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O HEJIOCTATOYHOCTH CYIIECTBYIOIINX
METOIOB ITOBBIIINEHUA
OWJIBTPAIIMOHHON YCTONYNBOCTH
HACBIITHBIX THAPOTEXHUYECKHNX
COOPYXEHUM rOPHOT'O ITPOD®UIAI

AHHOmMayusA. PaccMoTpeHbl MeToAbl NOBbILLEHUA GUABTPALLMOHHOMN YCTOMYMBOCTU HACBIMHbIX
TMAPOTEXHUYECKUX coopyKeHui ([TC): cBA3aHHbIE C MCMNOAb30BAHMEM CMELMA/bHbBIX KOHCTPYK-
TUBHbIX 3nemeHToB [TC, obecneyeHnem NoBbIWEHUA PUNLTPALIMOHHBIX CBOMCTB MaTepuana I1TC,
a TaK e C UCNoAb30BaHMEM CMeLManbHbIX 30MPYIOLLMX MaTepranos. BbiaBieHbl xapakTepHble
0COB6EHHOCTM NpeacTaBaeHHbIX MeToaoB. OTAelbHOEe BHUMAaHWe yAeseHo TeM 0COBEHHOCTAM, KO-
TOpble CBA3aHHbI C MaclTaboM PacCMOTPEHHbIX METOA0B. YCTaHOB/IEHO, YTO MPUMEHEHWE Cylle-
CTBYHOLLMX METOA0B HELLeNeco0bpasHO Mo TEXHNUYECKMM U SKOHOMMUYECKMM NPUYMHAM, TaK KaK Ha
MHOTUX HacbINHbIX [TC HapyLweHUs GUNLTPALLMOHHOM YCTOMYMBOCTM HOCAT IOKA/IbHbIN XapaKTep.
B KauecTBe npyvmepa PacCMOTPEH Y4acTOK Aambbl XBOCTOXpaHWUAULLA oboraTuteibHoN dabpurKu
ropHopyzHoro npeanpuatia MypmaHckoi obnactu. CaenaH BbIBOA, O HelenecoobpasHocTM uUc-
NMo/Ib30BAHUA CYLLLECTBYIOLLMX METOA0B NOBbILWEHWUA GUABTPALMOHHON YCTOMYMBOCTU A/1A YCTPaHe-
HWSA OKa/IbHbIX HAPYLLUEHWA. B cBA3K € 3TUM LenecoobpasHoi aBnseTca pa3paboTka HOBOro MeTo-
43, KOTOpbIN 6bln Hbl HANPaBAEH Ha YCTPAHEHME TAaKUX IOKANbHbIX HAapyweHnn GUabTpaLMOHHOM

YCTOMYMBOCTM, KaK GUAbTPALMOHHbIE XOAbI.

Knroyesble cnoea: HacbiNHble TMAPOTEXHNUYECKME COOPYIKEHUSA, XBOCTOXPAHUANLLA, NAOTUHBI,
0amb6bl, dUNbTPaALMOHHAA YCTOMUYMBOCTb, METOAbI MOBbIWEHUA GUNLTPALMOHHbIX CBOUCTB, NPOTEY-

K1, aedopmaumn.

HachbInHble TMAPOTEXHUUECKUE COOPY-
XEHUS UrpPatoT BaXHYO POAb B COBPEMEH-
HOWM NPOMbILLUAEHHOCTU. Hanpumep, pAaxe
NPWU OTHOCUTEAbHO HEDOABLLOW aBapuK Ha
I'TC XBOCTOXPaHUAMLLLA, EFO IKCMAyaTaLIMSA
BPEMEHHO npeKkpallaeTcs. Tak Kak oTCyT-
CTBYET BO3MOXHOCTb CKAGAMPOBATb XBO-
CTbl, NOAyYaemble B npouecce oboralle-
HKA, TO M oboratTuTeAbHas GabpUKa BbIHYX-
AEHa NpekpaTuTb CBot paboTy. B cBA3M ¢
npekpalleHnem npouecca oboralieHus
PYAbI, TO €CTb NMPOLECCa NOAYYEHUSA KOHEU-
HOro NPOAYKTa, AaAbHeNLLasa pabota Bcero
FOPHOPYAHOTO MPEANPUATUS CTAHOBUTCSA
HEeBO3MOXHOW. B cBA3K ¢ 3TMM Bonpocam
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HapexHocTu I'TC yaensietca 3HaumMTeAbHOe
BHMMaHWe, 0COOEHHO BOMpOcaM, CBA3aH-
HbIM C QUABTPALMOHHON YCTOMUMBOCTbIO
AaHHbIX coopyxeHun [10, 14]. Kpome To-
ro, aBapuu Ha pambax MoryT MPUBECTU K
3HAUYUTEABHOMY 3KOAOTUYECKOMY, SKOHO-
MWYECKOMY U couManbHOMY yluepby [9,
11-13].

