Onepreruka. M3B. Beicul. y4e0. 3aBeaeHuit u sHepr. oobenunenuii CHI™. T. 59, Ne 2 (2016), c. 175-186
Energetika. Proc. CIS Higher Educ. Inst. and Power Eng. Assoc. V. 59, No 2 (2016), pp. 175186 175

DOI: 10.21122/1029-7448-2016-59-2-175-186
YIK 628.112

CoBepiiieHCTBOBaHHE KOHCTPYKIM A
B0/103200PHBIX CKBAKIH
U METO/JI0B UX KANUTAJBHOI0 PEMOHTA

B. B. UBameuxun?

UBeJ‘IOpyCCKHﬁ HaIlMOHAJBHBIN TeXHUYeckui yHuBepcuteT (MuHck, Pecrryonmka Benapycs)

© benopycckuii HaMOHAIBHBII TeXHUYECKHI yHUBepcureT, 2016
Belarusian National Technical University, 2016

Pedepar. [IpoBenen aHanM3 HEZOCTATKOB M MPEHMYINECTB OTAENBHBIX CIIOCOOOB BEITOJTHCHUS
KalMTaJbHBIX PEMOHTOB BBIMIEANINX U3 CTPOsI CKBaKHH THUIIOBBIX KOHCTpPYKLHMH. PaccmoTpena
TEXHOJIOTHS KalUTaJIbHOTO peMoHTa cKBaKMHBI Ne 36 Bozmo3abopa «CeBepHsiity r: XKoauno cno-
co00OM YCTaHOBKM PEMOHTHOTO (DMIIBTpa MEHBIIEr0 JUaMeTpa BHYTPH BBIMIECIIIETO M3 CTPOS
¢ 0OCBIIKOM MeXTpyOHOro mpocTpaHcTBa rpaBueM. [lokazaHo, YTO TaKkOH PEMOHT MOXKET pac-
CMaTpHUBAThCS KaK BPEMEHHAs Mepa, MOCKONbKY yAENbHBIH A€OUT CKBaKHHBI M CPOK €€ CITYKOBbI
OyIyT CyLIECTBEHHO CHIKEHBI. J[Jisi MPOAJIEHUs CPOKaA CITyXKObl PEMOHTHPYEMbIX CKBAXXHH IIpe]-
JIO)KEHO OCYIIECTBILITH IPEABAPHUTEIBLHYIO pereHepanuio ux (uibTpoB. [lokazano, 4To Kampe-
MOHT CKB&XHH CIIOCOOOM H3BJICUCHHUs CTAporo (HIbTpa M 3aMEHbI €ro Ha HOBBIH MOXET OBITH
OCJIO’)KHEH Pa3pbIBOM KOJIOHHBI 10 CBapHBIM IIIBaM, PabOTAIOIIMM Ha pacTsHkeHHe. BhimonHeHa
MpOBEpKa MIPOYHOCTH KOJOHHBI, KOTOpas IOKa3ana, 4To TpeOdyeMoe MOABEMHOE YCHIIHE MOXET
MIPEBBINIAT JIOIMYCTHMYIO PAcTSATHBAIONIYIO CHITY A CBApPHBIX IBOB HM3-32 3HAUUTENBHBIX CHII
TPEHHsI KOJIOHHBI O TPYHT. [loy4eHo BhIpakKeHHe ISl pacueTa TpeOyeMoro NoAbeMHOTO YCHIIHS
JUISL U3BJICUCHHMS IKCIUTYaTAllMOHHOH KOJOHHBI C (DMIBTPOM TOJIBKO CTAaTHYECKOM CHIION, B KOTO-
POM crITy TPeHHUs 3aKOJIIbMAaTHPOBAHHOTO (YMIBTPA O MOPOJY MPEIOKEHO ONPEEeISITh 10 GopMy-
JaM pacdera Hecymeil cmocoOHoctH OypoHaOMBHON cBam, paboraromieil Ha BBIIEPIHBAIONIHE
Harpysku. I[J'[S[ CHMKCHUA HOABEMHBIX yCI/I.]'IHﬁ yTeM YMCEHBIIEHUSI CUJI TPECHHUSA 3aKOJIbMAaTHUPO-
BaHHOTO (DMIIBTPAa O MOPOJY IPEIOKCHA YCOBEPIICHCTBOBAHHAS KOHCTPYKIHMS CKBAKHHBI CO
CMeIIaeMbIM BHU3 (QHUIBTPOM, IPU3HAHHAS H300peTeHneM. Takas KOHCTPYKIUSI CKBayKHHBI TI03BO-
JIAET IPU BBIXOAC (bnanpa M3 CTPOs CHadaJla BHCIIHUMHU YOapHbBIMH YCHWJIUMSAMHU CMECTUTH BHH3
(cOuTh) BCIO (GMIBTPOBYIO KOJIOHHY BHYTpPb CIICHUAIbHOW THIIB3bI, PA3MEIIEHHON HIKE OTCTOM-
HHKa, & TOJIbKO MOTOM H3BJICUb (DMIBTPOBYIO KOJOHHY M3 CKBaXXHHBI CHIDKEHHBIM TSATOBBIM YCH-
meM. W3 ypaBHEHHs sHepreTuueckoro OajaHca Uil BEPTHKAIBHOTO CMEIIEHUS KOJIOHHEI TPYO
CKBKHHBI IT0JIy4€HO BBIPOKCHHE I pacueTa Beca yJapHOW 4aCTH MOJIOTa U BBICOTHI €€ MaJICHUs
HPH KaIPEMOHTE CKBAKHHBI YCOBEPIICHCTBOBAHHONW KOHCTPYKLIHH.
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Design Development of the Water Supply Wells
and Methods of their Capital Repair

