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MpeanoxeH HOBbIN CNOCOO
NOCTPOEHUA HaKNaAHOW
aKYCTUKO-3MNCCUOHHOW CUCTEMbI
perucTpauuu BbiIHOCa TBEPAbIX
¢pakuwmii (necka) u3 razoBbix
ckBaXuH (cucrema «KAJET»).
MpuHUMNUanbHOE OTANYUE CUCTEMDI
OT CyLIeCTBYIOLUX AATYNKOB BbIHOCA
necKa 3aKn4yaeTcsa B TOM, YTO OHA
perucTpupyert TolbKO TO CYeTHOe
KOJIMYeCTBO YNbTPa3BYKOBbIX
MMNYNbCOB, KOTOpOe BO36yKaaeTca
yAapamu oTAeNIbHbIX NeCYNHOK

Ha 3a;aHHOM rop130HTaNbHOM
NPAMOJIMHENHOM yYacTKe TPyOGbl

(B 30He YyBCTBUTENLHOCTH).
Cucrema «KAJET» moxet
yCTaHaB/IMBATbCA HENOCPEACTBEHHO
Ha yCTbe CKBaXKUH, He
obecneyeHHbIX 31€KTPONUTaHUEM.
Mepenaya AaHHbIX B 3TOM Cllyyae
NpoM3BOAMUTCA NO PagMoKaHany.
MpuBeaeHbl pesynbTaTthl
MCNbITAHUWA CUCTEMbBI HA CKBAXXKNUHAX
YBasosckoro NXI ¢omnnana
«Kacumosckoe YIXI» 000
«lasnpom MXI», mectopoxxaeHun
MeaBexbe n Amcoseit 000
«la3npom go6biya Hagbim».

Matepuans! U MeTOAbI
JKCNepuMeHTabHble

HabnaeHNs, HAaTypHble UCTbITaHUSA,
OMNbITHO-KOHCTPYKTOPCKME pa3paboTku.

KniouyeBbie cnoBa
cucTema perucTpauumu, 4aTYMK BbIHOCA NecKa,
ra3oBble CKBaXMWHbI, 106bI4a rasa

BeepeHune

MecoK, BbIHOCUMBIA W3 HeyNNOTHEHHbIX
(pbIXNIbIX) MAACTOB € MPOAYKLUMEN CKBAXMHBI,
ABNAETCA OAHOW N3 OCHOBHbIX Np0o6/iem B Mpo-
yecce fo6biun rasa. Mpobnema oboctpsercs
ANA MeCTOPOXAEHUN, KOTOpble 3KCMAyaTUpy-
loTCA B 3aBeplualolleit ctagum paspaboTku.
BbIHOC NecKa MOXET NPUBECTU K CepbE3HbIM
NOBPEXAEHNUAM NiacTa-KoNNEKTOpPa, a TaKKe
3IPO3MOHHO-KOPPO3UOHHBIM  NOBPEXAEHNUAM
CKBAXMHHOro 060pyA0BaHUSA.

MpenoTBpalieHMe ONacHOro BbIHOCA ne-
CKa NpOM3BOAMUTCA NPU NOMOLLW perynnpoBa-
HUA pacxoja oTOMpPaemoro U3 Hee rasa: CKBa-
XUHA [OMKHa paboTaTbh Ha TaKUX pexumax,
npu KOTOPbIX BbIHOC MecKa ocTaBancs Obl B
npepenax, LOMNYCKaeMbIX HOPMaMy TEXHONO-
rmyeckux cnyx6 rasogobsiun. Ho ykasaHHoe
Bbllle peryimpoBaHue He JOMKHO NPUBOANTb
K noTepe KOMMEPYECKU BbIFOLHON NPOU3BO-
ANTENbHOCTU CKBAXMHBI.