B HacTosiLLee BpemMs CyLLLECTBYET 3HaUu-
TEAbHOE KOAMYECTBO Pas3HOObpasHbIX METO-
AOB NOBbILLIEHNS QUABTPALMOHHOM YCTOUUK-
BOCTU, KOTOPbIE YCAOBHO MOXHO Pa3peAnTb
Ha Tpu 6oAbLuMe rpynnbl [2, 7]:

1. MeToAbl, CBSA3aHHbIE C COOPYXEHMU-
eM B Tene AaMbbl MAU MAOTUHbI KOHCTPYK-
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Puc. 1. Tunbl n BUAbI 3EMASIHbIX HACbIMHbIX MAOTHMH, BO3BOAMMbIX B CEBEPHOM KAMMATMYECKOM 30HE
[8]: 1 — Ten0 NAOTWHBI; 2 — NOBEPXHOCTb AENPECcCUm; 3 — ApeHax; 4 — KpenAeHne OTKOCOB; 5 — TeMAo-
M30AILMOHHBIN CAOW; 6 — AMadparma; 7 — BepxoBas Npuama; 8 — HU30Basa Npuama; 9 — NepexoAHbIn
cnot; 10 — aKpaH M3 HErpyHTOBbIX MaTepunanoB; 11 — rpyHToBoe AAPO; 12 — UueHTpaAbHasA rpyHToBas
dUABTPALMOHHAA Npuama; 13 — WnyHT UAKM CTeHKa; 14 — rpyHTOBbIN 3KpaH; 15 — MHbEKUMOHHARA (Le-
MeHTaLUMOHHas) 3aBeca; 16 — 3y6; 17 — ueMeHTaUumMoHHas ranepest; 18 — saamopaxusatolLias cUcTeMa;
19 — AMHMSA pasaena TaAOro U MEP3AOT0 FPYHTOB; h — BbICOTa NAOTUHBbI; b — LWMPKUHA NAOTUHbBI MOHU3Y
Fig. 1. Types of earth-fill dams constructed in the northern climatic zone: 1—dam body; 2—surface of depres-
sion; 3—drainage; 4—slope reinforcement; 5—heat-insulating layer; 6—diaphragm; 7—upper wedge; 8—lower
wedge; 9—transition layer; 10—non-ground screen; 11—ground core; 12—central ground filtration wedge;
13—barrel drainage or wall; 14—ground screen; 15—injection (cementation) screen; 16—tooth; 17—cemen-
tation gallery; 18—freezable system 19—thawed and frozen ground separation line; h—dam height; b—dam
bottom width



TUBHbIX QUABTPALMOHHBIX SAEMEHTOB, Ta-
KUX KaK SIAPO, AMapparma, 3aBeca, dKpaH
n Apyrmie. B kauectBe npumepa MCNOAb30-
BaHUA Pa3AUYHbIX KOHCTPYKTUBHbIX 3Ae-
MEHTOB AASl MOBbILLEHNST GUABTPALIMOHHON
YCTOMUMBOCTM MOXHO MPUBECTU Pa3AMY-
Hbl€ TUMNbl U BUAbI NAOTUH, M30OPaXEHHbIE
Ha puc. 1.

2. MeTtoabl, cBA3aHHbIE C MOBbILLIEHU-
eM QUABTPaLIMOHHBIX CBOKCTB Matepua-
AOB, CAa@ratoLLUMX TEAO MAOTHHbI. K Taknm
MeToAaM oTHocATes [3, 41]:

* MeToA YyNAOTHEHUS NOPOA,;

¢ Tepmuyeckasn 06paboTka;

e Metoabl GUIUKO-XMMUYECKOTO 3a-
KpenAeHUs NOpPOoA:

- uemMeHTaums;

- ABYXpacTBOpHas CUAMKaTU3aLMS;

- OAHOpACTBOPHasA CUAMKATM3aLMS;
FAMHUCTO-CUAMKATHbIE PacTBOPbI;

- rasoBasi CUAMKaTU3aLUnS;
CMOAM3aLNS;

* ONEKTPOXMMUUYECKOE 3aKpenaeHue
MOPOA:

- 9NEKTPOOCMOTHMUECKOE 06E3BOXMNBA-
HUe;

- AAEKTPOXMMMUUYECKOE 3aKPENAEHUE;

* McnoAb30BaHUE Te0-KPUOTreAneBbIX
KOHCTPYKLUMA [1].

