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GEOPHYSICAL RESEARCHES ON STUDYING OF STRUCTURE AND ASSESSMENT OF STATUS OF WAVE-BULIT SALT PLATE
BY THE SURFACE OF WORKED OUT SLIME STORAGE

Shemet S. F.1, Chief Executive Officer, Doctor of Engineering Sciences, e-mail: gran1@tut.by

Prokhorov N. N.1, Leading Researcher, Candidate of Engineering Sciences

Kafanova T. P.1, Junior Researcher

1 «Belgorkhimprom» JSC (Minsk, Republic of Belarus)

Nowadays, urgency is given to the questions, connected with development of potassium enterprises” waste disposal technologies, which allow to decrease the number of territories, used
for their placement. Specialists from «Belgorkhimprom» JSC designed the pilot construction site project for usage of worked out slime storage of the third Mine group into a base for ex-
panded salt burrow. According to this decision, a halite waste layer is preliminary formed directly on the whole surface of slime storage. As a result of consolidation process, halite wastes
are transformed into solid half-rock, which covers the territory of slime storage as a salt plate. According to this, the salt burrow, which technology and height depends on the salt plate’s
bearing capacity, is formed on the prepared salt plate. Salt plate condition control must be performed within all construction stages. Application of geophysical methods is required along
with visual and instrumental control methods, which include topographical and engineering-geological surveying.

Results of the carried out researches of wave-built salt plate study have shown the high informativity of chosen geophysical methods. During the researches, the most efficient geophysi-
cal methods of wave-built plate were highlighted, together with maximum target resolution and accuracy of used methods. Usage of complex of geophysical methods shows high reproduc-
ibility and unlocks new opportunities for usage of these methods for research of massif, constructed by industrial halite subsoil.

Key words: Starobinsky deposit, dump of solid concentration wastes, insoluble slimes, excessive brines, slime storage, salt plate, geophysical researches, electrometry, georadioloca-
tion, seismic survey, monitoring.
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[71aBHbIN MapKLLeiaep

[Noka3aHb! MHOTONETHNE W TPYHOEMKNE HATYPHbIE NCCREAoBaHns (M3 creuyvansHO MPoVaeHHbIX rOPHbIX BbIPaGOTOK] MpoLecca pasBuTUsS TEXHO-
[EeHHOI TPELLYVHOBATOCTY B N0APAa6ATHIBAEMOM 04YUCTHBIMM PAGOTaMM MAcCHBE ropHbIX nopog CTapo6uHCKOro MecTOPOXIEHNS KarniiHbIX COed, no-
3BOSMBLLINE YTOYHUTb MEXaHW3M 06pa30BaHus 1 pasBUTAS BOJOMPOBOASLMX TDELMH B MPOCTPAHCTBE M BO BPEMEHW W Ha 3TOM OCHOBE MPOrHO3Mpo-
BATh W MPEAYNPEX/aTb yrp03bl 3aTOMMEHNS PYaHVIKOB.

Kniouesbie cnoa: pa3paboTka KanmiiHbix COEA, BOJO3aLUMTHAS TOMLYE, MofapabaTbiBaeMbivi MAcCyB, HAaNPSXKEHHOE COCTOSIHNE, [edopmalun,
My/ibfia CLABVXEHUS, TPELLWHbL! PACCTIOBHNS, CEKYILME TPELLWHbI, 30HbI PA3TIOMA, BOJONPOBOASLUNE KaHATTbI.

MoppabaTbiBaemblit MaccuB CTapo6IHCKOr0 MECTOPOXAEHUS Ka-
NNAHBIX COJMEeV NPefcTaBfeT coboi KOMMMEKC NepecranBaloLLyxecs
TOPHbIX MOPOA — [NUH, COMER, Meprenen, HaHocoB W Jpyrux, 6es
BKIIOYEHNIA KPenKIX NOpoaHbIX MOcToB. KanueHocHas cy6topmauus
0cafio4Horo Yexna, K pa3pesy KOTOpow npuypoyeHsl paspabaTbiBae-
MbIE KaNUHbIE TOPUSOHTLI, MEPEeKPbITa OTNOXEHUAMU [OEBOHCKON

TMUHCTO-MEPrenncTor ToMLWW, BOJOYNOPHbIE Nopofbl KOTOPOIt nof-
CTUMNAIOT BOAOHOCHbIA KOMMNEKC ME3030MCKO-KaNHO30MCKIX OTIIOXE-
HWn motHocTbio 100—120 M, 9BNSIOLMACS 30HOW aKTWBHOMO BOLO-
0bMmeHa.

