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a About This Talk (~40 min)

* Who —"Seismically-conversant” geoscientists

» What — Prestack Depth Migration (PSDM)

* Where — US Shale Oil play

« Why? PSDM becoming the onshore norm...
* Whatis it? Why do it?
* Special unconventionals impact?



a Why Wave Equation PSDM?
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PSDM: Removes False Time Structure




PSDM: Better Steep Dips & Faults
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PSDM: Better Lateral Positioning
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Myth 1: Not for Resource Plays?

! . PRI O (TR A kT
SRS W g e, gl s M,mm.« RATR M o 8,
TR AT ¥ N b R i ' PSTM i | P 'mu"'h“ﬂ W "‘.'I"‘l”‘!f"';'.muf’!w TR Fi LA g PS DM
y ' it vk il el wi 7 0 gl W ,hmr,.‘m‘f'.qln,.q‘; o DR oy gl T gk s R N B M .
J ol bk T
¥ ] A A S
) i T W g DR ey g ¥ s-u--unruJ'. o "! P — Aoy ' Z i T vt TN | e ]‘HFWMomP*kn Yy P T T PR ’m"
4y N ji o I [ e T E TN PR ﬁ”l””‘”"' "Hf“"“iﬂw,mgﬂ.-m-&’% Wi R e
AR L o S, Wy Hi"aw L g ﬁ!i‘”fw*“ﬁ'ﬁ'mrh-.u i .-|- W W s e T A
e rorn Lohreet - : ' P Ay g
e mr—— e Y e s -y st .ﬂ. MW iUy O gy N y
[ e A PR e wﬂ-ﬁum»wm j,!'hv:-‘(,'flmrmd_zr'r hu mwnwﬁ!“w,mﬁﬂm g M o
A ng,;.,,.,w ™ q.wh. u'u ufvl 4 "l-*'“,,' F g by b s i \y

M v
e MW'#'M. "ww"u P g 0 i ] P T T
R ik TN sl TR i M ety Py m*m,.u.um':.ww ol o

W e g P A b g | VRN ! g A 1 Hi ik, W) e

B g bR T g g i R i Ry A g D oty o i) - a s . PR PRI 1 gy o g g ey AR
| ¥ M “w el w' “‘ Vi A & =
|‘Iewm.w-d*!“ "#'H"‘lw*ﬁﬁ‘uh?ﬁ*‘ﬁ i, pd R gy W T a3 A o ‘*m e——— e o i 110 Ry ) b o b R L]

- L} |l ey 'l 5 i L3
| s 1 ot | g pwnd o
" ] ' U8 S | & Y iyl syt g A i " Vil ok g s B e s . ' .

WMWAWMW““’W”" ) Al o ’““'""""‘"W‘ W‘*’M""‘“" ;

e W ol A, by o e R
g G M V0 A ARS8 WS Ly - e R ————— Y

T O T Ay T I o g, A IR gy A v gy e A M

Ml

Wi W P g1 i e O g, A, R i

A g 1M ) | PR b g e b

A s S B | 5 g A

iy Wl dsbge Mgl i i

y o e T ey W0y BT S e i T R

AT g Lo ——
i, iy e LA N Ll S R T SRy Py g & s s N R
piy by (g CRRL L RV T m.yw"l”f“ e ..r p -

Lt Vil kg llpﬂm“w

f

4 i | n'hnf’u! Mq P TR T | L i
L -| s & s« Mmmmm
i buwummw.,wmmmw N g s g - 3 o e

g g vy BT P g

. VA —— iR A

! A J L S N bywi o IF T LR i Wi w1

N S I " ‘ AR e
ey kg ey ' pr e | ——t M*‘Vl\lhu e Y 1o ) e g
L , : . " | a0 v i 1
& f i "ﬁ i i

i e Habf ! A --M-M.,uwmm.u " W i d " L T W

kil ¥ i Y. i Py ' ) g Y ey LT

) S A o ‘ BN g N s Vi i
8 (X'}

f 3

o R

-y v .w-nmm"--m--iuu.w L ' # i
s e e . ‘ U il s
- : ‘ v Y P o i A

§ (e BT
o, Wil g o, O B | L s e e

) R g ik, e NS

e L L e S

. 1 .
TR i A | RTINS 1" W " ,mm-' ' ; 7~ :

PR T — FIDELITY

TSN Y MW s Exploration & Production Company

i Ty Sy oy VR AR oy 1y
T A )

AP T N g ) L U Y LR
¥ [+ S

Unconventional oil shale

I — o —————

e 2 L




Myth 2: Lower Frequency Content?
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E Unconventional Case Study

* Hi-res 5o sq mi 3D, US Oil Shale play

e Part 1: Structural Imaging
* Success =Velocity
* Improved event geometry, fault imaging

 Part 2: "Sweet Spot” Delineation

* Azimuthal anisotropy
* AVAZ



Seismic: Financial Impacts

Fine Scale
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Where to drill?

Avoid sidetracks
Stay in zone

Part 1

Medium Scale

How/Where to drill?

Borehole orientation
Best wells first

Part 2

Wide Scale

If to drill?
Where to lease?

