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MeTon cericMmny4eCcKom SHTPOMMY B HACTOSILLIEE

BPEeMSI MPUMEHSIETCS 151 PELLIEHVIST ANHAMUNHYECKINX

3a/ay rnoAroToBKM 1 MporHo3a 3emaeTpsiceHui. OH
[03BOJISIET BbISIBUTL MEPAPXNKO CENCMOAKTUBHbIX
0OBEMOB re0/I0MMYECKON CPELbl, OTBETCTBEHHbIX 3a
CUJIbHbIE 3EMIETPSICEHUS], 3a 06pa30BaHVe PaspPbIBOB

B Cpefe pa3HOro SHEPreTn4eckoro ypoBHs. B paboTe
OMChIBAKOTCS] BO3MOXKHOCTU MPUMEHEHMS] 9TOro MeToaa,
1151 KOHTPOJIS] MUKDO3EMIETPSICEHWN (@CTECTBEHHOMO

M TEXHOMEHHOrO) MPOMCXOXAEHWST, 4151 Pa3paboTKu
CUCTEMbI KOHTPOJ151 BO3HUKHOBEHUST TEXHOMeHHbIX
AeopmaLinii, paspbiBOB, CMELLEHN, CBS3aHHbIX C
HegTerasoBbiMy paspaboTkamu. MeTon MOXeT 6biTb
MCro/Ib30BaH A7151 PELLIeHNST TEXHOJIOMMYECKMX 3aaa4
KOHTPOJIS AVMHAaMUKA pasBUTUS MapopasphkiBa niacta Ha
MECTOPOXAEHWUSIX YIr/IEBOAOPOAOB.

Beenexue
MeTon, MOHUTOPUHIa 1 NPOrHO3a 3EMNETPACEHWIN
Ha OCHOBE CENCMMYECKOM SHTPOMUM NPaKTUHECKM
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The seismic entropy method is currently used for
earthquake forecasting. It enables us to show the
seismic ranges of the geological environment which
cause violent earthquakes and the formation of faults

in an environment of diverse energy levels. This article
describes the possibility of applying such methods to
monitor micro earthquakes, both natural and manmade,
in order to develop a control system over technogenic
deformations and faults that can help in oil and gas
production. This method may be applied to monitor the
dynamics of hydraulic fracturing.

Introduction

The method of monitoring and forecasting earthquakes
based on seismic entropy has been practically applied

in different regions of the world since 2007. In order to
describe the seismic processes that are happening in the
earth, seismic entropy was introduced in 1993, where
basis microearthquakes were facilitated. (Akopyan,
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NPUMEHSAETCS 0N pa3HbIX peroHoB Mupa ¢ 2007

roga. B 1993 rony onsa KonnM4ecTBEHHOrO OnmMcaHus
CENCMMHECKNX MPOLIECCOB B peasibHbIX cpeaax

ObInv BBEAEHbI (DU3NHECKME NapamMeTPbl MIOTHOCTb
COCTOSIHUS W BHTPOMKYIS, a B KA4eCTBe KBaHTA -
3NEMEHTAPHOE MUKPO 3eMneTpaAceHme (AkonsaH, 1998,
Akopian, 2013). BbIno NokasaHo, YTo NOAroTOBKA
3eMIIETPSICEHUI MPOUCXOOUT B Npeaenax KOHKPETHbIX
06BEMOB MTOCKEPDI, HA3BAHHBIX CENCMUYECKMN
cuctemamu (CC). Ons BbigBneHnst CC paccHnTbiBaroTCA
NHTErpan OT CYMMapPHOW CENCMNYECKON SHEPTUN,
BblAeMBLUECSA B OObEME re0Iornm4eckor cpeapl, 1

ee norapugm - aHTponua. BBeaeHne anemeHTapHoOro
MUKPO 3EMNETPACEHNSA - KBAHTA U HOBbIX MapaMeTpoB
NO3BOMNSIO NMEPEBECTU ONMUCaHNE PeasibHbIX MPOLECCOB
B MaTeMaTUHECKYIO MIIOCKOCTb, KOTOPAas BbIpaXXaeTCs

B MOCTPOEHUN SHEPrETUHECKUX U TPEKOBbLIX AMarpamm.

