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Understanding Orga&hales Outline

A European Shale today
A What are orgasicales T —
A What makes them Uniqug

» Reservoir Quality
A What makes them Produ

» Completion Quality
A How do you make a shaidgect economic?
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European Shale Gas Todafter 3 yea s

Countries that have drilled Countries that have

Shale Gas Wells Completed & Tested
APoland 34 Vertical / 5 A Poland 7 Vertical / 3
Horizontal Horizontal
AI’ urkey 6 Vertical / 1 Horizontal A Turkey 2 Vertical / 1 Horizont
ermany 3 Vertical A Germanyl Vertical
ulgaria 1 Vertical A UKi 1 Vertical
wedeii 3 Vertical _ _
Auki 3 Vertical Countries with measured
production

A Poland 1 Horizontal Well
A Turkey Comingled Productior

We are still in the Exploration Phase!!
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What Is an Organic Shale ?

i Not a typical shale, but a
unigue rock type

A Deposited in environment
with little or no oxygen

A Scavengers
dead organisms accumul:

= A If organic matter > 5%,
: 8§ sedi ment f or

© Earth Science World Image Bank
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Organic Shale Reservoirs

AOrganic Rich Shale
A Source Rocks

ASurrounding poor quality rock
ignored as n@tonomic in the
past.

A Porosity sources are mostly
unconventional

A Matrixock has very low
permeability

ARequir@ydraulistimulation to
make productive

European Unconventional Resources
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c) d)

European Unconventional Resources

Organic
Shale
Reservoirs

a) 3d solid matrix
b) Kerogen volume
c) Pores

d) Pyrite

SPE 137693
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Exploration Challeindeoals of Shale
Evaluation

Crosomor 0 Integratior ..

A Maturity oy

A Organic content o
4 ConyenUonaI ;
A Clay Content & volume Grans4sm

A Porosity Completion Quality

é\ Permeability A Stress anisotropy

A Water saturatighl Fracture containmen £

APressure A Near & Far Field stref

A Gasinplace A Clay content & type §
A Fabric pattern

Matrix
Composition

A Wellbore placement
A CherMechanical weathering
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Reservoir Qualitsfow to Evaluate Shale

Reservoir Quality
A Maturity Confirmed from Core

A Organicontent Core Measured Volume &
A Clay content & type Clay Volumes and Type

A Porosity Type & RelationshiKénogen|& g RS RS

. ¥ B ¥ e

Wettability gl SR

A Permeability Core Measure Perm. T, RSl 3B

A st R e

A Saturation Saturation from retort analy Tl

A Pressure Estimate from fall off test 13 (3B &
- _ il . *

A Gas irplace Free and Absorbed Gas AR PR Ee]

DesorptioReference N B

A Integrated Shale Evaluation, Calibr&edChemicéllodel
European Unconventional Resources schlumberger



Shale Reservoir Qual@rganic Content & Porc

-
~as

Mineral
} framework Gas shale

| |

700 mm ‘ Pore system J 100 mm

Free gas in pore space Free gas in pore space
Adsorbed gas on kerogen

European Unconventional Resources schlumberger
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Reservoir QualityCore EvaluationlHA)

A Measurements made on
crushed rock particles

A Crushing dramatically
increases the surface area

of the sample Cascading view of
pore size versus

A Removes the artifacts particle size

induced when retrieving shows how small

the pores real

core

AThe pore system is
preserved

A Each particle contains
thousands of pores

A Crushed sample particles
are representative

A P i

ly

European Unconventional Resources
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Reservoir QualitiRetort Saturatidnalysis

Siliceous Shale Water v. Temperature

0.3 =
Free Water l ‘ Clay Bound Water 600 Degrees

&
<

A J

0.25 Capillary Water HH Structural Water

Elfeclwe
F‘orusny

‘ \ Total Porosity
0.05 //X\ \

i >
Gas Filled ¥ A
Porosit -I' 1 ol L

0 ¢ T ®
1

200 400 60 800 1000 1200 1400 o

Temperature, F ] e R

(=]
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[=]
-
w

Water Volume

o
—_

e suldi:

Effective Porosity Clay-bound water R
ock
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Reservoir Quahltylaturity ContioPetrology

Barnett Marcellus Haynesville

Marcellus
Argillaceous

Matrix

Calcareous
: Composition

Siiceous Calcareous (4H/AN

Siliceous
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eservoir QualitiPressure Measurement

Wireline —

Pumpout module —®

Pressure gage—

Inflate seal ——»=
valve

Packer —— =

Interval seal
valve

Packer ——m

Slidng —
coupling

Flow control ———»=

module

Sample -
chamber

.

3ft

Pressure, psi

0004 — Interval Pressure (psi)

— Packer Pressure (psi)
5000- — Injection Rate (gal/min)
4000-

3000~

2000~

1000-

aciUre erhancament

0.50

0.45

0.40

0.35

0.30

0.25

wdb ‘arey

0T T

600 1200 1800 200 3000
Time, min

European Unconventional Resources
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Reservoir QualitiPressure Measurement

. wprssdif ¢ <<Press dery

Eight Hour Shut-in

...................................................................................