V. V. Ivashechkin"
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The article presents analysis of shortcomings and benefits of individual techniques for
the capital repair of out-of-commission water wells of standard designs. The author considers the
capital repair procedure of water well No 3B of Zhodino ‘Severniy’ water supply point by means
of installing a repair filter of smaller diameter inside the failed one, cushioning the tubular annulus
with gravel. It is shown that this kind of repair can be considered a temporary arrangement inas-
much as the water well specific yield and service life period will reduce significantly. For prolon-
gation of the useful life of the water wells, the paper suggests performing preliminary unloading of
their filters. The study reveals that the well capital repair by means of extracting the old filter and
exchanging it with a new one can be complicated by the column burst along the welding joints
working in tension. The performed column strength test demonstrated the fact that the required
heave might exceed the welding joint tolerant tensile force owing to considerable friction of the
column against the ground. The author arrives at a design equation of the heave required for
extracting the production column with the filter applying only the static force. In which they offer
to determine frictional force of the mudded filter against the formation from calculating formulae
of the supporting power of an augered pile working with pulling loads. For decreasing the heaves
via reducing frictional loads of the mudded filter against the formation, an improved design of the
water well has been introduced recognized as an invention with the filter capable of downward
biasing. Such water well design allows at the filter mud fill in the first instance the entire filtering
column to be biased (knocked) down inside a special sleeve placed lower the settler by applying
external buffing force, and then only extracting the filtering column out of the well by decreased
traction pull. The energy balance equation for vertical displacement of the water well pipe column
results in the computation expression for the hammer striking part weight and its drop height du-
ring the capital repair of the water well of improved design.

Keywords: water well, capital repair, filtering column, sleeve, hammer, traction pull
For citation: Ivashechkin' V. V. (2016) Design Development of the Water Supply Wells

and Methods of their Capital Repair. Energetika. Proc. CIS Higher Educ. Inst. and Power Eng.
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BBenenue

OnHOW M3 IVIaBHBIX IPUYMH BBIXOJA BOJ03a0OPHBIX CKBOXHUH U3 CTPOS
B TIPOLIECCE IKCIUTyaTalllH SBJSIETCS IECKOBaHUE, KOTOPOE MOXKET OBbITh BBI3Ba-
HO: cy(do3nelt IacToBoro necka uepe3 GuUIbTp Py HEMPABWIHBHOM HOI00pE
TPaBUITHOM OOCKHITIKH; BEIHOCOM IIeCKa IPH BBIXOJIE M3 CTPOsI cadbHUKA ((PHIbTp
YCTAHOBJICH «BIIOTai»); KOPPO3MOHHBIM M abpa3uBHBIM W3HOCOM BOJONPHEM-
HOW IOBEPXHOCTH, a TAKXK€ €€ Pa3pylLICeHHEM B pe3yibTaTe HMITYJIbCHOM ne-
KonpMaTauuu [1]. B mpakTuke MOKHO BBIAEIUTH TPU OCHOBHBIX METOJa Kampe-
MOHTa: 1) YCTpOWCTBO 3alIMTHOM TpaBUWHOW MPOOKH B HIDKHEH MECKYOIIEH
gactn (punbTpa; 2) YCTAaHOBKY PEMOHTHOTO (MIbTpa MEHBINErO JHaMeTpa
BHYTPH TMECKYIOMIETO (GUIBTPa; 3) W3BIEYEHNE BBIMIEAIIECTO U3 CTPOs (PUIBTpa
Y 3aMEHY €ro HOBBIM [2, 3].

[lepBrIit MeTOx camBIi TIPOCTOM M HE TpeOyeT MPUMEHEHHS CIEITEXHUKH.
OnHako 37ech HeoOXoAMMa TOo4YHass MHQOpMAIMSA O TOM, YTO MPUTOK IecKa
B CKB2)XHHY MTPOMCXOJIUT TOJIBKO Yepe3 HUKHIOW YacTh QuiibTpa. KanmuTanbHbli
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PEMOHT CKBa)KMHBI CBOJMTCS K 3aCBINKE MECKYIOIIEH HIDKHEH 9acTh (UIbTpa
e0eHKOM WITH KPYITHBIM TPaBHEM.

Mertoa ycTaHOBKH HOBOTO ()MIIBTpa BHYTPh NPUMEHSIOT, €CIIH CTapblii pas-
PYIIEH WIX BBIMIET W3 CTPOS CaJbHHK, a QWIBTP MMEET JOCTATOYHO OOJBIION
muametp (=200 mm). HoBblif GuimbTp MeHbBIIETO IHaMeTpa OITyCKAroT Ha MITaH-
rax, oOCBIMAIOT TpaBUEM, IITAHTH yNAIAIOT. HemoctaTok AaHHOW TEXHOIOTUH
3aKJFOYAeTCS] B OTCYTCTBHW OIEpAIlMl TIPEABAPUTENHFHON JIEKOIbMAaTAIHH
BHENTHETO rpaBuiHOTO (QrbTpa. [loaTOMy OBICTpPO pacTeT KOmbMaTaXK, CHHAYKA-
I0TCS IEOUT U CPOK CITYKOBI CKBRKHUHBI.

Tpertuit cioco® KampeMOHTa 3aKIfo4YaeTcs B MogbeMe (DUIbTpa Ha MOBEPX-
HOCTh W 3aMEHe ero HOBbIM. Ha mpakTuke W3BieYs QUIBTP yAaeTCs He BCeraa
n3-3a OOJIBIINX CHJI CLETUIeHNsT QUIIBTPa C TIOPOJIOH U pa3pbiBa CEKIMH IO CBap-
HBIM IIIBaM, pabOTaONIUM Ha pacTsHKeHHe. DTO 00yCIOBIEHO T€M, YTO B MpHIIe-
raromeM K GUIbTpy Ciioe rpaBusi 00pa3yeTcs MPpUPOTHBINA IIEMEHT 00pacTaHus,
MIPOYHOCTH KOTOPOTO MOXKET AocTurats 2 Mlla.

B cBsi3u ¢ M310KEHHBIM BBINIE METbI0 PAOOTHI SBISUIMCH COBEPIISHCTBOBA-
HUE METOJIOB KaIlMTaJbHOTO PEMOHTA CKBa)KMH THIIOBBIX KOHCTPYKIHUH, co3/1a-
HUC CKBKUH HOBBIX KOHCTPYKIHUH C 3aMeHseMbIMH (DHIBTPaMU U pa3paboTKa
METOJIMKH pacyeTa YCHIUH ISl UX U3BICUCHHUSL.

