U

UNIVERSITY OF

CALGARY

ohysical model
evidence of

ithal anisotrc

F MARGRAVE, AND JOE WONG




7 CREWES

Motivation

Information related to fracture intensity and
orientation is vital for the development of

unconventional reservoirs
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Seismic Anisotropy

Why?

Exploration purposes: Improve seismic image (velocity/
focusing/ positioning)

Development purposes: Relate to fractures (fracture intensity/
fracture orientation)

Classification (Exploration Geophysics):

1 axis of symmetry~ Transverse Isotropy: HTI, VTIl, and TTI
3 orthogonal planes of symmetry~ Orthorhombic Isotropy



Stiffness Coefficients Ten
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Physical Model

Fracture Plane

A zoomed-in photo of Phenolic

Receivers ]
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Phenolic

Shot
Acquisition layout:

One circular gather with 200 m radius

Two linear gathers with 0° and 90°
azimuths

3-C receiver and 2-C horizontal source
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degrees

Azimuth & Incidence
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seconds

Gathers & First Breaks
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Density-normalized stiffne

coefficients

A is density normalized C;;
A;is directly related to phase velocities
A; can be measured from group velocities using Daley and Krebes (2006)
1 _NZONZ N2 EGNINZ EGNINZ  E,NCN
VEN) Ay Ay Ay AyA, A Ass AsA,

23~ 2(A23 + 2A44) - (Azz + Ass)
13 = 2(A13 + 2A55) - (A_u + Aas)
E,= 2(A12 + zAse) - (A_u + Azz)



Density-normalized stiffne

coefficients
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Resolution Matrix

Resolution Matrix of Circle Resolution Matrix of 0-degree Line
1 1
Resolution matrix all data 2 - 2
i 3 . 3
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Measured V;,= 3358.2 m/s
Calculated V;;=3333.7 m/s
3644.1 2955.1 3333.7 1451.6 1562.5 1785.7 | Em% =0.73 %

Faranak Mahmoudian
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Horn River Basin

—— WESTERN CANADA
4 EIAIARI SHALE GAS/OIL ASSESSMENT
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Stratigraphy

Liard Basin Horn River
A-67-D/94-0-13 a-027-1/94-0-08
Muskwa:4800m Muskwa: 2405m TVD

Shale Reservoir: 161m

Bovie
Structure

Muskwa - Otter /

Park

Lower OP Frac Barfier ‘

Evie Lake

Fort Simpson (Mid
Besa River)

Muskwa — Otter
Park — Evie Lake
(Lower Besa River)

Nahanni Platiorm Carbonates

Shale Reservoir: 167m

Cordova
b-70-D/94-P-16
Muskwa:1802mTVD
Shale Reservoir: 170m

Fort Simpson

) Muskwa - Otter
! Park
s‘ave POim Lower Otter Park
| {non-rasenois)
-U. Keg {  Basinal Slave Point -
River Raefﬂl vj Sulphur Point Carbonates

Carbonates Evie Lake

L. Keg River Platform Carbonates

Source: AAPG Explorer, Horn River
Basin Keeping Canada Hot



Data Acquisition

Acquisition data: 12-29 March 2009
Source: Dynamite (single hole)
2 kg at 15 m depth
Receiver: single 3-C
Sample interval: 2 ms
Source interval: 60 m Receiver interval: 60 m
Source Line orientation: N-S
Source Line spacing: 360 m
Receiver line orientation: E-W

Receiver line spacing: 240 m
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Data processing

Geometry
Amplitude recovery

Other statics
Linear-noise attenuation
Surface-consistent Decon
Noise suppression

3D COV Binning
Migration Velocity Analysis



Near-surface: 2"9 refract®

2nd refractor elevations:

A significant channel
system within the near
surface is observed.
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PSTM Gathers

Time (msec)

PSTM image gathers
with an outer mute
function indicated by
green




PSTM Stack & Picked Hor
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Well Log Correlation
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Target horizons:
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Post-stack Inversion

A-5-1f94-0-1

Seismic : cdp_stack
A Single Wawvelet: wavelet_use_wells

Model : Model2

_ Correlation Inline: 291 Error
00 (Er;‘suﬁﬁég}mﬁgﬁ 0.998179 line: 87 0.0625413
Time { ms) Tops - Horizons
890 ganFF
-
- :j-
1 %= Prfey
700 —
| ] ‘ ; ; ; ;
so0— —— EXSHAW —— —— EXSHAW
4 T—koTcHO — T KOTCHO ——————
i ]
1 L e
1 —— TETCHO | “ - - - —— TETCHO
900 —-— TROUTRYV ——
1 —— KAKISA — KAKISA
4 T rEDKNIFE — ?
1000 —
1100
4 o
- ¢=
1200 — 3
] JEANMA...
1 T Frsmvesn — }
1300 - £
1400 - —— MUSKWA —— MUSKAWA_shift
] —— OTTERPK —— T
1500 | —— EVIE Evie ——
4 T—kEGRL —— = = —-— KEGRL ————




P-Impedance

s CREWES
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P-Impedance
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RMS amplitude at the E

sectored by S-R azimuth

Red arrows indicate | 8
azimuths. Black | %

indicate lower | &
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or in another word | s
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direction of fracture | ‘s
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900 (i.e. Well A-6).




Black Arrows
indicate azimuth.

Lower instantaneous |
frequencies see |:

more fractures.
Therefore, higher
values indicate the
fracture strike. Major
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Curvature at the Evie

High curvature values indicate fractured zones. Azimuth map
Indicates that the major trends are about 0° and 40°.
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Conclusions

Stiffness coefficients matrix is calculated from physical
modeling data using group velocity measurements
form 3 common-receiver gathers

Post-stack P-impedance inversion is utilized to indicate
sweet spots

post-stack amplitude, instantaneous frequency, and
curvature attributes are utilized for identifying fracture
direction and intensity
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AVO Analysis: Synthetic
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Super gathers
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