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Mukpoceucmuka: npumMepbl U pazgsumue Ho8bIX mexHosioauu /
Microseismic: examples and new technology developments

® BeepneHume / Introduction

® CermMeHT pblHKa M NepcneKkTMBbl NPUMEeHUMOCTH /
Market segment and perspective of applicability

® [lpumepsl /| Examples

— MoHuTOopUHr rmgpopaspbiBa nnacra /
Well scale — Hydraulic Fracture Monitoring

— Ontumunsauyus pesepByapa / Interwell Scale — Reservoir optimization

— npepcTaBrieHNe N oueHKa pucka /
Life of the field scale — Performance and risk assessment

® TexHonoruyeckoe passutue / Technology development —
KopoTkoe npeacrtaBneHue / short review

— lMpoekTupoBaHue cetkn HabnrwaeHnn / Network design
— MpuHumn obpaboTkun / Processing approach

— KombuHauus akTMBHOU 1 NaCCUBHOU CEeNCMUKMU /
Combination between active and passive seismic

® BriBogbl / Conclusion




BeBepneHue / Introduction : AktuBHun u NaccuBHbLIN CEUCMUYECKUN
MoHuUTopuHr / Active & Passive Seismic Monitoring

AKTUBHLIW MUKPOCEUCMUNYECKUN MaccuBHbLIN MUKPOCENCMUYECKUN
npepLIBHLIA BO BpeMeHU HenpepbIBHbIU MOHUTOPUHT / Passive
MOHUTOPUHI/ Microseismic Continuous Monitoring
Active seismic time lapse monitoring

-

pacnpocTpaHeHue .
Imaging / Reservoir Properties MpuunHHbIN adhpekT / NoBeaeHune pesepsyapa /
Murpauus / ceoncTsa pesepByapa Cause-Effect / Reservoir Behaviour
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BBepeHue / Introduction : [laBneHue Bbi3biBaeT MUKPOCEUCMUYECKUN /
achhekT Pressure induced Microseismic effect

+  N3meHeHus noposoro aasnenus / Changes pore pressure
*  n3MeHeHue HanpsxeHna B nopoae / Modifies stress in the formatjon

TpewuHbl n pasnombl / Cracks and fractures
*  HecTabunbHbI 1 MOTYT CKOSb3UTb / Are destabilized and slip
*  MOryT packpbiBaTbcs / Are unsealed

CkonbXxeHue | Slippage
*  pacnpocTpaHeHue cencmnyeckoit sHepr / Emits seismic energy e
cercMunyecKkue BorHbI / Seismic waves :
* pacrnpoctpaHeHue B nopoae / Propagate in the formation
*  3anucblBalOTCA MYNIbTUKOMMNOHEHTHBIMU NMPUEMHNKaAMN CBA3aHHbIMU C MAacCUBOM

nopogbl / Are recorded by tri-axis sensors coupled to the rock mass

P(t2) ECEIVER X P Bt A bl g AL b
S(t,) Y (t2)
2 Y
P(t1) 2 | - i S o
S(t,) X e e g T
‘\\\*\ Microséfshﬁc event/ MukpoceUCMquCKoe
' ecmyrnyieHuUe 80JIHbI

Shear slippage / cOsu2 ckonbxeHus
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Bctynnenue / Introduction : Mmukpocencmuueckuun apekr, BbiaBaHHbIN faBneHuem /
Pressure induced Microseismic effect

+  WameHeHus noposoro aasrneHuns / Changes pore pressure

*  M3MeHeHue HanpshXeHus B nopoae / Modifies stress in the formation
TpewuHbl n pasnomsbl / Cracks and fractures

*  HecTabunbHbI U MOTYT CKOSb3UTL / Are destabilized and slip

*  MOryT packpbiBaTbcs / Are unsealed

CkonbxeHue | Slippage
*  pacnpocTpaHeHue cercMu4eckon aHeprum / Emits seismic energy L
ceMcMuyeckue BosnHbI / Seismic waves G
* pacnpoctpaHeHue B nopoae / Propagate in the formation =
*  3anucblBalOTCSA MYSIbTUKOMMNOHEHTHBIMU MPUEMHNKaAMN CBA3aHHbIMU C MacCUBOM

nopogbl / Are recorded by tri-axis sensors coupled to the rock mass

lNMpuuunHa - achhekt BzanmHoro pacnomkeHun / Cause - Effect relationship

Mukpocencmuyeckme BCTynsIeHUA UCNOSb3YHOTCA Kak /
Microseismic events used as:

® Nucnnen akTUBHLIX TPeLIUH, paznomoe. u cpocoe / Viewer of active cracks, fractures & faults
» Onpegenurtenb U3MeHEeHUN, Bbi3BaHHbIX NepemMeLweHuem cpnouvaa /

Identifier of changes induced by fluid migration

* OnpepenuTtens reomexaHnyeckux HectabunoHocten / Identifier of geomechanical instabilities
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Mukpoceucmu4decKkul MOHUMOPUH?2 /
Microseismic Monitoring

MukpoceMcMmMYHOCTb 3TO faBrieHue, BbI3BaHHOE
ANHaMnyeckum 3acppeKkTomMm cBA3aHHbIM C TPeLLUHaAMM,
pa3nomamu u copocamu /

Microseismicity is a pressure induced dynamic effect
associated to cracks, fractures and faults.
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MukpocencMmn4eCKMn MOHUTOPUHI — CerMeHT pPbiHKa /
Microseismic Monitoring - Market Segment

eservoir Optimisation /
onTuMM3aums pesepByapa

MSFM MSHA

Hazard Assessment /
oLleHKa pUCKoOB

UGS, Waste Injection; CO2-
sequestration / UG -

MOHUTOPUHT

EOR/EGR

~
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MukpocencMmM4eCKMn MOHUTOPUHT — NEePCNEeKTUBbI NPUMEeHUMOoCTH /
Microseisrrllic Monitoring - Perspective of applicability

~ 2000m
CeTka npmeMHuKoB Ha noBepxHocTu / Surface network
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. Depletion
Down-hole = Cxxamue, ebi3blgaroujee obpyweHue/
wireline

s

[lpopbie 800bI 8 O0bbIBaKOWLYHO CKEaXUHY/
Koppudop nomoka cprirouda

U3meHeHue KoaghuyueHma
npoHuUyaemocmu
Compaction Casing collapse,
Permeability changes

Waterbreakthrough / Fluid flow corridor



Mpumep: Nuapopa3pbiB nnacral/
Example: Well Scale Hydraulic Fracturing

~ 2000m

CeTka npmemMHUKOB Ha noBepxHocTu/ Surface network

Nopg3emMHasi aHTeHHa B
cneymanbHON CKBaXXUHE
| Subsurface antenna in

a dedicated borehole
or in observer wells
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Mpumep: MOHUTOPUHT rMApopa3pbiBa nnacrta (U3 Habnogaemon ckBaXuHbl/

Example: HydroFrac Monitoring observation Well)
kY '.l i i
-287g /\ e &
L NORTH 801
s ,'I : X Observati- |
\ Frac 2042 onWell ' 30
~1682 | microseismicity B o | Tr\zztl‘fd
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| L : NORTH [
| I i
{ Treated i
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Stage 3 and 4 were less effective than expected

F'mapopaspbiB/ Frac:
atan 1 6ein 6e3ycnewHbin/ Stage 1 was unsuccessfull
aTan 2 GbIn CreHepupoBaH MOLLHbIA HACXOAALLNN OTKITNK/

Stage 2 generated a massive downward response
aTanbl 3 1 4 ObINN MEHH 3PPEKTUBHbI, Kak Npeanonaranock/

onpepeneHue pasrnomos/
Frac Mapping & Fault identification
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NMpumep: MoHUTOPUHT pe3epByapal

Example: Ilnter-WeII Scale Reservoir Monitoring)

y ~ 2000m )
CeTka npueMHuKoB Ha noBepxHocTu | Surface network
— ] ] ] ] ’ ] ] 5} 5} o 5} ) ) ) -
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Down-hole o T W W S /
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wireline \‘\** " -

MornumopuHa pe3sepeyapa/ Reservoir Monitoring
lMpopbie 800bI 8006bIBAKOWLYHO CKB8AXKUHY,
Koppudop nomoka ¢psirouda/
Water-breakthrough, Migration pathways.