KanutajgbHbIi peMOHT CKBA:KMHBI THIIOBOI KOHCTPYKIMHU

OTpaboTKy TEXHOJOTHH KAIMTAIBHOTO PEMOHTA THIIOBBIX CKBKUH IPOMU3-
BoAMIU Ha apte3uaHckoi ckBakuHe No 35 (128290/96) Bomozabopa «CeBep-
Hbliy T. XKoauuo rnyounoi 94 m. CkBaxkuna npoOypena 01.06.1996, ocnamena
MIPOBOJIOYHBIM GIIIbTpoM AuamerpoM 325 mm (12") B mHTEpBase ot 73 m0 93 M.
OO6cnenoBanne mokas3ano, 9ro ¢ 1996 mo 2002 1. CKBaKHWHA CYIIECTBEHHO
(B 2,3 pasa) cHu3Mia yaenbHbli gebut or 7,0 10 3,1 M*/u. JlaHHBIE 3aMepoB
npeacTaBiIeHsl B Ta0u. 1.

Tabruya 1
TuapaBanyeckne XapakTepUCTHKH CKBaKMHBI Ne 3B
Hydraulic properties of water well No 3B
Crarnueckuii | ITonmxkeHue Jebur, | YnaenbHbIN
[ata 3amepa 3 5

YpOBEHb, M YPOBHS, M M /q neouT, M°/4
Tocne 6ypenns (01.06.1996) 11 10 70 7,0
o Texymero pemonTa (19.09.2002) 11 13 40 3,1
Ilocne Texymero pemonra (20.09.2002) 11 3 40 13,3

20 cents6ps 2002 T. mpH y4acTHHM aBTOpa TPOU3BEICH TEKYIIUH PEMOHT
CKBa)KHMHBI, KOTOPBIN MPEICTaBILIT CO00M pabOoTHI MO IEeKOIbMAaTaIui (GUIBTpa
ra30MMITYJIbCHBIM METOJIOM Ha OCHOBE B3pbIBa ra3oBoii cmecu 2H, + O, B mo-
JIOCTH (GMIbTpa U IpAUGTHEIE MPOKAYKH 10 M Tocie o0paboTku. B3pwIBEI OCy-
IIECTBIISUINCH B TIOJMY3aMKHYTOH Kamepe ¢ 3amacaeMoil sHepruer 56—60 k/[x.
Bcero mpousBeneHa ofHa cepusi UMIYJILCOB MO BCeMY (QUIBTPY C HHTEpBa-
som 0,15 M. JlanHbIe TIO pe3yibTaTaM 00paOOTKY MPUBENEHBI B Ta0M. 1.
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B pesynbrate 00paboTku GuiabTpa IOCTHTHYTO yBEIWYEHHE YICIBHOTO JIe-
6uta B 4,3 pa3a 10 OTHOIIECHUIO K yAETHHOMY AeOUTY 10 00pabOTKH, YTO COOT-
BercTByeT 190 % OT HauaibHOTO NpU OYpPEeHUH U YKa3blBaeT Ha IUIOXOE OCBOe-
HHUE CKBaXXHMHBI [IPU ClIau€ €€ B 3KCILIyaTaluio OypoBoi opraHu3anuei.

12 mas 2010 r. npou3BeneH KanmuTaIbHEIIH peMOHT (puc. 1) ckBakuHbBI Ne 3b.

a

Puc. 1. KanuranbHbli peMOHT
ckBakuHbI Ne 36 (28290/96):
a — U3BJIeUYeHNE OYPOBBIX IITAHT;
b — o6mwuii Bu GUIBTPOBOI KOJOHHEI
nepes CIyCKOM B ckBaxxuHy Ne 3;
€ — KOHCTPYKIIMSI CKBa)KUHBI TIOCIIE KallpEMOHTAa;
1 — KOHIYKTOP; 2 — EMEHTaIUs;
3 — BKCIUTyaTaI[MOHHAsl KOJIOHHA;
4 — HanduneTpoBas Tpyda; 5 — HApYKHBIH
(bunbTp; 6 — BHYTpEeHHUH QUIBTD;
7 — rpaBuiiHas 00CHINKA; § — OTCTOWHUIK;
9 — OypoBsle mranry; 10 — MydTa ¢ J1eBoii pe3p0oit

Fig. 1. Capital repair of water well
L No 3B (28290/96): a — drilling rods extraction;
FeEs/180 b — overall view of the filtering column before
descending into water well No 3;
¢ — construction of the water well after the capital repair; 1 — conductor string; 2 — cementation;
3 — production column; 4 — above-filter pipe; 5 — outside filter; 6 — inside filter;
7 — gravel package; 8 — settler; 9 — drilling rods; 10 — left-threaded sleeve

CocraB pabot: moBTOpHas oOpaboTka (IbTpa TOABOAHBIMUA B3pPHIBAMHU
cmecu 2H, + O, ¢ menbo yaaneHusI OTIOXKEHUH; OTKaYKa CKBaKUHBI IPIUDTOM;
YCTaHOBKA BHYTPh CKBAYKHHBI HOBOU (DUIBTPOBOI KOJOHHBI AHaMETpoM 159 mwm,
AMEIONIEH OTCTOMHWK ImuHOW 1,5 M, TpOBONOYHBIA GHUIBTP MIUHON 18 M
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C HAMOTKOW M3 HEP)KaBEIOIIEH CTAIbHOM MPOBOJIOKH TpaleleuaaibHOrO ceue-
HUS BBICOTOHM 2 MM ¢ rarom 1 MM Ha TpyOUaThlii kKapkac, HaI(QIETPOBYIO TPY-
Oy mymHoi 10 M; 3achllKa rpaBusi B MEXXTPYOHOE MPOCTPaHCTBO (puc. 1).

