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Pedepat. B mporecce paboTsl Bo103a00pPHBIX CKBaXXHH IIPOMCXOIHUT CHIDKEHHE HX YAEIHHOTO
JebuTa B pe3yIbTaTe MEXaHHUECKOr0, OHOJIOTMYECKOT0 U XMMHYECKOr0 KolbMaTaxa. M3pinedeHne
KOJIbMaTaHTa U3 (PUIIBTpa OCIOXKHAETCS TeM, UTO OTJIOKECHHUS OXBATHIBAIOT HE TOJBKO (QHIBTP
CKBaXXHMHBI, HO ¥ TPAaBUHHYIO OOCHINKY M HE yIAISIOTCS HOJTHOCTHIO IpU 00padoTkax. IIpemmoxe-
Ha yCTAQHOBKA JUISl PEBEPCHBHO-PEAreHTHON PereHepatuy BoJ03a00PHBIX CKBKUH, COCTOSIIA U3
KOMIIpECCOpPa, IIAHTOB U IOTPYKHOTO YCTPOWCTBA, BHINOJHEHHOTO B BHAE JBYXKaMEPHOIO
MTHEBMAaTHYECKOT0 HAcOCa BHITECHEHNS. [IperMymIecTBOM yCTaHOBKHU SIBISTIOTCS OTCYTCTBHE B €€
COCTaBe NHPKY/SIIHOHHOTO HAacoca M BO3MOXHOCTH 3()(EKTUBHOM 0OpabOTKH OrpaHUYCHHOTO
uHTepBaia GuipTpa. CKBXXHHHOE TIOTPY)KHOE YCTPOMCTBO HE COJACPIKHUT ABMKYLIMXCS YacTei 3a
UCKITIOYEHHEM JBYX IIABAIOIMX OOpAaTHBIX KiamaHoB. [ omucaHusl Mpoliecca pacTBOPEHUS
OTJIOKEHUH CIIOCOOOM pEeBEpPCHBHO-PEAreHTHOH pereHepanuy CKBaXKMH HCIOJIB30BaHA CHCTEMa
YpaBHEHUi: 0OBEANHEHHOTO YPaBHEHHS JBIDKECHUS U COXPAaHEHUS Macchl U 00OOIEHHOTO ypaB-
HEeHUs KUHETHKU. [IyTeM HMHTerpupoBaHHs ypaBHEHHs KHHETHKHU IOJydeHA aHaJMTHYeCKas 3a-
BHCHUMOCTh UISl pacdeTa HPOIOIDKUTEIFHOCTH PabOTHl YCTAaHOBKH ISl PEBEPCHBHO-pEAareHTHOM
00paboTky GUIBTPOB, IO WCTEUCHUH KOTOPOH yHENBHBIH 00BbeM KOIBMATHPYIOIIUX OTIO0XKEHMI
B rpaBUHHO OOCHIIIKe OyAeT CHIDKEH 10 3aaHHOro ypoBHs. ITo momydeHHbIM QopMmynam Oblia
COCTaBJIEHAa KOMIIBIOTEPHAs MPOrpamMMa, MO3BOJISIONIAs PAcCCUNTaTh KOJHMUYECTBO IMKIOB PAGOTHI
YCTPOHCTBA, HPOJOIHKUTEIEHOCTS OUNCTKH M CTETICHb yHaJeHHs KOJNbMAaTaHTa Ha Ka)KIOM JTare
paboTel. C MOMOIIBIO pa3paboTaHHOH KOMITBIOTEPHO MPOrpaMMBI pacCMOTpeHa paboTa yCTaHOB-
KH Ul PeBEePCHBHO-pEareHTHOH 00paboTku (MIBTPOB HA HpHMepe BOA03a0OPHOI CKBa)KUHBI C
HCTIONB30BAHUEM JIBYX Pa3IMIHBIX PEareHTOB: COISHOI KUCIOTH M JUTHOHKTA Hatpus. [Ipusene-
Ha METOJMKA pacueTa KOJMYECTBA pPeareHTa, HEOOXOMUMOTrO IS BOCCTAHOBIICHHUS IIPOHM3BOJIM-
TEJIBHOCTU CKBa)KUH.
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Theoretical Studies of the Leaching Process

of the Mudding Element in the Gravel Package
of the Well Filter Using the Unit

for Reverse-Reagent Regeneration

I. E. Ivanova", V. V. Ivashechkin", V. V. Veremenyuk"
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. During the operation of water wells, their specific production rate is reduced as a result
of mechanical, biological and chemical colmatage. The extraction of the mudding element from
the filter is complicated by the fact that the deposits cover not only the well filter, but also gravel
package and are not completely removed by the treatment. An installation is proposed for reverse-
reagent regeneration of water wells, consisting of a compressor, hoses and submersible device
in the form of a two-chamber pneumatic displacement pump. The advantage of the unit is the ab-
sence of a circulating pump in its composition and the possibility of efficient processing of the
limited filter interval. The downhole submersible device does not contain moving parts except for
two floating check valves. In order to describe the process of dissolution of deposits by the method
of reverse-reagent water well regeneration, a system of equations is used: the combined equation
of motion and mass conservation and the generalized equation of kinetics. By integrating the kine-
tics equation, an analytical dependence is obtained to calculate the operating time of the unit for
reverse-reagent filter regeneration, followed by the reducing of the specific volume of the colma-
tizing deposits in the gravel package to a predetermined level. According to the formulas
obtained, a computer program was compiled, which allows calculating the number of operating
cycles of the device, the duration of cleaning and the degree of removal of the colmatant at each
stage of the work. With the aid of the developed computer program, the operation of the unit for
reverse-reagent filter regeneration is considered on behalf of a water well using two different rea-
gents: hydrochloric acid and sodium dithionite. The procedure for calculating the amount of rea-
gent needed to restore water well productivity is presented.