B HacTosiLLee Bpems BbisgBneHo 6onee 130 CC un
noacuctem pasmepamu ot 20 0o 3000 KM C MOpOoroBbIMA
mMarHuTygamm ot 5.0 oo 8.5. PassuTtre metoaa
CENCMMYECKOWN 3HTPOMUN OT BOMBLLIMX CUCTEM K MarnbiM

N CHWKEHME MOPOroBbIX MarHUTY 3EMNETPACEHWIA
(Akopian, Kocharian, 2013) O MUKPOCKOMUYECKNX (HAHO-
MarHuTygpl oT -3 Ao 0, pa3mepbl AECATKNU, COTHU METPOB),
NO3BOMUT MPUMEHATL METOL, CENCMNYECKOM SHTPOMU
01151 PeLLEHNs TEXHOMOMMYECKMX 3aaaY B HedhTerasoBom
oTtpacnn. MOHUTOPUHI MUKPOCENCMUYHOCTU U

MPOrHO3 OMNAacHbIX TONMYKOB B MEPAPXUN FEONTOMNHECKIX
CTPRYKTYP, MO3BOT KOHTPOIMPOBATb HEraTUBHbIE
cenicMmnYecKme Bo3aeNCcTBIUS Ha BaxKHENLLNE OO BEeKTbI
(MMOpOTEXHNHECKNE COOPYXKEHWUS, aTOMHbIE CTaHLW;
TOMNIMBHO-3HEPreTUYECKME, ra30HeTAHbIE KOMMIEKCHI).
MoandukaLmsa NporpaMMHOro 0becnedeHst MO3BOUT
KOHTPOSIMPOBAaTh cabble TON4YKM, KOTOPbIE MOTYT
BbI3BaTb OMNacHbIE MOBPEXOEHUS 1 Nepebon B
DYHKLMOHNPOBAHUN XO3ANCTBEHHO-UHAYCTPUASIbHBIX,
TOMNMBHO-3HEPIETUHECKMX OOBEKTOB, KOMMYHUKALI
(TOHHENN, MOCTbI, FOPHbIE BbIPABOTKM, MAOTUHbI,

raszo- 1 HedpTENPOBOAbI, CKOPOCTHbIE TPAHCMOPTHLIE
KOMMYHUKaLun 1 T.4.). CucTema no3sonuT NpeaynpeamTb
3apoXaeHVe Manbix gehopmaumi Ha paHHen ctagum,
NPEANPUHSTE COOTBETCTBYHOLLIME MEPbI YKPEMNNEHMS
06beKTa 1 NPedOTBPALLEHNSA HEXeNaTeNbHbIX 3PdEKTOB.

MprmeHeHWe MeToOa OJ1s KOHTPOJIS
MHOYLUWUPOBAHHOM U TPUTTEPHON CEUCMNYHOCTU
€CTECTBEHHOIo 1 TEXHOrEHHOIo XapakTepa B
HedpTerazoBon o61acTu.

TpaguumMoHHasa aHeprus, onpeaensemMasi no 3anncsam
CerICMNYECKIX BOJIH, MOXXET COAEeP>XaTb BJINAHWE
hNoMaoB, UCKYCCTBEHHbIX M TEXHOMEHHbIX (DaKTOPOB

B reofIorM4eckoi cpeae, KoTopble MOryT yCUnTb

N HAOBOPOT OCNABUTL CUMY 3EMIETPSACEHMSI.
CpaBHeHMe aHEpPrn MUKPOCENCMUYHOCTM MO

METOLY CENCMUNYECKON SHTPOMUN C TRAANLMOHHBLIMN
napameTpamMu, PErMCTPUPRYEMbBIMU CEMCMONOTMHECKMM
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1998, Akopyan, 2013). It was shown that earthquakes
develop within the specific volumes of the lithosphere
(rock sphere), which are called seismic systems (SS). In
order to detect SS, the value of the total seismic energy
released within the geological environment is calculated.
This value is called entropy. By introducing small
earthquakes in to the calculations, it is possible to create
accurate models and diagrams. Currently, over 130 SSs
have been detected in subsystems ranging from 20 to
3000km, with magnitudes from 5.0 to 8.5 points.