Cryck HOBOW (MIBTPOBOI KOJOHHBI OCYIIECTBIISIIN aBTOKpaHOM Ha Oypo-
BBIX LITAHIaX, 3aKPEIUICHHBIX K €€ BEPXHEH 4acTH ¢ IOMOLIbI0 My(THI C JI€BOI
pe3b0oii (puc. 1b). [Tocne ycTaHOBKM (UIIBTPOBOI KOJOHHBI Ha JHO CKBAKHHBI
ee o0chIIany rpaBueM H, Bpaias OypoBBI€ IITAHTH BIIPaBO, OTKPYIHBAIH MY]-
Ty € JIeBOH pe3p00il ¥ MOJHUMAIN IITAHTH Ha TIOBEPXHOCTb.

Pe3ynbTaThl HCTIBITAHUI CKBRYKMHBI IPEACTaBICHBI B TA0. 2.

Tabauya 2
Pe3yabTaThl rupaBJM4YecKHX UCIBITAHUI CKBaXKMHBI Ne 3B
Water well No 3B hydraulic test results
Bu oTkadKi JlnHaMu4YecKui [Tonmwxkenue Jleour, W yZ[eJlebzIPI
YpOBEHb, M YPOBHS, M neduT, M°/4
J1o razouMITyTbCHOM
00paboTKH 25,0 4,0 24,0 6,0
[Mocie o6paboTku 12,3 1,3 16,0 12,0
ITocne xkanuTanbHOTO
pemMoHTa 12,2 1,2 14,0 11,5

HcnpiTanust mokaszaly, 4YTO MOCPEICTBOM Ta30MMITYJIBCHOH 00paboTKu
YAENBHBIA NeOUT CKBaXUHBI TEpe]] KaUTAIBHBIM PEMOHTOM YAAJOCh YBEIH-
auTh B Ba pasa (0T 6 10 12 M*/), 4TO MO3BOIMIO YACTHUHO YAAINTH KOIbMa-
TUPYIOIIME OTJIOXKEHHS W3 (QUIbTpa W TPaBUHHON OOCHIIKH. DTa onepauus
Heo0X0MMa, TaK KaK TOCJIE€ YCTaHOBKHM PEMOHTHOTO (uibTpa oHa Hedddex-
TBHA. B Hactosmee Bpems ckBaxuHa Ne 36 HCTIONb3yeTcsl MEPHOAMYECKH IS
PO3TUBA BOBI.

Otcroma cremyer, 9To KampeMOHTY CKBKWHBI JIOJDKHA TPEIIeCTBOBATH
MMITyJIbCHAsI WUIM peareHTHass obpaboTka. Takoi THH peMOHTa OmpaBiaH, €CIH
3aKa3uuKa yCTPauBalOT HHTCHCUBHOE CTAPEHNE U HU3KHUH NeOUT CKBAXKUHBI, TIO-
CKOJIBKY -TIOOOHBIN PEMOHT CHIDKAET €€ CPOK CIY>KOBI M3-32 MHTEHCHBHOTO
KOJbMaTa)ka IBOMHOTO (UIIBTpA.

yCOBepIIleHCTBOBaHHaH KOHCTPYKIUA CKBAKHHbI
U ee KaNMTaJbHbII PEMOHT

J1J1s1 HOBBIIIIEHNST PEMOHTOIIPUTOAHOCTH B YaCTH BBITIONHEHHSI KAUTAIEHOTO
PEMOHTa TMPEATIOKeHa KOHCTPYKLMS CKBRXHWHBI CO CMEIIAEMBIM BHU3 (HIBT-
poM (puc. 2) [4]. B npennaraemoii ckBaxune (puc. 2a) moj QUIbTPOM HUCKYC-
CTBEHHO CO3[aHa II0JIOCTh, B KOTOPYIO Mepes H3BICUEHHEM MOKHO IMOCpe.-
CTBOM yJapa WIH CTaTHYECKOr0 HArpyXeHHs CMECTHTh (MIbTp, a 3aTeM C
MEHBIIUMH MOJIBEMHBIMU YCHIIMSIMH HM3BJIEYb €T0 Ha MOBEPXHOCTH. KoHCTpyK-
THUBHO POJIb MOJIOCTH MIPAET THIIb3a, BHYTPH KOTOPOW C TIOMOLIBIO CPEe3aeMbIX
IINIJIEK 3aKpeIuieH OTCTOWHUK (MIBTPOBON KOJOHHBI, CHaOXXEHHBIN 3aXBaT-
HOM CKOOOH.
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Puc. 2. KoHCTpyKIMH BO/103a00PHBIX CKBOKHH CO CMEIIAEMBbIMU BHU3 (HIBTPaMHU,
YCTaHOBJIEHHBIMU: a — «BIIOTal» C JNIMHHOM T'MIIb30H; b — HA OCHOBHOI KOJIOHHE)

C KOPOTKOH I'MiIb30M; 1 — KOHAYKTOp; 2 — 3aTpyOHAast IIEMEHTALHS; 3 — SKCILTyaTallHOHHAs
KOJIOHHA; 4 — GUIBTPOBas KOJIOHHA; 5 — HanGUILTPOBast Tpy6a; 6 — GuibTp; 7 — OTCTONHHUK;
8 — naue; 9 — 3axBatHas ckoba, 10 — runp3a; 11 — qaume; 12 — mmwieky; 13 — 3y0bs;
14 — oOchInka; 15 — calbHUK

Fig. 2. Designs of the water wells with filters capable of downward biasing, installed:
a— ‘flush’ with long sleeve; b — on ‘the main column’ with short sleeve;
1 — conductor string; 2 — annular cementation; 3 — production column; 4 — filtering column;
5 — above-filter pipe; 6 — filter; 7 — settler; 8 — bottom; 9 — clevis; 10 — sleeve;
11 — bottom plate; 12 — drift pins; 13 — teeth; 14 — cushioning layer; 15 — gasket

