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ecturer Program
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and a contribution from Offshore Europe

lpu cbuHaHcosou rnoddepkke
LlobposornbHo20 ghoHOa YyneHos SPE u npu yyacmuu « Ocpwop KOpori»
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Iilistinguished
ecturer Program

What Have We Learned About
Fracturing Shales After 12 Years Of
Microseismic Mapping?

YTo mbl y3Hanu o I'PI1 cnaHueB 3a
12 neT MUKpocencmopasBeaKku?

Shawn Maxwell / LLloH MakcBenn
Schlumberger / «lLUnom6epxe»

Society of Petroleum Engineers / O6wecmeo uHxeHepos-HehmsHUKO8
Distinguished Lecturer Program \ flekyuo+Hasi npoepamma ¢ yyacmuem 3acriyXeHHbIX IeKmMopos
www.spe.org/dl
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Outline / CopgepxaHue

Unconventionals/microseismic introduction

BeeneHne B uccnegoBaHne HeTPaaANULMOHHBIX 3arexen metogamm
MWUKpOCencMopasBeKku

Shale fracturing lessons from microseismic

° ypOKI/I ClmaHueBbIX KOJIJTEKTOPOB, OCHOBAHHbLIE HA

MWUKpOCMCMOpa3BeKe

Geomechanical deformations

[ eomexaHn4yeckue gegopmaunm

Conclusions

BbiBOAbI



Unconventionals = Rocks + Frac
= nopopbl + [Pl

/ KeporeH




Where Does It All Go?
K u

Fracture Complexity & Natural Fractures
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Barnett Shale Activity

I/Iccne.qosal-lml B cnaHuax bapHeTT

SPE77440:

2000 First Barnett I\/Ilcroselsmlc Imaae

B 2000 r. nony4yeHo nepBoe MUKPOCENCMNYECKOE
n3obpaxeHne cnaHues bapHeTT

|
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KpynHble TpewmHbl C BOAOW
[Opn30HTanbHblE CKBaXXUHDbI
MukpocencmopasBeka

Massive Water Fraps £
Horizontal Wells g ®
Microseismic @ **a g

2000 Year




Unconventional Energy Renaissance

Bo3p0)|(p,eHV|e HeTpaaANMUMNOHHbLIX ACTOYHUKOB JHEpPrmum

5'[E|_'.I on the gas as Production
US electricity generation mix, %

B Coal I (hl B Gas
Nuclear Renewable

12012 2013 2014 2015 2016 2017 2018 2019 2020

Lime Granite Wash Horn River
M Barnett MEagleFord
H Marcellus

oduction by Plays

Procmcuon 2012: 2,451 kbo
Well capex 2012: 55 BUSD,

Y

1994 2000 072 §rA B[4 12 2013 2014 2015 2016 2017 2018 2013 2020

Source: EIA anite Wash, U.S. Utica Shale, U.S.
irdium Shale, Canada Anadarko tight oil, U.S.

M Mississippi Lime, U.S. W Niobrara Shale, U.S. Permian Tight, U.S.

I I art 2 O 1 2 M Eagle Ford Shale, U.S. B Bakken Shale, U.S.




Hydraulic Fracture Applications
HasHauyeHue TpewuH Pl

® Real-Time Fracture Control / YnpaBneHue
TpelwnHamMmn B pearibHOM BpeMeHU
Geo-Hazards / [eonormn4yeckme oCroXXHEeHUS
*  Re-fracturing / MNosTopHbIn MPT1
- Stage modification / NameHeHne ctagui

Completion Strategy / Ctpaterus 3akaH4nBaHuUA

- Staging & Isolation / CTaAUNHOCTb U
n3onauuns
«  Frac Design / lNpoektnposaHue [PT1
v' Perforation strategy & frac initiation / Ctpaterus
nepdopauum n 3apoxgeHne TpeLwmH
* Field Development /Pa3paboTka MmecTopoXaeHUN
v" Well placement / [MpoBogka cTBOMNOB
v' Well spacing / PaccTtosiHne mexay CKBaKMHaMm
L et — 4‘ e v" Drainage patterns / Cxembl oT6opa HedTH

-1600

77777

Improved fracs/production / Jlyywe TpewmHbl —
BbllLIe NPOAYKTUBHOCTb

v/ Fracture direction / HanpasneHue TpeLwnH

v/ Height / BbicOTa

v Length / npoTsKeHHOCTb

v/ Complexity / crnoXHocTb 3



Project Design for Value

MpoekTnpoBaHue ¢ NPULIENOM Ha KOHEYHbIN pe3ynbTaT

Cragmm 1 -2

120 6app. B MUH. /

Cragum 3-9

Cp. oebut 80-120 6app. B MUH.

