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GASSMANN FLUID-SUBSTITUTION

DISCUSSION




Gassmann Substitution: Requirements

» Bulk and shear moduli of solid components (minerals).

» SOURCE: Published, commonly accepted values.

» Bulk moduli and density of pore fluids:
» SOURCE: Algorithms based on temperature, pressure, specific gravity.
» Specific gravity of CO, used to calculate fluid properties = 1.5189.
» Brine salinity: R, estimated from water analysis provided by Blue Sky.
» Density of solid components:

» SOURCE: Published, commonly accepted values (e.g. quartz = 2.65 g/cc).

» Porosity and water saturation (Sgo, = 1 — Syyy):
» SOURCE: Lithology model and bulk density (modeled S\ = f[porosity]).
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Gassmann Substitution: Pore Fluids p

» Fluid replacement occurs in effective (connected) pore space, where total and
effective porosity are bounded by: @, =2 @, 2 0.

» Gassmann is unstable at low porosity, so calculations are performed using total
porosity, @, and total (modeled) brine saturation, Sw; < 1. Only the “effective”
portion of these parameters are replaced with CO,. (@, and Sw; include bound
water associated with clay and small pores, which is not replaced in the model.)

» Effective and total water saturation are related by: Sw; =1 — (Swg) (%).
T

» Using @+, V- 4y and Vg, from the lithology model, @ is related to @ by:
Or =07 (1 —Vepay — Vsiir)- Vspor is iterated until @, = free fluid derived from
magnetic resonance logs (calculated by Schlumberger).

» Process assumes constant irreducible water saturation, using effective bulk
volume water (BVW;) = 0.05 (plus a small amount of Gaussian noise). From
this: Swg = BVWg /@ (limited 0 2> 1) and S,z = 1 — Swyg.
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Gassmann,S eq UatIOn Comments: 5

» Estimates K, ; of new pore fluid from K, of
Ksat  _ _Kary + Ky in-situ pore fluid with other parameters static.

Ko—Ksat Ko—Kdry Q)(KO _Kfl) » Assumptions: homogeneous/isotropic medium,
_ _ connected pores (may not work as well in

assuming Ugqt = Uary = U where, shaly sediments) *and* no relative motion

(decoupling) between fluids and grains.

» Kgry, = bulk modulus of dry rock. _
» K... = bulk modulus of rock + fluid. » “Dry rock™ # CO,-saturated rock. K,y Is buII'(
_ _ modulus of rock-frame when pore pressure is
» K, = bulk modulus of solid matrix. held constant by allowing pore fluids to
» Kz = bulk modulus of pore fluid. escape. Estimated as: K,y = pary™ (Ko ! o)
» @ = porosity. where 1, = shear modulus of solid matrix.
> Ugry, = shear modulus (rigidity) of dry rock. » Total or effective porosity can be used but, if
- sh dul £ rock + fluid the former, bound water in total S,;, cannot be
» Lsqu+ = Shear moaulus of roc uiq. replaced.
Koqe+4/31 U » For curve mnemonics, u = G (e.g. up = GRHO).
Vp = Vo= |— , p,=bulk
P S _
Pb Pb density. .
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Gassmann Substitution: Workflow 7

» Fluid densities and moduli are calculated as well logs from surface casing to TD
from pressure, temperature, and salinity. Resulting curves are inspected for null
values and corrected as necessary.

» Fluid property logs, mineral bulk moduli values, bulk density, mineral fractions
and total porosity are input to Gassmann.

» Gassmann is run twice: First, using in-situ total water saturation (= 1) to estimate
dry-frame bulk modulus (K;-,) and to check accuracy of reconstructed elastic

logs (Vp, Vs), and again using modeled total water saturation (with homogeneous
fluid mixing; €O, saturation in model is 1 — Swy) in the following sands/zones:

» 1ST UPPER MIOCENE SAND - TEX W SHALE (6109-6615.5’ MD).
» LOWER CRIS | SAND - CIB OP SHALE (7474-8155.5" MD).
» AMPH B SAND - ROB L SAND (8446-9236’ MD).

» CAMERINA SAND - MARG A SHALE (10530-11197’ MD).
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Modeled Well Logs and Crossplots

FOUR SANDS




Explanation of Tracks in Log Displays

>

8

TRACK 1: Model of solid mineral and pseudo-mineral fractions, including pyrite, total

clay, calcite, silt and sand (the last two comprising quartz). Track also shows XRD points
for clay, converted from weight-percent to volume.

