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VHTepuipeTanusa faHHbIX

€CTEeCTBEHHOTO 3JIEKTPUYECKOTO 1O/

C Y4€TOM HeCOBEPUIEHCTBA BOJ03a00PHBIX CKBAKIH
(MopenbHBIE TIPeaCTaBIeHUs)*

I1. K. Konocasckuii, K. B. Tumos

Canxkr-IleTepOyprckiuit rocyjapCTBEHHbI YHUBEPCUTET,
Poccmitckas Penepanns, 199034, Cankr-Iletep6ypr, YHusepcurerckas Hao., 7-9

Insa mutuposanns: Konocasckmit I1. K., Tutos K. B. VIHTeprpeTalus JaHHBIX eCTECTBEHHOTO JJIeK-
TPUYECKOTO IIO/IA C YYeTOM HeCOBEPIIEHCTBA BOL03a00PHBIX CKBKUH (MOZIe/IbHbIE IPEICTaBIeHNA)
/I Bectnuk Cankr-IleTepOyprckoro yuusepcurera. Hayku o 3emse. 2018. T. 63. Boim. 4. C. 533-543.
https://doi.org/10.21638/spbu07.2018.408

ITpoBefeH MOIe/IbHBII aHA/IN3 M3MEHIMBOCTH IIOTEHIINA/IA €CTECTBEHHOTO 3IeKTPIUIECKOTO
noys (EIT) mpu oTKauKe 13 HECOBEPIIEHHBIX 10 CTENEH) BCKPBITUSA BOJOHOCHOTO TOPU30H-
Ta CKBaXXMH Ha ocHOBe IporpaMMHoro koga GWFGEM (GroundWater Flow Geo-Electrical
Mapping). CTelleHb HecOBepLIEHCTBA (PUIBTPOBOIL 30HBI CKBAXKIH BapbIPOBaIaCh B INPO-
KOM IIpefierie OT 1/5 MOIHOCTY BOJIOHOCHOTO TOPU30HTa (KOPOTKIe GUIBTPHI) O 4/5 MolIl-
HoCTI. UnC/IeHHbIe 9KCIIePUMEHTHI [TOKA3a/IH, YTO YYBCTBUTEIBHOCTD MPOCTPAHCTBEHHOTO
pacmpenenenus EIT k cTereHy HecOBepIIeHCTBA OTKAYMBAIOLIElT CKBaXKIHBI 3aMETHO BBIIIIE,
YeM aHaJOTMYHble 3aKOHOMEPHOCTM /IS TOHVDKeHMs B IUTacte. Marepman o6cafHoil Ko-
JIOHHBI CKBXXMHBI 11 GUIBTPa (9/MEKTPONPOBOJALLEe XKe/le30 VTN HelIPOBOMSALINIL ITACTIIK)
IIPUHIUIINAIBHO BINAET Ha XapakTep pacnpenenenns EII Ha 3eMHOII TOBEPXHOCTH: I CIy-
Yas IVIACTUKOBOIL 00CaIHO TPYyOBI 4yBCTBUTEMBHOCTD EIT K MOHVDKEHMIO HEBBICOKA, B TO
BpeMs KaK [i/Is1 97IeKTPOIPOBOAsLLell TpyObl pacrpepenenne notennyana EIT TecHO cBsA3aHO
C pacrpefiefieHneM IOHIDKEHMIT 1 MOXET OBITh UCIONIb30BAHO /IS X OLEHKN. JI/is1 9TamoH-
HOIT Mofieny (COBEpIIEHHOI 1O CTEIIeHN BCKPBITHUS IIACTA CKBAXKMHDI) XapaKTepHa JIMHel-
Hasl 3aBUCUMOCTb MEXAY 3HaYeHMAMY noTeHana EIT 11 OHIDKeHNIT B ITacTe, OFHAKO /I
KOpOTKUX GuIbTpoB cBA3b Mexay EIl u moHVDKeHMeM — HeIMHeHasA U JIy4lle aIlllpok-
CUMMpYeTCcsl TorapuMUIecKoll 3aBUCUMOCTDIO. B oT/IMuMe OT MPOCTPaHCTBEHHBIX 3aKO-
HOMepHOCTell pacrpefenenus noreHnuana EIT, BpeMeHHEBIe 3aKOHOMEPHOCTH ITOKAa3bIBAIOT
OJfHOTUITHOCTb PeaKLUM Ha CTEIIeHb HECOBEPLICHCTBA CKBAXXMHBI KaK [/ HEIPOBOJIIEl
(mmacTukKoBoIT) 06CAKM CKBOKMHBI, TAK U IS IPOBOJALIEN (MeTa/UIMIECKOiT); 3aBUCHMO-
CTH pas/IMYaoTCs TOIbKO 3HAYEHVMAMI [TOTeHIIMasIa. DTU Pe3y/IbTaThl C/IefyeT IPUHIMATh BO
BHYIMaHUe IIPU MOJIeTMPOBAaHNII U MHTepIpeTanny faHHbIX EII mpu oTkadkax U3 CKBaXKVH.