Keywords: regeneration, water well, mudding element, gravel filter, reverse-reagent treatment,
reagent, hydrochloric acid, sodium dithionite
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the Unit for Reverse-Reagent Regeneration. Energetika. Proc. CIS Higher Educ. Inst. and Power
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BBeaenne

X03sICTBEHHO-TTUTHLEBOE BOJ0cHAOKeHHe PecyOonmku benapych ocHOBaHO
Ha TIOJI3eMHBIX BOJIaX, ISt TOOBIYH KOTOPBIX B CTpaHe MpoOypeHo Ooiee 36 ThIC.
BO/103a00pHBIX CKBaKMH. BMecTe ¢ TeM B HacTosiee Bpemst okosio 90 % ckBa-
KUH JKCINTyaTalfHOHHOTO (QoHAa paboTaeT co CHIKEHHOW IPOU3BOAUTEIHHO-
CTBIO, @ X CPEIHHM CPOK CIYXOBI pemko mpeBbimaer 1820 er, 4ro cytie-
CTBEHHO HMXE PaCYETHBIX TOKa3aTeneil. ITo 00yCIIOBIEHO TeM, YTO B MIPOIECCe
pabOThI CKBaXXHUH MPOUCXOJIUT CHUKCHHE UX YJICIBHOTO JIeONTa B PE3yJbTaTe
MPOIECCOB MEXaHUYECKOTr0, OMOJOTHYECKOr0 M XUMHYECKOTO KOJbMarTaxa.
[TpoBoaMMEIE B HACTOSAIIEE BPEeMs MEPOIPHATHSA IO ACKOIbMATaXKy CKBAKHUH
WMITYJTCHBIMH METOJIaMU He Bcerna dQeKTUBHBI M3-32 HU3KOW CTETIeHN H3BJIeYe-
HUsI OTJIOKeHU. OCOOCHHO ATO XapaKTepHO IS JUTUTENHEHO SKCILTYaTUPYFOIUXCS
CKBQXXWH, B KOTOPBIX OTJIOKCHHUS OXBaTHIBAIOT BCIO IPAaBUITHYIO OOCHITIKY U HE Y/1a-
JISIFOTCS TIOJTHOCTBIO TIPH 00paboTKax. 3aciyXMBAlOT BHUMAHUS [UPKYJISIIMOHHBIE
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MeToabl pereHeparid [1-3], B KOTOPBIX XMMHYECKOE PACTBOPEHHE OTIIOKECHUI
NPOUCXOIUT O0JIee HHTEHCHUBHO, YeM B PEXXHMME «PEAareHTHOW BaHHBD) M «LIUKJIHIC-
CKOT'0 3aJaBJIMBaHUs» PearcHTa, Ie pearcHT HePaBHOMEPHO OYHMIIAeT (QHIBTP U3-
3a yTeUeK B IUIACT Yepe3 HanOoJIee MPOHNIIAEMEIC YIacTKH [4].

IIporiecc BhIMEIAYMBAHUS KOTBMATHPYIOIINX OTIIOKEHWH B TPABUIHOM 0OCKIIT-
K€ CKB&KHMH paccMaTpuBaeTcsl B JIMTEpAType KaKk XMUMUYECKasi reTepOreHHast peak-
WS, B XOJIe KOTOPOM KPUCTAJUIMYECKUE CBSI3U KOMIIOHEHTOB KOJbMATaHTa pa3py-
IIAOTCSI, HIOHHBIE CBSI3U Pa3phIBAIOTCA M KOMIIOHEHTHI IEPEXOT B pacTBop. Takue
PEaKIMK MPOTEKAIOT B HECKOJIBKO CTA/MI: IIEPEHOC peareHTa (pacTBOPUTEIs) K I0-
BEPXHOCTH, HAa KOTOPOH MPOUCXOAUT PEaKLus; COOCTBEHHO XMMHUUECKasl PEaKIus;
OTBOJI MPOAYKTOB PEaKIMU OT MoBepxHOCTH [4]. OO1as mporomKUTETBHOCT TPO-
1iecca 3aBUCHAT OT CKOPOCTEH OTAENBHBIX CTaui, IPUYEM ONPENEISIOIEH ABIIETCA
cTajusl, MPOTEKAoLIasl MEIICHHEE OCTAIBHBIX. Pe3ynbTaThl HCCIIEIOBaHNI KUHETH-
KW PACTBOPEHHUS TBEPABIX BELIECTB B HUAKOCTIX IPH Pa3IMUYHBbIX TMAPOIUHAMU-
YECKHX YCIIOBHUSIX PHBEAEHHI B padoTax ['. A. Akcenbpyaau A. JI. MomuaHoBa [5],
I'. A. Axcenmspyma u B. M. JIeicanckoro [6].

TexHonoruss pereHepauuu GUIBTPOB LUPKYISLMOHHBIMUA CKBaKMHHBIMU
YCTPOHCTBaMU HE MONyYHJIa PacIpOCTPAHEHUS U3-3a CIOKHOCTH U YHHKAJIBHO-
CTH TEXHOJIOTH4ecKkoro obopymoBanus. [lostomy paspaboTka 3(eKTUBHBIX
U JOCTaTOYHO INPOCTHIX B SKCIUIyaTallUM PEarceHTHBIX TEXHOJIOTHIl IJIs pere-
HEpaluy BOJ03a0OPHBIX CKBAKHH SIBISETCA aKTyallbHOW 3amadeir. B pabote
B. B. UBameukuna, I1. A. Aptymko u B. B. Bepementoka [7] Obl1 omucaH Ipo-
[[eCC BBIIIENAYNBAHMS OTIOKEHUH NPU LUPKYJSIMOHHOM PaJuaIbHOM JIBIKE-
HUW peareHTa 4epe3 CIOW rPaBUHON OOCHITIKH.