SPE MOSCOW 2008-11-10



NMpumep: TeCTOBLIK MOHUTOPUHI 3aneXxu (KapooHaTHbIe nopoabl)/
Example: Reservoir Monitoring Pilot (Carbonate Field)

* npoekT Ha 49 aHen/ 49 days Pilot

* MOHUTOPUHI NPOBOAUSICSA U3 OQHOM
CKBaXXuHbI HabnoaeHusa/ Monitoring from a
single “observation” well

- obopyaoBaHMe pacnonoXeHo Hag,
pe3epByapam/ Wireline array deployed
above the reservoir

* BbICOKU/ YPOBEHb MUKPOCENCMUYHOCTHU;
3anucbiBaeTcs o 2000
Mukpocencmmyeckux orcyeton/ High rate
of microseismicity 2000 microseismic
events recorded

* YeTKMM npeaest MUKPOCEeMCMUYHOCTHU; Ha
BocTto4yHOM BnaHre / Clear Microseismic
"Limit" N10° on the East Flank

* YeTKOe pacnorioxeHue
MUKPOCEeMCMUYHOCTU BAONb ocu SE-NW/
Clear Microseismic "Clusters" aligned SE-
NW
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NMpumep: TeCTOBbLIK MOHUTOPUHT 3aneXxu (KapooHaTHbIe nopoAabl)/
Example: Reservoir Monitoring Pilot (Carbonate Field)

TecToBaa MMKpocencMuka —
kap6oHaTbl/ Microseismic Pilot -
Carbonate Field

41 mukpocencmMmunueckoe pacnpegeneHue
nosBonsieT onpeaenuTb «koppuaop» /
4D Microseismic distribution allows
identification of Microseismic “corridors”

* onpeaeneHHbIth Koppuaop no3BonseT
noATBEepAUTb U NPEANOSIOXUTb NPOpPbLIB
BoAbl B ckBaxknHy/ Corridors identified allow to
confirm or anticipate water-breakthrough

* MUKPOCEUCMUYHOCTb 3TO paHHee
npeaynpexaeHve AnNA npeaoTBpaLleHuns
npopbiBa BOAbI B CKBaXUHY U yIy4LlleHUA
MecTonosoXeHusa ckBaXXuHbl/ Microseismicity is
an early warning phenomenon to prevent water-
breakthrough and improve well placement.

Mukpocencmu4yeckun Koppuaop
acouMupyeTtca ¢ NoTeHUManbHbIM
npopbIBOM BoAbI/

Microseismic corridors associated to

potential Water-breakthrough

Plan view — Top reservoir isobaths
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NMpumep: HaOnaeHUe cpoka cnyXobl mecTopoXxaeHus/
Example: Life of the field Surveillance

CeTka npmemHuKoB Ha noBepxHocTu/ Surface network

30HA B
HarHeTaroLen
cKBaXxuHe/
Down-hole
array in
injection well

/
/
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/ .
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NMpumep: MoHUTOPUHI HarHuTaHuA (lMocTosiHHaA cbeMKa)
Example: Injection Monitoring (Permanent Survey)
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NMpumep: MoHUTOPUHI HarHuTaHuA (lMocTosiHHaA cbeMKa)
Example: Injection Monitoring (Permanent Survey)
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NMpumep: MoHUTOPUHI HarHuTaHuA (lMocTosiHHaA cbeMKa)
Example: Injection Monitoring (Permanent Survey)

OSETRPLAY

Fils  Soesndata Selbngs  bsip

[ 101 2/2003 131135 =] Legend Permanent Microseismic surveillance - Section 22-23
Window(|d  [Morhls] =] : B
Shep |1 [Meoriniz) =] a  Wal
[ nzes za ;0%e =] .
Agim
_toply | _Rese | |
. — OO
FOT fils [presmon_pal =
— |F.32:_ﬂ_lg| -l
Sive [0 =1
= [ ] = e
®) | = | & @ @& z '
A e |
A gl . | -
. ol
“Cobw - S pales - E
H“ . s = FiE
M 01 Aol ! s
— R
ni: GEI2ER2Y
RLTY ShE
= Armciamn O e
1 Kewvl - 1SSdTS - 154050)
Curml eyt ”Jlm 24 j. ; i i
LY (NP T
pressian_pa?? i SO 3 D =

0 Magnitude P}

Begin : 1025003 1921135 End | FROA 2006 10:11:35 N : 627 PaF3flsar) 2




NMpumep: MoHUTOPUHI HarHuTaHuA (lMocTosiHHaA cbeMKa)
Example: Injection Monitoring (Permanent Survey)

