe-
HHS KOHIIEHTPALIH, MI/IM; 13 — y9aCTOK OYHMCTKH, BBEPXY €ro HOMep.

Figure 1 — Map of chromium concentration in an upper alluvial layer on 01/01/2011
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I'mapoxumuyeckue MccjaeT0BaHusA. BOIBIIMHCTBO CXeM insifu OYUCTKU OCHOBBIBAIOTCS Ha BOCCTa-
+ o 3
HOBIIHHH MozBIKHOTO annoHa Cr’” mo Cr'’, KOTOpEIA BEIMAZaeT B 0CAIOK B TBEPIOH (asze M ymanser
XpoM u3 pactBopa. [lomynpespartienne 11 3TOro mporiecca 3amucbiBaeTcs Kak [8]:

HCrO,(aq)+ 7H" +3e” — Cr’*(aq)+ 4H,0 Cmano.nomenyuan =1,195B

BoccranapnuBaromme XuMUKAThl, KOTOPBIE OBLIN UCITOJIB30BaHbI HA HAYAIBHOM JTalle HCCIICTOBAHUI
ObLITH:

» mutnoHHT HaTpusa (Na,S;0y);

»  MeTabucyabput Hatpust (Na,S;0s);

* tuocynsdat Hatpus (Na,S,0;);

* nByxBaneHTHoe (cepHokwucioe) xene3o (FeSO4-7H20);

* JIBYXBAJICHTHOE (CEPHOKHUCIIOE) KEIIe30 TUTI0C MeTacca;

* Memacca.

[To pe3ynbraTam ucciaemoBaHMs OMpeEeNIeHO, YTO CYIb(arT kKelle3a ¢ MeJIacCor Win 0e3 Hee IMoKa3au
HAWITyYIINe Pe3yibTaThl CPEAH BCEX HCIIONB3YEMBIX BOCCTAHABIMBAIOMNX peareHToB. Cymbdar xenesa
SIBJIICTCS. KOHOMHYECKU 3(PPEKTUBHBIM PEAreHTOM ¢ OBICTPHIMH M MPEICKa3yeMbIMU peakiusMu. K
KOHI[y TCOXUMHYECKOTO HU3YyYeHUs OBbLIO MPHUHITO pelleHHe o0 HCMOJb30BaHWM Cyjb(ara xenesa
(FeS04-7H20) nns mportecca OYUCTKH.

MaremaTnueckoe MoaeaupoBanue. TpexcioitHas MoAenb OblIa pazpaboTaHa W UCIIOIB30BaHA IS
oreHku mpoueccoB murpanuu Cr (VI) B METKO3epHUCTHIX OTIOKEHUSIX aJNIFOBUATHHOIO TOPU30HTA.

Mopnens Obia co3nana B mporpammHoM komiuiekce VisualMODFLOW c ucmonp3oBaHneM MeToza
KOHEUYHBIX pa3HocTel moToka [9, 10]. JlaHHBIM MeTOH IaeT XOPOIUIYI0 CXOAMMOCTD IIPH MOICITUPOBAHUN
CIIOKHBIX HemuHeWHbIX cucteM [11, 12]. IlogpoOHoe omucaHue MOCTPOSHHUS MOJENH U €€ KalInOpOBKH,
oTtpaxkeHO B oTueTax [7, 13]. Co3nanue u kanuOpoBKa MOEIH TO3BOJIIIN OIICHUTh CTETICHb 3arps3HEHUS
MOJI3EMHBIX BOJ M CKOPOCTh PAacCHpOCTPAaHEHHS IO MMOTOKY IOA3EMHBIX BOJ, a TaK K€ ONEHUTHh 00BEM
paboT IIsl OYUCTKU yUacTKa, C MOCICIYyIOIIeH BU3yalin3alueil u yrpaBieHHEeM Ipolecca OunucTku [14].

OnucaHue TEXHOJIOTMYECKOr0 MPOLecca OUYUCTKHU. TeXHONOTUs OUYMCTKU 3aKII0Yanach B CO3aHUU
PEaKTUBHBIX 30H 32 CUET BBEIICHUS peareHTOB (BOJIHBIN pacTBOp cyibdata xeneza (FeSO4 7H,0)) B Ha-
THETAaTEIbHBIC CKBAXXUHBI B MpEeNiax 3arpa3HEHHBIX MOJ3EMHBIX BOJI, TEM CaMbIM ITO3BOJISAS UM '"pearu-
poBaTh" C 3arpsi3HUTEISIMU. [[pUHIMNINATbHAS TEXHOJIOTHS OUKMCTKH ToKa3aHa Ha pucyHke 2. [loazemusbie
BOJBI 3/IeCh HE HW3BIEKAIOTCSA, 3TO MACCHBHAsl CHUCTEMa OYUCTKH, TPeOyrollas MEHBIIUX BIOXEHHHA U
Bpemenu [15].