B BHTY npeaiokena ycTaHOBKA 1711 PEBEPCUBHO-PEAr€HTHOM pereHepanuu
BO/103a00PHBIX CKBaXKHH, COCTOSIIAs U3 KOMIIPECCOPA, IIUIAHIOB U IOTPYKHOTO
YCTPOMCTBA, BBIMOJHEHHOTO B BUJE JBYXKAMEPHOTO IMTHEBMATHUYECKOTO HAcoca
BEITeCHEHUS [8]. PeareHT 3mech mepeMeniaeTest Mexay JByMs THEBMOKaMEpaMu
Hacoca, YCTaHOBJICHHBIMH Ha Pa3HBIX YPOBHSX IO BbICOTE (PUIIbTPa, Yyepe3 CI0i
OOCBIIIKM B BEPTHKAJIBLHOM HampasieHUU. [IpenMyIiecTBoM yCTaHOBKHU SIBIISIFOT-
Csl OTCYICTBHE B €€ COCTaBE MUPKYJISIIMOHHOTO HAcOoca M BO3MOXKHOCTB d((eK-
TUBHON 00pabOTKM OrpaHUuEHHOTO MHTepBaia GuibTpa. CKBaXMHHOE MOTPYK-
HOE YCTPOMCTBO HE CONEPKUT ABIKYLIUXCS YacTel 3a UCKIIIOUCHUEM JIBYX IUIa-
BaIOLINX OOPaTHBIX KJIAIIAHOB.

AHanmu3 TUTepaTypsl MoKas3all, YTo B HEW OTCYTCTBYIOT METOJIHUKH pacdera
MPOJIOJDKUTENILHOCTH MPOIIECca BhIIENAaUMBaHHUS TIPH UCTIONB30BAHIH YCTaHOB-
KM JJIs1 peBEpCUBHO-PEareHTHON pereHepanuy. [loaroMy 1enpb ucciaeqoBaHui —
pa3paboTaTh METOAMKY pacueTa MpPONOJDKUTENBHOCTH PaOOThl yCTAHOBKU AJIS
PEBEPCUBHO-pEareHTHONH 00pabOTKH (PHIBTPOB, IO MCTEUYEHUH KOTOPOH yIeib-
HBI 00BEM KOJBMATHPYIOUIMX OTJIOXKEHUH B TpaBHiiHOW 0OCKINKe OyJeT CHU-
eH JI0 3a/JaHHOTO YPOBHSI.

OcHoBHAaf 4aCTh

PacuerHast cxema peBepcHBHOIO IBHKEHUS! (PUIBTPOBOIO MOTOKA B IPaBHiA-
HOI1 0OCBHINKE ITPU HCIIOJIB30BAaHUN YCTAHOBKH JUIS PEBEPCUBHO-PEAreHTHON 00-
paboTku GUIBTPOB MpeacTaBiIeHa Ha puc. 1.
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Puc. 1. PacueTHas cxema peBEPCHBHOTO JBIDKCHHS (DHIBTPOBOTO IOTOKA B IPABUITHON OOCHINKE:
a — BOCXOJUSIIIUH TTOTOK; b — HUCXOASIINH OTOK

Fig. 1. The design scheme of the reverse motion of the filter flow in a gravel package:
a—upward flow; b — down flow

PaccMoTpuM  BO3BpAaTHO-IIOCTYNATENIBHOE JBIKCHHE pearcHTa. Kakablid
LUK COCTOMT U3 ABYX XOOB: BOCXOZsIIee U HUCXofsmee aBuxkeHue. [lo un-
TEHCUBHOCTH JIBHKCHUSI XOJIbI PABHOIICHHBIE.

Ilepswiti x00 (8ocxodsauee OsudiceHue)

Jlnsa onmcaHust polecca pacTBOPEHHsI OTJIOKEHHH B OOCHIIKe (GUIbTpa MpU
MpO/AaBIMBaHUKM pacTBOpa peareHra KoHIeHTpamuun C CO CKOPOCTBIO V Ha
yuacTke uIMHON L (puc. la) OyaeM HCIIOnb30BaTh 0OBEAMHEHHOE ypaBHEHUE
JIBIDKCHUS U COXPAHEHUSI MACCHI JIsl IMHEWHOTO TTOTOKA [9]
o[ .oC oc ob oC
_(D_j_v__poc_:nO_’ (l)
Ox Ox Ox ot ot
rae D — ko ¢unnent MonexkymspHon muddysun; ny — HaganbHasi HOPUCTOCTh
TpyHTa; b — ynesbHas HACHIIIEHHOCTb TPYHTa KOJbMAaTaHTOM, INIOTHOCTh KOTO-
POTO P

[TpuarMaeM IpUQHUIBTPOBYIO 30HY OZHOPOIHOMU, IBIKCHNE — KBAa3HYyCTaHO-
BuBmnMcs. Cormacao H. H. Bepuruny [10], mpu 60sbImmx 3HaYSHUSIX KPUTEPUST
[exne (Pe = v.d/D), korga cKOpoCTh PUIABTPALIMU 3HAYUTEIBHO OOJBIIE CKOPO-
ctu au¢dy3un, B IEPBOM ClIaraéMoM 3TOro ypaBHeHus: npuHumaiot D = 0. Jlo-
0aBlsieM ypaBHEHUE KHHETHKH [4] U TIOJIyYaeM CUCTEMY:

oc  ob_ oC,

—y——p  —=p,—
x T
ob 2)
—:—(D(Cm _C)a
ot
rae C, — MakcuMalbHasg KOHIEHTpalMs COJed B peareHTe (KOHIIEHTpa-
1M HACBIILEHHOIO PAacTBOPA); CI)=i f), fb)= ! ! —-1;

poc \/l_nO . nO_b
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L

1/6
D* \%
B =4|—| -, |—; 41 — KoHcTaHTa, Jexauas B uHrepsaie or 0,760
c dO

10 0,996 [4]; D — ko3bduiueHT MOJICKYIApHON Tuddy3un; v, — K0OIGOUIIHEHT
KMHEMAaTHIeCKOH BA3KOCTH KHUAKOCTH; 0, dy — yIeJIbHAs MMOBEPXHOCTh U pa3-
Mep 3epeH He3aK0IbMaTHPOBAHHOM TpaBUHHON OOCKHITTIKY CKBa’KUHBL.