TRACK 2: Volumetrics of CO, model with total and effective porosity from lithology

model, effective bulk volume water, conventional neutron-density crossplot porosity (ANK
Geosciences), with nuclear magnetic resonance total and free-fluid porosity
(Schlumberger). Yellow shading is bulk volume CO..

DEPTH TRACK: Modeled total and effective water saturation used in CO,-substitution.

TRACK 3: In-situ resistivity logs with modeled deep resistivity after CO,-substitution.

Yellow shading spans in-situ deep resistivity to modeled deep resistivity.
TRACK 4: In-situ (lightly edited) density and neutron logs with CO,-substituted versions.

Yellow shading spans CO,-substituted logs.
TRACK 5: In-situ (lightly edited) P- and S-sonic logs with CO,-substituted versions.

Yellow shading spans CO,-substituted P-sonic to in-situ P-sonic.
TRACK 6: In-situ and CO,-substituted Vp/Vg, with shading.

A

Arrows denote depth range of display interval, relative to entire well. A Geosciences




Explanation of Crossplot Displays ”

» Crossplots show P-impedance (x-axis) versus Vp/Vg (y-axis).
» Crossplots are shown as pairs: in-situ followed by CO,-substitution

» Color axis represents a lithology index:

» End members shale, sand, silt and limestone (LS) have = 60% of
either clay, sand, silt or calcite by volume.

» All other lithology types represent mixtures in which two
components dominate (e.g. sb+sLT = sand and silt fractions
comprise bulk of composition). Marl is calcite + clay.

» Sand and silt fractions are split from quartz.
All lithology types can contain “sand”, even if in small quantities.
» Only the sand fraction participates in CO,-substitution.

\ 4
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1st Upper Miocene Sand (in-situ brine

IN-SITU BRINE

7 8 9
P-IMPEDANCE (g/cc*km/s)

1ST_UPR_MIO_SD(6109)-TEX_W_SH(6615.5)

Geosciences




1st Upper Miocene Sand (CO, model)

CO2 SUBSTITUTION

7 8 9
P-IMPEDANCE (g/cc*km/s)

1ST_UPR_MIO_SD(6109)-TEX_W_SH(6615.5)
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Lower Cris | Sand (in-situ brine
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Lower Cris | Sand (CO, model
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MODEL: Amph B Sand
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MODEL: Amph B Sand (CO, model
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MODEL: Camerina Sand
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MODEL: Camerina Sand (in-situ brine
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Preliminary VSP Ray Tracing and
Finite Difference Modeling
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Line AA’ Cross Section A A A

Palo Alto Strat Well RPN-1 Proposed Injection Well
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Line BB’ Cross Section B> B

RPN-1 Proposed Injection Well

Depth Geomodel
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Line AA’

* Sources set at 1000’ intervals along the surface
* DAS fiber set at TD to 1650’ in the well @ 25’ intervals
* Representative layers picked for reflections at all main formations.

* Seismic displays are ray traced reflectivities convolved with 35 Hz
Ricker to show event continuity and travel times. Used to evaluate
distortion in the first arrival and reflection times to assess
maximum useful offset range.
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Line BB’

* Sources set at 1000’ intervals along the surface
* DAS fiber set at TD to 1650’ in the well @ 25’ intervals
* Representative layers picked for reflections at all main formations.

* Seismic displays are ray traced reflectivities convolved with 35 Hz
Ricker to show event continuity and travel times. Used to evaluate
distortion in the first arrival and reflection times to assess
maximum useful offset range.
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4D Effects

* Grid models for both velocity and density based on the well logs and
structural horizons are built for both the in-situ case and for the CO?2
substitution case using the logs produced through the rock physics
phase of the project.

* Finite difference modeling is used to provide a synthetic seismic
simulation using the finely gridded models.

* These are then processed through VSP processing techniques to
isolate a final reflected wavefield, then the insitu and CO2 substituted

cases are differenced to evaluate any 4D signal due to the presence of
CO2 in the system
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~ Line AA’ In Situ Density Model
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Line BB’ In Situ Density Model
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4D Effects

* VP 15 on Line AA’ was chosen as a good representative for 4D modeling.
This represents a medium offset VSP which should have good imaging.

» 4D effects largely depend on the velocity and density models derived from
the log data, and as such are not expected to change much with offset until
we get to much longer offset ranges.