Stages3-9
Avg. Rate: 80-120 bpm

Austin Chalk

Huskun pebut
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o 8RPe o 0.0.00‘.0' ol
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| Lower Eagle Ford % 2 34 3 o ° o o

: Upper Eagle Ford

| BudaLime

TwartenbHas
obpaboTka




Eagle Ford Example

NMpumep mecTo

Well C Vertical
Array Position

Well D (Used to—"2.
Monitor Well B)

oxpeHua Urn-dopna

Well B Shallow_|_
Position

Production Log and Microseismic Event Count Comparison

m % of Gas per Stage from Production Log

mMicroseismic Event Count

EventCount

Stage #

% of Gas

Stage Number




Evolution of Monitoring Geometries
Pa3zButune MeToAoB NPoCTpaHCTBEHHOIro MOHUTOPUHTIA

Noise Signal
LLlym CurHan

[Opu30HTanbHbIe

How do accuracies and sensitivities compare?
Kak CpaBHMUBATb TOYHOCTb U L-IyBCTBVITeJ'IbHOCTb?

How do you decide which option?
Kak BblOMpaTb BapuaHTbl?

SPE159670
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Acquisition Footprint
BnusHune cuctembl HaONOAEHUNA

Downhole Array / CKBaXXuHHasa rpynna Shallow Grid / BnusanoBepxHoCTHas ceTb




Shale Lessons: Containment

YPOKVI ClilaHUEeBbIX KOJIJIeEKTOpPOB. OrpaHnN4YeHuns

1. Depth Containment

OrpaHn4yeHna no rnybuHe

|

' |
I Well Treatment Well

| e ® v .';-.

|

Barnett / Bépﬁen _
Ellenberger/ 3neH6er1rep

Landing Point
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Environmental Concerns
JKonornyeckne Bonpochl

WERE GOING TO
START FRACKING
UNDER OUR BIGGEST
COMPETLITOR™S
HEADQUARTERS.

MY PLAN IS TO | THE PROTECT CODE
POLLUTE THEIR LJATER MAME IS "FRACKING

AND GENERATE EARTH- |: ALJESOME.”
QUAKES TO DESTROY
THEIR CAMPUS.
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Aquifer Protection

3awmTa noa3eMHbIX BOA

Gas emissions
Clean water to atmosphere Production Storage tanks or

\ "‘ Platform Lagoon

*-’,u 7 - 1 pl S To river
‘ vy or STW

» - 7
Aquifer Water Table

YDOBeHb I'pyHTOBbIX BOA4
2. Well /

— "CKBaXuHa l
Layers

Production
Zone

3. Frac/ '[pe_ﬁ\_yi_‘Ha

IEA
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Induced Seismicity

HaBegeHHass ceMCMOAKTUBHOCTb

L
—

Activity

T Other

QilfGas Extraction
Secondary Recovery
Waste Water Injection
Reservoir Induced
Geothermal

Hydraulic Fracturing (Shale Gas)

US National Academy / HaumoHanbHasa akagemua CLUA, 2012




Shale Lessons: Heterogeneity
YpOKM cnaHueBbIX KOJINIEKTOPOB: HEOAHOPOAHOCTb

1. Depth Containment

OrpaHun4yeHus no rnyounHe

2. Fracture Variablility

PasHoobpa3sue TpeLunH

SPE144207
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Geomechanical “Sweetspots”

BnaronpustHblie reomexaHnyeckue 30HbI
’ & - 4

£

Improved well placement using integrated reservoir characterization and microseismic
YHyLILI.IeHHaFI npoBogkKa CTBOJIOB CKBaXXUH C UCMNOJIb30BaHNUEM KOMMJIEKCHbIX XapaKTepucTukK ninacrta 1
OaHHbIX MUKpOCencMopasBeaKku



Shale Lessons: Complexity

YPOKVI ClnaHuUeBbIX KOJIJNIeKTOPOB:. CJTOXKHOCTb CTPOEHUA

— 1300
13.00
12.00
11.00
10.00

! 500
8.00
7.00
6.00 !
400
2.00
1.00
0.00

1. Depth Containment

OrpaHunyeHuns no rnybuHe

2. Fracture Variability
PasHoobpasune TpeLuH

3. Fracture Complexity
CnoXHOCTb TPELUMH

SPE77440

* Low stress anisotropy = High stress anisotropy

* Wide fracture fairway = Narrow fracture fairway
= Lower seismic anisotropy - Higher seismic anisotropy

Sayers 2010 20



Shale Lessons: Reservoir Contact

YPOKVI CNnaHuUeBbIX KOJIJNIEKTOPOB:. KOHTAKT C NMNjiaCtom

1. Depth Containment
OrpaHunyeHus no rnyéuHe

2. Fracture Variability
PasHoobpa3sune TpeLyH

3. Fracture Complexity
CnOXHOCTb TPEeLUnH

4. Stimulated Reservoir Volume
O6bem nnacta nog so3aenctanem Pl
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Stimulated Reservoir Volume
Oo6bem nnacTta nog sBo3gaeucrteuem Pl

o

(((((

nnnnnnnn

llllll

SPE146932
Hakonn.
Microseismic Vol> Hydraulic Vol>  Propped Vol /
06. Mukpomeuncm. N'mapaBnuy. 06. PacknUHeHHbIN 06.
Location Uncertainty 22