B BeIpakeHHE O pacyeTa CyMMApHOH IMOBEPXHOCTH () 3€PEH IIApOBOMI

1-n
(bopMBl 1HaMeTpoOM d, B eiuHHIE o0beMa ®, =6 0

[11] cmexyer BBECTH
0

noHmxkaronue kodgduiuenTsl & 1 {, yUMTHIBAIOLINE COOTBETCTBEHHO CTENEHb
SKpaHM3aLUK TOBEPXHOCTH 3€PEH IMy3bIPbKaMU Ia3a U JOJI0 HEPACTBOPUMBIX
1=n,

COeIMHEHUH B cocTaBe KoibmaraHrta. Torma o, = 6&g . Jna pemeHns

0
KOHKpCTHOﬁ 3aaa4i CTaBUM HA4YaJIbHbBIC U I'PAHUYHBIC YCIIOBUA:

C(0,x)=C,; C(2,0)=C,; b(0,x)=b, <n,, t=0, x<[0; L]. 3)
st ynporienus pacuetoB QyHKuto f(b) OyneM omnpeaensTh IpHU CPeIHEM

yIeapHOM 00beMe oTaoxkennit b,. Janee momoxum C(t,x) = C,, —C(t,x) unpe-
oOpa3syem 3amauy (2), (3):

£+aa—c+wé=0; 4)
ot Ox
ob -
—=-0,C, 5
at C ( )
C(0,x)=C(t,0)=C,,; Cy,=C, —C,; (6)
b(0,x) = b,, (7)
e a=—; w="1; o, =Bf(b); b, =—L.
ny 1y Poc

3amaua (4) m (6) pemaercs ciemyromuM obpazoM. IlpmBomnM ypapHe-
Hue (4) x BUIy

Ou
—+a—+wu=0, (8)
YIIOBIETBOPSIONIEMY YCIOBHSIM:

u(0,x)=u, =u(t,0), t=0, x[0; L]. 9)

KoadduruenTs! a 1 w npeanoiararoTcs MoCTOSHHBIMU.
Ypasuenus (8) u (9) pemarorcs MetogoM Jlamnaca u mocie mpeodpa3oBaHms
MIPUHUMAIOT BUJI
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wx

- X ot X
u=uje * H|t—— |+uye HH-H|t——1], (10)

a a

0,1<0 .
roe H(t)= Liso ¢bysknus XeBucaiia.
>

AHanmu3upys moaydeHHoe Beipakerue (10), remaeM BEIBOIBI:
7%’){

1) mycts T, =X Torma u=u,-e « npu ¢t =7, umobom x e[0; L]; (11)
a

2) s moboro x €[0; L] u=u,-e ™ npu t<T.. (12)

Torma cormacuo (11) u (12):

X

1) é(l,x)sz e v npu ¢t =7, umobom xe[0; L]; (13)
2) (~,’(t,)c):COl e " npu ¢t <T, nobom xe[0;L]. (14)

x x
Ormern™, 4yro BenumuuHa [, =—=n;,— HMEET Pa3MEPHOCTb BPEMEHH.
a v

L
Ionoxum 7, =— — BpeMsd, 3a KOTOPOE PACCTOAHUE L MPOXOIUTCSA CO CKOPO-
v

cteio v. Torma u3 (5), (7), (13), (14) HaxXoguM yaenbHYO 3arpsi3HEHHOCTh B MO-
MeHT BpeMeHH 7 st moboro x €[0; L]

Ty T, Ty
b(T,,x)—b, =D, j Ct,x)dt =— @, j C(t,x)dt -, j C(t,x)dt =
0 0 T

x

X

“a C oo
:_noc(n l—e _0,Cye ( O_Mj' (15)
pOC pOC v
T 2 5
OTMeTHM, 4TO Py, %) _ o1 Core ( 0 —Mj >0 s moboro x e[0; L].
0x VPoc v

OTO 3HAYUT, YTO MAaKCUMaJIbHAsl yIeNbHas 3arpsA3HEHHOCTh OyAeT Ha KOHIE
Y4acTKa, T. €. IpU X = L, a UMEHHO

b(Ty,L)=b, —[no (1-¢ )+ e @ —nO)TOJﬁ. (16)

oc

Bmopoti x00 (Hucxooawee dsudicerue) u nociedyrouue xo0bl

IMocie mpoIaBIMBaHKsI PacTBOpPA pearcHra B MEPBOM XOJI¢ Ha BCIO JUIHHY L
3TOT e PACTBOP C TOH K€ CKOPOCTHIO MPOIABIUBACTCS B 0OpPATHOM HarpasJie-
HUH. DTO Ha3BIBAEM BTOPBIM XOJIOM.
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s ommcanms mporiecca BEIOMpaeM cxeMy, Kak yka3aHo Ha puc. 1b. B pe-
3yJlbTaTe MOKHO MCIIOJB30BaTh T¢ k€ ypaBHeHus (4), (5), Kak U Ui MEpBOro
X0/1a, TOJIbKO M3MEHNB HadallbHbIE W rpaHnyHble ycinoBus (6), (7). Tak kak co-

riacuo (13) mpu ¢ > Ty u mobom x e[0; L] C(,x) = Cme_alT", TO UMEET CMBICI

ycnoBus (6), (7) U3MEHUTD CIIEIYIOIIUM 00pa30M:
C(0,x)=C(1,0)=Cpe ™, b(0,x)=b, (17)

rae b, — onpeaensiercs no Gopmyie (16).