[13y4eHnem TeXHOreHHOM TPELLMHOBATOCTY NoAPaGoTaHHOMo Mac-
CYBA NOPOJ, B HATYPHbIX YCIOBMSX U HA MaTeMaTU4eckux MOOensix

TOPHBIV XXYPHAA, 2014, Ne 2 19




i TEOMH3HYECKHE HCCAEAOBAHMA

—

CTapo6uHCKoro MECTOPOX/EHNS B TEYEHUE HECKOMbKIX ECATUNETN
3aHMMalTCS  CMeuManu3npoBaHHble  Hay4HO-MCCNE0BaTENbCKUE
opranusaumn (BHUWT, OAO «benropxumnpom», BI'Y) coBmecTHo ¢
Hepgpononb3osatenem — OAQ «benapycbkanii».

B 30He BNWsHWS TOPHbIX PaBoT BHYTPM NOApaGoTaHHOMO Maccuea
MPOMNCXOANT NEPepacnpeneneHe Hanps)KeHNA nop AeicTBEM Curl
rpaBUTaLMI U (hOPMUPYETCS HaNPsKEHHO-AeOPMUPOBAHHOE COCTO-
sHue (HOC), cnoxHocTb 1 pa3HooGpa3iie KOTOpOro 06YCrOoBMEHD U3-
MEHEHMEM TOPHOTEXHUYECKWX YCMOBUA HA PasHbIX CTAAMSX Mpou3-
BO/ACTBA rOpHbIX paboT, 4TO He NO3BONSIET B HACTOSILLEE BPEMS CHOp-
MWpOBaTb EdMHYl0 Teopuio AeiopMUpOBaHMS NOPOL [NS BCEX
YCIOBMIA 11 CUTYaLWIA, OHAKO HE UCKMKOHAET BO3MOXHOCTIN pa3paboT-
KW aHanuTWUYECKNX PELLeHW Ons onpepeneHus fedopmaumii B oT-
[enbHbIx 30Hax [1]. Mpu 3ToM peleHre 3aay ropHoN reoMexaHuki
OCMOXHEHO HEAOCTATO4HOM N3YYEHHOCTbIO NpoLecca AedopMI1poBa-
HUS NOPOMIHOr0 MaccyBa OT BAVSHUS FOPHbIX PaboT, a Takke nau-
KO-MEXaHMYECKIX CBOMCTB NOPOf W UX COCTOSHWS B Pa3HblX 30HaX
Mymbibl CABVXEHNS.

HanGonee 3Hauumble pe3ynbTaTbl MCCE[0BaHMA Bbinu nonyye-
Hbl B YCMOBUSX NPUMEHEHNS CTONGOBLIX CUCTEM Pa3paBoTKu Kamnui-
HbIx NnacToB. Mpy ynpaBneHnn KpoBrei B 0YUCTHOM 33606 MOMHbIM
06pYyLUEHMEM MPOLIECC CLBUKEHWS NOApaBoTaHHOro Maccuea npoTe-
KaeT ¢ 6oMbLUMMM CKOPOCTAMIA 38 CPABHUTEMBHO KOPOTKUIA NPOMEXKY-
TOK BpemeHn. OCHOBHOI LeMbio 1CCeoBanuin Gbino n3yyeHne Tpe-
LMHO0BPAa30BaHNS 1 Pa3BUTUS BOLOMPOBOASLLMX KaHamNoB B Nofpabo-
TaHHOM MaccyiBe NOPOf B PasHbIX 30HaX MyNbfbl CABUKEHUSA: B 30HE
MOBbILUEHHOTO ONOPHOro AaBneHns (Haa Lenvkom) v B 30He pasrpys-
KW HanpskeHUA HENocpeACcTBEHHO Haf BbIPaGOTaHHbIM MPOCTPaH-
CTBOM. B HaTypHbIX YCroBKSIX NPOBOAMAN CreLmManbHble UCCneaoBa-
TenbCKMe BbIpaboTKy B NogpaboTaHHOM MAccuBe C MPOU3BOACTBOM
N3MEepeHWit Ha HaBMIOAaTENbHbIX CTAHLWSX Kak BHYTPW Maccusa, Tak
11 Ha 3eMHOV nosepxHocTy [2].