The development of the entropy method from large to
small scale systems, and the lowering of the earthquake
magnitudes to microscopic levels (hano-magnitudes
from -3 to 0, or only tens or hundreds meters in size),
may make it possible to apply this method to solve
technical problems in the oil and gas sector. The
monitoring of micro seismic activity and the forecasting
of tremors within the geologic structures may make it
possible to control negative seismic impacts to critical
manmade facilities (such as tunnels, bridges, mine
workings, dams, gas and oil pipelines, throughways etc.)
Indeed, this system may allow us to predict the origins
of smaller geological deformations at their early stages
and therefore take corresponding measures to reinforce
facilities and prevent potential damage.

Applying the method to control and stimulate natural
and technogenic earthquakes in oilfields

Conventional energy, which is determined by the
recording of seismic waves, may contain the impact of
fluids, artificial and technogenic factors in the geologic
environment, which may or may not increase the
strength of an earthquake. Comparison of the micro
seismic energy using seismic entropy with traditional
characteristics, which are registered by seismological
monitoring networks, makes it possible to recognize
that fluid and technogenics are taking part in the
process of earthquake development.

It was illustrated (Akopyan, Popov, 2010) that the
catastrophic earthquake at Spitak, Armenia in 1988,
might have been a triggered the construction of the
nearby water storage facility in Akhuryan, which was
constructed in 1983, as the epicentre was nearby.

During the course of the seasons, small water storage
facilities have significant fluctuations of water level
and pressure, unlike larger storage facilities. Bearing
in mind these factors, and taking into account the
natural fault line in the area, we can assume that
these factors were a large part of the natural disaster
that took place here. Based on this method, we can
reveal a natural trigger mechanism for the earthquake
of the Southern California on April the 4th, 2010

that measured 7.2. We can hypothesise that the
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CeTaIMN HabtoAEHNUI, MO3BONISET BbISBAATL OIHOUOHYHO,
TEXHOMEHHYKO COCTaB/IALLYIO B MOArOTOBKE
3emMneTpsicerHus. [NprBeaeM NpUMepPb! MPUMEHEHNS
MeTO[a CENCMUNYECKOM SHTPOMUW [NA PELIEHNS

3a[a4 TPUIMEPHON N NHOYLIMPOBAHHOM CENCMUHYHOCTI
€CTECTBEHHOIO U UCKYCCTBEHHOMO MPOUCXOXOEHNS.

Bbino nokasaHo (Akopian, Popov, 2010), 4To
kaTacTpodundeckoe CnnTakckoe 3eMmneTpsiceHne 1988
B APMEHNM MO0 ABASTLCA TpUrrepHeiM. Oyarosas
30Ha CnnTakCcKoro 3eMneTpsaceHns Obina ocnabnexHa
AXYPSHCKMM BOAOXPaHUANLLEM, KOTOPOE BbINo
BBEAEHO B aKcrnyataymo B 1983, 4TO coBnapaeT ¢
CENCMNYECKINM LIMKITOM HaKOMMEHWS HaMPSXKEHNIA

Ha ApMAHCKOM Haropbee (Akopian, 1990). B mManbix
BOLAOXPaHWINLLAX, B OTAMHME OT B60MbLUMX, B TEHEHUN
Ce30Ha NPOUCXOAAT 60/bLLME KonebaHns YPOBHS BOAbI,
Bapuaumn NOPOBOro AaBfeHns, YTO B HEG1aronpUsATHbIX
CENCMOTEKTOHNYECKNX YCINIOBMSIX Ha ceBepe ApPMEHM
MOT CbIrpaTb POKOBYHO POk, Ha ocHoBe MeToaa

ObIN BbIABIEH ECTECTBEHHbIN TPUIMMEPHBIA MEXaHU3M
3eMneTpsiceHna B HxHen KanudhopHun oT 4 anpens
2010, M=7.2. 3emneTpsicenne-nHamkatop ot 30 aekabps
2009, M=5.8 B6nm3n Mexvkannm npunogHsio Tpex
NoArOTOBKM CUMIbHOMO 3EMETPSICEHMS, OH NoMnan B
30HY HeycTon4MBoCTY pasnoma JlaryHa Canaga, roe v
MPON30LLIIO CMYCTA TPY MECsiLia CUMbHOE 3EMITETPRSICEHNE
(Akopian, Popov, 2010). MeTop 6bina TecTrpoBaHa