Tak kak cpenHee 3Ha4eHHE b, U3MEHHTCS, CIEAyeT NePEeCUUTaTh AJIsl BTOPO-
ro LHUKJIA 0. [lepecunTaHHOE 3Ha4YeHHE 0003HAYUM 0. BIlIecKasaHHOE T03-
BOJISICT HAM HANMCaTh (GOPMYITY IJIsl MAKCHMAIbHON YAENBHOH 3arps3HEHHOCTH
(koTOpasi, HAaMOMHKUM, OYZET UMETh MECTO Ha KOHIIE yYacTKa, T. €. Ipu x = L)
—aTy

C,e

b(T,,L)=b, —[no(l—e_azr‘))+oc2e_a2T°(l—n0)7})} (18)

oc

Paccyxnas aHamoruyHbeIM 00pa3oM, MOKHO MOYYUTh (POPMYITY IJIsl MakCH-
MaJIbHOU YAETbHOH 3arps3HEHHOCTH TI0CIIe TIPOBEACHUS k XO/I0B peareHra

k
b(Ty,L)=b, —Z[no (1—6_“’"% )+0cme_°"”T° (1_”0)TOJJW (19)
m=1

rae J; = Cy, OCTaIbHbIE J,, OTIPEACIAIOTCS PEKYPPEHTHOH (popMyIIon

J, =J, & i (20)

Bripaxenue (19) mokassiBaer, 4T0 ¢ pOCTOM KOJWYECTBA XOJIOB YMEHBIIIE-
HUS yJIEIbHOW 3arpsI3HCHHOCTH NMPAKTUYECKH HE TPOUCXO/IUT, T. €. HE0OXOoanuMa
3aMeHa padouero pacTBopa Ha HOBBIH.

[To momy4yenHbiM (opMynaM ObUIa COCTABICHA KOMITBIOTEPHAs MPOrpam-
Ma, TIO3BOJISIFOIIAs PACCYMTATh KOJMYECTBO IUKIOB PabOTHl YCTPOHCTBA, MpPO-
JIOIDKATETTHHOCTh OYUCTKU U CTENEHb yIAICHHs KObMATaHTa Ha KaKIOM dTare
paboThL.

Ipumep

PaccmotpuM paboTy yCTaHOBKH JUIsI PEBEPCHBHO-PEAreHTHON 00pabOTKH
(bUIBTPOB C HUCIOIB30BAHUEM JIBYX PA3JIMYHBIX PEAreHTOB: COJITHON KUCIOTHI U
JIUTHOHUTA HATPHSL.

Hcxoonvie oamnvie: puamerp ¢Quiabtpa Dy =273 MM; IuaMeTp KaMmepbl
Dy = 219 MM; TONIIMHA TPaBUIHON 00CHIKY & = 89 MM; yACTBHBIA 00BEM OT-
JOXKeHUH KoimbMaranTta by = 0,1; HayambHas MOPHUCTOCTH cpenbl 1y = 0,3; HackI-
IMIEHHOCTh MOPOBOT0 MPOCTPAHCTBA ocaakoM Yy = by/ny=0,1/0,3 = 0,33; miot-
HOCTh KOJbMATAaHTA Py = 2250 Kr/M’; JUIHHA 0OpabaThIBAEMOr0 yuacTKa (hHib-
Tpa L = 0,4Mm.
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KompmaranT npezacraBiser co00ii MHOTOKOMIIOHEHTHYIO CHCTEMY, BKITIOYa-
FOIIYIO COJIM KaJIbIIMsI, MarHus, Maprania (kapOOHATHI), COSTUHEHHUS JKee3a B
BUJE THAPOKCHAA, OKcuaa, cyinbduna, gocdara [12]. Ho tak kak B cocrase
KOJIbMaTaHTa MpeobagaroT COeTUHEHNS JKeTe3a, Jalee sl yIpOIeH s pacye-
TOB Oy/eM IpUHUMATh, 9YTO KOJbMaTaHT coctout u3 Fe(OH);.

Macca konabpmaTanTa M, MOKET OBITH OIpeaesieHa N0 CTENEHNU HACBIIICHHO-
CTH TIOPOBOTO IIPOCTPAHCTBA KOJIBMATHPYIOMIMMH OOpa30BaHUSIMH O B 00BEMe
HOp IpaBUIHOM 00CHINKU W, IO pOpMyITE

M =xp W oo = AP TR, =13 ) Lyg, (21)

I71€ px — IUIOTHOCTHh TBEPJBIX YacTHUI] CKeJeTa ocajka, U3MeHsdeTcs oT-1,7
710 3,1 r/eM’; R, — pamuyc TpaBUitHOM OGCHITIKIL; 7y — paauyc GuiIbTpa; Ly~ 1H-
Ha QUIBTpA; 1y — HaYaJbHasl OPUCTOCTh TPABUHHON OOCHINKH; ¥, — HACBIIICH-
HOCTb [TOPOBOT'O IPOCTPAHCTBA.

IloncTaBuB MCXOJHBIE JaHHBIE, TOJIYYUM

M, =0,33-2250-3,14-(0,225* —0,136)-0,4-0,3=9 kr.