JTaBoi N2 68 prmHoin 200 m pa3pabaTbiBant BanoBbiM Cnoco6om
cnou ll+1Il Tpetbero kanmiHoro nnacTa PY-1 Ha 06LUyi0 BbIEMOYHYIO
MOLUHOCTb 2,2 M Ha rny6uHe 987 M. [NopopHblit MaccyB UCMbITbIBAN
MOBTOPHOE BAMSHUE TOPHbIX PaboT cnycTs 9 net nocne otpaboTky IV
CUMbBYHUTOBOTO CNOS MOLUHOCTBIO 1,2 M TOro xe nnacTa nasoin N2
39 Ha rny6uHe 584 m. Ha rny6uHe 454 m (ropu3oHT KameHHoii co-
M Ha a6c. oM. —309 M) 1 Ha 3eMHOI NOBEPXHOCTY B OJHOM BEPTU-
KanbHOM CTBOpE Gbin 0BOPYA0BaHb! NPONILHBIE NHUIA PENEPOB,
PacoroXeHHble NepreHaNKynapHO NOABUraHo 38605 Nasbl [3].

AHann3 pesynbTaToB HaGnioAeHWin Nokasan, YTo C MOMEHTA
npoxofa 3a6osi naBbl Yepe3 CTBOP Mpoduns PenepoB OCEfaHue
noapaboTaHHOro MaccKBa NPOMCXOANT OAHOBPEMEHHO MO BCEN -
61He nogpabaTku, Ho C pasHbIMU ckopocTami. Mpu NopBuraHn 3a-
6osi nasbl 0kono 80 M B MeCSL, CKOPOCTL OCEfaHIs 3eMHO NOBEPX-
HOCTW B MEpWOf aKTVBHOV CTaauW NpoLecca CABWKEHUS Had cepe-
[AVHoI NaBbl jocTurana 6,5 MM B cyTku. B pa3senoyHoit BbipaBoTke
Ha ropu30oHTE KaMEHHOV conu npu rny6uHe nogpabotku 133 M cko-
POCTb OCEMaHMs MaccyiBa NOpoA B Myrible CABVDKEHUS AOCTUIMA
MaKCUMarnbHON BEeNNYMHb! 0kono 16 mm/cyT (pre. 1).

Pa3nnyHble CkopocTy OcefaHis Ha pasHbIx riy6uHax noapato-
TaHHOTO CNOEBOT0 MaccyBa 06YCMOBMMBAIOT BO3HIKHOBEHNE Tpe-
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Puc. 1. CkopocTb ocefjanus penepa, pacnosioeHHoro
Hap cepepunoii naeol N2 68: na 3emnoii noeepxuoctu (1)
u rny6une 445 m (2)