* Finite difference modeling is used to provide a synthetic seismic simulation
using the finely gridded models. Grid cell size 10’

* These are then processed through VSP processing techniques to isolate a
final reflected wavefield, then the insitu and CO2 substituted cases are
differenced to evaluate any 4D signal due to the presence of CO2 in the
system

* An additional case representing 3% CO2 saturation (SW 97%) is also
modeled.
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Line AA’” VP 15 All Reflections — Basic
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Finite Difference Modeling

* The first pass of FD modeling is performed based on a 35 Hz Ricker
wavelet. This simulates a VSP with good signal to noise. The receiver
is simulated as DAS fiber.

* The FD is performed using Acoustic Finite Difference. Elastic FD is not
required for this level of modeling and would be used if shear energy
was deemed important.

* VSP is simulated with downgoing and upgoing arrivals

* \VSP data is separated into downgoing and upgoing wavefields.

* The upgoing wavefields are differenced to observe any 4D signal
* Deconvolution is not applied so multiples remain in the data.
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Line AA’ VP 15 35 Hz Central Frequency
3% CO2 Saturated Case (SW 97%)
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Finite Difference Modeling

* The second pass of FD modeling is performed based on a 20 Hz Ricker
wavelet. This simulates a VSP with poor sighal to noise or could be
used to represent a surface seismic based geometry The receiver is
simulated as DAS fiber.
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Line AA’ VP 15 20 Hz Central Frequency
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Line AA’ VP 15 20 Hz Central Frequency
CO2 Saturated Case
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4D Signal

* Black display indicates In-situ Case
* Red display shows CO2 Saturated/3% Saturated Cases
* Blue display shows the difference

* Trace scaling is based on fixed levels and so the amplitudes should
represent real variations between datasets.
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.o e e e e b o1 1 L e L il .

-1,681,941 -2,191 -2,441 -2,691 -2,941 -3191 -3,441 -3,691 -3,041 -4,191 -4 441 -4,691 -4,841 -5,191 -5,441 -5691 -5941 -6,191 -6,441 -6,691 -6,941 -7,191 -7,441 -7,691 -7,941 -8,191 -8,441 -8,691 -8,841 -9,191 -8,441 -0,681 -0,841-10,181-10,441

] | | I 1 1 | | I 1 I | | [ | | | [ I 1 1 | | [ | | | [ I 1 1 | | 1 | |
42554255 4255 4255 4255 4255 4255 4255 4255 4255 4255 4,255 4255 4255 4255 4255 4255 4255 4255 42565 4255 4255 4255 4255 4255 4255 4,255 4255 4255 4255 4255 4255 4255 4255 4255 4255

Trace 141 Time 1,242 receiverID 141 Sequence 141 Offset 4255 X 13655.0 Y 0.0 Z5191.0 Amplitude 0.02998
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Q JZ_Up.sg — I
File H 7
- Line AA” VP 15 35 Hz Central Frequency
a2 [ ] ] ] B s seans | s
Shot 1of 1 (ID=1) at (X 17910.0, Y 0.0, Z -0.0), 360 traces CO2 Saturated Case
Receiver Offset and Elevation
425,255 4,256 4,255 4255 4255 4255 4,255 4,255 4,255 4255 4255 4255 4,255 4255 4265 4,255 4,256 4,256 4,255 4255 4255 4,255 4,256 4,255 4,255 4255 4255 4255 4,255 4,255 4,255 4255 4255 4255 4,255
1 1 1 1 1 1 1
1,691,941 -2,191 -2,441 -2,691 -2,941 -3,191 -3,441 -3,691 -3,941 -4,191 -4,441 -4,691 -4,941 -5191 -5,441 -5,691 -5,941 -6,191 -6,441 -6,691 -6,941 -7,191 -7,441 -7,691 -7,941 -8,191 -8,441 -8,691 -8,941 -9,191 -9,441 -9,631 -9,941 -10,191-10,441
0.80 e : 0.80
]
S
>
0.90 ! > 0.90
o 2 ! f
1.00 ¥ 1.00
i ii § ; R ¢
110 i $ : : ; 1.10
] G z
1.20 3 ] }i F' : ' - 1.20
. I j ,i.hi; I J - ; 9 :
; 1 l d
L;. o II
o 1.30 - T : ‘ 1.30
= AR A1 [ ) . ~ !
8 ) » AN
@ 1.40 , : 1.40