[Tpu kanmpeMOHTE B CTBOJI CKBa)KUHBI C MOMOLIBIO JieOeKH OypoBOTO yrnap-
Ho-kaHaTHOTO cTanHka (YKC) omyckaroT OypoBBI€ IITAHTH JO yIOpa B TOpPEI]
HanGUIBTPOBON TPyObl. BepxHuii KoHel] OypOBBIX LITAHT BBIBOJST HA YCThE
CKBaKMHBI TaK, YTOOBI OH BO3BBINIAJICS HAJ| OTOJIOBKOM, CHA0XAIOT yIapHHUKOM
1 cOpachIBAlOT Ha HETO C MOMOIIBIO JIOEAKH OYpOBOTO CTaHKA IPy3 3HAYUTEIIb-
HOHM MacChl. Y1apHOe yCHIIHe yepe3 OypoBbIe IITAaHTH IepeaeTcs Ha GuibTpo-
ByI0 KOJOHHY. Ecim macca rpysa momoOpaHa NpaBHIBHO, TO IOJ JICHCTBHEM
YIApHOH Harpy3Ku MPOMCXOIUT CPe3 MaTepHraia IIIMWIEK U epeMelIeHHe BHU3
(UIBTPOBOI KOJOHHBI BHYTPH T'MJib3bl. DHUILTPOBas KOJOHHA CMEIIAETCS BHU3,
IPeooNieBast CHIIBI TPEHUS U CUCIUICHUs ¢ IpaBUHON 0oOchImkol. Marepuan
(UIBTPOBOH KOJIOHHBI U CBapHBIX IIBOB pabOTaeT Ha C)KATHE, YTO HCKIIOYAeT
ero paspyuenue. [Io Mepe cMmenieHus BIOJb TPyHTa 3yObsi, BHINOJHEHHBIC H3
TBEP/IOCIUIABHOTO MaTepHalia, Pa3phIXJISIOT TPaBHIHYIO OOCHINKY, 4TO o0Jierya-
eT TOoCIeayIolee U3BJIeueHne (QUIBTPOBOW KOJIOHHBI HaBepX. 3aTeM OypoBbIC
IITAHTH JIOCTAlOT, B CKBAXHUHY OITyCKAIOT I'PY30BOil KPIOK, KOTOPBIA BBOMST
B 3alleT/IeHHe C 3aXBaTHOM CKOOOii, U mocpecTBOM JieOeIKu OypOBOTO CTaHKa
U3BJIEKAIOT QUIBTPOBYIO KOJIOHHY HAaBEPX.
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ITpn HEBO3MOXKHOCTH H3BJICYCHUS (DMIBTPOBOW KOJOHHBI €€ OCTaBIISIOT
BHYTPH <(JUIMHHOW» THWJIB3bI, COM3MEPHUMOU C IJTMHOW (HUIHTPOBON KOIOH-
HBl (puc. 2b). ['paBuiiHyt0 OOCHIIKY BBIOYPHBAIOT JOJOTOM, YCTAHABIUBAIOT
HOBYIO (DHIIBTPOBYIO KOJIOHHY M OOCBHITIAIOT €€ HOBOW TPaBUITHON OOCHITIKOH.

Ecnu HandunbTpoBas KOJOHHA BBIBEJCHA HAa YCThE CKBA)KMHBI (CKBaXKMHA
¢ (OUIBTPOM Ha «OCHOBHOM KOJIOHHEY), TO yAaphl TPY30M 3HAYUTEIHHON MacChl
HAHOCAT 1O HaAPWIBTPOBON TpyOe, CHAOAWB ee CIenHnaIbHBIM HArOJOBHH-
KOM, Y9TOOBI TIPEAOTBPATUTH CMATHE Kpas TpyOwl (puc. 2b). CkBaknHa OTOH
KOHCTPYKUHUH JUISI SKOHOMHHU CPEACTB JOJDKHA OBITh CHaO)KeHa «KOPOTKOIM»
THIIB30H.

Hanuure runb3el B HIKHEH 9acTH CKBO)XUHBI 00€CIIeYMBaET BO3MOXKHOCTh
JBIDKEHHS (PUIBTPOBOM KOJIOHHBI BHU3 IpH paboTe Marepuana CBapHBIX IIBOB
Ha CXaTue, 4To OOEeCleYMBACT HAAEKHBIH Cpe3 LEMEHTHUPYIOIIUX CBjI3ed Ha
KOHTaKT€ KOJIOHHBI M TPaBUHHON OOCHIIKH U COXpAaHEHHE IEIOCTHOCTH KOJIOH-
Hbl. [IpoBeprM, BO3MOXKEH JIH pa3pbiB mBa. OnpeaesinM Ajisi HEro J0IMyCTHMYTO
BEJIMYMHY PACTATMBAIOIIEi CHIIbl Py, U CPaBHUM €€ C IIO/bEMHBIM YCUIIHEM P,
HEOOXOIUMBIM JIJIsl M3BIICUYEHHs SKCIUTYaTallHOHHOHM = KOJOHHBI € (HIBTPOM
TOJIBKO CTaTHUYECKOH cuiioid. B [5] paccMoTpeHbl OCHOBHBIE TIOAXObI K ONpesae-
JICHUIO MOJBEMHOTO YCHIUS Py JINIIb CTaTHYECKOW HArpPy3KOM IPH KalUTallb-
HOM PEMOHTE BO03a00pHON CKBa)KUHBI.

VYcnoBrue MPOYHOCTH CBapHOTO IIBa BCTHIK HAa PACTSDKEHHE MPH W3BJICYEHUN
KOJIOHHBI MOKHO OTIPEAETUTH 10 Gopmydie [6]

% =§S[GEL M

rae F — 1uiomanp MOMEPevYHOro CeYeHUs] TPYObl HapyKHBIM IHAMETPOM dyo;

¥ TOJIIMHOW & B MecTe CBapku, F =nd, 8 [oc,] — momyctumoe HampsmkeHue

KOJII

JJIA SJICKTPOCBAPHLIX IIBOB.
Torna J0IIyCTUMad Harpys3ka Ha I10B

P, <nd,dc,] )

JomycTumble HampspKEHUsST ISl 3JEKTPOCBAPOUYHBIX IIIBOB, BBIMOIHEHHBIX
BPYYHYIO TOJICTOTIOKPBITBIMU dNEKTpoaamu, pasnel [o)]=0,8[c ], tae [o,]-
JIONYCTUMOE HampsbDKeHUe OCHOBHOro Mertamna. Eciam meramn mBa Cr3,
10 [0,] = 160 MIIa [6].