BblHOC necka M3 nnacrta CHUkaeT 06b-
€M Npou3BOACTBA W MOBbIWAET 3aTpathl Ha
TeXHWYecKoe o6CNyXMBaHWe, NO3TOMY MNpu
paboTe Ha N060Vi ra30BOIi CKBaXMUHE Heo6Xo-
AMMO MCNoNb30BaTh Kakyto-n11nbo cuctemy mo-
HUTOPWHIa BbIHOCA MecKa, NPeAnoYTUTENbHO
paboTatowyio B peanbHoM BpemeHu. Takoi
cUCTEMOl  ABAAETCA  aKyCTUKO-3MUCCUOH-
Has cMcTema perucrTpauuu BbiHOCA TBEPAbIX
tdpakumin «KALET», paspaboTtaHHas B 3A0
«0b6beanHeHne BUHAP». Pernctpupyembimu
CUTHaNamm CUCTeMbl ABAAIOTCA aKyCTUYECKNe
MMNYbCbl, KOTOPblE BO3HWUKAIT B CTEHKE TPY-
6bl NpY yaapax OTAeNbHbIX NECYNHOK.

1. KpaTkoe onucaHmne cuctembl perncrpaymm
BblHOCa TBepAbIx dpakuuin «<KAJET»
Cuctema «KALET» ABnAetca HaknagHbiM
YCTPOMCTBOM, KaXAbli1 U3 3/1IEMEHTOB KOTOPOT0
yCTaHaBNMBAETCA HA HapyXHOW MOBEPXHOCTM
TPy6bl ra30npoBoAa NP1 NOMOLLM NPUKMMHBIX

XOMyTOB. KOHCTPYKTMBHO cuUcTemMa COCTOUT
Pacxon, Bpemana  [laBneine O6bem
Tbic. M3/ pexume, c rasa, MMa ras, m*
CYTKU
592 1780 4.53 12196

YOK 620.1+331.45+622.691+622.276

U3 Tpex NepBUYHbIX AATYNKOB aKYCTUYECKOW
IMUCCUM 1 fornyeckoro 61oKa 06paboTHU 1
nepeaayn AaHHbIX. LITaTHbIM MecTom ycTa-
HOBKW CUCTeMbl ABNAETCA NPAMONUHENHbIN
yyactok Tpy6onposoaa (puc. 1), rae NOTOK sB-
NAETCA OAHOPOAHbBIM M OHOMEPHbIM (MPOAOb-
HO-O4HOPOAHbIM). PacrnonoxeHve AaTyMKos
«B pAA» BAONb OCU TPyBbl COBMECTHO C anro-
putMom 06paboTKM pe3ynbTaTtoB UX PaboTbl
thopmupyet Ha Tpybe 30HY YyBCTBUTENLHOCTU
NpocToN reomeTpuyeckon Gopmbl ¢ M3BecT-
HOWM nnowaabtlo. CucTema perucTpupyeT 1 noa-
cuuTbiBaeT oTaenbHble (CYeTHbIE) aKycTuye-
CKME UMNYNbCbI, KOTOPble BO3HUKAKOT TONbKO B
30He YYBCTBUTENbHOCTW. VIMNYNbChI, BO3HUKA-
joLyMe BHE 30HbI YYBCTBUTENBHOCTU, CUCTEMO
He BOCMPUHMMAIOTCA KaK NoNe3Hble CUrHabl.

Hanuune 30HbI 4YyBCTBUTENBHOCTU BO
MHOroM pelwaet npobnemy oTceBa LWYMOB
¥ NO3BONAET PelWNTb ABe BaXHble 3ajauyu.
Bo-nepBbiX, NONY4YNTb AOCTOBEPHbIA TPEHA
M3MEHEHUA KOHLEeHTpauuu mnecka B rase,
npuyem, 6e3 npeaBapuTENbHbIX HATypPHbIX
KanubpoBoOK. Bo-BTOpbIX, pa3paboTaTb nepe-
AaTOUYHYI0 (DYHKUMIO CUCTEMbI, KOTOpas Aaert
BO3MOXHOCTb B PEXMME peanbHOro BpeMeHu
KONMYECTBEHHO OMpefenATb KOHLEHTpaLuio
necka B rase.