Pereﬂepauml € MCIO0JIb30BAHUEM COJITHOM KHUCJIOThI

[IpounsBenemM TeopeTHUECKUi pacueT 3aTpat coystHOM kucaoTel 100%-i1 kon-
LEHTpalMi Ha PACTBOPEHHE KOJIbMAaTaHTa M3BECTHOI'O XHUMHMUYECKOTO COCTaBa.
Beenem o0o3Hauenne M.B. — MonexynapHbIii Bec.

Peakuus pacTBOpeHHs KENE3UCThIX COSAUHEHUN C COISIHOM KHCIOTON Mpo-
HCXOIUT II0 yPaBHEHUIO

2FeO(OH) + 6HCI = 2FeCl; + 4H,0. (22)

CornacHo (22) u paHee onpeAeIeHHOMY 3HaueHHI0 M, HaX0aAuM Tpedyemoe
KOJINYECTBO COJISIHOM KHMCIJIOTBI U3 CIIEAYIOIIEr0 BBIPAKECHU:

M, -MB.q

(23)
M'B'FeO(OH)

Myc) =

MonekyIsspHbIA BEC COEAMHEHUI:
M.B.reoomy = 55,8 + 16 - 2+ 1 = 89 r/mous;
M.B.yer=1+35,5=36,5 r/mMmo15;

M.B.feci; =55,8 + 35,5 - 3 =162,3 r/mob.
Torma

My = % =11,07 xr.

Uccnenoannsa [12] mokazamu, uto mpu 20%-H KOHIEHTpAIMH pacTBOpa
COJISIHOM KHCIIOTBI MIPOMCXOOUT HambOosee 3PQPeKTUBHOE PacTBOPEHUE KOJIbMa-
TaHTa B NpuuiIbTpoBOi 30HE. Ompenensiem o0beM 20%-ii CONSHON KHCIO-
161 HCI
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m
— HCI1
VHCIZO% - C > (24)
HCI™~20%

TA€ Phcl — INIOTHOCTD COJSTHOM KUCTOTHI; Cyg o, — MACCOBAsI KOHIEHTPALIUS COJISI-
HOM KHUCJIOTEL.
IToncTaBuB YMCIOBEIC 3HAYCHUS, TOTYYUM

11,07

0,5 oM.

O6beM pacTBopa constHO# KucaoThl 20%-1 KOHIIEHTpAIMH, TTOMEIIAOIIET0-
sl B CKBXUHY JIMHOM 0,4 M, V., = 31 e

W3 mony4eHHBIX MaHHBIX BHIHO, YTO IJISi PACTBOPEHHS 9 KI KOJIHMATaHTa,
KOTOPBIH CONEPIKUTCS B TPABUITHOM OOCHITTKE CKBXXKHHBI TiHOU 0,4 M, HE00XO0-
numo 11,07 xr consinoit kucnotel 100%-# koHuenTpauu wiu 50,5 e 20%-it
COJISTHOM KHCIOThl. HO B CKBaXXMHY C HOMOILbIO YCTPOHCTBA HU3-32 T€OMETpUYE-
CKHX Pa3MepOB MOYHO 3aJIiTh TONBKO 31 aM 20%-ii consuoit kucnotst. Crreno-
BaTeJbHO, OyIeT HEOOX0IMMa JIOJIMBKA PeareHTa npu padoTe yCTPOHCTRa.

Jns pacdera mo mpeIoKEHHOM mporpamme HeoOXOAWMO 3a1aTh MpPeellb-
Hyto koHneHTparmo FeCl;, koTopast OymeT B pacTBOpe NMPH B3aWMOJICHCTBUH
coystHOM KUCIOThl 20%-i KOHIEHTPAIMKU U KOJTbMATaHTA.

CornacHo (22) m paHee ONpPEIeIeHHOMY 3HA4YeHHWIO M, HAXOOUM Maccy
XJIOpHUJIA XKEJIE3a Mpeciz U3 CIESAYIOLIEr0 BBIPAKEHUS:

Myc;MBup,  11,07-0,3246
M.B ¢ 0,219

=16,4 xr. (25)

Mgecy, =

MakcumanbHast KOHICHTpAIUA XJIOpUaa Keje3a OIpeaACIsACTC 110 (l)OpMYJ'IG

m
Mrect, _ lg’l 4 0,529 kr/m’. (26)

CmFeCl3 = %
p-pa

B nporpaMMy 3aHEceHsI cieIyroImye HCXOIHbIE JaHHbIE:

— HayaJlbHasi MOPUCTOCTh cpenbl 7y = 0,3;

— yIeNbHBIH 00beM oTioxeHui by = 0,1;

— IUIOTHOCTH KOJIBMaTaHTa p, = 2250 Kr/M° ;

— niauHa oOpabaTeiBaeMoro yuactka ¢unbrpa L = 0,4 M;

— IUaMETp 3epeH IPaBUMHON 3arpy3Ku dy = 1 MMm;

— MaKCHMalbHasi KOHIICHTPAIHS XJIOPH/IA JKelie3a B JaHHOM 00beMe pearcH-
Ta Cyreci; = 529 Kr/M;

— CKOPOCTb IBMKEHUSI pearcHTa B 3aKOJIbMaTUPOBAHHOM 3arpy3ke v =2 cM/c.