1.50 = a2 F 1.50

1.90 —

2nn

160 4 t ' \ ARt B i3 i 1 60
LTI DA 4 d

1.70 e | W : ) ) ' ) il

| k ; | A : V [ i‘; ’aI l‘] #m[ r

1,80 4 ' § )

“

1.70

e : i i

)} ; H .

il ‘ ’ et L e

1,691,941 -2,191 -2,441 -2,691 -2,941 -3,181 -3,441 -3,691 -3,041 4181 -4 441 -4,691 -4,941 -5191 -5,441 -5691 -5041 -6,191 -6,441 -6,691 -5,941 7,181 -7,441 -7,691 -7,941 -8,191 -8,441 -8,691 -8,941 -8,191 -9.441 -0,681 -0,941 -10,191-10,441

s

1 | | 1 1 1 | | 1 1 1 | | 1 | | | [ | 1 | | | | | | | [ | 1 | | | | | |
42554255 4,255 4,255 4,255 4,255 4255 4,255 4255 4,255 4255 4,255 4255 4255 4255 4255 4255 4,255 4255 4255 4255 4,255 4255 4255 4255 4,255 4255 4255 4,255 4255 4255 4255 4,255 4255 4255 4255

Trace 137 Time 0.938 receiverID 137 Sequence 137 Offset 4255 X 13655.0 Y0.0 Z5091.0 Amplitude 0.09339
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Lo eal_insitu_Up.sg Av1_real_CO2_Up.sg — G
= Line AA’ VP 15 35 Hz Central Frequency

¢ bt 2 T N R ¥| 4| | nterval 1 Seq# 1 otID 1
5 20 e . 4D Effect (in-situ vs CO2)

Receiver Offset and Elevation
:1,2554.2I55 4,2|55 4,%55 4'2.55 4'2.55 4,2|55 4.2|55 4‘2.55 4'2.55 4'2.55 4.2|55 4,2|55 4,%55 4'2.55 4'2.55 4,2|55 4,2|55 4'2.55 4‘2.55 4'2.55 4.2|55 4.2|55 4'2.55 4'2.55 4'2.55 4,2|55 4,2|55 4'2.55 4‘2.55 4'2.55 4.2|55 4.2|55 4'2.55 4'2.55 4'2.55

-1,691,941 -2,191 -2,441 -2,691 -2,941 -3,191 -3,441 -3,691 -3,941 -4,191 -4 441 -4691 -4941 -5191 -5441 -5691 -5941 -6,191 -6,441 -6,691 -6,941 -7,191 -7 441 -7,691 -7.941 -8,191 -5 441 -3,691 -8,941 -9,191 -9,441 -9,691 -9,941-10,191-10,441
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0.90 ] T& ‘ 0.90
I ) W
"o 4/ M b "L
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3 { b P d »
N I . T il o )
110 ] attitiatlily ~ IR 110
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1.20 T : 1.20
' | il
@ 130 S ) ﬁ‘M 120
£ 140 Ay i i R 140
. | i g .
i T | g :
4 } } Y
3 )
1.50 ] i - 1.50
T t *
1.60 : ’»' i 1.60
IS e
4
170 e i il it 170
{ 3 »" TI\ Wi ; }g i u l ]iﬂ;f ) ” SO X I |
1.80 > I ) ) 1.80
” “ { ’ﬁ | ii i il | "
180 i) dik it 190
| ) R ol
I it - r
7nn ] 1 |l 1 1 | |l ] ] Ll 1 T 1 7nn
-1,601,941 -2191 -2,441 -2,691 -2,941 -3,181 -3,441 -3,691 -3,041 -4,191 -4 441 -4,691 -4,941 -5,191 -5441 -5681 -5941 6,181 -5,441 -6,691 -6,941 -7,191 -7,441 -7,691 -7,041 -8,191 -8,441 -8,691 -8,941 -9,181 -0,441 -9,691 -8,341 -10,191-10,441

42664255 4,255 4255 4255 4256 4255 4,56 4255 455 4255 4,255 4255 4255 4255 455 4255 4255 4255 4255 4256 4255 4,255 4255 4255 4255 4255 4,255 4255 455 4255 4255 4256 4255 4,55 4255