LWMH PACCNOGHWIA MO NAOCKOCTSIM HANNacToBaHui. Mpu 3ToM BenM4u-
Hbl OCE[IaHWIA B MyIbfE COBWKEHMS HA 38MHON MOBEPXHOCTU U BHY-
TPU MaccvBa CYLIECTBEHHO OTnMYaloTesl. VccnenoBaHue pasHocTy
0CEe[jaHuiA 38MHOV NOBEPXHOCTY U MOPOJ BHYTPI MAcCUBa Ha pa3niy-
HbIX Y4acTKax Myribfbl COBVXEHUS NOKA3ano, YT0 M0 OKOH4aHUN ak-
TWBHO/ CTaguM NMPOLECCA CABWKEHIS Haji MacCiBOM Y rpaHuLbl na-
Bbl B 30HE OMOPHOr0 [ABMEHUS 3Ta Pa3HOCTb OCTAETCS MOCTOSHHOM
[0 OKOHYaHWS NPOLIECCa CrBIXKeHUs. B To e Bpemsi B 30He pasrpys-
K1 HaNpsXEHW BHYTPW MacCVBa Haf CEPeaHOi NaBbl PA3HOCTb 0Ce-
[aHWi NOCTOSHHO YMEHbLUAETCS Mo Mepe Nepexoda npoLecca cau-
XEHUS! B CTAAMI0 3aTyXaHUs, YTO MOXHO XapaKTepy3oBaTh Kak 3aKpbl-
TIE TPELLYH PAcCrOeHNs B NOApaGoTaHHOM BbILLENEXALLEM CrIOEBOM
MopoaHOM MaccuBe. 3a TpK rofa o6LUee 3akpbITie TPeLVH paccroe-
HUS B 30HE NNaBHOr0 NporvGa nopop Haj CepeayHoi NnaBbl COCTaBU-
no 120 vm (pue. 2).

B vnccnenosatensckoi BeipaboTke N2 1 [epsoro KanuinHoro ro-
pusoHta PY-1, npoigeHHon HaBcTpedy noapabaTbiBaloller nase
N2 6 Broporo kanuiHoro ropu3oHTa, npyt BO30GHOBNEHUM paBoT B
naBe nocrne ANNTeNbHON ee 0CTaHOBKM 3a(hMKCUPOBAHO PE3KOoe CMe-
LieHMe noapaGoTaHHOrO MaccvBa C Pa3noMoM MOPOf CEKYLMMM
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Puc. 2. U3ameHenne BO BpeMeHH pa3HOCTH OCEAaHHA B MyNbje
cABwKeHus: Hap rpannuei (1) u cepepunoii (2) naebi
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Puc. 3. MparMenTbl HaTYPHbIX UCCNEOBAHNI PA3BUTUA TEXHOTEHHONH TPELWWHOBATOCTH B NOAPA6aTLIEAEMOM MAcCHBE FOPHbIX NOPOA:
a — TEXHOTEHHbIE TPELUMHbI Hafl BbipaBoTaHHbIM NpocTpaHcTBoM nassl N2 6 BToporo kanuitHoro ropusoHTa pyoHuka PY-1 (1989 r.;
6 — pa3noMHas 30Ha Ha BbicoTe 65 M Hap 6opToBbIM WTpekom nasbl N2 6 (2004 r.); B — BoOONPOBOAALLMIA KaHan Hap nasor N2 6
Ha BbicoTe B9 m (1989 r.)

TPELVHAMI B 30HE Pa3rpy3kit HaNpsKeHUA Ha BbIpaboTaHHbIM npo-
CTPaHCTBOM NnaBbl Ha BbicaTe 65 M. LLnpuHa 30HbI pasnoma nopog,
0rpaHYeHHas CeKyLMMU TPeLLMHaMK, COCTaBmMna 0Kono 3 M ¢ pac-
KpbiTuem TpewmH paccroenst o 80—100 MM no NnNockocTsM Ha-
nnacToBaHus. B pe3ynbTaTe nporuGa CroucToro NopofHoro Maccu-
Ba B OTAEMbHbIX CMOSX NOSBUNNCH CEKYLME TPELLWHbI C PACKPbITUEM
go 1015 mm, orpaHn4MBatoLLie 30Hy pa3noma nopop ¢ 06eunx cTo-
poH. [opn3oHTanbHbIE AethopMaL pacTSXXeHNs B 3Toi 30He cocTa-
Bun 3,5—4 mm/M. B nccnepnosatenbekoi BeipaboTke npu riy6uHe
noppaboTk 65 M B 30HE OMOPHOr0 AABNEHVS AethopmaLni pacTs-
XEHUIM B Mynbfe caukenus aocTurnu senuyntbl 0,6—0,9 Mm/m Ha
nHTepsane 10 m. Mpn 3TOM BU3yanbHO NPOCHEXMBANNCh TaKKe Ce-
KyLLUVE TPeLLHbI MO OTAEMbHbIM CIIOIM MaccKBa C PackpbITVEM Me-
Hee 1 MM, OfHaKo NpW OTCYTCTBUM TPELWH PACCNOEHIS He MENi
BbIX0J1a B BbIpaGoTaHHOE MPOCTPaHCTBO. TakuM 06pa3om, Haf Bbipa-
B0TaHHbIM NPOCTPAHCTBOM NlaBbl B 30HE pa3noma CNoeBoro Maccu-
Ba 00pa30BanuCb ABE CUCTEMbI TPELUMH, KOTOPblE, MEpecekasch,
CNOCOBHbI CO3[aTb BOLONPOBOASLLME KaHarbl B BbIPaBOTaHHOE Mpo-
cTpaHcTBo (pue. 3, a).