PesynbTathl pacyeToB:

— BpeMs IIpoxoja pereHToM yuyactka jiauHou 0,4 m T = 20 c;

— TIPOJIOJDKUTEIHPHOCTD TPOMBIBKH ydacTKa MIHHOHN 0,4 M T o6, = 80 c.
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3HavYeHMS YIASTHHOTO0 00beMa KOJIbMAaTaHTa B TPABUITHON OOCHITIKE C HCTIOMh-
30BaHUEM COJISTHOHM KUCIIOTHI MPEICTABIICHEI B Ta0I. 1.
Tabauya 1
3HavueHHus YAeJbHOTO 00beMa OTJIOJKEHHI KOJIbMAaTaAHTa B rpaBm”moﬁ 0o0ChINKe
Ha KaK/I0M LIMKJIe pereHepanyvu ¢ MCrnojib3oBaHueM COJISTHOM KUCJIO0TBI

The values of the specific volume of the mudding element deposits in the gravel package
at each cycle of regeneration using hydrochloric acid

IlepBas 3anuBKa pearenra Bropas 3anuBka pearenra
Howmep V nenbHBIA 00BEM OTIIOKEHHAH Howmep V nenbHBIA 00bEM OTIIOKEHAH
LUK B KOHIIC LIMKJIa b LUKIIa B KOHIIC LIMKJIa
1 0,014280 1 ~0,01
2 0,011582
3 0,011464

IIpoBepka Moxy4YeHHBIX TaHHBIX

[TepBoHaYaIEHO YACIBHBIA 00BEM OTIIOKEHMU cocTaBisul by = 0,1. ITocme
3aIMBKU peareHTa M YeThIpeX IMKJIOB IBIKCHUS pearcHTa B TPpaBUIHON 3a-
KOJIbMaTHPOBAHHOI 3arpy3Ke yAeIbHbIH 00beM oTinoxkeHuit coctasui b = 0,01.

Macca ocraBuierocsi KoibMaTaHTa pacCUUThIBaeTCs o dopmyie (21) ¢ yue-
TOM M3MEHEHHS yIETbHOTO 00beMa OTI0KEHHH

M. =0,033-2250-3,14-(0,225* —0,136°) -0,4-0,3=0,89 xr.

K.OCT

CriefioBaTeNbHO, Macca YIQJICHHOro KojibMaranTa My, BBIYHCISETCS 10
bopmyne
MK,y =M —Moer =9 — 0,89 =8,11 kr. (27)

Iocie veTplpex NUKIOB JBMXKEHUS B 3aKOJHbMAaTUPOBAHHOW 3arpy3ke KOH-
LEHTpaIus pacTBOpa costHOM KucioThl ¢ 20 % cranoButcs 1,9 %.

Perenepamm C UCMTOJIB30BAHUEM JUTHOHUTA HATPUA

[IpousBeneM TeopeTndeckuil pacuer 3arpar aurtuonurta Hatpus 100%-i koH-
LEHTPALK Ha PaCTBOPEHHE KOJIbMAaTaHTa U3BECTHOI'O XUMUUECKOIO COCTaBA.

Peakuust pacTBOpeHMs JKENE3UCTHIX COCAMHEHMH C JUTHOHUTOM HATpHUs
MIPOUCXOANT MO YPAaBHEHUIO

2FC(OH)3 + NaZSZO4 +2H = Fez(SO4)3 + NaZSO4 + 4H20 (28)

CorracHo (28) u paHee onpeaeIcHHOMY 3HaUeHUI0 M, HaX0IuM Tpedyemoe

KOJIMYECTBO AUTUOHHUTA HATPUS U3 CICAYIONIETO BRIPAKCHIS:
M MB.\, 50,

m =
Na,$,0,
M'B~Fe(0H)3

(29)

MonekynapHsIil BEC COEAUHEHUI:

M.B.eomy; = 55,8 +16 -3+ 1 - 3 =106,8 r/mons;
M.B.Naps,04 =23 -2+ 32-2+16 -4 =174 r/™monb;

M.B keys04); =55,8 - 2+32-3+16 - 12 =399,6 r/mons.
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Torna

My, 5,0, = 2-0,174 =7,33 kr.
0,2136

YCTaHOBIEHO, YTO ONTHMAJIBHBIM YCJIOBUEM PACTBOPEHHUS >KEIE3HCTOrO
KOJIbMATaHTa SBISCTCS] KOHIICHTPAIUS PacTBOpa TUTHOHUTA HaTpus 6—8 % mpu
temmneparype He Boie 18 °C. Jlo6aBka 1 % tpunonudocdaTa HATPHS B pacTBOP
MO3BOJISIET MPEAYIPENUTh TOBTOPHOE OCAXKICHWE THAPOKCHAA >Keie3a B Ipo-
mecce obpabotkm [12].

O6bem 7%-r0 pacTBOpa JUTHOHHUTA HATPHUSA, TOTydeHHBIN 13 7,33 KT AUTHO-
uHuta Hatpusa 100%-i koHneHTpanmn, 6yaet paser 104,7 .

W3 nmony4eHHBIX NaHHBIX BHUJHO, YTO IJIS PACTBOPEHHUS 9 KI' KOJIHMATaHTA,
KOTOPBIA COJICPKUTCSI B TPABUHHON OOCHINTKE CKBaXXWUHBI HIHHON 0,4 M, Tak ke
KaK U B CJIy4ae C COJITHOM KUCIIOTOH, HeoOXoMMa JI0JIMBKa peareHra npu pabdo-
T€ YCTpOICTBA.

Jns pacuera mo mpeayioKEHHONW NpOTpaMMe HYKHO 3a/aTh MpeAesbHYIO
koHieHTpamuio Fey(SO,);, xoTopas OymeT B pacTBOpPE NMPH B3aUMOJICHCTBHH
TUTHOHUTA HATpUA 7%-1 KOHIIEHTpAllK U KOJIbMaTaHTa.