Mo dopmyne (2) HaxOAUM JOMYCTUMYIO CHUTY JJIsl IIBa TPH H3BJICUCHUH
TPYOBI (dion = 0,273 M; 8 =7 Mm = 0,007 m; metast msa Cr3; [o,]= 160 MIla):

P=0,8nd,,8[c,]1=0,8-3,14-0,273-0,007-160-10° =770 (kH). ~ (3)

KOJI

Pacuer cnmenan muist m1Ba BCTHIK, BBIMIOJIHEHHOTO PaBHOMEPHO IO BCEH TUIO-
maau Topria TpyOsl. OIHAKO Ha TPAKTHKE TaKOH IMOB He 00ecIieuymBaeTCs,
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MMOCKOJIbKY TPYObl MMEIOT (pacKH IOJ yriioM 45°, UX CBapUBAaIOT B BEPTHUKAJIb-
HOM TOJIOXKECHWH, ITOCTABUB OJHY TPYOy Ha JNpyryo. B nanHoM ciydae 1moB pas-
pymaeTcst Mo IUIOCKOCTH, uMeromed miomane F'=nd  dcosd5° = 0,7F.

[Tosromy momyctumasi cuia npu u3BnedeHnn 0yaet Ha 30 % MeHslte, T. €.
P'=0,7P=0,7 - 770 = 540 (xH). 4)

B 10 xe Bpems B [3, c. 294] yka3biBaetcs, 4To npu Harpy3kax 10 950-1000 kH
(UIBTPEI, Kak MMPABUIIO, HE MU3BJIEKAIOTCSA. DTO 3HAYMT, YTO MPH TAKUX HArpy3-
Kax TPOM30MIET pa3phIB CBAPHOTO IIBA.

[omwemHoe ycwnue P, TpU U3BICUECHUM OKCIUTYyaTallHOHHONW KOJIOHHEI
¢ GUIBTPOM TOJBKO CTATHIECKOW CHIION HAXOIUM ITO OpMYJIe COTIIACHO [5]

Po=Gt Fyy + Fpy = 8 Guorhion + dyly )+ NFH Fpy (5)
rae G — oO0Imui BeCc HM3BJIEKAEMOH DKCILUTYaTallMOHHON KOJOHHBI M (HIBTPA;
Firpx, f—cuna u ko3QpUIUEHT TpeHUs SKCILTyaTallMOHHOH KOJIOHHBI O OPO/IY;
Gxo1> ¢ — COOTBETCTBEHHO Macca | M IIOT. KOJOHHBI M (MIBTpPA, MMEIOMINX
JIHHBI [oq ¥ [y; N — ropu30oHTalIbHAs COCTABIAIONIAs OOKOBOrO JAaBICHUS MO-
POJIbl Ha KOJIOHHY; [y, ¢ — CHIIA TPEeHUsS QUIILTPA € «KOJIBMATAIllMOHHONW KOPKOM»
0 MOpo.y.

Cuiny N MOKHO OTPEAENUTh TI0 METOAMKE pacyeTa CHJl JaBICHUS Ha TIO-
nopHeie cTenku [7]. Halinem N (mpu HONyIIEHHH O TPEYroOJLHOW 3MIOpE pac-
MPEICICHUS TOPU30OHTANBHBIX HANPSHKCHUI OT TOPHOTO JABJICHUS IO TIIyOUHE)
Kak OOBEeM OJITIOPHI JABJICHUS, NEHUCTBYIOMIETO HAa KOJIOHHY JIUHOU [, H
HapYXHBIM TUAMETPOM d oy

N= 0’511«»1 (GB +0, )ndkon = O’Sllcon ':ZKaiyihi + (zKaiyihi + KanYnlmn ):' ndkon’
(6)

IA€ G,, G, — HAIIPSDKEHUE HA BEPXHEW M HWKHEW OTMETKaX KOJOHHBI; K,; — KO-
3 PUIMEHT aKTUBHOTO MABJICHUS i-TO CJOS TPYHTA TOJIIMHONW A; W yHElb-

HBIM BECOM 7V;; Ky, Yn — TO K€ BOJOHACHIIEHHOTO IPYHTa; K, = tg2(45° —O,S(p);

(.~ yroJl BHYTPEHHETO TpeHus IpyHra;y, = gp.(p, —1000)/p ; p¢, pPn — IIOT-

HOCTh CKEJIeTa ¥ TPYHTA BOJIOHOCHOTO IIIACTa.
Cuny TpeHus GuiIbTpa 0 MOPOAY OINpelneiuM 1o [8] Kak HEeCyIIyr CIoco0-
HOCTH OypOHAOMBHOM CBau, pabOTarOIICH Ha BBIICPTUBAIONINE HATPY3KU:

Frp,lb = YC ZuYCj'R/ihi H (7)

rae Y. — koadduuuent ycnosuit padotsL, y. ~ 0,8; u — oCpeTHEHHBIN MEPUMETP
MOMIEPEYHOTO CeUYeHUs (PUIbTpa ¢ «KOIBMATAMOHHON KOPKOW», COCTOSILEH H3
JaCTHI] TPAaBUMHON OOCHITIKH, CKPEINICHHOW IIEMEHTOM OOpacTaHHs, B i-M CIIOE
BOJIOHOCHOTO IIJIACTa, M; Y — KOO (GHIMEHT ycI0BUH pabOThI IPyHTa Ha GOKO-
BOI MOBEPXHOCTH «KOJIBMAaTal[MOHHOW KOPKH», 3aBUCSILUN OT MPOYHOCTH OT-



V. V. Ivashechkin
Design Development of the Water Supply Wells and Methods of their Capital Repair 183

J0KeHHH, Yo, = 0,6-0,8; R; — pacueTHOE CONPOTHBIICHUE TPEHUIO ITPYHTA B IIpe-
JeJax i-ro CJI0s BOZOHOCHOTO IIACTa TOJIIUHOMN ;.