B LleHTpe pernoHasibHbIX reonioro-reonanyeckimx

earthquake measuring 5.8 that took place in Mexicali
on the December 30th 2009, touched an unstable
zone of the faultline at Laguna Salada, causing a strong
earthquake to take place 3 months later. (Akopyan,
Popov, 2010). The method was tested at the Regional
Geological-and-Physical Research Center “GEON” in
1997 (Akopyan, 1997). A joint analysis of seismicity

and earthquake zones for the facilities of the fuel and
energy complex in the Caspian area was carried out. As
a result, we have maps of seismic hazards in different
range of frequencies for velocities and accelerated
velocities of the expected seismic forces, and an
estimation of when they are likely to occur. The report
forecasted earthquakes measuring from 6.2 for a period
from 1998 to 2005 for the Caspian aquatic area and
the neighboring countries. The earthquakes in the NW
of Iran (1998.07.09, measuring 6.2) and in the western
part of Turkmenistan (2000.12.06, measuring 7.5) were
forecasted as well. Proof in the form of a letter, signed by
L.Solodilov, D.Fyodorov, N.Kondorskay, is available.

As an example, an energy diagram of the SS in Sakhalin
is presented here in Fig.1, including offshore mining

in the SAKHALIN [-V zone (Akopyan, 1998, Akopyan,
Kocharyan, 2013, Tsifra, 2008).

Fig.1a displays linear regression equations for the period
before and after the earthquake at Uglegorsk in 2000 -
see lines (1) and (2), correspondingly. The magnitudes
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Puc. 1: BansHue HedTerasoBbix padpadbotok Ha wenbde (CAXAJIVH I-V) Ha semneTpsiceHns CC CaxanuH. a)
OHepreTuyeckas auarpamma: (1) oo 2000r. v (2) nocne. 3aTeMHeHHblE 06nacTy 0603Ha4at0T Pa3bpoc MarHUTyq. b)
3emnetpsiceHnsa nHamkatopsl ¢ M> 5.0 n koHdurypaumrs L cuctemsl CaxanuH. ¢) O4arosble obnactn A, B, C and D
MSATY CUNbHbIX 3eMneTpsaceHnin (M>6.2) 1 nnatopMbl HePTeaOObIHM

Fig. 1: The effect of offshore oil and gas production (SAKHALIN [-V) on the earthquake of SS Sakhalin. a) Energy
diagram: (1) before 2000. and (2) after 2000. Shaded areas indicate the spread of magnitudes. b) The indicator
earthquakes from M> 5.0 and the L configuration of the Sakhalin system. c) focal areas A, B, C and D of the five strong
earthquakes (M>6.2) and oil platform
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ncenenosaHun “rEOH” B 1997 rogy (AkonsH, 1997).

Bbin npoBefeH COBMECTHbIN aHaNIU3 CENCMUHYHOCTU

N CENCMOOMACHbIX 30H ANA OOBHEKTOB TOMMBHO-
3HEPreTUHecKoro KomMmnnekca Kacnuickoro 6acceiHa.

B pesynbTaTe 6binn NpeacTaBieHbl KapTbl CENCMNYECKON
OMacHOCTW B Pa3HbIxX AmManasoHax 4acToT Afd CKOPOCTEN
N YCKOPEHUIM OXMOAEMOro CENCMNYECKOrO BO3LENCTBUSA
C OLIEHKOW Hanbonee BEPOATHOCTHBIX BPEMEHHbIX
NHTEPBAJIOB NX NPOsiBNEHVs. B oT4yeTe Obinn AaHbl
NPOrHO3bl 3eMeTpsaceHn ¢ M=6.2 Ha 1998-2005 rr
Ons akBaTopum Kacnmnckoro 6accernHa 1 npuneratoLmx
cTpaH. 3emnetpsicenns Ha C3 Vpana (1998.07.09,
M=6.2) 1 B 3anagHon TypkmeHun (2000.12.06, M=7.5)
Tam BbinNn NpeacKasaHbl (MMeeTCs MMCbMO 3a NOAMUCAMM
Conogunosa J1. H., ®egoposa [. J1., KoHgopckon H.B).