Mpu ycTaHOBKE CUCTEMbI Ha YCTbe CKBa-
KUH, HE UMEKLWUX CUCTEMbl 3INEKTPOCHab-
EHWA, ee NUTaHWe OCyWecTBAseTCs OT aB-
TOHOMHOTO WCTOYHUKA (uTueBas 6arapes),
nepejavya MHbOPMaUMU Ha AUCNETYEPCKUIA
MYHKT B 3TOM C/ly4yae NPOU3BOAMUTCA MO PaAu-
oKaHany 6ecnpoBOAHON CEHCOPHOI CeTu.

2. PesynbTtathl ucnbiTaHum
cucrtembl «KALET»
2.1. UcnbITaHnA Ha CKBaXKMHaxX
YBA30BCKOro NOA3€MHOr0 XpaHunuiya
raza 000 «lasnpom MXr»
Pa6oTbl NPOBOAMANCH B anpefie 2010 roja
B Mpouecce ra3ofHaMUYecKnx nccnesoBaHmni

KoHueHnTtpauus
necok, MM3> BOAa, 1 NeCOK, Boga, n/m3
MM3/m3
100 000 5.0 8.2 0.00041

Tab. 1 — lMapamempbi pexcuma 5 2a300UHAMUYECKUX UCCNed0BaHUl CKBAXCUHbI N° 211

Puc. 1 — /[lge cucmemsbi «KALJET», ycmaHosneHHble Ha wiaelihe 00HOU U3 CKBAXCUH Amcoselicko2o
mecmopoxcdeHus 000 «[aznpom dobbiva Hadbim»



cKkBaXuH N2N2 67, 69 1 32, Ha pexunmax KoTo-
pbIX W3MEpPANNUCb PacxodHble W Tepmobapu-
Yyeckume xapaKTepuCTUKU ra3oBOro noToka, a
TaKe coflepXaHue Boabl B rase. Cucrema ycra-
HaB/iMBaNnacb, Kak Ha NPAMONMHENHOM y4acT-
Ke, TaK 1 Ha KosieHe TpybonpoBoaa GpoHTaHHOM
apmatypbl CKBauH. CaMocTosTeNnbHOE U He3a-
BMUCHMOE M3MepeHne KOMYecTBa BbIHOCMMOTO
13 CKBaXWHbI necka (Hanpumep, KoIeKTopom
«Hagbim-1»), M3-3a OTCYTCTBMA TEXHUYECKOW
BO3MOXHOCTYW, He MPOBOAUNOCH.

M3mepeHunsa BblHOCA Mecka CcUCTeMON
«KALET» npoBoAnnmnch B peanbHom macwtabe
BpemeHu (HenpepbiBHO), BKIOYasA perucrpa-
LMI0O nepexofHblXx NpoLeccoB Npu CMeHe
peXumMoB paboTbl CKBaXMHbI. Ha puc. 2 npu-
BefleHbl 3KCNeprvMeHTanbHble KpuBblie, 0Tpa-
XatLlme BbIHOC U CKOPOCTb BblHOCA NecKa Ha
[BYX CMEXHbIX 3HayeHusax aebuta, BKAYan
nepexoAHbli Nepuoa.

Kak BuaHo, noBbilweHne pebuta cKBa-
XWHbI, KOTOPOE NMPOU3BOAUTCA C HEKOTOPOW
KOHEYHON CKOPOCTblO, Bbi3biBaeT 3anMoBbIN
BbIHOC MecCKa, Nocine KOTOPOro CKOpPOCTb
BbIHOCA MOCTENeHHO cHuxaerca (Ha puc. 2
— NepexoAHbli Nepuoa), BbIHOC CTabuansun-
pyetcs U COOTBETCTBYET HOBOMY (MOBbILWIEH-
HOMY) 3HaueHuio aebuta. B nposeseHHOM
JIKCNepUMEHTEe Nepexos CKBaXWHbI C pexnma