Knrouesvie cnosa: orkauka, O6C&JIK& CKB)XVHBI, HECOBEPIIECHHDIE IO CTEIIEHV BCKPBITUA
CKBa)XMHDI, ITOHVIKEHNE, ECTECTBEHHOE IJIEKTPUIECKOE I10JI€, YNCIIEHHOE MO E/IVIPOBAaHNE.

" HanHas pa6ora BbIIONHEHa Ipy IOAAepkKke Poccuiickoro Hayunoro ¢onma (rpant Ne 17-17-
01160 «OuU3MKO-XMMMIECKIE MOJE/IN BbISBAHHONM ¥ CHOHTAHHOM IO/IAPU3AL Uy IIPUMEHNUTENBHO K OIBIT-
HO-UIBTPALIMIOHHOMY OIIPOOOBAHIIO BOLOHOCHBIX TOPM30HTOBY).
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BBenmenue

HecoBepuieHCTBO BOJ103a00PHBIX CKBaXKVH I10 CTEIIEHN BCKPBITVA GUIBTPOM BOJIO-
HOCHOTO I/IACTA JOBO/IBHO YaCTO BCTPeYaeTcs B TUIpOreoyIornyeckoit npaktuke (bpos-
HukoB u Kynukos, 2013. JyopoBckuit u gp., 1972). OCHOBHbIE IIPUYMHBI 9TOTO CIIEHYIO-
mue:

— COOTHOIIIeHNE BOJI00OMIbHOCTY BOJOHOCHOTO TOPM30HTA M PearbHOI BOJIOMO-

TpeOHOCTH;

— Ha/In4yi€ BbICOKOIIPOHMIIAEMBIX 30H;

— 60/1bIIas MOITHOCTb TOPU3OHTA 1 T. 1.

B psifie crydaeB peabHOE HECOBEPIIEHCTBO CKBXXIHBI MOYKET OBITh HEM3BECTHO II0
CTIeNYIOIUM IPUIMHAM:

— Y CTapbIX CKB)XVIH MOJKET OTCYTCTBOBATb COOTBETCTBYIOLAA JOKYMEHTAL VA,

— QunbTpoBasA 30HA MOXKET 3aVM/IMBATBCS IIPU SKCIUTyaTaIMM CKBKVHBI I T. II.