Trace 166 Time 1,947 receiverlD 166 Sequence 166 Offset 4255 X 13655.0 YO0.0 Z5816.0 Amplitude -0.00472
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@ 2 — 8
File H 7
. Line AA’ VP 15 35 Hz Central Frequency
] [ ] ] B s | st o ;
Shot 1of 1 (ID=1) at (X 17910.0, Y 0.0, Z -0.0), 360 traces 3% CO2 Saturated Case (97% SW)
Receiver Offset and Elevation
4,256,255 4256 4,255 4,265 4,255 4,255 42565 4255 4,255 4,256 4,255 4,255 4265 4,265 4,265 4255 4256 4,256 4,255 4,265 4,255 4255 4256 4,255 4,265 4,255 4,255 4256 4255 4,255 4,256 4,255 4,255 4265 4255
1,691,941 -2,191 -2,441 -2,691 -2,941 -3,191 -3,441 -3,691 -3,941 -4,191 -4,441 -4,691 -4,941 -5191 -5,441 -5,691 -5,941 -6,191 -6,441 -6,691 -6,941 -7,191 -7,441 -7,691 -7,941 -8,191 -8,441 -8,691 -8,941 -9,191 -9,441 -9,631 -9,941 -10,191-10,441
0.70 ‘ Hl ‘H ‘ ‘H ‘ ‘H ‘ H‘ ’ "‘ ‘ ‘H 0.70
0.80 0.30
)
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< M ”,
4
1.00 TR 3 1.00
{ ; N Hatls}
) B
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| J | BLg n.lh |
» 1.20 ) ¢ it : 1.20
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8 ‘
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| _ 5{
{i { »“;‘% i’ﬁ ;
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!* <k
M
1.60 |{J ¢ 1.60
4 K H
1.70 1.70
1.80 T rrJ it 1.80
. il H} , ; it 1&“‘%%“ i .
-1,601,941 -2,191 -2,441 -2,691 -2,941 -3,191 -3,441 -3,691 -3,941 -4,191 -4,441 -4,691 -4,941 -5191 -5,441 -5,681 -5941 -6,191 -6,441 -6,691 -6,941 -7,191 -7,441 -7,691 -7,941 -8,191 -8,441 -3,691 -8,941 -9,191 -9,441 -9,681 -8,941 -10,191-10,441
1 | | | 1 1 | | 1 1 1 | | | 1 1 I I 1 1 1 1 I I 1 1 I } 1 1 1 1 I I 1 1
4,255,255 4,255 4,255 4255 4,255 4,255 4,255 4,255 4,255 4,255 4,255 4255 4,255 4,255 4,255 4255 4,255 4,255 4,255 4,255 4,255 4,255 4,255 4255 4,255 4,255 4,255 4,255 4,255 4,255 4,255 4255 4,255 4,255 4255

Trace 166 Time 1.888 receiverlD 166 Sequence 166 Offset 4255 X 13655.0 Y0.0 Z5816.0 Amplitude -0.18358
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@ 2 — W
File H 7
- Line AA” VP 15 35 Hz Central Frequency
R = R S R N A R Sea# 1 | shotiD|1 .
Shot 1of 1 (ID=1) at (X 17910.0, Y 0.0, Z -0.0), 360 traces 4D Effect (ln-SltU Vs 3% COZ)
Receiver Offset and Elevation
4,269,255 4255 4,255 4265 4,255 4255 4,256 4265 4,255 4255 4,256 4255 4,255 4,255 4,255 4256 4,255 4255 4,255 4265 4,255 4255 4,256 4265 4,255 4265 4,256 4255 4,255 4255 4,255 4255 4,255 4,255 4,255
1 1 1 1 1 1 1
1,691,941 -2,191 -2,441 -2,691 -2,941 -3,191 -3,441 -3,691 -3,941 -4,191 -4,441 -4,691 -4,941 -5,191 -5,441 -5,691 -5,941 -6,191 -6,441 -6,691 -6,941 -7,191 -7,441 -7,691 -7,941 -8,191 -8,441 -8,691 -8,941 -9,191 -9,441 -9,691 -8,341-10,191-10,441
0.80 —Hdiao 0.80
) 4
W b
0.90 ced 0.90
it r
B s
1.00 Aaidl iy 1.00
d & &}l r
W {: ;( 3 r.k % J \ |
110 I g . 110
) y
&l @’J il :
o 1.20 Tt - 1.20
2 4 4 ! 1
g i qé‘i Al i
@ \‘4 1 [
® 130 i ; 4 1.30
[ i ' 1 ; e
1.40 i 1.40
1a%0
i :
1.50 ! 1.50
e
W
1,60 el 11 2 160
. If H}( T
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1.70 1.70
3,
{ :
1.80 s i 1.80
1 o m” { ﬂwﬁﬁﬁmk n %E
M N
i - . -