Tenepb paccMOTpUM 3a/1ady O HAXOXKICHUU MOTPEOHON SHEpruu yaapa uis
npeoaosieHnsi O0OKOBOTO COMPOTHUBIICHUS TPYHTA MO BCEH JUIMHE KOJOHHBI TPYO
1 JIOOOBOTO COTIPOTHUBJIEHHS TPYHTA I CMEIICHHUS ee Ha 3a[JaHHOE PACCTOSHHE
B CKB)XKHMHE M 00eCIIeUEeHHs CPE3KH ILTMIIEK THIB3bL. cnons3yeM sHepreTHuecKuii
MOJTXO/T, TPUMEHSIEMBIH TS IPOrHO3UPOBAHMS TIOTPY>KEHU CBail B TpyHTE [9].

VpaBHEHHE PHEPreTHYecKOro OajaHca Uil BEPTUKAIFHOTO CMEIICHHUs KO-
JIOHHBI TPYO CKBaKMHBI MMEET BH[: MOJE3Has padoTa yJapa HpU NOTPYKEHUU
KOJIOHHBI TPyO CKB@KMHBI B TPYHTE Ha 3aJaHHOE PACCTOSIHUE DaBHA CyMMe
paboT cuil GOKOBOTO COINPOTHBIICHUS TPYHTa MO BCEHl OOKOBOW TOBEPXHOCTH
KOJIOHHBI M CHJI JJOOOBOTO COTNPOTHUBIICHUS, ILIIOC PaboTa CHUII COMPOTHBIICHUS
MaTepHaja MIMWIEeK Ipu UX cpe3ke. PacueTHble cxeMbl Uil ONpeAeICHUs dHep-
THU yAapa Ui pa3ingHbIX KOHCTPYKLMH HYDKHEH 4acTH CKBaKHHBI HMPE/ICTaB-
JIEHBI Ha puC. 3.

a b [¢

7

Puc. 3. PacdeTHbIE CXEMBI OIIPCICICHUS DQHCPTUM yapa:
a — HIIMWJIBKUA pacCYuTaHbl HA BEC BCeil KOJIOHHBI; b — mmuIbKU pacCcHUTaHbI
TOJIBKO Ha BEC I'JIb3bI, C — OTCTOMHHK UMEET BHeﬂpﬂeMHﬁ B I'PYHT HAKOHEYHHUK

Fig. 3. Design models for the blow energy determination:
a — drift pins designed for the entire column weight; b — drift pins designed only
for the sleeve weight; ¢ — settler has an end bit embedding into the ground

Jlns aHanmM3a CUCTEMbI «MOJIOT — KOJIOHHA — TPYHT» MCIHOJb3yeM Haubo-
Jiee MPOCTYIO IUIACTHYECKYI0 MOAETb, IOCTPOSHHYIO C YYETOM CIEIYIOLUIUX J0-
NYLICHWH: CKBa)XKMHA MpEACTaBIsieT co0oil aOCOIIOTHO TBEPABIH TPyOUaThIi
CTEP)KEHb; OKPY>KaIOIIUI CKBa)XXUHY I'PYHT HEIOABMIKEH; CHUJIBI TPEHHS MEXKIY
OOKOBBIMH ITOBEPXHOCTSIMH 3JIEMEHTOB KOHCTPYKLUHM CKBA)KHHBI U TPYHTOM HE
3aBUCST OT CKOPOCTH JIBIKEHHS (KYyJIOHOBCKOE CyX0€ TPEHHUE).
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Jig oOrmiero ciaydast ypaBHEHHE SHEPTeTHIECKOTo Oamanca UMeeT BUJ

ak=(R, + R + R )e+[1,,]wdn/2, ()

I/le @ — NONPaBOYHbIN Koo duumeHT; E — sHeprus yaapa; Ry, R — CHIbl TpeHHUsI

OOKOBBIX TIOBEPXHOCTEH COOTBETCTBEHHO (MIBTpa M OKCILTyaTAIIMOHHOM
(HapdMIBTPOBOI) KOJOHHBI O TPYHT; R, — JIOOOBOE CONPOTHUBICHUE KOHCT-
pYKUMu; e — TepEeMEIIeHHe KOHCTPYKLMH BCIEACTBHE yaapa; [T.,]— mpod-

HOCTh MaTepHajia IIMWJICK Ha Cpe3; ® — IUIOMAnh IOTEPEYHOTO CEUCHUS
IMIMWIBEKK; O — MEePeMEeICHHe KOHCTPYKIIMU TPU Cpe3e IIMIIbLKYA, PaBHOES JUa-
METpY IIMWIBKH; 71 — KOJIMIECTBO TITTHIIEK.

Benuunny sHeprum, waymield HEMOCPEACTBEHHO Ha TOTPY)KEHHE KOHCTPYK-
WY, B CIy4ae MOJIOTa CBOOOHOTO majieHus onpeaenum u3 [10]

E=0,9GHn, )

rae G, H — Bec yaapHOI 4acTH MOJIOTa U BbIcoTa ee Tajgenus; 1 — KI1J] nepena-
YH SHEPTUH OT MOJIOTa NMOTPYyX,aeMOl KOHCTPYKLIUHU IIpU yaape.

KIIJ] ymapa n MoxeT OBITh IPHONMKEHHO BBIYMCICH M3 YCIOBHUS COyaape-
HUS IBYX CBOOOJIHBIX TEJ B paMKaX KIaCCHUECKOW TEOPHH yaapa

2
n= HLS’ (10)
1+m
TZie M — OTHOLICHHE MacChl KOHCTPYKTHBHBIX 3JIEMEHTOB CKBXKHMHBI M K Macce
Monora M,; € — K03Q(HUIMEHT BOCCTAHOBICHHS TIPU yJape Yepe3 HaroJIOBHUK
¢ mpoknaakoi, € = 0,45-0,55 [9].