HecoBepiieHCTBO BOf{03a00PHOI CKBXKIMHBI IO CTEIIEH! BCKPBITYS IIACTa IPUBO-
INT K BOSHUMKHOBEHVIO IOIIOJTHUTE/IbHOTO (PMIBTPALIOHHOTO COIIPOTYUBIICHNSI, CBSI3aH-
HOTO C MOsIBJIEHNEM BEPTUKATbHOI COCTABIAINLIE GUIBTPAMOHHOrO nmoToka (Mupo-
HeHko 1 [llecTakos, 1978), 4To, B CBOIO OUepefb, BefieT K JOIOTHUTETbHOMY ITOHVYXEHUIO
Ha CKBO)XIVHe B CPaBHEHMM C COBEpIIEHHON CKBa1HOIL. [locnenHee Oyaer ompenenarb
MaKCUMAJIbHYIO IIPOM3BOJVITEIBHOCTD CKBXXVHBL. 1109TOMY OIpefiesieHne peabHOro
HeCOBepIIeHCTBA CKBAXIHbBI — BIIOJIHE aKTya/IbHas 3a/jaya.
B mocnepHme rompl OBOIBHO MHTEHCUBHO PasBMUBACTCA IeOPU3NYECKMIT METOR,
ecTecTBeHHOTO0 aneKTpudeckoro noss (EIT) B cBA3M ¢ uccnegoBanmeM CTPYKTYpbL Gpuib-
TPALIOHHOTO [TOTOKA, B YaCTHOCTH IIPY ONBITHO-(QU/IBTPALIOHHOM onpoboBanny (Tu-
ToB 11 KoHocaBckmit, 2014, Rizzo et al., 2004, Soueid et al., 2016, Konosavsky et al., 2017).
EcTecTBeHHOE 37IeKTpUYeCcKOe NO/Ie — eNVHCTBEHHOE M3BECTHOE B HACTOSIee BpeMs
ABJIEHME, II0 KOTOPOMY MOXKHO CY[IUTb O IIOTOKe BOZIbI B IIOPUCTOII Cpefie (B 4aCTHOCTH,
B TOPHBIX IIOpOfiax ¥ rpyHTax). [Ipy ¢punprpanyy Bogbl 00'beMHBIN 9IeKTPUIECKIIT 3a-
PSIZ, BOBHMKAIOLINIT M3-3a IMPEBBILIEHVS] KOHIIEHTPAL[MIU KaTMOHOB HaJ| KOHIIeHTpaLjueit
aH1oHoB B muddysHoM cnoe (TuroB n KoHocaBckuii, 2014), mepemerniaeTcsl B HallpaB-
JIEHUV YMEHbIIEHVSI TUAPAaBANYIECKOr0 HANIOPa, YTO IPUBOANUT K BOSHUKHOBEHMIO JJTEK-
TPUYECKOIO TOKA MEXaHIYECKOTO IIPOUCXOKICHNA.
Pemenne npsamoit 3agaun i onpefenennsa norennuana EIT cocrout n3 nByx sTa-
IIOB:
1) crHavana peuraeTcs mpsmas 3ajadya IJVMHAMVKY [TOJ3eMHBIX BOJ (Ha OCHOBE 3aKO-
Ha Jlapcu) Ipy 3aaHuy COOTBETCTBYIONVIX TPAHNYHBIX YC/IOBMIL U Ha4a/IbHBIX
YCIIOBMIA [/151 HECTALMOHAPHON 3a/jadi;

2) 3aTeM pelmaeTcs 3ajjada pacmpeesieHus S7eKTPUIeCKOro MOTeHIaa, ITe UC-
TOYHMKAMU 3JIEKTPUYECKOTO OIS SIB/ISIOTCS BTOPUYHbIE MCTOUYHVKY TUIPOLN-
Hammdaeckoro Tuma (Tutos u Konocasckmit, 2014).

OTMeTVM, YTO B TaKOJ IIOCTAaHOBKE pelleHMe ITONIY4aeTcsl [l IIOTHOCTBIO BOXO-
HACBIIEHHBIX TOPHBIX IOPOJ, W/IM TPYHTOB B IIpeHeOpeXXKeH!N BIUAHMSA IOTOKOB B 30He
aspanuim.
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1. IlocTaHOBKa 3a/1a4yl ¥ METO/bI €€ pelIeHNA

B manHoOI paboTe MBI paccMaTpuBaeM BO3MO>KHOCTY nHTepnpeTanuy EIT mpu onpo-
00BaHMY HECOBEPILIEHHBIX IMAPOreOTOrNIeCKMX CKBOKNH, a TAK)Ke YYBCTBUTENTBHOCTD
EIl x creneHu HeCOBEPLIEHCTBA 3TUX CKBa)KMH, B TOM YHUCTIE ¥ K TUIICOMETPUYECKOMY
IIOJIO>KEHMIO (PVIBTPOBOIL 30HBI II0 OTHOILEHNMIO K KPOBJIE IIACTa, YTO He BCEra MOXKHO
OLICHUTDb Ha OCHOBE OIBITHO-(QMIbTPALVIOHHBIX OIPOOOBAHMIL

VccnenoBaHysi IPOBOAMINCH Ha 6a3e YMCTeHHBIX 9KCIIEPYMEHTOB C MCIIOIb30BaHM-
em niporpammHoro koga GWFGEM! (Titov et al., 2015) npumeHuTensHO K 6a30BOit pac-
YETHOI CXeMe M30/IMPOBAHHOTO, HEOTPAHMYEHHOTO B IJIAHE OJHOPOJHOTO HAaIIOPHOTO
BOJIOHOCHOTO TOPU30HTA. 3ajjaya pellasach B MPOMIIbHOM 0CeCMMEeTPUYHON MOCTa-
HOBKe (2D) aj1s1 ycmoBmit orrpo60BaHus HeCOBEPIIEHHO CKBaXXIHBI C IIOCTOSTHHBIM pac-
xopoM. [eomeTpnsa Mopienn 1 ee mapaMeTpbl IPUBELEHDI Ha puc. 1.