3. MeToabl, cBSI3aHHbIE C CO3AaHUEM
M30AUPYIOLLMX MOKPbITUHM. K NMOAOBHBIM

Puc. 2. Aepopmaumm norkm aambel (2013 1.)
Fig. 2. Dam cap deformations (2013)

MeToAaM OTHOCHTCA U3OAMPYHOLLIME MOKPbI-
VA M3 6ETOHOB, MOAMMEPHbIX MaTepManoB,
6UTYMOB W FeOTEKCTUAS], COAEPXALLENO B
CBOMX BOAOKHax GEHTOHWT HaTpus, KOTO-
pbivi, abcopbupys BoAy, yBEAMUMBAETCSA
B pa3mepax B 20—30 pa3 1 3akpbiBaeT
nopbl reoTeKCcTUAA [B].

EcAn npoaHaAM3npoBaTh CyLLECTBYHO-
LMe METOAbI NOBbIWEHUA GUABTPALMOH-
HOW YCTOMUYMBOCTU, TO MOXHO BbIAEAUTb
PAA MPUCYLLIUX UM XapaKTEPHbIX YepT:

* npeanoAaratotca paboTbl B MacLuTa-
6ax Bcero I'TC MAM OTEAbHbIX €r0 YacTen;

* TpebyeTca NpekpaLleHne AU n3meHe-
HUe rpadurKka Tekyllen akcnayatauumn I'TC;

e TpebyeTca 3HaAUMTEABHOE BpPEMS Ha
UX peannsaumio;

e TpebytoTCcst 3HAUMTEAbHbIE KaMnWTaAb-
Hbl€ BAOXEHMWS;

° M Apyrune.

Takum o06pa3om, BbllIeNepeUYnUCcAeH-
Hble MEeTOAbI BYyAYT 3OPEKTUBHBI NPU MPKU-
MeHeHun B MacwTabax uenoro I'TC mAm
3HauYUTEeAbHbIX ero yacten. OpHako, Ha-
pYyLUEHUSA GUABTPALMOHHOM YCTOMUYMBOCTH
3a4acTyto HOCAT AOKaAbHbIM xapakrep [5].
JT0 AeNaeT NPUMEHEHUE AAHHbIX METOAOB
yCTpaHeHUs HapyLleHU GUABTPALMOHHOM
YCTOMUMBOCTU SKOHOMMUUYECKU HELEAECOO-
6pa3HbiM B BOAbLLUMHCTBE CAyYaeB. B cBs-
31 C 9TUM KOMM@HWU, 3KCMNAyaTUpPYoLLneE
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Hwas 2015 roga

Puc. 3. Bua Ha pAepopMupoBaHHYHo NoAKy AaMbbl B Mae u urore 2015 r.
Fig. 3. View of the deformed dam cap in May and July 2015

[TC, BbIHYXAEHbI HEe YCTPaHATb NMPUYKHBI,
a pewatb nNpobAeMbl, BO3HMKAOLWMUE B
pe3yAbTaTe HapylleHWn GUALTPALMOHHON
YCTOMYMBOCTHU.

B kauectBe nprvmepa MOXHO NPUBECTU
AOKaAbHble pAedopmMaLmn AaMbbl XBOCTO-
XPaHWAMLLA OAHOIO M3 FOPHOPYAHbIX MPeA-
npuaTMi MypmMaHCKoOM 0H6AaCTU, BOSHUK-
lre B Hosibpe 2012 r. Ha puc. 2 npeactas-
AeH GOTOCHUMOK NOKaAbHOW pAedopMaumm
OAHOM U3 NOAOK A@MObl, CAEAAHHbIN AETOM
2013 .