HeonpenoeneHHOCTb MeCTOMNONOXEHUA



Microseismic Effective Fracture Moment
Tensor Inversion

UHBepcna MnkpocencMmn4yeckoro TeHsopa athpeKkTmBHoro
MOMEHTa TPEeLUHbI

Slow tensile fracture
99.9999% Aseismic @ O
TpeLyHbl MEANEHHOTO PACTSIKEHNS
Ha 99,9999% HececMUYHBbI

Opening

PackpbiTne
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Deformation
Oedopmauuns

Dilatation
Compression

25



Simple Model Scenarios
BapuaHTbl ynpolweHHbIX moaernen Percentage Shear
% coBura

0%

23.5%

24.8%

X (m)

SPE 166312



Microseismic Calibration

KanubpoBKka Nno AaHHbLIM MUKpPOCEeNCcMopa3Beaku

X-axis
-3600 -3200 -2800 2400 2000 -1600 -1200 -800 -400 400
2800 4 1 1 1 1 1 | 1 Il 1 2800
P - 2400
2000 - 2000
1600 | - 1600
1200 | 1200
Y-axis Y-axis
800 — * {— 800
400 | 400
0 nigWell
-400 | - -a00
s T T T T T T T T Tp=0
-3600 -3200 -2800 -2400 2000 -1600 -1200 -800 -400 400
X-axis

SPE152165

-5000

-5000

-4000

-4000

-3000

-3000

-2000

-2000

-1000

Example
horizontal
well

1000 Y-axis
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Partitioning Deformation
TpewnHHbIe aedhopmMmauun

Shear /| CaBur

Un-propped with
shearoffsetor
partially propped

_
o

North (m)

| Un-propped
Noshear offset

1
0 1000 2000 3000 4000 5000 6000 7000 8000

Closure Stress (psi)
ITo SPE 60236, 74138 ¢ ynpoumeHusiMu

Max 0.02m Microseismic Max 0.03m Aseismic
-400 A / e -400 - A

. H y H
-1400 -1200 -1000 -800 -600 -400 -200 0 -1400 -1200 -1000 -800 -600

Fracture Conductivity (md-ft)

0.01

East (m) East (m)

SPE 166312




Comparison With Microseismic

CpaBHeHue ¢ AaHHbIMY MUKPOCEeNCMOopa3BeaKu

Tensile

PactaxeHue

-1200 -1000  -800 -600 -400 -200 0
East

m)

North (m)
North (m)

1200 -1000 -800  -600  -400  -200 0 1200 -1000 -800  -600  -400  -200 O
East (m) East (m)



Estimating Proppant Distribution
PacuyeT pacnpeaeneHusa nponnaHTa

Proppant_Areal_Distribution [ NS

SPE152165

Estimate propped
component from mass

balance

Pac4eT packnuHuBatroLero
areHTa no MmaccoBomy
banaHcy

Majority of the
hydraulically activated

network not propped
BonbLUMHCTBO rmapaBIintdecku
dKTUBU3NPOBAHHbIX TPELWH
OCTaroTCA HEPACKITMHEHHbBLIMIA

30



Y-axis

Reservolr Simulation

[MocTpoeHue rmapoanHaMmmMyecKow Mmoaesnu 3anexu
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Reservoir Drainage

Hedteotaaua

n

n
1

Optimized Fracturing
Ontummnzauums MPI1 n
More stages smaller proppant, more proppant
BonbLue CTa,EI,MVI, Merb4e npornaHT, oonbLlue
nponraHTa




Conclusions / 3akno4dyeHune

Evolving geomechanical interpretation tools key to realize the

full value from microseismic
COBepLIJeHCTByPOIJ_I,I/IeCFl MeTOObl I/IHTepI'IpeTaLI,I/II/I reoMmexaHn4YeCKnx gaHHbIX
MO3BOJTAKOT BCé noJiHee NCnoJfib30BatTb AadHHbIE MI/IKpOCGI7ICMOp83B€,EI,KI/I

* Microseismic demonstrated complex fracture networks
ﬂaHHbIe MI/IKpOCGIZCMOpa3Be,EI,KI/I BbIABJIAKOT CJ1I0OXKHYIO CETb TpEeLlnH

* Microseismic volume oversimplification
[laHHble MUKpOocencmMmopasBeakn obnerdatoT pacyeTbl 06BHEMOB

« Microseismic calibration of complex geomechanical fracture model
[laHHble MUKpOocencMopasBeaKN MO3BOSIAOT KannubpoBKY CITOXHbIX
reomexaHn4eCckKkmx MOﬂ,eﬂeVI TpewmnHOBaTOCTH

» Enables reservoir simulation of well performance
[lo3BonsoT MoaesimposaHuUe niacta n npon3soanNTesibHOCTN CKBa>XMH

» Estimates effective propped network
[TomoratoT B pacyeTe ceTkM 3PPEKTUBHbLIX OTKPbITbIX TPELLMH

33



Questions?
EcTb Bonpock!?
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