Ha peXum npeactaBnan coboi HesHaYUTeNb-
Hoe yBenudyeHune aebuta (Ha =14%). Cnepo-
BaTeNbHO, [AMHAMUYECKME XapaKTePUCTUKM
cuctembl «KALET» no3BOnstT C BbICOKOM
CTeMneHbl0 pa3pelleHns perucTtpuposatb He
TONbKO CTALMOHAPHbIA BbIHOC NeCKa Ha pas-
HbIX peXumax paboTbl CKBaXMWHbI, HO U Nepe-
XOAHble NpoLecchl B MeCKONPOABNEHMUAX, KO-
TOpbl€ BbI3bIBAIOTCA JaXe HE3HAYUTENbHbIMU
n3meHeHMAMU gebuta. B cneunansHo npose-
AEHHbIX 3KCMepMMeHTax NOATBePKAeHa He3a-
BUCMMOCTb Pe3ynbTaToB OT HaNM4UA B Npo-
AYKLMWMW ra30BOM CKBAXWHbl KanenbHON BOAbI.
2.2. UcnbiTaHua Ha
CKBaXkuHax MeaBexbero
1 fIMCOBEICKOro MecTopoXaeHui
000 «la3npom po6biua Hagbim»
JKCnepuMeHTbl MPOBOAMANCH HA Pa3any-

HbIX peXumax ra3oAmHamuyeckux mccnepo-
BaHWi Tpex ckBaxuH MeaBexbero HIKM un
Tpex cKkBawuH fimcoBeinckoro HFKM B gua-
nasoHe e6MTOB 50—200 ThiC. M3/CYT. N 200—
700 ThiC. M3/CyT., COOTBETCTBEHHO. Kpome
pesynbtatoB cuctembl «KALET», perucrpu-
poBanuch cnepytolime ycTbeBble NapameTpbl:
® cojepxaHue necka
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Puc. 3 — Pe3ynsmamsi ucnsimaHruli Ha cksaxcuHe N° 211 Amcoselickozo mecmopoxcdeHus

® naBneHue Ha bydepe
(P6yd) 1 B 3aTpybbE (P3ar);

® nebutrasa (Qcks);

® Temneparypa rasa.

Ha puc. 3, B KauyecTBe wunnwocTpayum,
npvBeseHbl rpaduKM COOTBETCTBYIOLME MO-
KasaHuaM (YMCNO coyfapeHuid NMecuymHoK C
30HOM YYBCTBMTENBHOCTY 3a 5 C) ABYX CUCTEM
(N225 1 N226), KoTOpble 6biIM YCTAHOBAEHDI
COBMECTHO Ha peXume 5 ra3ofMHaMuyecKmx
nccnenoBaHUim ckBaxuHbl N2 211 AmcoBen-
cKoro mectopoxpaeHus (cm. Tabn. 1), HO Ume-
NN Pa3Hyto YyBCTBUTENBHOCTb.
3akno4yeHune
1. B pesynbrate HUOKP paspaboTaHa

1 AOBefleHa A0 NPOMbILIAEHHOTO
MCMONHEHUA HaKknagHasn
AKYCTUKO-3IMUCCUOHHAA cucTema
perucTpaLum BolHOCa Necka u3
rasoBbix ckBawuH («KALET»), KoTopas
nocTpoeHa Ha HOBOM MeTofE, U1
MOXET NPUMEHATLCA B KayecTse
MHAMKaTOpa BbIHOCA MecKa u3
rasoBblXx CKBaXuH, paboTaioLiero

B PEXUME peanbHOro BpeMEHMU.

2. HoBM3Ha UCnonab3yemoro
MeToa 3aK/yaeTca B
perucTpaLuu CY4eTHOTO
KOMMYeCTBA YNbTPa3BYKOBbIX
MMNYNbCOB, KOTOPble BO30yxKAaatoTCs
yAapamu OTAeNbHbIX NECYNHOK
Ha 3ajaHHOM rOpW30HTaNbHOM
NPsAMOIMHENHOM y4YacTKe TpyObl,
4TO BO MHOTOM pewaet npobnemy
OTCEeBa WYMOB M JaeT BO3MOXHOCTb A/iA
pa3paboTKM NepeaaToyHoi hyHKLNUN.