B nepuop Hoabps 2012 r. no maw
2015 1. AaAbHENLLErO Pa3BUTUA AOKAAbHbIX
AedOPMaLMOHHBIX MPOLLECCOB Ha AQHHOM

yyacTke pAaMbbl He HabAAAAOCH, MO3TO-
My 6bIAO MPUHATO pelleHe BOCCTAaHOBUTb
MOAKY METOAOM OTCbIMNKK, Kak 3T0 NoKa3sa-
HO Ha puc. 3. MeToAbl MOBbILLEHUSA GUALT-
pPaLMOHHOM YCTOMUYMBOCTM HE NMPUMEHS-
AUCb.

B nepuoa ¢ uona 2015 r. no UOAb
2016 r. peryrsipHble HAabAIOAEHWA He Bbl-
BUAM NPU3HAKOB AePOPMALMOHHBIX NPO-
ueccoB. OpaHako B aBrycte 2016 r. npo-
M30LLIEA HOBbIM KPATKOBPEMEHHbIN LIMKA
AedopMMpoBaHUA MOAKK. Bbina npoBepe-
Ha ¢oTodukcaumsa, aHaAmM3, Khnaccuduka-
UMA M cUcTeMaTM3aums HOBbIX AedpopMma-
UMW C BbIAEAEHWMEM AOKAAbHbIX 0OAaCTEN

Puc. 4. Aepopmaumsi morku pamb6si. CeHTss6pb 2016 .

Fig. 4. Dam cap deformation. September 2016
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AedopmMmpoBaHuKs. Ha puc. 4 npeacTtaBAeH
$OTOCHUMOK AedopMaLmMK MOAKK, pacno-
AOXEHHbIN B 06AacTU pedopmaumi 2012 .,
n306paxeHHow Ha puc. 2, 3.

CxopactBo pedopmaumii 2012 1 2016 rr.
Mo PacCrnoAOXEHWIO, XapakTepy AedopMu-
POBaHWA U OTCYTCTBUIO CAEAOB BO3AEWN-
CTBMSA TaAbIX UAU AOXKAEBbLIX BOA, MO3BOAAET
NPEANOAOXUTb 06LLYH NpuUpoay Aedopma-
UMW, CBASAHHYK C HapyLUEHUAMU OUALT-
pPaLMOHHOM YCTOMUMBOCTU COOPYXEHMUS.
BeposTHO, uAbTpytoLLascs yepes pamby
BOAA CO BPEMEHEM Ha HEKOTOPbIX HEOOAb-
LLIMX yYacTKax BbIMbIA@ MEAKYIO GpaKLMo
MaTepurana pambbl, KoTopasa obecneunsa-
A2 OUMABTPALIMOHHbIE CBOMCTBA COOPYXe-
HUs. B pesyabtate B Tene AamMbbl cHOpMU-
poBaAcs GUALTPALIMOHHBIN XOA C HUSKUMMU
OUABTPALIMOHHBIMUW CBOMCTBAMMU.

CHOpMMUPOBABLLNICS XOA CTAA KOHLIEHT-
pPaTopoM AASt GUABTPYHOLLLMXCA BOA CMEX-
HbIX y4acTKoB AamMbbl. Bo3pocluee Koau-
YyeCcTBO OUABLTPYHOLLIMXCSA BOA B TAKOM X0AE
NPUBEAO K BbiMbIBaHWIO HOAEe KPYMHbIX
dpakumin matepransa Aamo6bl.

BbiMblBaHWe MaTeprana AaMbbl co3pa-
AO B €€ Tene MOAOCTU U NPUBENAO K Aedop-
MWUPOBaHWUIO MOBEPXHOCTM MOAKHK, HaUMHas
C MOAOK, PaCMOAOXEHHbIX BAMXE BCErO K
BbIXOAY GUALTPYHOLLIMXCSA BOA Ha MOBEPX-
HOCTb.

CkaukoobpasHoe pasBuThe pedopma-
LMA MOAKM, CMEHSIIOLLEECA AAMTEABHBIMMU
neprvoaamMu cTabuAn3aLmnmn cUTyaLmm, MOX-
HO O0ObACHWUTb HAAUUMEM Y KOHCOAMAMPO-
BaHHbIX FPYHTOB AaMObl ONPeAEAEHHON He-
cyuien cnocobHoOCTH, KoTopas No3BOASIET

CIINCOK JINTEPATYPbI

€l COoXpaHATb YyCTOMYMBOCTb NPU HEBOAb-
LLIMX NOTEPSIX MaTepUana.