Q=20 MslcyT
0,2m
0,8 m e N
CymMMapHasi MOLLHOCTb 7 M
3m OnektponposoaHocTs 0,004 Cm/m
3m

4 CymmapHasi MoLHocTb 10 M
KoadbcpuumeHnt counsrpaumm 1 m/cyt
YnpyroemkocTs nopos 5-10° M |
OnekTponposogHocTb 0,008 CM/SM

\Koacbcbmumem Onazarepa 4,25-10 A/m

400 m OnektponposogHocTb 0,006 Cvm/m

Puc. 1. TeomeTpusa Mopenn 1 ee ImapaMeTpbl

Ha puc. 2 npusefeHbl pasnuyHble pacyeTHble BAPMAHTBI [/l OLEHKU XapaKTe-
pa HecoBepIIeHCTBA CKBaXXMHBL. Bo Bcex BapuaHTax reoMeTpus MOJEIN U IMapaMeTpbl
UIEHTUYHBI, B TOM YMC/IE€ U PaCXoO]] LIEHTPATbHON CKBA)XVHBI: OH OCTA€TCA MOCTOSH-
HBIM, HO pacIpefie/iieTcsl B KX/JOM /13 BapUAHTOB Ha COOTBETCTBYIOLIEe YMCIIO OJIOKOB
$UIBTPOBOI 30HBI (a CIEfOBATENIBHO, ¥ CYMMapHas MOIIHOCTD 3JIEKTPUYECKNX MCTOY-
HUKOB BCEIZa OCTAeTCsI MOCTOSIHHOIT). Ba30BBIM BapMaHTOM [isi CPaBHEHMsI Pa3INIHON

1 Ground Water Flow Geo-Electrical Mapping.
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Puc. 2. BapyaHTbl HeCOBEPLICHCTBA CKB)XXMH 110 CTENEHM BCKPBITHA IJIacTa (1mudpamn ykazaH
COOTBETCTBYIOLINIT BAPUAHT IIONOKeHNsI GUIBTPA OTHOCUTEIBHO PACUETHBIX CTI0€B BOJOHOCHOTO TO-
pu30HTa)

CTeIleH) HeCOBEePIICHCTBA [IEHTPa/IbHON CKB)XXVHBI ABJISIETCS COBEPIICHHAS 110 CTEIIeHN
BCKPBITHSI IJIACTa CKBa)XXMHA (CM. pUC. 2, CKBaXXKUHa 1a).

2. Pe3ynbTarbl McCneOBaHNIA

Oco6eHHOCTY TUAPOAVMHAMMYECKON peakUyy IUIacTa, 0OYCIOB/IEHHbIE CTEHEHbIO
HeCOBepIIeHCTBA LeHTPATbHOI CKBa)XMHBI, HATIPAMYIO 3aBMCAT OT COOTHOIIEHNA lg/m,
rae ly — amHa GUAbTPOBOro MHTEPBaIa, M — MOIJHOCTD miacTa. Ha puc. 3 mokasana
3aBUCUMOCTD IIOHVDKEHN S B BOJIOHOCHOM TOPU30HTe (Ha YpOBHE QU/IbTPA LIeHTPAIbHOI
CKB)XVMHBI) OT PACCTOSHMS 1O OTKAYVMBAIOIIe)l CKBa>KMHBI [/11 KOPOTKUX (PUIBTPOB IIpK
lp/m=1/5. Pasmumsa B IpOoCTPaHCTBEHHOM pacIpesie/ieHny IIOHIDKeHmiT Hartopa (S) co-
BEpLIEHHOI! ¥ HECOBEPIICHHOJ CKBaXXVIH HVMBEMUPYIOTCS Ha paccTOstHUM m/2 (rme Bep-
TUKA/IbHAs COCTABIIONAsT GUABTPALMOHHOTO TOTOKA IIPAKTUYECKN MCcUYe3aeT). B To xe
BpeMs aHA/IOTMYHbIE 3aKOHOMepHOCTH iyt noTennyana EIT mpn lgy/m=1/5 (puc. 4) xa-
PaKTepMU3YIOTCS MCYe3HOBEHMEM TAaKUX Pas3/IM4uil TONbKO Ha paccTosHuy 2m. OTciona
MO>XHO CIe/IaTh BBIBOJ, YTO YYBCTBUTE/IbHOCTD oTeHIana EI] k crereny HecoBepIueH-
CTBa OTKA4MBaIollell CKBaKMHBI 3aMETHO BBILIIE, 4eM IIOHI KeHue B tiacte. Ho ecnu pas-
MYV 3aKOHOMEPHOCTEN pacIipefie/ieHsl IOHVDKEHWIT XapaKTepusyloTcsl MISMEeHeHeM
ykoHa kpuoit S(lg(r)), rie r — paccTosiHMe OT LIEHTPaIbHOI CKBXKMHBI, TO /IS IOTEH-
nyana EIl 3T0 OTKIOHEeHe IPOSB/IAETCS TONBKO B MISMEHEHMM aOCOMIOTHOTO 3HAYEHNs
curHana (dem 6roke GUIBTP K IIOBEPXHOCTH 3eMH, TeM 6ombiie curHan EIT), uto ¢ To4-
KV 3pEHNs JUaTHOCTHKIY ONBITHOTO PeXKMMa OTKauKM (M CTPYKTYPbI GYIIBTPALVIOHHOTO
HOTOKA BO/IM3M OTKAYMBAIOLEll CKBRKVMHBI) He BIIOJIHE HaJeXXHO (0COOEHHO C yueToM
peanbHOl TOYHOCTY HabmogeHuit norennuana EIT).
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Paccrosinue, m