Trace 171 Time 1,886

-1,691,941 -2191 -2 441 -2,691 -2.941 -3,191 -3 441 -3,691 -3,941 -4,1981 -4 441 -4 681 -4 941 -5191 -5441 -5691 -5941 -6191 -6,441 -6,691 -6,941 -7 191 -7 441 -?,6I91 -?_9'41 -8,1I91 -8,&41 -8,é91 -8,9I41 -9,191 -9,&41 -9,691 -9,941-10,191-10,441

receiverID 171 Sequence 171 Offset 4255 X 13655.0 Y 0.0 Z5941.0 Amplitude 0.23857

1 | | 1 1 1 | | 1 1 1 | | 1 | | | [ | 1 | | | | | | | [ | 1 | | | | | |
42554255 4,255 4,255 4,255 4,255 4255 4,255 4255 4,255 4255 4,255 4255 4255 4255 4255 4255 4,255 4255 4255 4255 4,255 4255 4255 4255 4,255 4255 4255 4,255 4255 4255 4255 4,255 4255 4255 4255
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3 .

QI SETT T T T T e — Line AA’ VP 15 20 Hz Central Frequency

Shot 1 of 1 (ID=1) at (X 17910.0, Y 0.0, Z -0.0), 360 traces In-situ Case
Receiver Offset and Elevation
?,255‘,2'55 4,2[55 4,2[55 4,2[55 4,2[55 4,2]55 4,2]55 42]55 42]55 4'%55 4255 4,%55 4,%55 4255 4255 4255 4255 4255 4255 4255 4,2|55 4,2|55 4,%55 L,2|55 4,%55 4,%55 4,2|55 4,2|55 4255 4255 4255 4255 4255 4255 4255
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

-1,681,941 -2,191 -2,441 -2691 -2,941 -3,191 -3,441 -3,691 -3,941 -4,191 -4 441 -4691 -4,941 -5191 -5,441 -5691 -5941 -6,191 -6,441 -6,691 -6,941 -7191 -7 441 -7 691 -7 941 -8191 -8,441 -5,691 -8,941 -8,191 -9,441 -9691 -9,941-10,191-10,441

oo e ) o
1.00 it 1.00
1102 Il ’ﬂl F : A 110
s 1o TR i | -
5 " ’ ]|
. e .
)
i ——
. L gl
0 ) ') ’ ll " { 180
o T A L.
o i i LTI i

1,681,941 -2,191 -2,441 -2,681 -2,941 -3,191 -3,441 -3,601 -3,841 -4,101 -4 441 -4,691 -4,941 -5,191 -5.441 -5,691 -5.041 -6.191 -6,441 -6,691 -6,941 -7,191 -7,441 -7,691 -7,941 -8,191 -8,441 -8,691 -8,941 -0,191 -0.441 -0,691 -8,941-10,191-10,441

] I | | | | | | | | 1 | [ [ | | 1 | | 1 1 | | | | [ [ | | | | 1 1 1 1 1
4,258,255 4255 4,255 4255 4255 4255 4255 4255 4255 4255 4255 4255 4255 4255 4255 4265 42565 4255 4255 4,255 4255 4255 4255 L2555 4255 4255 4255 4255 4255 4255 4255 4255 4255 4255 4,255