= Puost Clogure Analysizs—

F res IEDEE ﬂil

35 psi

= Puoszt Clozure Analysiz —

P res |21 0 ﬂil

A Run Sensitivity during Closure

A Estimate pressure at 0.453 psi/ft | - //

A Gradient used to estimate Gas in
Place, assuming Saturated ok -
SySte m 1 1 =1103FI"2 "

European Unconventional Resources Schlumberger



Reservoir Qualitas in Place

A Gas in Place Calculated from CBM _
Standard BCF per Sg Mile Methane Adsorption Isotherms

A TOC is considered Saturated for modgs @ function of Total Organic Carbon)

140

cases as most wells are over 1000 psi

Total Organic Carbon= 16 %
120

A Effective porosity is used with ——

estimated pore pressure. f//
- ] . E /// // 10%
A Gas in Place is Integrated over totaf / |
Shale bottom to top of interval. ¢ L1 —
A Examples: <, gL —T1
, ey ==
A Core Barnett 139 BCF/ Sq Mile .| /ZL—"

A Marcellus 60 BCF/Sq Mile :
A Haynesville 129 BCF/Sq Mile s o

European Unconventional Resources Schlumberger



Exploration Challemdgeoals of Shale
Evaluation

Reservoir Quality  |ntegration s
A Maturity &

A Organic content conventioral |
A Clay Content & volu crans e
A Porosity Completion Quality
é\ Permeability A Stress anisotropy
A Water saturatighl Fracture containmen £
A Pressure A Near & Far Field stre$—
A Gasinplace A Clay content & type §
A Fabric pattern

Matrix
Composition

A Wellbore placement
A CherMechanical weathering

European Unconventional Resources schlumberger



Completion Qualitinisotropieroperties

Shale can be very

. . Shale,
anisotropic due to laminated sands
laminations and
bedding

(especially expandable clays

Gity  Yerical axs
and organics) PRI

TIV =Transverse Z
|sotropic with Vertl
axis of symmetry ,.,,ﬁ

l,.--"_..-'.,..-'-- , # -
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Completion Qualitnisotropieroperties

.\
Prre r
p
\
S ¥
3 P

Fast
Strong

Slow Weak
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Completion Qualitxnisotropic Stress

Overburde Argillaceous Shale:

Isotropic: [ U, = 0.66 psifft
Anisotropid U, = 0.87 psilft

Argillaceous Shale Bed
E, =6 x 10° ps
<€ [ -3x106ps
n, = 0.26
n,=0.25

Siliceous Shale:
Isotropic: [ U, = 0.53 psilit

Anisotropi{f: u, = 0.57 psi/ﬂ

Siliceous Shale Bed
E, =8 x10° ps
- FE,-6x108psi =
n,=0.16
n,=0.13

FFFFFF I T F T T T T T T T T T T T T T T T T T T T T T T T T T T FFFFF ]
AT LTS TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTS

Anisotropic shale properties increases stress in argillaceous inter

European Unconventional Resources schlumberger



Completion Qualityracture Containment

Isotropic &
Anisotropic  Closure
Res. fp&fy Mineralogy Closure Stress  Stress
y 5 ;EESSEETE 2N
[ ?
; o . o a7 0.64

0.73

083

0.74

0.77

0.73

0.71

0.76

<— Swelling Clays = High Closure
Blue=High Closure Stress

Red=LowClosure Stress

<« High Silica Volume = Low
Closure Stress

<~ High Clay Volume = High Clos
Stress

Carbonates: HighLow Closure

<— Stress

European Unconventional Resources Schlumberger



Completion Qualit¢lay Volume

0.600

Goodelationship betwdka
RY=0.8035 clayvolume and tllgference

0.500 _ . .
/ Anisotrop&nd Isotropic

0.400 closure stress models

0.300 ¢ / Correlatioils weakest biw
/ clayvolumes whetiee rocks

. . .
0.200 are more Isotropic
/" Increasinthe clayolume

iIncreasethe error ithe
0.000 L isotropic stress model

0.000 0.020 0.040 0.060 0.080 0.100 0.120

Total Clay Volume

0.100

Difference in Anisotropic and Isotropic Stresses

European Unconventional Resources Schlumberger



Completion Qualit¢lay Type

0.120

Excellentlationship
between thlume of
swelling clay artide
difference betwedbe

/ Anisotrop@ndisotropic
closuretress models
Smalbamounts awvelling
/ claysdramatically increase
closure stress

// A (notcapturewvith

0.000 ¢ Isotropimodels)
0.000 0.020 0.0440 0.060 0.080 0.100 0.120

[
'—'h
[
[

=
=
&
o

=
=
i
o

Swelling Clay Volume

=
=
r
=

Difference in Anisotropic and Isotropic
Stresses
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Completion Qualitroleof Fabric