CormacHo (28) m paHee OMpenEICHHOMY 3HAa4YeHHUIO M, HaXOAUM Maccy
cynbara xemnesa

m M.B. .
Mee. 500y, = Na,S,0; Fe,(SO,); _ 7,33-0,3996 16,834 xr. (30)
2y M.B.NazSzO4 0,174

MakcumanbHas KOHIOCHTpAanus cynb(baTa Keie3a COCTaBUT

Mg, s0,), 16,834

2( 4)3 [/
p-pa 31

=0,543 xr/am’. (31)

B nporpamMMy 3aHOCHM cleqyIONINE UCXOIHbIE JaHHBIE:

— HayaJlbHasi MOPUCTOCTh cpenbl g = 0,3;

— YIeNbHEIN 00beM oTnoxenuit by = 0,1;

— IJIOTHOCTB KOJIbMATAHTA Py = 2250 Kr/M’;

— nuuHa o0pabaThiBaeMOro ydactka ¢uistpa L = 0,4 M;

— IMaMEeTp 3epeH TPaBUHHON 3arpy3ku dy = 1 Mm;

— MaKcUMaJibHasl KOHIIEHTpAIHs XJIOpUAa Kelle3a B JaHHOM 00beMe pearcH-
Ta Cyyreys04); = 943 Kr/M;

— CKOpOCTB JIBM)KEHHS peareHTa B 3aK0JIbMaTHPOBAHHOM 3arpy3Ke L = 2 cM/c.

PesynbTathl pacyeToB:

— BpeMs IIPoxoj1a pereHToM ydactka jmaoi 0,4 m Ty = 20 c;

— TIPOJIOJDKUTEIHHOCTD MTPOMBIBKH ydacTKa IHHOHK 0,4 M T o6, = 80 c.

3HaveHHS YACIBHOTO 00beMa KOJIbMaTaHTa B TPaBUIHON OOCHITIKE C HCITONb-
30BaHUEM JIUTUOHUTA HATPHSI IPEICTABICHEI B Ta0II. 2.
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Tabauya 2
3Ha4yeHHUs yAeJBHOI0 00beMa OTJI0KEHHI KOIbMAaTAHTA B IPaBUIiHOI 00chINIKe
HA KaXK/I0M LIMKJ/Ie pereHepanun ¢ HCIo1b30BaHHeM JUTHOHUTA HATPHSA
The values of the specific volume of the mudding element deposits in the gravel package
at each cycle of regeneration using sodium dithionite

IlepBas 3a1uBKa peareHra Bropast 3anuBka pearenra
Howmep VY nenbHbINH 00BEM OTIOXKEHHUH Howmep VY nenbHbINH 00BEM OTI0XKEHUH
LUK B KOHIIE LIUKJIA b IIMKIIa B KOHIIE LIUKJIA
1 0,012011 1 ~0,0091
2 0,009239
3 0,009116

IIpoBepka mMoTy4eHHBIX JaHHBIX

[lepBoHayansHO yAENBHBIH 00beM OTIOXEeHHH coctaBisii by = 0,1. Ilocne
3aJIMBKH pearceHTa U YeThIpeX LUKJIOB JIBIKEHHS pearcHTa B TPaBUHHON 3aKO0JIb-
MaTHPOBAHHOM 3arpy3Ke yAeIbHBII 00beM oTioxkeHui coctapmi b = 0,0091.

Macca ocraBmierocst KoibMaTaHTa paccuuThIBaeTcs mo dopmyne (21) ¢ yue-
TOM U3MEHEHUS YIEIBHOT0 00heMa OTIIOKEHHUN

M, =0,03-2250-3,14-(0,225* -0,136%)-0,4-0,3=0,817 kr.
CJ‘ICZ[OBEITGJ‘IBHO, MaccCa yJaJICHHOI'O KOJIbMAaTaHTa BBIYUCIISICTCA 11O Q)opMyne
M =M -M,,, =9-0,817=8,183 k. (32)

K.OCT

Konnenrpamms 7%-ro pacTBopa AUTHOHHUTA HATPHS IIOCTE YETHIPEX LUKIIOB
IBIDKEHHA B 3aKOJIBMAaTHPOBAaHHOM 3arpy3ke ctaHoButcs 0,63 %.

BbIBO/IbI

1. PazpaboTana MeToarKka pacueTa MpOAOJDKUTEILHOCTH PaOOThl YCTAHOBKH
JUISE PEBEPCUBHO-PEAreHTHOW 00paOOTKU (PHIBTPOB, MO HCTECYCHUH KOTOPOM
YACTbHBIA 00BEM KOJIEMATHPYIOIIUX OTIOXKCHHIA B TPABHIHON OOCHITIKE OyIeT
CHHKEH J10 33JJaHHOTO YPOBHSL.

2. Jlns ommcaHus TpoIiecca pacTBOPEHHsS OTIIOKEHUH CIIOCOO0M pPEeBEpCHUB-
HO-pEareHTHON pereHepanyy CKBaXHH HCIOJIh30BaHA CHUCTEMa YypaBHEHHIA:
00BEIMHEHHOTO ypaBHEHUS JIBUKEHHSI U COXPAHEHWS MacChl M 0000IIEHHOrO
ypaBHEHUsI KHHETHUKH. [lyTeM MHTeTrpupOBaHUs YpaBHEHUSI KHHETHKH BBIBE/IEHA
aHAJIMTUYECKas 3aBUCHUMOCTH JUIA pacdera MPOJODKUTEIBHOCTH pPEreHepaliu
cios TpaBUiHOM 00chITKH. [lomyueHHas GopMyiia MO3BOJAECT pacCUUTaTh Bpe-
Ms, TI0 UCTEUEHNH KOTOPOTO yAETbHBIH 00beM KOJIbMATHPYIONINX OTIOKEHUH B
TPaBUITHON 00CKINKE OYJIeT CHIDKEH JI0 33JIAHHOTO YpoBHs. PaccMoTpeH npumep
pacdera HpOIOJKUTEILHOCTH pEareHTHOW o0paboTKH ydacTka (uibTpa NpU
KCIIOJIB30BAHUU COJISIHOM KUCJIOTHI U TUTUOHUTA HATPHUS B KAUECTBE PEArcHTOB.
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