Best parts of basin
Extend sweet spots
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Initial vs. Final PSDM Velocity

Starting velocity
model, derived
from PSTM
velocities

Velocity (ft/sec)
| ;-
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Final velocity model
after 8 updates
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Imized Velocit
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PSTM: Location 1
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PSDM: Location 1
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Vertical Anisotropy

Mﬂm Wi p B, w'd'nl“li\"“ll [ = S—
() I 0 g v g
PG Yy o 11 Rty ey o
. 1A T -
PRy e Syt
it 'WWM'MN" Y i VLT | R AP0

A i H"'“Nll iy Aihel i g R R S 0 e et
- "'”'-"*"PN".«“; 1
gy oy e mgh
i My Aw#nl,.wruu‘bl“" - .
o ﬂ":‘-‘:“r'l.r& n'mithlliulhlll*..,,pm.hw A S
ol A
R, iy F S St -

I'W Hﬂq'ﬁwmﬂ"‘p-ﬂw... el sy Wi doke
ey [T NIEe)
v.ll"' '", i 11‘" B, W g iyl R W"‘"Mﬂﬂ Ly
mm&-m g g TN PR RSP g 0 b o g "#HW

L kil Jot

| P R Y A iy b w.,.u.m.u o
I'l. Vil el i
‘ Wleg_ﬂ| |tidra,4-ila—4-w

T w'wm"ﬁ""

A
AR IM{W"' o U 1 ey ol el Rl A

b ULLEY MTERR R o WA il g (A e Wit 47 AR

e o g gy o AR R SRR

1 TR | ., g o Ty gy, """‘""‘“"'"

R R T TR L

B et T i R AN O '
g - yaﬁWu

@Mme‘mmm i OO

LTI T (i b L 1 Y WO
| T L gyl " '
" Ay i u" vk g iy FACTEIL AT "

L0 Y 0 Vg
N Y g, g e 1 1 i
g 0 ikl i =

4 i WA

100 Wy Fidh, u"lﬂh 4 "
|| . el Y
L LR TR

o R SN I e wrs vy " y &
. - i » ill e Ui o lprhie b '“mnwd ’
v N i g LU R —

A

Rl g (PP By 3 i AN o gt 80P
R — ; -M
N

r. L ..|‘ n | '"_
i MWM""' IR FIDELITY

Anisotropic shale layer
induces significant misties

Measure misties at well tops

* Build Thomsen o for
anisotropic PSDM...

* ...or warp image to fit tops

Note: Dip is preserved

4, ft accuracy on new well



a Why Anisotropic PSDM? (1 of 5)

Here, we have a simple “anticline” and two “faults”.




a Why Anisotropic PSDM? (2 of 5)

Isotropic PSDM in an anisotropic earth positions events too deeply.

True

reflector
location \

Isotropic
™\ pspM

fault

Isotropic
PSDM
reflector



a Why Anisotropic PSDM? (3 of 5)

We measure depth misties at several well locations...




a Why Anisotropic PSDM? (4 of &)

...and vertically shift the image to match the well control.

We match the anticline’s structure accurately, but there’s a problem...




Why Anisotropic PSDM? (5 of 5)

...The “faults” are laterally mispositioned!

Anisotropic PSDM is the only systematic way to correctly position steep dips

Vertically

Shifted
Actual Isotropic
Fault PSDM fault

Location




a PSDM Angle Gathers for Attributes

T « Complex Earth =2
> .« f

difficult to relate
Complex earth offset to ang|e_ ..

offset

a2

e <

Simple earth

e ...Orsurface azimuth
to azimuth angle

* Ideal attributes =2
* With real angle gathers
* Indepth



Azimuth Angle Gathers
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Fracture Schematic
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Quandary: Target is naturally fractured, but

overburden is apparently not. Are the reflection
amplitudes (versus azimuth) at the target
sensitive to fracturing?

Z
i

~0.1%
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AVA Angle Gather Calibration

Relate VP/VS to seismic amplitudes

V[V relation (Mavko & Mukeriji, 1998):

2
V__l

7+v /v2

)

e
-
-
-

0

S-wave Velocity (m/s

e
-
-
-

o
-
-
-

[—

-

-

-
|

All Rock Types
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--=-Curve Fit + Shale
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AVA Angle Gather Calibration

Step 1: Measure slope, intercept
from PSTM or PSDM gathers

Step 2: Compute hyperbolic
parameter b (red curve =)

Step 3: Compare to b obtained
from lab data (green curve =)

Calibration: Find single scale factor
that produces a measured b
consistent with b from lab data

All Rock Types
— 4000
5 3000
5.
22000
>
z 1000
s 0 | |

1000 2000 3000 4000 5000 6000
P-wave Velocity (m/s)

--=-Curve Fit + Shale
o Sandstone ° Limestone




E AVA + Azimuth = AVAZ

« WEM Incidence vs. Azimuth angle gathers
 For each azimuth, calibrate AVA slope

» Make “fracture” map from AVA slope vs.
azimuth using RUger analysis

* More apparent sensitivity to fractures in
target zone
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AVAZ Math (Ruger, 1998)

P-wave AVA N _ _ _ _

“| " The quantities are written in terms of elastic properties above (“top”) and
slope” vs. - ) _ L .
azimuth below (“bot”) the interface. Note: we assume elliptical HTI anisotropy.

B(¢) _ Biso 4 Baniso COSZ(¢_¢sym)

P-wave azimuthal S-wave azimuthal
anisotropy anisotropy



— \2
Baniso z% 5b -0 +2 Vsj (}/bot_ytop)

AVAZ Math (Ruger, 1998)

B(¢) _ Biso + Baniso COSZ( _¢Sym)

ot top V
P

Assumptions for most sensitive
parameters:

Voot = 0.05

Ytop = 0.0

Opot = 0.01

Oop = 0.0

VP-VS ratio = 2 above and below

Note how a very realistic set of
assumptions produces a 50% azimuthal
variation in AVA slope!
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=B aniso*cos”2(phi-phi_sym)
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Takeaways

e Parta
« PSDM:

* Removes false time structures
* Better positions/focuses steep dips and faults

* High-intensity velocity analysis = PSDM success
* Anisotropic PSDM: How to move events correctly

e Part 2

* WEM angle gathers: attributes in complex geology
* Top-to-bottom Azimuthal anisotropy was weak here
* AVAZ analysis appears more promising
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