B kadecTse npumepa, Ha Prc.1 npreeaeHa
sHepreTuyeckas anarpamma CC CaxanuH, BKtoYatoLLas
paspaboTku B wenbdoBon 3o0He CAXATIVH |-V (AkonsH,
1998, Akopian, Kocharian, 2013, Undpa, 2008).

NokazaHbl NMMHENHbIE YpaBHEHUST PEFPECCUM, OO W Mocne
Yrneropckoro 3emnetpsiceHns 2000 roga, nuHun (1)

n (2) Ha Puc. 1a. Marnutygbl Hedbteropckoro, 1995,

n Yrneropckoro, 2000, B CENCMNYECKOM CUCTEME
CaxanuH nmencst HekoTopbIn pasbpoc (Pric.1a). BuaHo,
YTO HWKHNE 3HAYEHWSA MarHUTY STUX 3EMIETPACEHN
JyHlle COOTBETCTBYIOT ypaBHeHUsM (1, 2). OTo o3HayaeT,
YTO B CEMCMUNYECKMIX LIMKNAX 3TUX 3EMIIETPACEHUI B
cucteme CaxanmH NPOUCXOOUI0 HEKOTOPOE YCUeHWe
CWJIbl €CTECTBEHHbBIX TEKTOHUYECKUX 3EMETPACEHUIN.
3TO MOrfI0 MPOU30MTK 3a CHET Bapuaumm Coaep aHus
E€CTECTBEHHbIX YrNeBoA0POaAHbIX dhironaos (Akopian,
Popov, 2010). HethTerasogobbiva Ha Lenbde ceBepHOro
CaxanvnHa Ha4dmHanack ¢ 1971 roga v coBnana ¢ Hadanom
LMKIa NoaroToBkM HedTeropckoro 3eMneTpsceHns.

OHa morna NoBNSATb Ha ECTECTBEHHBIE MPOLECCHI U
YCUNMNTb MarHUTyay HedhTeropckoro 3eMneTpsiceHmns.
HecMOoTps Ha To, 4TO YrNeropckoe 3eMneTpsaceHne
HaxoAauTCA B LeHTpanbHom YacTn CaxannHa, 3a ee
NOArOTOBKY TakXXe OTBEYaET BCA CUCTEMA. TEXHOreHHbIe
N3MEHEHNST B OOEME CUCTEMBI MOV HAPYLLTL
€CTECTBEHHbIN X0, CENCMUHECKX MPOLIECCOB U YCKOPUTb
MoAroToBKY Yrneropckoro 3emnetpsiceHns 2000. Ecrv 6
OHa MPOM30LLINA Ha HECKOSMBKO NET MO3XKe, TO ee MarHuTyja
JyHLLe cornacoBasiach Bbl HA SHEPreTUHECKOM aarpamme.
MeToa, CENCMUNYECKON SHTPOMMN MOXKET OaTb BECbMa
HaaeXXHble Pe3ybTaThl MPU BKIIKOYEHUM B €OMHYHO CUCTEMbI
rOCy4apPCTBEHHOMO MOHUTOPWHIA CaxalIMHCKOro Lwensda
(KpacHbin 1 gp., 1998, KpacHbin, XpamyLumH, 2001).

OHTPOMUNHO SHEPreTUYECKNN KOHTPOJIb ONHAMUKN
pas3BuUTUSA rTMOPOPa3pPbIBOB MJjiacta Ha OCHOBE

MUKPOCENCMUYECKOro obnaka.