Takum o6bpas3om, BUAHO, UTO Aedop-
MauMM pPaccMOTPEeHHOM AaMbbl MOXHO
OCTaHOBWTb, AWLLb BOCCTAHOBUB OUALTPA-
LUMOHHbIE CBOMCTBA COOpPYXeHusi. OpHaKo,
MCMOAb30BaHUE AAA 3TOW LIEAW CYLLECTBY-
FOLLMX METOAOB MOBbILWEHUA GUABTPALM-
OHHOMW 3aLWMTbl HeLeAecoobpas3Ho Nno psaAy
NPUUKH. Tak, NPUMEHEHUE CYLLECTBYHOLLUX
METOAOB B pamkax Bcero I'TC, 3KOHOMMU-
YECKN HEIPPEKTUBHO AAA YCTPAHEHUA AO-
KaAbHbIX OUABTPALIMOHHBLIX XOAOB B CUAY
0COOEHHOCTEN 3TUX METOAOB, ONMUCAHHbIX
BbiWwe. Tak Xe NpUMEHEeHWe OMMCaHHbIX
METOAOB He YCTpaHAEeT OCHOBHOMW NPUYUHbI
AedopMMpPOBaHMS Tena AaMbBbl — chHopMu-
POBaBLUMXCA GUABTPALIMOHHBIX XOAOB.

[MoABOASI UTOT, MOXHO CKa3aTb, UTO Ha-
pyLLEHUAM GUABTPALMOHHON YCTOMUYMBOCTH
HacbInHbIX [TC CTOUT yAEAATb 3HAUUTEND-
HO€ BHUMaHWE HE TOAbKO U3-3a UX BAUSTHUSA
Ha TEXHOAOTMYECKMNE NPOLLECChI, CBA3AHHO-
ro ¢ I'TC npon3BOACTBA, HO M MOTOMY, YTO
NOAOOHbIE HapyLLUEHUsI MOTYT NMPUBECTU K
pas3BUTUIO AeDOPMALMOHHBIX MPOLLECCOB
B TEAE AAMbl, YTO MOXET B AAAbHENLLEM
npuBecTn K aBapun. OAHAKO, MPUMEHEHUE
CYLLECTBYOLLIMX MacLUTabHbIX METOAOB MoO-
BblLLEHUA OUABTPALIMOHHOW YCTOMUYMBOCTH
B CMAY psiA@ MX 0COBEHHOCTEN Heleneco-
06pa3Ho. B cBA3KU C 3TUM BO3HUKAET He-
06X0AMMOCTb B pa3paboTke HOBOro Me-
TOAQ, KOTOPbIN 6bl NO3BOAAA 3DDEKTUBHO
M ¢ HeBOAbLUMMK 3aTpaTaMn 6OPOTLCS C
AOKaAbHbIMW HapyLLEHWUAMU GUABTPALIMOH-
HOWM YCTOMUYMBOCTH.
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Deficiency of current methods for improvement of filtration stability
of rock-fill waterworks in mining
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Abstract. The article reviews the methods of filtration stability improvement at rock-fill waterworks
connected with the use of special structural elements of the latter, improvement of filtration characteris-
tics of the water works material and the use of special anti-leakage materials. The characteristic features
of the described methods are revealed. An emphasis is laid on the features connected with the scale of the
discussed methods. It is found that, given the loss of filtration stability is of local nature in the majority of
waterworks, the current methods are technologically and economically unpractical. By way of illustration
of local filtration stability loss, a tailings dam at a processing plant in the Murmansk Region is studied. The
long-term in situ observations discover spasmodic behavior of deformation in the form of long stable-state
periods and short-duration distortions. The identified deformation mechanism is connected with the loss
of filtration stability. Water seepage in the dam body gradually washed fine particles out of local areas in
the dam, and the resultant zone with low filtration characteristics became a concentration of water flow
through the dam. Heavier flow kept washing out the dam material, which ended with the formation of a
filtration channel. As a consequence of the dam material washing-out, voids were formed in the filtration
channel, which grew and reached a critical size. After that local slip took place, and upper-lying layers fell
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into the formed voids. It is inferred that the existing methods of filtration stability improvement are un-
practical for elimination of local failures. In connection with this, it is advisable to develop a new method
aimed to preclude such local losses of filtration stability as filtration channels.

Key words: rock-fill waterworks, tailings ponds, dams, embankments, filtration stability, methods of
improvement of filtration characteristics, leakages, deformation.
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