W3BecTHO, 4TO pe3yabTaTUBHOCTH yAapa TeM BbILIE, YeM OOJIble Macca Mo-
JI0Ta TIPY OAHOM W TOH e dHepruu ynapa. [losTomy nompaBouHsiit kodhduiu-
€HT a OTpakaeT W3MeHeHHe >(PQPEKTHBHOCTH YyAapa B 3aBHCUMOCTH OT OTHO-
LICHUS] MAacchl -MOJIOTa K Macce MorpykaeMod KOHCTpyKuuu. Ha ocHoBaHWH
COTIOCTABIICHUH (PAKTUIECKUX W PACUETHBIX KPHUBBIX TOTpYyKeHusi cBaii (0o-
nee 600 cBait) nmpejioxkeHa 3aBUCUMOCTS [9]

MM

=k |[—*, 11
a=k |+ (1D)

C

rae k — KodpUIUCHT, XapaKTePU3YIOIIUKA CTEIEeHb COBEPIICHCTBA MOJCIH,
T.€. COOTBETCTBHE (DAKTHUECKUM JAHHBIM, JIJIsI TOJIBECHOTO MOJIOTA PEKOMEH/TY-
etcs k= 0,5-0,7 [9].

Cuutbl TpeHHUst OOKOBBIX IIOBEPXHOCTEH R, , R, SKCIUIyaTalMOHHOW U (UIIbT-

POBO¥ KOJIOHH O TPYHT IPH yIape ONpeAesuM 1o ootiei popmyre
R =u,fl, (12)

rZie ¢ — IePUMETP MOMNEePEYHOT0 CEUEHHsI KOJIOHHBI; f — pacdyeTHOE COMPOTHUBIIE-
Hue rpyHta [11]; / — anuHa KOTOHHBL.
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Jlo6oBoe comporuBieHne R, HIKHEH 9aCTH KOHCTPYKIMH TIPH BHEIPCHUH
B TPYHT HaiiieM U3 BBIPAKESHUIM

R =R,F, (13)

rae R, — noboBoe conpoTtusieHue rpyHra [11]; F — muomaap monepevyHoro ce-
YEHHs OTCTOMHHKA.

IIpenyioxkeHHass METOIMKA pacueTa II03BOJIIET OIPENENIUTh HEOOXOIUMBIE
yCUIHS AJISl CMEIIEeHNs] BHU3 M W3BJieUueHHUs (QUIBTPOBOM KOJOHHBI MPH BHIMOJI-
HEHMHU KalUTaJIbHOIO PEMOHTA CKBaXKMH HOBOW KOHCTPYKIIHU.

BbIBO/IbI

1. PaccMOTpeHBI HEJJOCTATKU U IPEUMYIIECTBA OTICIIEHBIX BUIOB KalUTAlb-
HBIX PEMOHTOB BBINIEANINX U3 CTPOsl CKBaXWH. Ha mpumepe KamuTaibHOTO pe-
MOHTa THUTMOBOW CKBaXHHBI Ne 3b (128290/96) Bomozabopa «CeBepHBIN»
r. Xomuao miyOmHOM 94 M mMOKa3aHO, YTO TEPEea YCTaHOBKOW PEMOHTHOTO
¢uIbTpa BHYTPh BBILIEIEIO U3 CTPOs HEOOXOIMMO MPOBEACHHUE JIEKOIbMAaTa-
nuu. IlocpencTBoM ra3ouMMITyIbCHOM OOPaOOTKH YACNbHBIH EOUT CKBAKUHBI
YIAI0Ch yBEIMUHTh B [BA pa3a (¢ 6 g0 12 m*/d). Dra omepauus HeoOXOAUMA,
TaK Kak IMOCJe KanpeMOHTa y CKBa)KMHBL C JIBOMHBIM (PHIILTPOM OHa Hed]dek-
tuBHA. [lokazaHo, YTO TaKOW KalMMTAJIBLHBIA PEMOHT BO3MOKEH TOJIEKO B (DHITB-
Tpax ¢ BHYTpeHHUMU quamerpamu >200 MM U SBISETCS BPEMEHHOM Mepoii, 1o-
CKOJIBKY A€OUT CKBKUHBI M CPOK €€ CILy>KOBI OyTyT CYIIECTBEHHO CHHKEHBI.

2. IIpoBepka MpOYHOCTH HA Pa3pbIB KOJOHHEI IPH M3BJICUEHUH (BUIIBTPA TIO-
Ka3zaja, 4To Tpebyemoe MOABEMHOE YCHIHE MOXKET NPEBBINIATH AOMYCTHMYIO
PaCTITHUBAIOIIYIO CHITY JUTSl CBAPHBIX IIBOB M3-32 BRICOKHMX CHJI TPEHHS KOJIOHHBI
0 TpyHT. B 3T0i1 cBsI3M IpeaiokeHa yCOBEPIIEHCTBOBaHHAS KOHCTPYKITUS CKBa-
HUHBI CO CMEIIaeMbIM BHHU3 (PUIBTPOM, IPU3HAHHAS M300peTeHneM. Takast KOH-
CTPYKITUSI CKBAXXHMHBI MO3BOJIIET MPU BBIXOJE (MIBTPa W3 CTPOS] BHEUTHHMH
YAapHBIMU YCHJIMSMA CMECTUTh BHHU3 BCIO (DHIIBTPOBYIO KOJIOHHY BHYTPH THIIb-
3Bl U 1aJie€ TIPY BO3MOKHOCTH U3BJIEYb €€ M3 CKBAKHHBI TATOBBIM YCHITHEM.

3. V3 ypaBHEHHUs SHEPreTHUECKOro OanaHca Ui BEPTHKAILHOTO CMEIICHHS
KOJIOHHBI TPYO TIOTy4eHO BBIpaKEHHUE IS pacdera Beca ylIapHOW 4acTH MOJIOTa
U BBICOTBI €€ NAACHHUA NPH KAIPEMOHTE CKBAXXHWHBI YCOBepIHeHCTBOBaHHOﬁ
KoHCTpyKIuH. [Ipemnoxensl GopMmynbl it onpeaeneHusl BEINYUHBI TSITOBOTO
YCHITHSI.
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