M'mpopopaspbiB nnacTta (PI) asnaetcsa ogHUM 13
Hambonee pPacnpPOCTPaHEHHbIX METOO0B CTUMY AL
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of the Neftegorsk earthquake in 1995 as well as those
of the Uglegorsk one in 2000 indicate that the seismic
system of Sakhalin had certain variations in its values
(Fig.1a). We can see that the bottom values of these
earthquake magnitudes within the seismic system of
Sakhalin match the equations (1,2). This means that

in certain places the strength of the earthquake will

be greater, even within the one seismic system of
Sakhalin. This could have happened due to the different
natural hydrocarbon fluids within the oil and gas fields
(Akopyan, Popov, 2010). Offshore oil and gas production
north of Sakhalin began in 1971 and coincided with

the start of the Neftegorsk earthquake. Indeed, work

on the offshore fields might have impacted the natural
processes and strengthened the magnitude of the
Neftegorsk earthquake. In spite of the fact that the
Uglegorsk earthquake was located in the central part of
the Sakhalin, the whole seismic system was responsible
for its origins. Technogenic changes in the volume of
the system might have disturbed the natural current of
the seismic processes and accelerated the origins of the
Uglegorsk earthquake in 2000. If it had happened some
year later, its magnitude would have fitted the energy
diagram better. The seismic entropy method can provide
reliable results when included into the unified system

of the state monitoring of the Sakhalin offshore zone
(Krasny and others, 1998, Krasny, Khramushin, 2001).

Using Seismic Entropy to Monitor Hydraulic
Fracturing Dynamics

Hydraulic fracturing of formations (fracing) is one of the
most popular methods of well stimulation in oil and gas
fields, (Shmakov, 2012), and microseismic monitoring
is applied to control fracs. In the work by Alexandrov
and others in 2013 the accent is put on another feature
of this technology, namely, on its application to control
technological risks and the quality of the frac process.

To increase production efficiency, it has been suggested
that we apply the entropy method to control the process
of crack formation. This will enable us to visualize the
frac process and monitor the injection process for any
potential negative effects.

This technology is based on pre-testing, taking into
account the location of the seismic survey system and
the pattern of the oil and gas fields, and reveals the
development dynamics of fractures with certain energy
levels. The sources of seismic emission (“microseismic
noise”) in the area of the formation that is being
stimulated are caused by a changed in the energy
balance resulting from the stress and strain of the rocks
as fracturing took place. This method offers us the
possibility to estimate the volume and control it, therefore
preventing risks such as emergency shutdowns, water
encroachment, etc. Using the case of the frac monitoring
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CKB&XXWH Ha MECTOPOXXAEHVSAX YrNeBO4OPOA0B, KOTOPbIN
CYLLECTBEHHO YBENYMBAET MPUPOCT AOObIMN HEDTU
(Lmakos, 2012). Ons koHTpons [Pl npumeHsieTcs
TEXHOJIOMS MUKPOCENCMUHECKOrO MOHUTOPUHIA.
OBbIHHO paccMaTprBaeTCA 3afada onpeneneHns
HanpaeeHVsa NPOCTUPAHMS 1 Pa3MEPOB TPELLIMHHOM
30HbI, 0bpasytowenca npu MPI. B paboTe (AnexkcaHgpoB
1 Op., 2013) akueHT aenaeTcs Ha opyron 0COBEHHOCTH
9TOM TEXHONOMN, & UMEHHO Ha ee NMPUMEHEHN ANd
KOHTPONSI TEXHOMOMMHYECKMX PUCKOB U KavecTBa
onepauwn MPr.

Lns nosbILeHNs apeKTUBHOCTY HEDTEOTAAUM U
CHKEHNSA pUCKa HEraTMBHbIX 3 M(EKTOB NpeanarasTcs
MPUMEHSATb TEXHOOMMIO ANHAMUYECKOrO KOHTPOSA

Haf MPOoLECCOM TRELLIMHOO6pa3oBaHNs Ha OCHOBE
SHTPOMUAHO SHEPrETUHECKOrO METOAA. DTO NO3BOUT
BM3YaNM3npoBaTh AMHaAMVKY MpOoLecca, ynpaBnsaTh
MPOLECCOM 3aKayku C LieNbio 06pa3oBaHms