Trace 159 Time 1,991 receiverlD 159 Sequence 159 Offset 4255 X 13655.0 Y 0.0 Z5641.0 Amplitude 0.00000
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0 eal_insrtu_2ZU Up.sg real_ COZ2_20 Up.sc - I
File H 7
- Line AA” VP 15 20 Hz Central Frequency
N = I S S S e O e e r
Shot 1of 1 (ID=1) at (X 17910.0, Y 0.0, Z -0.0), 360 traces CO2 Saturated Case
Receiver Offset and Elevation
4,259,255 4,256 4255 4,255 4255 4,256 4,255 4,256 4255 4,256 4,255 4,255 4255 4,255 4,255 4,255 4,255 4255 4255 4,255 4,255 4255 4255 4255 4,256 4255 4,255 4255 4,256 4,255 4,255 4255 4,255 4255 4,255
-1,691,941 -2,191 -2,441 -2,691 -2,941 -3,191 -3,441 -3,691 -3,941 -4,191 -4,441 -4,691 -4,941 -5,191 -5,441 -5,691 -5,941 -6,191 -6,441 -6,691 -6,941 -7,191 -7,441 -7 691 -7,941 -3,191 -8,441 -8,691 -8,941 -9,191 -9,441 -9,691 -9,941-10,191-10,441
0.50 0.50
0.60 0.60
0.70 0.70
0.80 - 0.80
0.90 0.90
1.00 H 1.00
; b
1.10 re 1.10
o
= 1.20 . A : 1.20
o )
§ ' 3
1.30 s 1.30
1.40 : 1.40
{ ! !
1.50 ¢ 1.50
) y 4 '
1,60 - £ ‘ 1.60
1.70 ] iy 1.70
1 1
! s
1.80 : H ﬁb 1.80
il N
1.80 i 1.90
)
2.00 [ [ 2.00
1 1 1 1 1 1 T I i i 1 T 1 1 1 ] 1 |l |l 1 1 | 1 1
-1,691,941 -2,191 -2,441 -2,681 -2,941 -3,181 -3,441 -3,691 -3,841 -4,191 -4,441 -4,691 -4,941 -5,191 -5.441 -5,691 -5,941 -6,191 -6,441 -6,691 -6,941 -7,191 -7,441 -7,691 -7,941 -8,191 -8,441 -8,691 -8,941 -8,191 -8,441 -9,691 -8,841-10,191-10,441
1 1 1 1 | | I I | | I | | | 1 1 1 1 1 1 1 I I | | } } | | 1 1 1 1 1 1 1
4,268 255 4,256 4255 4,255 4,255 4255 4,255 4,255 4255 4,255 4255 4,255 4,265 4255 4,255 4,255 4,255 4,255 4255 4,255 4,255 4,255 4,255 L2565 4,255 4,255 4255 4,255 4255 4,255 4,255 4,255 4,255 4,255 4,255

Trace 98 Time 0.486 receiverID 98 Sequence 98 Offset 4255 X 13655.0 Y 0.0 Z4116.0 Amplitude 0.00000
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57 =al insitu 20 Up.sg \ eal CO2 20 Up.sq -
i — e = Line AA’ VP 15 20 Hz Central Frequency
I ot e e . 4D Effect (in-situ vs CO2)
:1,2551,2155 4,2|55 4,2|55 4.2|55 4.2|55 4.2|55 4.2|55 4.2|55 4.2|55 4‘2155 4.2|55 4'2155 4'2155 4,2I55 4,2I55 4,2;?E:,r;l;?ﬂj::;df;‘:nz;ﬁﬁ 4.2|55 4.2|55 4,2|55 4,2|55 4,2|55 4,2|55 4,2|55 4,2|55 4‘2.55 4‘2.55 4'2.55 4'2.55 4'2|55 4,2I55 4,2I55
. -1,691,941 -2191 -2,441 -2691 -2941 -3,191 -3, 441 -3,691 -3,941 -4191 -4 441 -4 691 -4 941 -5191 -5 441 -5691 -5941 -6,191 -6,441 -6,691 -6,941 -7,191 -7 441 -7 691 -7,941 -8,191 -8, 441 -83,691 -8,941 -9,191 -8,441 -9,691 -3,841-10,191-10,441 .
0.60 0.60
0.70 0.70
0:90 % 0:90
1.00 ; Lt 1.00
I )
s o T il "
3, i )
1.40 ) R UL 4 40
i A ;
o I A

P S ——
T i —————
e

=

. . e
" - - - B,
. L i
i . L

1,691,941 -2,181 -2,441 -2,681 -2,941 -3,191 -3,441 -3,691 -3,041 -4,191 -4,441 -4,691 -4,841 -5,191 -5.441 -5,691 -5.941 -5,191 -6,441 -6,691 -6,941 -7,191 -7,441 -7,601 -7,941 -8,191 -8,441 -8,691 -8,941 -0.191 -0,441 -8,691 -8,941-10,191-10,441

2.00

4268,756 4,56 4255 4255 4255 4255 4256 4255 4255 4255 4255 4,255 4,255 4255 4255 4255 4,255 4255 4255 4255 4255 4255 4255 4255 4255 4255 4,356 4,256 4,255 4,255 4255 4255 4255 4255 4255

Trace 123 Time 1.033 receiverD 123 Sequence 123 Offset 4255 X 13655.0 Y 0.0 Z4741.0 Amplitude -0.02274
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a £d nsiu_cu_Up.sg / real_LuUcZ OW?S £V _Up.5g - E

