The application of seismic derived rock
properties in predicting Duvernay Induced
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Introduction

e Overview of Duvernay Geology
e Regional Framework
e Modern Analogue
e Core work
e Theoretical Rock properties

e Current development practices
e Horizontal drilling, microseismic results

e Seismic inversion analysis
e Simultaneous inversion
e Derivation of rock properties

e Uses and applications
* Implications of reservoir characteristics
e Future work
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Duvernay Formation mature oil window
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+ Both North Duvernay (Wild
River) and South Duvernay
(West Shale Basin) were
centered in areas adjacent to
reef development

+ Reefs created restricted
basin conditions, where
organic productivity was
high resulting in thick, high
TOC shale deposits
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Great Barrier Reef, modern analogue to the Leduc / Duvernay
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Duvernay /Leduc modern analogue
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Kaybob area, core analysis of rock properties.
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Figure 1. Mechanical properties calculated based on sonic logs for 26 wells for the Duvernay and lreton formations:

(a) dynamic Poisson’s ratio, (b) dynamic Young's Modulus, (¢) Rickman’s brittleness Index, and (d) plane-strain
Young's modulus.

Amy D. Fox, Mehrdad Soltanzadeh Canadian Discovery Ltd.
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Theoretical calculation of rock properties
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Duvernay Horizontal plan, Kaybob/Bigstone
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Alberta Example, Montney shale , Microseismic recorded

i

1

—
s
=
-

200 oo e on o mtecmmnstcss s b o L. 1200
1000 - ————-—- 224 -1 1600
. BB - 800
E
= :
t
B B - 600
£
= SECIURERSSESIE., . AR Sl iy oL 400
L]
=
5
W
g T ICOR—— -1 200
[} NP P SR, - 0
Shawn C. Maxwell -400 : - | —L 400

| o ST _ i
-1000 -500. 0
Distance West-East (m)

Schlumberger, Calgary, Alberta, Canada
Nov 2011 | VOL. 36 No. 09

N A'L , ll\‘:'::.;l
“w'CREWES www.crewes.org Q8) FacuLTy OF saiEnCE

Department of Geoscience



http://csegrecorder.com/editions/issue/2011-11

Variations in microseismic activity in the Montney Shale

Shawn C. Maxwell
Schlumberger, Calgary, Alberta, Canada
Oct 2011 | VOL. 36 No. 08 |
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Study area, East — Central Alberta

— L
B \E/a
| 7
I }
G vHo
il
&i}*"

i v
» g '

N A'L , ll\‘:'::.;l
“w'CREWES www.crewes.org Q8) FacuLTy OF saiEnCE

Department of Geoscience




Large scale synthetic tie, highlighting the zone of interest
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Prestack modeling and inversion

We start with Fatti's version of the Aki-Richards'
equation. This models reflection amplitude as a function P-wave
of incident angle:
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Reflection PP calculation

From the Fatti's version of the Aki-Richards' equation:
RFF{HJ - ':'IRF + ':EE.':T + ':.HHD

Where,
2 102 cind L 2 Zeinl
¢ =1+tan*d, ¢ =-By*sin“d, 3= _fm" 0+ 2y“sin“f
1|4Ap AV, L{Ap AV
2lp Ve Zfp o

These equations form the basis to estimate the PP and PS reflect derived from sonic, shear and
density logs.

- A'L_ y “\‘i;.
'CREWES www.crewes.org voze ) LuvErs o caonn

Department of Geoscience




P, S, and density inversion workflow

(1) Optimally process the seismic data  (2) Build model from picks and impedances
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model until output inversion the seismic,
synthetic matches model and output are

original seismic data. S T TR T 29 as shown here.
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Stack data
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Prestack Inversion, PP reflectivity
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Youngs Modulus and Poisson Ratio Calculation from inversion

Related equations are defined as follows:

Vo 2
0.5 = E —1

Possion's Ratio: PR = » Closure S5tress Ratio: C5R =

Ve 1-PR
7s) —1
2+ Z; +(1+PR) .
Young's Modulus: E = Densits : pE= 2= Z; «(1 + PR)
PR — PR E—E_:
Brittleness : BRI = 100 = (1.-1: # (PR max ) + {1 —w)= g i) j
'FRHI'LEJ:' _PRrr.[i-: Erm::c' _Err.[r:

Brinell Hardness Number: BHN = 75.156 =« E + 18.21

The default impedance unit used in the equation is {m/s)*{kg/m3);
Default velocty unit is {m/fs); Default density unit is {kg/m3).
Input values in other units will be converted automatically.
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Young’s Modulus derived from inversion
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Poisson’s Ratio derived from prestack inversion
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Cross Plot of Poisson Ratio Vs Young’s Modulus, Duvernay interval
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Cross Plot, Poisson Ratio Vs. Young’s Modulus, Cambrian
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Derived and theorecical rock properties, Duvernay Formation
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Blue areas are high bnttleness Red areas are low bnttleness

Do TR epLLS | s Chin 4 1 oo a1 PRt

416 5406 5396 5386 5376 5366 5336 5346 5336 5326 5316 5306 5296 5k 5226 5216 5206

::unn ‘. W@“ ‘ | . »mnimml e Ww«- ; L s E o |m ‘
by ‘ || ﬂ( |m|”.“”||!!|'ﬂ Hm" MW\”‘ mWWH " i ﬁ IiL‘ ""‘”“1 Wiy, ol W M \Jh,..m ||||unﬂlmlllilln mkll"h" “"

..
i ‘”” Yo . - \ | ' | )
M . g A, |l|‘ Ll J ull i ‘""h H| .
" . . 0 T 7 bt il
i 5 "
. i

\|||1|||«“II

Tk ”HHM!W il I I ol -'J i )y Jill HI | i I' q .'.' | . "m‘; | "

I |I|“I\]|I-I|wu I Idl .:'l I“ %w"“ \1“ | | |
il o fh ”
RN

|
IIII lmJ I |
W

|
8 rw_Duvernay 16sm
et |

14:| o B -F irmmiTeT ﬂll il N - ) y oy QU __u_,.' -. l}‘] 5 h‘ s |
i, ", * ||| : L i
iy ‘ Mhl]]m". | " ‘ .||| m'"wmh.-' A | "'”‘I‘ LM‘!' }

Lo g i ! | “’ PR e M m‘..:l‘ "mH“HJ]l|Hm||||| \|||||||m I | —
o ||["“II| D [ o, A W M o, ”""hu”“lulllh""". I 1 R i i i H'

[ " h l] Hll IIMJ" I
" '"u,wpq‘”lu||||r s i, N T o .
B ol [l 0 b ik m _______________________ |

1420 AL ﬂ"l' ol

1430 [ i ji ol I ‘.
“ ipulse seismic. e e g i o ! i
450 - e Iyt | '1”" I | i W MIW N il n [ il u" ‘I i H.MHHH i I et i

®1 w2 *3 kyh =eq | Seismic

'+ CREWES www.crewes.org P s

Department of Geoscience



Estimated response to fracture stimulation based on brittleness

100 % Stress Controlled 100 % Lithological Combined stress plus lithology
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Geologicaly defined prediction for induced fractures
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Conclusions

e Reservoir attributes can readily be extracted from prestack data
* Wells can be better positioned based on rock parameters

e Reservoir characterization may be able to explain the variable fracture
patters and productivity of horizontal wells
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e A 3-D data set has become available in Bigstone, with well control
and ongoing microseismic monitoring

* This data set will be analyzed using the same methodology outlined in
this presentation, with the incorporation of microseismic data.

| expect to have results late 2017, or early 2018.
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e TECHNICAL SOFTWARE USED
* Geoview (HRS), pre and poststack inversion

e Geoscout, Well grid and culture data base, LAS files, production and
perforation information

e Seisware, Conventional seismic interpretation

* Vista, prestack data preparation.
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