Puc. 3. 3aBUCUMOCTD IIOHVDKEHNUA B BOTOHOCHOM TOPYM30HTE OT PACCTOSHMUA O OTKa4MBAIOIIeil
CKB)KUHBI 171 KOPOTKUX GuIbTpoB mpu lg/m=1/5

3nech u Ha puc. 4, 7, 9-11 nonoxenne GUILTPOB OTHOCUTENPHO BOJOHOCHOIO TOPM30HTA ITI0OKA3aHO

cneBa ot rpapuka. Taxke 3mech U Ha puc. 4, 6-10 Wi cpaBHEHMs IpKBeleH IpaduK IS COBEpPIIEHHOI
ckBaXuHbI (1a).
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Paccrosinue, m

Puc. 4. 3aBucumocts noreHumana EIT B BOGOHOCHOM TOPU30HTE OT PaCCTOSIHMSA [JO OTKA4MBaIO-
Ieif CKBaKMHBI /1 KOPOTKUX GuuibTpoB npu ly/m = 1/5 (cry4ait nsomupyromeit 06cagHo TpyObI)

3aBucuMocTb 3HaveHmit motenunana EIT ot monmkennit B miacre (puc. 5) i Ko-
pOTKUX GuabTpoB lg/m = 1/5 HuBeNMMpyeTCsa Ha PacCTOSAHMU m/2 OT LeHTPATbHOI CKBa-
JKVHBI (T7le COXPAHAIOTCA Pa3INyMsA B HOHVDKEHVAX JUIA COBEPIIEHHON ¥ HeCOBepIIeH-
HOJI CKB@>KJH), B IIpeieJIax XKe 9TOJ 30HbI 3aBUCUMOCTb noternyuana EIT ot HecoBepiueH-
CTBa CKBa)KMHBI BBIPAXKaeTCA TONBKO B a0COMIOTHOM 3HaYeHNM CUTHAJIA.

AHanornyHple 3aKOHOMEPHOCTY HAOMIOAAIOTCS TIPY YBEINYEHUI JIMHbBI PUIBTPO-
BBIX MHTEPBaNOB 1/5 < lg/m < 4/5, HO 9TV 3aKOHOMEPHOCTY BHIPKEHBI TeM Cr1abee, 4yeM
6/m1DKe CKBOKMHA K COBEPIIIEHHOI (piic. 6).
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Puc. 5. 3aBucumoctp norenumana EIl oT nonmkenuit B naacre g KOpPOTKUX
¢bunsTpos (ly/m=1/5) (cry4ait usompyromeii 06cagHol TpyObI)

Cr[paBa oT rpa(bMKa — IIOJIOKE€HUEe q)MHprOB OTHOCUTEIPHO BOJJOHOCHOI'O T'OPM30HTA.
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Paccrosinue, M
Puc. 6. 3aBucumocTs norennyana EII B BOTOHOCHOM TOPM30HTE OT PACCTOSHISA A0 OTKAYMBAIOLelt
ckBaxuHbI (1/5 < ly/m <4/5) (cmy4ait msonupyromest o6cagHoit TPyOLI)

3pech u Ha puc. 8 ceBa u crpasa OT rpaduKa I0Ka3aHO MOJIOKeHUe QUILTPOB OTHOCUTENIBHO BOJOHOC-
HOT'O TOPM3OHTA.