Tpebyemoro paspbiBa 1 MPUOCTaHOBUTL MPOLIECC

NP HErAaTVBHOM Pas3BUTUN. TEXHOIOMS OCHOBaHa

Ha NpeaBapuUTENbHOM TECTUPOBAHUN (C y4ETOM
PACMOIOXKEHVS CENCMNYECKOM CUCTEMbI HAbMIOAEHWIA

1 CKB&KMH Ha MECTOPOXXAEHNM) C MOCEOYOLLIM
OCYLLECTBNEHNEM SHTPOMUNHO SHEPTETUYECKNI
KOHTPOJIb Post (06/1aKa) MUKPOCENCMUHECKIX NCTOHHNKOB
AKTVBHOCTW U BbISIBMIEHNS AMHAMMKA Pas3BUTUS PaspbiBOB
OonpeeneHHoro SHepreTUHEeCKOoro YpPoBHSA. CTOHHNKN
CENCMUNYECKOW SMUCCUN («MUKPOCENCMNYECKIAX
TPECKOB») B 30HE BO3ENCTBUS Ha NNacT Bbl3BaHb!
N3MEHEHNEM 3HEPreTN4eCcKoro banaHca BCneacTeme
N3MEHEHWST HAMPSXKEHHO-Ae(hOPMUPOBAHHOIO COCTOAHNSA
HEKOTOPOro o6bemMa NopoL Npv 0bpasoBaHUM

pa3pbiBa. MeTog, NO3BONSAET OLIEHUTb Pa3Mepbl 3TOro
MHOPMaUMOHHOIO 06bema, KOHTPONMPOBATL €€ U
npenoTBpaLlaTb TEXHOIOMMYECKME PUCKM (aBapUNHbIE
OCTaHOBKM, 0OBOOHEHVE MAaCcTOB, OTCYTCTBUE
YBENNYEHUST MPUTOKOB NMNacToBbIX hongos 1 T.4.). Ha
npuMepe cUcTeMbl MOHUTOPWHIA [Pl nprBegeHHOIro Ha
Puc.2 (LLimakoB, 2012) nokaxkem NpUMeHeHNe MeToaa
CENCMUYECKON SHTPOMUN.

TpaanuMOHHbIN MOHUTOPWHT, 3aK/TFOHaeTCA B
BM3yaM3aumn KapTuHbI pasBUTS obnacTu
MUKPOCENCMNYECKON aKTUBHOCTU BO BPEMEHM.
SHTPOMUINHO SHEPreTUHECKMI METOA, MO3BONSET MO
X0y BPEMEHN NPOrHO3MpoBaTh Pa3BUTUE NpoLlecca

1 ahheKTnBHEE YNPaBNSTb MHTEHCUBHOCTBIO 3aKayYKu
dhnoraa B CKBaXXMUHY, AOONBASACH HY>KHOIO Pa3BUTUSA
TpeLLmHbl paspbiBa. Ha puc. 3 npefacrasneHa
rMcTorpamMMa 3apermcTPUPOBaHHBIX MUKPOCENCMUNYECKIMX
COObITUI (3eNEHBIN LBET), COBMELLEHHASA C rpadVkom
[aBfeHnst Ha YCTbe CKBaXKUHbI (KpaCHbIN LBET) U
rpadrKOM KOHLIEHTpauUMK NponnaHTa BO BPeMs
ocHoBHoro Pl (cuHnia uBeT). JleBas Likana nokasblBaeT
KOMMYECTBO 3aperncTpupOBaHHbIX COObITUN, MpaBas

— [aBfieHne B aTM. 1 KOHLIEHTpaumio B Kr/M. Bpewmsi
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system, illustrated in Fig.2 (Shmakov, 2012) we can
demonstrate the application of the seismic entropy
method here.

Customary monitoring consists of visualizing the
microseismic activity area. The entropy-energy method
makes it possible to forecast the development of this
process and more efficiently manage the intensity of
injecting a fluid into a well, achieving the desired fracture.
The Fig. illustrates a histogram of registered microseismic
events (green color), superposed with the wellhead
pressure plot (red color) and the plot of propping agent
concentration in the course of the main frac (dark

blue color). The left side scale indicates the number of
registered events, while the right side scale shows the
pressure in ATM and the concentration in kg/mé. The
origin of the microseismic activity sources is partially
concordant with the plot of injecting in the process of the
main frac. The maximum density is observed at the start
of the frac, when the fissures are created during the initial
period of injecting, at the stage of injecting propping
agent, and during injecting the propping agent at the final
stage of the process.