A Rock fabric can be complex ey

A Fractures can be open, healed, drilling '
induced or reactivated

A Clay is usually found in layers

A Mud systems need to limit activation of
healed systems

A Regional stress needs to be understdod= == F0 e MG
- — s S MM == g
. IS3=EE3SS GE-REEZe
E= == Pl *"E =R
. ==E=2 - o R ae
Eo=gE=s RS
“SZESESSC Selace.e
B 5553521 LERY
SESS 2= = AEEEL L
€ o I i - i
TN > S i = BE=pE oo
Wellbore 77 _.E;-_!i.:.:-._. :i 1_;‘?__ .= %E l
= L 4+ } e
¢Sh Mineralized fractures T | g;! 3! }_g _
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Completion Qualit¢reating Surface Area

Complex Hydraulic Fracture
Simulations

European Unconventional Resources Schlumberger



Completion Qualityaintaining Surface Area

20/40 Resin Coated Sand
ArgillaceoUsacies

PostConductivity Testing Fracture Face |

% | 20/40 Sand
Siliceoufacies

European Unconventional Resources schlumberger



Completion Qualityell Placement

A —
i O~
ool o N C

\

g ) ‘ | g
e

Width at Wellbore - in @115.4 min Fracture Half Length - ft @115.4 min
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Exploration ChallengeiGoals of Shale

Evaluation

FIQGSGFVOir Qua”ty I nteg ra.th Marcellus
A Maturity &7

A Organic content ——
7 on.vent|onal 3
A Clay Content & volume Grains>4am

APOFOSW Completion Quality e
A Permeability A Stress anisotropy gy Ol
A Water saturatighl Fracture containmentf—4
A Pressure A Near & Far Field stregi—
A Gasinplace A Clay content & type

A Fabric pattern :

Matrix
Composition

f T Tl )l
e ‘u‘\ RS 1
4 i ) B AT
W " N
8 )
o 7 Y

Siliceous Calcareous

A Wellbore placement
A ChermMechanical weathering

European Unconventional Resources schlumberger



Exploration Challemdetegrated Workflow

Reservoir Quality Model
Completion Quality Model
GeologWodel
Geomechaniddbdel

All Integrated into a Petrel
Model

A No Production Yet!!!

Geomechanic
al Model

%= Geophysics
S Petrophysics

o Io Do o I»

European Unconventional Resources schlumberger



ExploratioBhallenge: Completion & Stimulesogn

A Reservoir Quality Model
— s A Completion Quality Model
e ‘ A GeologModel
A Geomechaniddibdel
A All Integrated into a Petrel Mode
A Can this Resource Produce ??

Microseismic

Complex Hydraulic Mapping

Fracture Models

Production

Automate )
Forecastin

d
Gridding

European Unconventional Resources Schlumberger



Exploration Challemdeffective Stimulation

+ Stage | Events .
smezees Fracture geometgrivenby:
© Stage 4 Events

e

,&Subtle changes in structure

,&Subtle changes In stress anisc

AChange In natural fracture
orientation

A'Subtle changes in texture

I

Mo
N
Y

. S o TR
*! #*!
&

* %
A
4

T A
T AT F

AT

AT
P

500 2000 2500 3000 3500

Variation in natural fracture orientation & staassotropy
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Exploration Challeindevaluation of Results

?

improve

t tell @sCanwel
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Platforms to Reduce Footprint

ExploratioGhallenge
Integration of ResjtProducticdkh CostReduction

Platforms to Optimize Recove

-

b2 0 ; NP L)
> .

Culture data
Surface restrictions

\_

Reservoir Quality
‘sweet spots’

S Ny
S eSS

Pad Placement
Favorable reservoir
and pad location

Pad Well Design

A - 3 i £,
g ¥ W
/ \\ Reservoir Simulation Optlmlzatlon/

. Discrete Fracture Network
\ /Structure Lithology '8} | \
) 2 4 B 7 2 'K 548
T ey, 7 1024
SN
)< o

European Unconventional Resources

Shale Field Development Plugin Package

|
& Petrel 2011 g‘%;l‘ - - Mangrove - Integrated Completion Design

schiumberger



Our goal: Econoidimconventiorfatoduction

Development well$&

ADrilled in the rig i |
place

ARight size
completion

AGoodracjob

ASustained
commercial
production

European Unconventional Resources schlumberger



Exploration Challeindsummary

A Shale is heterogeneous at all scales
A Reservoir Quality and Completion Quality can be defined.
A Data integration is used to define and exploit the reservoir.
A All Shale is different

A Good Reservoir Quality does not equal Good Completion
Quality
A Reservoir Quality cannot be Engineered

A Completion Quality can be Engineered to the limit of current
technology

Integration is the Key to Unlocking Unconventional Production

European Unconventional Resources Schlumberger



Thank you for your attention

p— e =" A gt
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