Bce paccMoTpeHHOe BbllIe XapaKTepu3yeT CUTYaIlNIo, KOTZIa JIeKTpUYecKas IpoBo-
IVIMOCTD 00CaIKV CKBaXXVIHBI IIPAaKTUYeCK) paBHa Hy/o (Iractukosast). [Ipy Hammamm
9NIEKTPONPOBOfsLIell (XKeme3Hoit) 06cafHOI KOMOHHBI (1 (UABTPOBOIL 30HBI) 3aKOHO-
MepHocTy pa3Butus EIl B racTe NIpMHIMIIMATBHO MEHSIOTCS, XOTS KapTUHA PasBUTHUS
HOHJDKEHWIT B TOPU3OHTE, OYeBUIHO, OCTaeTcs Toit >ke. Ha puc. 7 n 8 nokasana mpo-
CTPaHCTBEHHas 3aBUCUMOCTb curHana EIl, koTopast Temepb XapakTepusyeTcsi M3MeHe-
HIeM yKJI0Ha kpyuBoli noteHunana EIT ot Ig(r) u ropasgo 64mpmmMy ypoBHAMM CUTHAIA
(MeTanIM4IecKyo 06cafKy CKBaKMHBI MO>KHO pacCMaTpPMUBATh KaK 9KBUIIOTEHI[MAIbHYIO
HOBEPXHOCTD, CUTHAJI OT UCTOYHMKOB Ha YPOBHE (MIBTPOBOI 30HBI 110 06caaKe mepe-
[AeTCst Ha TIOBEPXHOCTD 3eMIIN).
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Paccrosinne, m

Puc. 7. 3aBucumocts norennyana EII B BOTOHOCHOM rOpM3oOHTe OT PAacCTOs-
HVIS IO OTKA4YMBAOIIell CKBOXKIMHBI IIPY €e MeTa/lIN4ecKolt obcajike (l(b/m: 1/5)
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Paccrosinue, M

Puc. 8. 3aBucumocts norerunana EI1 B BOGOHOCHOM rOpM30HTE OT pacCTOSHIA IO OTKAYMBAIOLIEi
CKB@XMHBI IIPK ee MeTajnmdeckoit obcazke (1/5<1y/m <4/5)

[l aTanoHHOI Momeny (COBEpPIIEHHON CKBa>KMHBI) MbI IOTYYIIN JIMHENHYIO 3a-
BUCUMOCTDb MeXAy curHanamu EIl u 3HaueHMAMY IMOHIVDKEHMIT B COOTBETCTBUM C paHee
nomydeHHpiMu pesynbratamu (Titov et al., 2015). OpHaxo /11 KOPOTKUX PUIBTPOB CBA3D
MeXny norenuyanoM Ell v moHmkeHueM B IIacTe HeNMMHENHAA U JTydIle allllpOKCUMMU-
pyercs norapudmMuueckoit 3aBucuMocTbio (puc. 9). C yBemmyeHneM JIMHbI GUIbTPA 3a-
BUCUMOCTH O7vKe K muHertHol (puc. 10).

PaccMmoTpenne BpeMeHHBIX 3aKOHOMepHOCTell n3MeHeHui noteHnuana EIT moka-
3bIBaeT, YTO 3aBYICUMOCTDb IIOTEHIIMA/Ia OT CTEIIeH! HEeCOBEPIIeHCTBA CKBAKMHBI OJHO-
TUITHA U J/I HEIPOBOJAIIel (IIACTMKOBOI) 00CaiKyt CKBXXVHBI, U /IS IPOBOJAIIE
(>xenmesHoIT), pas3nuyasich TONBKO 3HaYeHMEM MoTeHIuana (puc. 11).
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Puc. 9. 3aBucumoctp nortennuana EIT oT MOHMKeHMIT B IIACTe /IS METaIMYeCKOil 06Ccalku CKBa-
xuHbl (lg/m=1/5)
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Puc. 10. 3aBucumocTsb norennuana EIT oT MOHMKeHNUIT B IIJIACTe IS METa/UIMYECKOiT 00CaIKM CKBa-
xuHbl (1/5<1y/m <4/5)