Pe3yabTaThl ucciae10BaHUM

B mnepuon oumctku ncnonp3oBaHo 1875 ToHH cynbdaTa jkene3a I OYMCTKM W HAarHeTaHWS B
BOJIOHOCHBIN TOpW30HT. B Hauane mpoekrta Obu1o mpoOypeHo 392 HarHeTaTeNbHbIE CKBAXKHMHBI, MPOOY-
PEHHBIX JJIS1 WHBEKITNH, HO B MOCIEIACTBHU IMPU OYUCTKE MX YHCIIO yBEIMUMIOCHh A0 426. Pemenune 06
YBEIMYEHUH WHBEKIIMOHHBIX IIMYypOB OBUIO MPUHATO HA MEPBOM 3Talle OYUCTKH, IO pe3ysibTaTaM Mare-
MaTHYECKOTO MOJEIMPOBAHUS U OTOOPOB MPOO BOJABI HA XUMHUECKH aHanu3. [Ipouecc ouncTku mpouc-
XOJTWII B TPH ATaIIa.

ITo pe3ynbTaTaM OYHMCTKH, KOHIICHTPAIUS MIECTUBAJICHTHOrO Xpoma mocturia 0,05 mr/i, 9ro coot-
BETCTBYET TpeOOBaHMSAM, IMPENbSIBISIEMBIM K KaueCTBY MHUTHEBBIX BOJ, COIJIACHO HOPMATHUBHBIM JOKY-
meHTam PK. B mporecce ouncTky npoBOaMIIHCh IOCTOSIHHBIE Ta00paTOpHBIE MCCISAOBAHUS HA TIPEIMET
KOHIICHTPAINH MIECTUBAJICHTHOTO XpoMa B MOA3eMHBIX Bojaax. [lo pe3ympraTaM aHaINM30B COCTaBISUTHACH
KapThl KOHLIEHTPALMU COAEP)KaHUS M PACIPOCTPAHEHHUS LIECTUBAJEHTHOTO XpoMa Ha ydacTke. Pe3yib-
TaThl Ha Ka)KJIOM JTare OUYUCTKU OTpaXkeHbl Ha pucyHke 3 [15].

[To pesynpraTam uccieIOBaHUI U MPOBENEHUS padOT IO BHYTPHUILIIACTOBOW OYHCTKE MOI3EMHBIX BOJ
BBISIBJICHBI CJIeYIOLIHE TPEUMYIIECTBA UCTIONB30BAHUS TEXHOJIOTHH in-situ [16]:

- [IpeanoxeHHas: TEXHOIOTUS UCKIIOYAeT HEOOXOAUMOCTh B CTPOUTENBCTBE JOCTATOYHO CIOKHOU M
Joporocrosiimell nH(PACTPYKTYphl, HEOOXOAUMOM I CHCTEMBI HAa3eMHOH HAcOCHO-0OpalaThiBaroIeit
OYHMCTKH; UCKIIIOYaeT 00pa30BaHNe CTOYHBIX BOJ M OTXOJIOB.

- Huskas crommocTs mpoBeaeHus omnepauuid (B CpaBHEHHHM IPYTMMH TEXHOJOTHSMH); peareHTHI
BBOJISIT TIPH JOCTATOYHO HU3KHUX KOHIICHTPAILUAX, U TPEOYEeTCs TOJBKO 0TOOp MpoO MOA3EMHBIX BOJ IS
MOHHTOPHWHTA.
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Pucynok 2 — TeXHOJIOTHsI OYHUCTKH MOA3EMHBIX BOJ] HA y4acTKe:
1 — pe3epByap [UIsl XpaHEHUS TEXHOJIOTHYECKOTI0 PACTBOPA; 2 — yYaCTOK MHBEKIIHY;
2a — MHBEKIMOHHBIN Iy p; 2b — MHBEKIIMOHHAs CKBAKUHA; 2C- OTKAYHAs CKBAXKHMHA.
Figure 2 — Groundwater treatment technology on a site
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Pucynok 3 — KonneHtpanus Xxpoma Ha Ka)XJOM 3Tare OYHCTKH

Figure 3 — Concentration of Cr (VI) during the phases of in situ treatment

B 10 ke BpeMs CyIIECTBYIOT HEKOTOPBIC OTPaHHUYEHHUS 110 HCIIOJIb30BAHUIO JAHHOUW TEXHOJIOTUU:

- Metamn ¢akTudecku He yIauseTcss W3 TPYHTOBBIX BOJ, W TOJBKO TEPEXOAWT B OTHOCHTEIHHO
CcTa0MIbHOS(HE TOKCHYIHOE) COCTOSHHE;

- HeB03MOXHO yIaNuTh UCTOYHUK 3aTPS3HEHUS, a JIWIIb TOIBKO YMEHBIIHUTD IUICH() 3arpsi3HATEIIS;

- Huzkas BoronpueMrucToCTh T1acTa MOXET MPEMITCTBOBATh UCIIOIB30BAaHHUIO 3TOTO METO/1a;

- HecmoTpst Ha To, 4To cynbdaT *kene3a MOKa3an JOCTATOYHO XOPOIIMH pe3yibTaT, BOMPOC IO
00pabOTKe MO3EMHBIX BOJI OMOTUYCCKUMH KOMIIOHCHTAMH IS CO3JaHMsI XUMUYECKH aKTHBHBIX 30H €Il

JOJIKCH OBITH HU3YYCH.
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B. C. CaabibexoBa, /1. K. Kanuros, B. A. 3aBadeii, T. A. Paxumos
K. H. CorbaeB aTpIHAAFHI Ka3aK YITTHIK TEXHUKAJIBIK 3epTTEy yHUBEpcuTeTi, AnMaTtsl, Kasakcran

AJITBI BAJIEHTTI XPOM KEPACTBI CYJIAPBIH TA3AJIAY A
KOJJAHBIJIATBIH IIIKI KABAT 9ICTEPI

AnHotanus. Makana Akre0Oe KajdachIHBIH ©HEPKOCINTIK aiiMarbiHAa MIeK MOJMroH JacTaHybl KE3iHAE aaThl
BAJIECHTTI XPOMMEH JIaCTaHYbIHaH JKepPacThl CYJIapbIHBIH €My HOTHXEJEePiH YChIHAIBL. 3epTTeyiep Ka3ipri 3aMaHFbl
TexHojorusulap MeH KaszakcTanaa KOJIaHBUIATBHIH «TAPUXH JIACTaHy» JEN aTalaThlH ayJaHjapaa eMIey oIiCTepiH
cunatray. TyTKeim Kabatsl Tikened peareHT MHbeKIMsUIBIK Cr (III) canpapbiHaH jkoHE HEFYpIIBIM TEPMOJIMHAMHU-
KaJIBIK TYPaKThl TYPiHJE, OChUIalIIA KOLIi-KOH JaCTaHy JIOKaIU3AlUsUIaHFaH )KOHE OChUIalINa 3USHCHI3IBIK HBICAH-
nmapaa yasl Cr (IV) Tycimaep e3apa ic-KHMBIT YIIiH aifiMaKTaphbl peakIisiap jkacay apKbUIbI, TYPFaH XKepiHAe OpbIH-
JaybIHAAFbl Ta3apTy KYMBICH. JKYMBICTBIH OacThl epeKIIeNiri — YHFBIMaHbI Ta3ajlay TEXHOJIOTHSCHIH KOJIIaHY, OCHI-
JaiIla JacTayIibl 3aTTapIbIH KOHE Ta3anay IpOLeciH HHTeHCH(UKALMAIayhl Oap peareHT ic-KMMBUI JIeHTeiliH e3apa
apTTBIPy, PEareHT MHBEKLUS Mep3iMi alijay Ke3eHIepAeH KeHiH [en aTajaThlH JKeKe Cy Kypy OONbIn TaOblIaibl.
Tazanay nporeci, copmaii-aK Tazanay IpoleciHie aiiiay YHFbIMaJapblH KOCY HEMECe alblll TacTay YLIIH MaTeMaTH-
KaJIbIK MOJIeNiH/ie OaKblUIaHaAbl. YdYacKe/e JKYPri3iIreH KYMbICTap HOTH)KECIHIE alThIBAJICHTTI XPOMHBIH KYpaMbl
53 mr/am’ 0,05 mr/am’ KpicKapThiiabl, THIMALTIr KaObUTIAHFAH iCTEME PACTAIlIbI, COHBIMEH KaTap ydacKe/eri yIu
JKBUIJIBIK MOHUTOPHHT HOTHIKENIEpiHEH OpTa JacTaHybl OallKaFaH JKOK.

Tyiiin ce3aep: KepacTbl CylapblH Ta3ajay, MaTeMaTHKAJIbIK MOJIEIbJCY, alThl BAJICHTTI XpOM, IMIKiKaOaTThl
Tazajiay, THIPOLUKIL.
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