F;_d FEERE LR i Line AA’ VP 15 20 Hz Central Frequency

Shot 1of 1 (ID=1) at (X 17910.0, Y 0.0, Z -0.0), 360 traces 3% CO2 Saturated Case (97% SW)

Receiver Offset and Elevation
:1,2551,2]55 4,2|55 4,2|55 4.2|55 4.2|55 4.2|55 4.2|55 4.2|55 4.2|55 4‘2.55 4.2|55 4'2.55 4'2.55 4'2.55 4'2.55 4‘2.55 4,2|55 4,2|55 4'2.55 4'2.55 4.2|55 4.2|55 4,2|55 4,2|55 4,2|55 4,2|55 4,2|55 4,2|55 4,2|55 4,2|55 4.2|55 4'2.55 4'2.55 4'2.55 4'2.55

-1,681,941 -2,191 -2,441 -2691 -2,941 -3,191 -3,441 -3,691 -3,941 -4,191 -4, 441 -4691 -4,941 -5191 -5,441 -5691 -5941 -6,191 -6,441 -6,691 -6,941 -7191 -7 441 -7 691 -7 941 -8191 -8,441 -5,691 -8,941 -8,191 -9,441 -9691 -9,941-10,191-10,441

0.50 0.50
0.60 0.60
0.70 0.70
0.80 0.80
0.90 } I ¢ . 0.90
’ il
1.00 B 1.00
1.10 483 i A e i } 1.10

1.20 ] | _ ‘ | 1.20
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s S e s
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1.60 , ‘
1.70 . .
1.80 } il 1.80
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s
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il L T

1.70

i . | i -
1 i ’

1,691,941 -2,181 -2,441 -2,681 -2,941 -3,191 -3,441 -3,691 -3,041 -4,191 -4,441 -4,691 -4,841 -5,191 -5.441 -5,691 -5.941 -B,191 -5,441 -6,691 -6,941 -7,191 -7,441 -7,691 -7,941 -8,191 -8,441 -8,601 -8,941 9191 -0,441 -8,691 -8,941-10,191-10,441

A nn

4268,756 4,56 4255 4255 4255 4255 4256 4255 4255 4255 4255 4,255 4,255 4,255 4255 4255 4,255 4255 4255 4255 4255 4255 4255 4255 4255 4255 4,356 4,256 4,255 4,255 4255 4255 4255 4255 4255

Trace 89 Time 0,587 receiverID 89 Sequence 89 Offset4255 X 13655.0 Y0.0 Z3891.0 Amplitude 0.00000
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Q ea NSitu_2VU_Up.sg £a UL D - cU_UPp.SQ — G
= Line AA” VP 15 20 Hz Central Frequency

A~ ey B3| |0 ol | 4| | interval 1 Seq# 1 otD 1

I ot e e - AD Effect (in-situ vs 3% CO2)

Receiver Offset and Elevation
:1,2551,2‘55 4,2|55 4,2|55 4,2|55 4,2|55 4,2|55 4,2|55 4,2|55 4,2|55 4'2.55 4,2|55 4'2.55 4'2.55 4,255 4,255 4255 4‘2.55 4‘2.55 4'2.55 4'2.55 4,2|55 4,2|55 4,2|55 L,2|55 4,2|55 4,2|55 4,2|55 4,2|55 4'2.55 4‘2.55 4'2.55 4,255 4255 4255 4255
1 1 1 1 1 1 1

-1,681,941 -2,191 -2,441 -2691 -2,941 -3,191 -3,441 -3,691 -3,941 -4,191 -4, 441 -4691 -4,941 -5191 -5,441 -5691 -5941 -6,191 -6,441 -6,691 -6,941 -7191 -7 441 -7 691 -7 941 -8191 -8,441 -5,691 -8,941 -8,191 -9,441 -9691 -9,941-10,191-10,441
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o R yfr i i r%é_ ity j ¢ Wy {
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4D Signal

* The slides above show that there is a good 4D signal due to the
presence of CO2 in the system at all depths fluid substitution was
performed.

* This appears to be true both for the fully saturated and 3% saturated
cases, indicating that CO2 injection will have a strong influence on
seismic character and as such should be identifiable from a seismic
survey (VSP or surface).
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Conclusions

* The slides above show that there is a reasonable 4D signal due to the
presence of CO2 in the system at all depths fluid substitution was
performed.

* This appears to be true both for the fully saturated and 3% saturated
cases, indicating that CO2 injection will have an influence on seismic
character and as such will likely be identifiable from a seismic survey
(VSP or surface).