Wellhead 800 - 1000m

s : ‘ :
£ r-- Well _ 5~~~ "“’\“’VP”"*I”'I”I?"
*% -1500 " path —- N\ 3 \\“\\\ L
' 1
o : \\\\‘\\‘ Wl
i . . BN R AN e
-2000 - Miorosiesmic X 7 | L
Activity Zone 1 \ N,/ | Siesmic Emission
| ‘ s Sources
-2500 f--------- ces
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0
West - East, m

Fig. 2: Diagram of the surface-mounted microseismic

surveillance system

Fig.4 illustrates a track diagram depicting the dynamics

of this process based on the entropy method. The start

of injecting, and the first and second strong activation

of microseismisity make it possible to build-up an
understanding of how the environment behaves and the
dynamics of the micro seismic activity between these
events. The wave of microseismic activity balances with its
environment during the initial stages of proppant injection,
and with that the seismic activity decreases.
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Puc. 2: Cxema HabnogeHst Ha3eMHOro

MVKPOCEICMUHYECKOrO MOHUTOPWHIA
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Judging by the location of the trajectory it is then
possible to predict when it is going to enter a hazardous
circle. In about thirty to forty minutes before the event

it is possible to predict and manage the process. In

the case discussed, the process was managed for an
optimal outcome.

Conclusions

We propose the introduction of seismic entropy, which
is unique worldwide, to control minor earthquakes

with magnitudes between 4.0-5.0, both natural and
technogenic in the oil and gas sector. The system will
prevent such deformations from forming at their early
stage and will allow us to avoid any environmental
disasters. The seismic entropy method is founded on
the calculation of transient-free integral and cumulative
variables, which can essentially increase the reliability of
the results, when employed together with conventional
methods of seismic surveillance for the development of
oil and gas fields.

Bibliography

AkongH C.L. OT4eT “BblgeneHne 30H 1 y4acTKOB
OXKMAAEMbIX CUSTbHBIX 3eMeTpsaAceHun (M*6.2) 1 oLeHKa
BPEMEHM NX MPOSIBEHVS B Npeaenax Kacnumckoro
BaccenHa”. Mocka, ®oHppl LienTtpa PITU “TEOH”,

50

w P P
[ o [¢)]

w
o

- N
[¢)] o

KonnuecTtBo cobbituin / Quantity of Events
— N
o [6)]

0 10 20 30 40 50 60

Bpems, muH / Time, min

70 80 90 100 110 120

KoHueHTpauumsa nponnaHTa, kr/m® Propping Agent Concentration kg/m?
OasneHune, atm / Pressure ATM

Puc. 3: [icTorpamMmma MMKpocencMmnyHecknx cobbimuii Bo Bpemsa MPI. CTpenkamm 1 Kpy»KKOM MokagaHbl Hanbonee

NHOPMATVBHbBIE SHTPOMUAHO 3HEPTETUYECKNE YHACTKN.

Fig. 3: Hystogram of microseismic events in the process of frac. Arrows and circle indicate the most informational
entropy-energy sectors.

www.rogtecmagazine.com

ROGTEC | 61



B [OBbYA
Pa3pbiB

{1525 Fracture
> 11500
)
2
W 11475 [TpopaBka nponmnaxTa
g | sy Flushing of Propping
2 Agent
3
{1425
=
=
i’,— 1 1400
° I'PIT/ FRAC
§ 11375 »
o 7 7
& 11350 )
z /
S {1325 I

113

130 132 135 0137 140 | 142 145 147 150 153 155 157 160 162 165 167 170 172
OHTponus / Entropy

Puc. 4: SHepretnyecko-TpekoBas avarpamma npotlecca I'PL. NokasaHbl COOTBETCTBYHOLLUME CTaOMM Ha MMCTOrpaMme

Fig. 4: The energy-track diagram of the fracturing process. The hystogram presents all the corresponding stages

MIOTHOCTb COBLITUI HabtogaeTcs BHadane P, B
MPOLIECCE PACKPbITUSA TRELLMHbBI HA HaYaIbHOM aTane
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