BriBopgb1

ITorenuman EII okasasncsa HOCTaTOYHO YYBCTBUTEIbHBIM K CTeIIEHU HECOBEpIIEH-
CTBa BOJI03a00PHOJ CKBAXVHBI TI0 CTETIeHN BCKPBITIA IacTa punbTpoM. Ero uyBcTBN)-
TeIbHOCTDb K CTeIlleH) HeCOBEpLIEHCTBA CKBa)XMHBI JlaXkKe BbIIE, YeM I'MpOAMHaMude-
CKasl peaKUMs CKBa)KMHBL
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Puc. 11. BpemeHHBIe 3aKOHOMEPHOCTY M3MeHeHmit noTeHana EIT B 3aBUCHMOCTH OT CTeTIeHN HeCo-
BepIIEHCTBA CKBAKMHBI C TPOBOJSAILEN 00CafKOIL:

1-4 — norenuman y ckpakus: I — lal, 2 — 1a3, 3 — la, 4 — 1a5; 5-8 — moreHuman B 3,5 M OT CKBaXMH:
5—1al,6 —1a3,7 —1a,8 — 1a5

3akonomepHoctnu pasButus EIl B macte 3aBUCAT OT MaTepuama 06CaKu CKBasKM-
HBI: XapaKTep pacnpenenenns notennyana EIl B macTe mpy Hanu4Imum am1eKTpOIpOBOgs-
et (>keme3Hoit) 06cafHOI KOMOHHBI (1 GUIBTPOBOI 30HBI) MPUHINITUATBHO OTINYA-
€TCs1 OT CUTYALUM C HeIPOBOJsLIeN (IIIaCTUKOBOI) 00CaIKOI, XOTS KapTUHA PAa3BUTHUSA
TOHIDKEHUIT B TOPU30HTE, OYE€BUIIHO, OCTAETCS TOI JKe.

JIna xoporkux ¢punbTpoB (lg/m +1/5m) casp mexxpy EII u nonmkennem B macre
He/IMHeVHas 1 JTy4llle alllIPOKCUMUPYeTCs TorapudMmdecKkoi 3aBUcuMocTbio. C yBenn-
YeHUeM JIMHBI pUIbTpa 3aBUCUMOCTb CTPEMUTCS K MMHEHOI (KaK IJIs COBEpIIEeHHOI
CKB)KVHBI).

BpemenHble 3akoHOMepHOCTU M3MeHeHMiT noTeHnunana EIT mokasbiBaloT OfHOTUII-
HOCTH peakunu curHana D11 Ha cTereHb HECOBEPIIEHCTBA CKBAXIHBI U /IS HEIIPOBOJS-
1iett (I1acTUKOBOIT) 00CaKM CKBXXVHBL, U /IS IPOBOZILEl (YKeNe3HOIt), pasnnyaloTcs
TOJIbKO 3HAYEH s TOTEeHIIAaIa.
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We carried out a numerical analysis of Self-Potential (SP) signals produced in the course of
pumping test experiments. We studied SP responses on the basis of the GWFGEM code. In the
models, the pumping well partially penetrated the aquifer. We considered the short well filters
(1/5 of the aquifer thickness) and longer filters penetrated up to 4/5 of the aquifer thickness.
Numerical modelling results revealed an increased sensitivity of the SP signals to the length and
the depth of the pumping well filter compared to the drawdown. The pumping well casing and
screen material (electrically conducting, metallic vs. electrically insulated, PVC) determines
SP distributions on the ground surface. For the insulating casing, the sensitivity of SP signals
to the drawdown variation is small. In contrast, SP distribution on the ground surface for the
conducting case is closely related to the drawdown distribution and can serve as a proxy for the
drawdown. For a reference model of the water pumping well, the relationship between SP and
drawdown is linear. In the case of short screens, this relationship is logarithmic. Time variations
of SP show similar patterns for all studied models for both insulating and metallic casings; only
the magnitude of variations was found to be different. These results should be considered in the
modelling and interpretation of SP data obtained in pumping test experiments.

Keywords: pumping test experiment, well casing, partially penetrating pumping well, draw-
down, self-potential, numerical modelling.
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