Mopo6Hble CMELLEHMs NOPOA C 30HaMW Pa3nomMoB B noapatoTaH-
HOM MaccyBe BCKpbITbI pa3seaoyHbiMi BbipaboTkamu N2 5 Ha [Mep-
BOM KanuitHom rapuonte PY-1 1 N2 2.2 Ha Bropom kanuitHom ropu-
30HTe PY-3 Hap y4acTkamu, NpUMbIKAOWMMIA K GOPTOBLIM LITPEKAM
nas, cooTBeTcTBeHHo, N2 6 1 1 ¢ 0gMHAKOBOW BbIEMOYHON MOLLHO-
cTbio 2,4 M.

B maccuse nopop, nogpaGoTtaHHom nasoit N2 6, Ha BbicoTe 65 M
aMnINTyAa CMELLEHS CNOEB B pa3nomHoii 3oHe coctasiuna 290 Mm
(puc. 3, 6), a Hag nasoit N° 1 Ha Bbicote 5 M — 900 mm [4]. Co-
MoCTaBNss NONYYeHHbIE PE3ymbTaThl, MOXHO NPOrHO3UPOBATH BbICOTY
pacnpocTpaHeHus pasnoMHblx 30H Ao 90 M, 4TO cocTaBnsieT
38-kpaTHy0 MOLLIHOCTb BbleMKki B nasax (2,4 M). Yrmbl HaknoHa 30H
pasnoma B Maccuse cocTansoT 50—-55° K ropu30oHTy B CTOPOHY Bbl-
paboTaHHOr0 MPOCTPAHCTBA OT TPaHMLbl BbIpaBOTKM, YTO COOTBET-
CTBYET YNy MOMHbIX CABWKEHMIA B Mynbae. B aTix 3oHax, cnycta 15

11 5 NeT ¢ MOMEHTa 11X 06pa30BaHus, BCE TPELLMHbI GbINK 3aKPbIThl 1
BM3YanbHO HE NpPOCMaTpUBANIC.

MexaHuam (DOpMUPOBAHMS U PA3BUTIS TEXHOMEHHbIX TPELWH B
nofpaBoTaHHOM CrOUCTOM MacCUBE YrofbHbIX MECTOPOXMEHUI nof-
po6HO paccMoTpeH B coBpemerHoi nutepatype [5-9]. Yto kacaetcs
CTapo61HCKOro MecTOPOXAEHNS KanuiiHbIX CONei, To 0606LLEHIe pe-
3yrbTaToOB MPOBEEHHbIX HATYPHbIX MCCNEAO0BAHWA NO3BONMNIO Npej-
MONOXWUTb CREAYIOLMIA MEXaHN3M CLBVKEHWS NoApaBoTaHHOro Mac-
CYBa M 06pa30BaHMs TEXHOreHHbIX BOAOMPOBOASLLUMX TPELWWH [ns
non3emHbIx pyaHukoB OAQ «benapycbkanuit».