HenpeaoBuaeHHoe OnTummusauus/ Hazard

Obtimisati
Nn3IMmeHeHune /p imisation Ha
mapwpyTal Track

|

— ke

unexpected behavior ‘
NoeHTndmkaumns Cap
e CbemMka /Acquisiti n QC| @KTMBHOTO = , -
. Q pasnoma/ Active \ - ;.,ﬁ.-?(ik..',r.'tegrlty
PS nepe‘qaqa NaHHb [/ Fault identification -

Data Transfer

Mukpocencmmyecku
e ObpaboTka/ Proc\/ging i koppuaop/ Well
Microseismic | collapse
e OT4yeT/ Reporting corridor o
| _ - .
«Bapbepbi»/ > =Y ) :
«Barriers» PR s g ;"'""h" fji""’f uh
OunddepeHLmansHoe _ FiR
MeXaHN4ecKoe | S N E
noseaeHune/ e £
Differential mechanical - ' "7 Gompaction &
behavior collapse
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NMpumep: PesynbTtatskl 4[1 cbemku (X,Y,Z,TO and attributes)
Example 4D Deliverable (X,Y,Z,T0 and attributes)

PacnpeneneHue CBOUCTB MexaHU3Ma UCTOYHUKA B NPOCTPAHCTBE U BO BpeMeHu/
Distribution of source mechanism attributes in space and time
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Mukpoceucmu4deckul MOHUMOPUH2/
Microseismic Monitoring

Kpamkoe 0630p paspabomku mexHonoauu/ Technology development short review

lNpoekmuposarHue ObopydosaHusi u Cemu/ Hardware & Network design

lNpumeHsiemoe lNpoepammHoe ObecrneveHue u memooduka obpabomku daHHbIX /
Software & Processing approach
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O630p TexHonoruu: NpoektuposaHne cetn / Technology Review: Network design

3anuck, O6bHapyxeHue, OnucaHue 1 Jlokanusauums cobbiTUN B NPOCTPAHCTBE U BO BpEMEHM/

Record, Detect,

haracterize and locate events both in space and time

CeTka npeMHuKoB Ha noBepxHocTu / Surface network

Tpy6onposoabl
CKBaXXWUHbI/
Down-hole on-
tubing

Kabenb B
CKBaXkuHe/

Down-hole

wireline
. N

npoHuUyaemocmu
[lpopbie 800bI 8 O0bbIBaKOWLYHO CKEaXUHY/

Koppudop nomoka cprirouda _ Permeability changes

Waterbreakthrough / Fluid flow corridor

— = = = = = = . = = = = = = =
/ /
\ /B MNonsemHas aHTeHHa
\ / /@ B cneunanbHo
! S ckBaxkmHe/ Subsurface
\ . antenna in a KornoHHa
| i/ ,”" dedicated borehole 0BCAOHAIX
\ ;! /
\ Pl Xapakmepucmuku 3anexa/ > Zf; }; ?KEHG y
\ o) Reservoir Features P
\ P P Downhole
\ ;) bapbep Onsi nomoka gorirouda/ Behind
‘\ //' / ./ LlennocmHocmb HOKpbleéfOLueCI ropookl casing
Hydrofrac, i Barrier to fluid flow / Cap-Rock Integrity
. . A/ ./ ,/ _/'/
“KapmuposaHue 1 *#*
| . i *
mpewuH/ \ Hae+egmarue/ - =)
Fracture Y = :
- : \ Ipjection/EOR -~ McmouweHue 3anacos MecmopoxeHUs
Mapping — \ it ,
DN = Depletion
SN Vi
~ N

Cxxamue, sbi3blgatouwee obpyweHue/
U3meHeHue KoaghuyueHma

Compaction Casing collapse,



O630p TexHonoruu: PacctaHoBka ceMCMOnpueMHUKOB
Technology Review: Downhole arrays

