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Figure 5. Rock physics modeling can predict the amount of P-wave
acoustic impedance change that CO, will introduce into a reservoir.
Rarely do the predicted changes of S-waves match reality,

Figure 7. S-wave amplitude changes from S-wave data at Weyburn
Field. The largest changes occur on the S22 component, mdfmrmg

- anisotropic changes in the borizontal stress freld due to a rise in fluid
Figure 6. Weyburn Field (RCPs study area) showing acoustic pressure mm(‘mrﬂf with rf;reﬁ:rmﬁrmu ﬂff.»":?f’ Nﬁmr}rﬂaad bank. A

impedance changes in a 30-m thick reservoir at 1 450 m after a year of noise threshold has been applied, and the changes shown are only those
injection from four twin-leg horizontal wells. that exceed one standard deviation.

T. Davis. The Leadine Edee. Jan.. 2010
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Objectives

Study S-wave data quality issues In a
Postle-like setting.

Assess the ability of time-lapse seismic to
image the CO, flood.

To understand discrepancies between
S-wave and P-wave images.

_Allied qeaphysics, Inc.
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Project Activities

Build a 3D earth model with geology
similar to Postle field.

Calculate full-waveform synthetic seismic
data in the model.

Process the data using the best ideas
for producing high quality images.

_Allied qeaphysics, Inc.
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The hard parts

Build a 3D earth model

Calculate full-waveform synthetic

Process the data

_Allied qeaphysics, Inc.
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Data quality issues
240 ms S-wave statics
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Data quality issues
S-wave polarization direction changes

Baseline and Time Lapse Survey -
PHI - direction of fast Shear Waves
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Data quality issues
40ms S-wave splitting in near surface

Baseline and Time Lapse Survey -
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Data quality issues
Surface wave scattering
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Geologic influences on seismic data quality

Near Surface
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Model_03_a - Structure on depositional surface
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Model_03_a - Structure on depositional surface
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Model_03_a - Structure on depositional surface
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Slope and Basin Consortium
Brushy Canyon Model
(subjected to mild abuse)
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Geologic influences on seismic data quality
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Incident S-Wave AVO for A-Sand and Model
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One-way S-wave time through near surface
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Top of Reservoir Structure
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Al_l_ied qeaphysics ||'|C. Receiver line distance from source
— 4=




receiver lines

Al_l_ied qeaphysics ||'|C. Receiver line distance from source
— 4=




HZ2 src. H2 rcvr., EW receiver lines

200

400

600

_Allied qeaphysics, Inc.

A



Resen®lr Characterdzotion Project  Phase Xii

Radial and Transverse Gather

REC_SLOC g iEC_SLOC
i Radial o1 e Transverse =«
IDI] r?m lﬁiﬂo m?w lsalnu IE.TW Hﬁw lﬁfrm W’?‘Oﬂ 11:1|’I:ID IS:‘l'W ENIDD :W I-Iimﬂ IBQDIJ “'im IS&IW mﬁw llflruu 13‘.’;00 IHJI'W II.TW 15?00 me
s mr T I-w w0 b o 1; rl _J.
w SO el & - i L 4
I 1

| i‘"

.“_l.‘.

l. ﬂ{t’
e,

””H ' L ‘ft‘ .;:
e @t&g i "“**" “"‘M‘Wt @z& "’**f@H o

- g
HF‘.“' i gl A ' !JI e el !'“ Jq‘g S .‘1 ..
: #” ﬁl ‘:#Mf Eﬁﬁﬁ Jiqﬁ Iﬂ1 '}l:wi ltﬁ( @" "'bﬂ!ll:li] ﬁ a : ”?ﬁ.ﬁﬁﬁ ;#ﬂﬁ}qg Fﬁﬂ"‘ H“lr:‘! “f?ﬁu 1;&*.'-,:‘“ ":#.. ?55"5"% i‘%i%
iy Yy | i 1% £ W5 i o N : .-ﬂuiﬁ 1
;::«.;rﬁ%ﬁﬁ N ﬁi%w en NG R e

Z e -:«.a-nr-:‘~ \qﬁiqlﬂ m;:..h -‘I‘ifw ""‘"’lﬁﬁ ‘x} e ,:Lmr ;ﬂ 'ﬁs -. n a-gﬁ-qwn- 4&"-4»-.111?"%* r" i’i’a«ﬁF w, Jlﬁf -
?E‘T:ﬁ: ?"4; r¢ N ""ﬁl‘i'ﬂ"-." A Vi‘ i :%‘« - ﬂ”ﬂ% 'ﬂ' 1-? i w,-:llk‘ & M : éi“ :ﬂu' et :*"?'*
o -u l &