B peaynbtate nporn6a cnoucToro MaccuBa Haj BbipaboTaHHbIM
MPOCTPAHCTBOM B HEM MOSIBASIOTCS PACTArMBAIOLLNE HAMPSKEHIAS, KO-
TOpbIE, N0 MEPE YBENNYEHNS OCEAaHNI B MyJibe CLOBVXEHMS, B Me-
CTax HambosbLUEero 13rinéa Crnoes noapaboTaHHoOro Maccmea AocTura-
10T Npefena npoYHOCTM MOPOJ Ha Pa3pbiB C NOSBIEHUEM W PA3BUTY-
eM ronepeyYHbIX Cekylmx TpewwH. B maccue o06pasyeTtcs 30Ha
pasnoma C [IByMs CUCTEMaMi TPELWWH — PAcCMOEHWA W CEKYLLMX.
Mpy onpefeneHHbIX YCOBISX CEKYLME TPELWHbI AOCTUra0T TPELLWH
PAcCroeHns, B pesynbTaTe Yero hopMMpyeTcs BOAONPOBOAALLIAN Ka-
Han B BbipaGoTaHHOE MPOCTPAHCTBO — 06pa3yeTcs Tak HasbiBaemas
NHIS pa3pbiBa B 30HE pa3noma nopof. Hanpumep, Takoi kaHan B
1ccnenoBaTenbekoit BeipadoTke N2 2 o6pa3oBarncs Ha BbicoTe 69 M
Hap nasoit N° 6 (pue. 3, B). TakuM 06pa3oM, B MyNbfle CABUXEHNS
nofpaBoTaHHOro CNoeBoro MaccyBa BOAOMPOBOASILME KaHarbl o6pa-
3yl0TCH KaK PeaynbTaT NepeceyeHist TPELMH PaccoerIs no Niocko-
CTIM HannacToBaHWi 1 CeKyLWX TPELMH Haf BbipaboTaHHbIM Mpo-
CTPAHCTBOM B 30HaX Pa3fioMOB CJI0EB.

BbicoTa 30HbI pacnpocTpaHeHUs BONONPOBOASLLMX TPELWH B NOA-
paboTaHHOM MacCKMBE 3aBMCMT OT BbIEMOYHOM MOLLHOCTY NaBbl 11 (-
31KO-MEXaHMYECKIX CBOVCTB NOPOA. [ns YMEHbLUEHIS BbICOTbI 30Hb
pacnpocTpaHeHst BOAONPOBOAALMX TPELLMH (B YCNOBUSIX OrpaHNYeH-
HO/ MOLLHOCTY BOA03ALLUMTHOM TOMWWM) PEKOMEHAOBAHO CO3faHue B
BblpaboTaHHOM NPOCTPAHCTBE BYTOBbLIX MOSOC BAOSb 6OPTOBbIX LWITPE-
KOB NaBbl, KOTOPbIE, CKYCCTBEHHO COKPALLAst BbIEMOYHYIO MOLLHOCTb,
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RESEARCH OF PROCESS OF DEVELOPMENT OF ANTHROPOGENIC FRACTURES IN UNDERWORKED ROCK MASSIF AT STAROBINSKY DEPOSIT
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Specification of mechanism of formation and development of water supply fissures in surface and in time became possible due to the many-year and labor-consuming field survey (from
specially prepared excavations) of the process of development of anthropogenic fracturing in rock massif of Starobinsky potassium salts deposit, underworked by stoping. On the basis of
this availability, the forecasts and preventions of mine flood threat became also possible.

During several tens of years, specialized scientific-research organizations (B. E. Vedeneev All-Russian Scientific-Research Institute of Hydrotechnics, «Belgorkhimprom» JSC, Beloru-
sian State University), together with subsoil user («Belaruskali» JSC) have been carrying out the full scale research of anthropogenic fissuring of underworked rock massif on mathemati-
cal models of Starobinsky deposit.

The most significant results of researches were obtained in conditions of usage of panel systems of development of potassium layers. During the full caving strata control in storing face,
the process of movement of underworked massif is carried out with big rates for relatively short period of time. The main purpose of research was the study of fissures-formation and devel-
opment of water supply canals in underworked rock massif in various areas of movement molds:

-first is the area of increased bearing pressure (beyond the pillar);

-second is the unloading area of pressures directly beyond the worked out surface.

Creation of packs along the boundary entries of walls in worked out space is recommended for decreasing of the height of water supply fissures' spreading area (in the conditions of re-
stricted power of waterproof mass). These boundary entries decrease the workable width artificially, which provides the smooth roof deflection and lower shift of separate layers. Therefore,
minimization of height of spreading of water supply canals (anthropogenic fissures) is also provided.
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ter supply canals.
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