MOHMTOPUHT 13 MoHuMTOpPUHT 13
HabnoaaTenbLHON Treatment (?)
ckBaXkuHbI/ Monitoring CKBaXUHbI/

l_ _J from Observation Well l :J Monitoring from L _J

N __ Treatment Well
: .
4 - o b F | I b
KornoHHa obcadHbIx
KaberbHble HpOKnaOKq mpy6 Behind Casing
celicMOornpueMHUKU/ mpy6/ Tubing
Wireline arrays conveyed [MocmosiHHasi
5 Mony- paccmaHogKka/
peMerHas Permanent deployment
_|L{ paccmaHoska/ [MOCMOAHHaA ploy
Temporary paccmaHoegKka/ E
deployment Semi- Ege
permanent
my deployment
]
P P
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O630p TexHonoruu : NoBepxHOCTHbIE U BNN3NOBEPXHOCTHLIE CENCMONMPUEMHUNKM
Technology Review: Surface and near surface arrays

MOHWUTOPUHT 13
o ONM3NOBEPXHOCTHOW 30HbI
Monitoring from Surface Monitoring from Near-Surface

1 O I L

MOHI/ITOpI/IHF C I'IOBerHOCTVI/

e e
= ] = CneyuarnbHble
4 b CelicMuyeckas 4 . marnoanybuHHbIe
cu_aMK_a/ CKBaXUHbI/
Seismic Survey Dedicated shallow
BpemeHHoe wells
usnu [locmosiHHoe
[10CMOSsIHHOE pasmeuwjeHue/
pasmeuieHue/ Permanent
= = /emporary or = = deployment
=E= permanent E
deployment
P P
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OG30p TexHONOrnn: MmetToanKa oopaboTkn AaHHbIX/
Technology review : Processing approach
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OG30p TexHoONornn: meToamnka oopadboTkm AaHHbIX/
Technology review : Processing approach

OG63opHas kapTa panoHa paboT MOXeT ObITb
coenaHa Ha ocHoBe 0b6oux MeToaoB
(MpocnexuBanue gasbl U opMUpoBaHUE Ny4dKa)

Location map (X,Y,Z,TO) can be produced from both
approach (Phase picking and beam forming)
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O630p TexHonoruu: Coyetanme AxktnsHon u NMaccnBHom Cencmopasseaku

Technology Review: Combination of Active and Passive seismic
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O630p TexHonoruu: CovetaHne AktusHou u NaccmHon Cencmopassenku
Technology Review: Combination of Active and Passive seismic

MMKpOCGMCMM‘-IeCKOG BOJIHa, OOHapYyXeHHas nocrie nogaBneHUus curHana akTMBHOro

MCTOYHMKA
Microseismic event identified after activ urce signal elimination
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3aknrvyeHue Conclusions

® MuUKpPOCENCMMUYHOCTb — 3TO ANHaAMMUYECKUN 3P eKT, BbI3BaHHbIN
AaBrieHueM,CBsI3aHHbIN C TPewWwmuHaMm U pasnomMamm (AMHaAMUYeCKUU noaxon
aencteue/peakumns) Microseismicity is a pressure induced dynamic effect
associated to cracks, fractures and faults
(action/reaction dynamic approach)

® MwukpocerCMNYECKUA MOHUTOPUHI HaueneH Ha BbisIBfIeHWe XapakTepa U3MeHeHUM,
BbI3BaHHbIX/aKTUBUPOBAaHHbLIX MPU MOMOLLU HarHUTaHUA UNN BbIPabOTKOMN
(oToGpaxeHMe HeboNbLINX TPeLNH/ pacno3HaBaHMe BbIXOoAa aHEeprum ynpyrom
necdopmauunmn) Microseismic monitoring is aimed at highlighting behaviors
induced/triggered by injection or production (imaging small ruptures/identifying
release of elastic strain energy)

® MukpocenCMMYECKUN aHANM3 TpebyeT BOoCcnpon3BeaeHUA UCTOPUM pa3padoTKu
MeCTOpPOXAEHUA U Koppensiuun ¢ ApyruMmu AaHHbIMU (aHanu3 n uHTepnpeTtaums
HenpsmMmou npuyuHbl/acdpcpekta) Microseismic analysis requires history matching
and correlation with other data (non direct cause/effect analysis & interpretation)

® MukpocencmMmuyeckasi CbeMKa TpebyeT 4YeTKOro onpegeneHus uenen aonsa
ornpepaerieHNsa COOTBETCTBYHLLUX CPeaAcTB (MpaBuUiibHble AaHHbIe NPaBUSTIbHbIM
noaam B HyXkHoe Bpemsi) Microseismic surveys require a clear definition of
obje;:tives to define appropriate means (right data to the right people at the right
time
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