V __‘-l-.._'l,,-.‘_""r"_ At | ) i"ﬁ i'ﬁ '}‘ ,l |‘|,l o 'y l,.‘| “I ,'_‘ '1'1'. Yy
B Y LG, -.-\.-. i ,‘w’l '1'1:11411 'ﬂ'q"‘ll'l. lfﬂl“ 111 f,- ,l'.ﬁfl. .I;F "'., L J "" "”1" 'l:u ,@ 'l'ﬁ‘ﬂi' ”" o el ;
*_ : v B ’=“d"'-r\"w‘1;f hrh?"ﬂ;i Iy 11.\*3."\. ur." k-,.-'-" 4 r.n . .ff w.-.'.« ’1:34,1::‘ 11 u'ﬂh ‘-L’n:'lq"-i'"! ':: "h'q ‘ 'm.u1 " 'er*: A,
I. IF }- 4l III' ‘ 1|‘| _'l ‘ | | : g “ ._1 4 ‘.‘ AT 1
ﬁ ’u ’t.“ ) h oy ) s b "“: ﬂ ‘ "h’
.. i'%":'l'-'u!ﬂfp. '.'I'{sjl i‘1 '”"""'4 o Hﬂ']:f.q ﬁ.‘, '?ﬂzh "i“ '» “"'n" "'l"-r.q, o d‘ ‘?n"'f" | "":Ffﬂ"l' i “'"' 1"‘1{‘2'?\ 'ﬁlﬂf %}#l’@ﬂr 'y "' “

dJ
b "’"‘”"'::&'5::: L ﬁ"’iﬁ%:‘ A "“Im o “"‘i‘i‘f ﬁ l'ia.i e e
i “&i% ::r :.%m.;:’&@*mh;:-w@ﬁw% I S e &;w’*’*‘w 1--‘fﬂw«-$¢“ﬁ.ﬁ% ""*"‘*‘-? ﬁz
| f,u a«xﬁuﬁu ol ** *ﬂi i *:::;,,,‘?; .:,,m-** AR .ﬁﬁgﬁ%ﬁ;ﬁ P .F *
il ﬁm?"l@wwm j il % f‘;’:};ﬁf “‘T.%iﬁ'%g -u« M‘«x S *‘i.,. mﬁ#
FEE e u@f Sl S e
"-::' "WM’“ v % E\Iﬁ:ﬂ als w i M‘%ﬁhﬂ' e -**’ *w@\mﬂf@* it | N

o e @Mw s W

, S
b .

B _; Hﬂ@.. S | ‘lﬂw LR u -='I- orrowed from Smgh and Melvin, 2009




Conclusion 1

Readily available digital information enables
rapid construction of useful models.

Next Issue

Is the calculation practical?

_Allied qeaphysics, Inc.
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Dimensions:
Upper Freqgency:
Velocity Range:
Grid Spacing:
X,Y Offsets:
Record Length:
Symmetry:
Target run time:

_Allied qeaphysics, Inc.

Desired Model

20 x 20 x 2.5 km
40 Hz

500 - 5030 m/s
4-1/6 m

+/- 4 km

4 seconds

Heterogeneous HT1
100 host-hrs/shot
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The Test Code

Algorithm: 1987 (J.T. Etgen, SEP Report 56-3)
Implemented: 2003 ('"Modern' version of Etgen SEPLIB code)
Ownership: BP

RCP Access: 2004 (Restricted to Allied Geo hardware)

Run Time Estimate

For 5760 shots in an RCP-sized survey
105 days on modern 512 host cluster
(220 host-hours per shot)

_Allied qeophysics, Inc.
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Speeding the Calculation

Employ Regone's Method:
Only calculate what you need to conduct your tests

RCP-sized == small
Reduce submodel widths from 8 to 6 km ~ 2X

Consider reducing frequency content ~16x
VSP data with 40 Hz vs. surface data with 20 Hz

Frequency reduction 40 -> 34 Hz ~2X

Use model-specific code I

_Allied qeophysics, Inc.
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Conclusion 2

Calculating an RCP-sized 9-C survey in an
anisotropic 3D elastic model is practical.

An industrial-sized calculation, but smaller
than many being routinely undertaken today.

_Allied qeaphysics, Inc.
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Proposal

To engage RCP sponsors in a collaborative
calculation of synthetic shear data.

_Allied qeaphysics, Inc.
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Timing

Summer 2010

Allied Geo prepares models and executables for
distribution to sponsor computing centers.

Fall 2010 through 2011

Sponsors perform calculation in 'white space’' and
retrun data to RCP.

2011 and beyond

Data are used to advance understanding of S-wave
data quality issues.

_Allied qeaphysics, Inc.
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Models to Calculate

Heterogeneous HT1 without near-surface
complexity (elastic)

Introduce near-surface complexity (elastic)
Introduce time-lapse component (elastic)
Introduce attenuation (anelastic)

_Allied qeaphysics, Inc.
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Next steps

Get help! Your help.

Find ways to do the calculation
Code contributions from anywhere
White space in consortium member systems

Evaluate cost/value trade offs

Make sure valuable features aren't needlessly omitted
Find more ways to reduce run time

Continue testing model parameters
Relative amplitudes between near surface and target
Ability to separate noise from signal

_Allied qeaphysics, Inc.
= mobrien @alliedgeo.com 303-679-8074
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