3. Cuctema npegHasHayeHa ans
YyCTAHOBKYW HEMoOCPeACTBEHHO Ha
YCTb€e CKBAMMUHbI, 4TO 3alMLLaeT
ee NoKa3aHusa OT UCKaWEeHWN,
06YCNOBAEHHbIX MEPEHOCOM Necka
no aAnuHHomy wnendy (8 Tom uncne
1 ero ocefaHuem), obecneynsaer
60/ee BbICOKYIO TOYHOCTb, Pa3pelleHne 1
AMHAMMUYHOCTb MO CPABHEHWIO C aHaNormy-
HOW CUCTEMOW, YCTAHOBNIEHHOMN B KOHLLE
wneida, To €CTb Ha BXoae B
cOOpPHbLIN KONNEKTOP.

4. JKCNepMMeHTbI NoKasanu, 4to
AMHAMUYeCKne XapaKTepucTukn
CUCTEMbI B COBOKYMHOCTU
C MECTOM €ee YyCTaHOBKMU,
Nno3BO/AT PErncTpupoBaThb
nepexoAHblie Npouecchl B
necKonposBIEHUAX, KOTOpble
BbI3bIBAIOTCA AaXKe HE3HAYUTENbHBIMU
M3MeHeHuAMU aebuTta.

5. /3 pe3ynbTaToB UCNbITaHWii cleayer,
YTO ra3oBble CKBaXWHbI OAHOW
1 TOM e KOHCTPYKLUK,
OTKpbIBAOLLMECSA B OAVH U TOT e
NAacT-KONNEKTOP, MOTYT UMEeTb
NPUHLUMNUANBHO Pa3inyHble
CBOWCTBA NECKONPOABNEHUN.

Utorn

Paspa6oTaHa 1 foBefeHa 40 NPOMbILLIEHHO-
ro UCMONHEHWsA HaKNaAHan akyCTUKO-3IMUCCU-
OHHas cucTema perucTpayuy BbiHOCA Necka
13 ra3oBbix ckBaxuH («KALET»).

BbiBOAbI

Cucrema «KAJET» nocTpoeHa Ha HOBOM MeTO-
Ae, 1 MOXeT NPVMEHATLCA B KayecTBe UHAK-
Katopa BblHOCA NecKa W3 ra3oBblX CKBaMWH,
paboTaloLiero B pexnme peanbHOro BpeMeHu.



CnucoK ucnonb3yemon nutepartypbl

1. Anpenko B.T., Nasapes C.T.,
BuHorpapos A.10., Kapiok B.M.,
Haszapos C.WN. Cnocob perucrpayum

ENGLISH

BKJIOYEHUI TBEPAbIX

(hpaKunii B ra30BOM NOTOKE.
MaTteHT Ha n3obpeteHune

N° 2408868. 3apeructpupoBaHo

B FOCYyAapCTBEHHOM
peecTpe nsobpereHuni
Poccuiickoinn Pepepaumm
10 AHBApPA 2011 T.

DIAGNOSTICS

The system for registration of sand production in gas wells

Authors:

UDC 620.1+331.45+622.691+622.276

Victor G. Didenko — phD in engineering, leading researcher’; didenko@binar.ru

Stanislav A. Ezhov — engineer’; ezhov@binar.ru
Vladimir M. Karyuk — general director'; director@binar.ru

*BINAR CJSC, Sarov, Russian Federation

Abstract

New method of
acoustic-emission

system building is proposed

in the paper. KADET system

is designed for registration of
solids removal from gas wells.
The fundamental difference

of the system from the existing
sensors lies in the fact that it
registers only a countable
number of ultrasonic pulses,
which is excited by the blows
of the individual grains of sand
on a given horizontal straight

directly installed on the well-head
which is not provided with

power supply. In this case
wireless data transferring is
used. The paper presents the
results of the system

testing which was fulfilled

on the wells of Gazprom’s
underground gas storage
facilities (UGSF) including
Uvyazovskoe UGSF, Kasimovskoe
UGSF and at Medvezhye and
Yamsovey gas fields.

Materials and methods

Results

Clamp-on acoustic-emission
system (KADET) for registration
of sand production in

gas wells was developed

and is ready for industrial
manufacturing and application.

Conclusions

KADET system is built

on the innovative method and

can be used as on-line operating sensor
of sand removal from gas wells.

Keywords

pipe section (in the sensitivity
zone). KADET system can be
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