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Abstract

The Devonian Redwater Reef, northeast of Edmonton, Alberta, is being evaluated for geological storage of CO, for the Heartland
Area Redwater CO, Storage Project. It is located close to large sources of CO, in the Redwater-Fort Saskatchewan-Edmonton region.
The reef complex has a triangular shape with an area of about 600 km” and lies at depth of approximately 1000 m (-400 m elevation),
and has a thickness of up to 300 m. The reef is underlain by the Cooking Lake carbonate platform and overlain by the Ireton Shale
which forms the caprock to the proposed CO; storage. A shale embayment occurs around some parts of the reef margin at the Mid-
Leduc level. The main objective of the study was to build a 2D geological model of the Redwater Reef, from the reef center to off-
reef, with 40% CO, saturation in the entire Leduc Formation. Fluid substitution seismic modeling was then undertaken to generate a
2D synthetic seismic data to trace the consequences of CO, saturation on the facies within the reef and formations below the reef
based on seismic attributes and characters.

Common shot ray tracing and finite difference modeling were undertaken to evaluate the variations in the seismic response of the
Redwater Reef along a 2D line across the reef with 40% CO, saturation in the full Leduc Formation. The input geological model was
based on well data and depth-converted seismic data from the interpretation of existing 2D seismic lines in the area. Ray tracing and
finite difference synthetic seismic sections demonstrate similar seismic attributes for the Mannville, Nisku, Ireton, Cooking Lake, and
Beaverhill Lake formations. The Cooking Lake and Beaverhill Lake formations display positive structure below the reef in time
sections due to the lateral velocity change from on-reef to off-reef, but corrected in the depth seismic sections. Terminations and the
lateral position of the Upper and Middle Leduc events are obvious on the pre-stack time and depth-migrated sections. Higher
amplitudes at the base of Upper-Leduc member are evident near the reef margin due to the higher porosity of the foreslope facies in
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the reef rim compared to the tidal flat lagoonal facies within the central region of the reef. Time-lapse seismology proved an enormous
amplitude difference for the seismic data before and after 40% saturation. A high amplitude occurrence at the top of upper-Leduc, top
of the rim, and base of Leduc was strong evident to monitor the saturation seismically.

Selected References

Bachu, S., and Bennion, 2008, Effects of in-situ conditions on relative permeability characteristics of CO,-brine systems: Environmental
Geology, v. 54/8, p. 1707-1722.

Lawton, T.F., 2008, Laramide sedimentary basins: Elsevier Amsterdam, Netherlands, v. 5, p. 429-450.


http://ovidsp.tx.ovid.com/sp-3.3.0b/ovidweb.cgi?&S=BAFOFPPLDIDDALOINCCLCAOBCEAJAA00&Complete+Reference=S.sh.227%7c7%7c1�
http://ovidsp.tx.ovid.com/sp-3.3.0b/ovidweb.cgi?&S=BAFOFPPLDIDDALOINCCLCAOBCEAJAA00&Complete+Reference=S.sh.227%7c7%7c1�
http://ovidsp.tx.ovid.com/sp-3.3.0b/ovidweb.cgi?&S=BAFOFPPLDIDDALOINCCLCAOBCEAJAA00&Complete+Reference=S.sh.227%7c7%7c1�

2D Seismic Modeling of CO, Fluid
Replacement of the Redwater Leduc
Reef for CO, Storage Project, Alberta

Taher M. Sodagar
Don C. Lawton

September 14, 2010

{7 CREWES




Outline

* Objectivesand study area

* Geology and reef overview

e Methods
e Results

e Conclusions



ObjectivesM ethods

Evaluate Devonian Redwater reef for geological
storage of CO2 and seismic monitoring

e Evaluate 2D seismic modeling attributes and
characters

 Determine Redwater reef litho-facies

e Ray tracing and finite difference

e Gassman fluid substitution

* Time-lapse seismology for CO2 monitoring



Redwater reef study area
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Geological setting
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Reef Subdivisonsand HC Migration
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L educ For mation properties

Porosity: 1-17% (Avg. 7%)

» Intercrystalline, molding, and fractul "7 T
Per meability: L e Y

e Horizontally: 0.01-4000 md = —

- Vertically: 0.02-670 md A |

Pressure 7.4 MPa and Temperature 34°C
Formation water NaCl, salinity 107 mg/l

Leduc depth: 994 - 1120 m



Redwater Wells for Seismic Interpretation

VRS A om | A AN N2
=g E
+ A ¢ 4 .@,.. + 1> oTo & #o| w4 e
= RN 7 G G s T R S SR I PN
L]l BAE. SR IR SE AR R s dy
F3 P T L 5 & NEA™ © A A “ bm NQW A
6.1.!// 2 & | o +% [0
7S T #[* i A At
o Pt TR 1| | ¥ S
b= \© Eing X7 ofs HOPE >
- e b ¥ I oo ol atil®s +| Tu|e?
= e —( X .
° 0 de,l 1 E 1@“ 6/;.@. -M*.W.N‘ A
.oh.a'a. L ¢/¢ - A+
cal W S o G P 4 N 4 v o M sle b
.«.v i @ & . A vu@u/ & e “
*.v.v e ® 4 4. |4 <
+ #% - 1T @ m * e N &
B3 .nm.0+. of - +
& | o - 3 R R o |
44 & 3t o b Sy ,
X R 3 = b:dl I P2 btestas ﬂ -%
Ca W e 3
SO 0MeRBI e BT
=2 g o * et pec et S NN
gwf . %0 1 ehpese s o8 o444 ~ | & ¢ | &
et | O etmtiig _,
o of e .@.0 . e y M 3 *+
e * % sbee qv.mmmou. 4 » . ha nﬁ
oy & =3 H 14 440 _A¢ Aﬁk
o 4 @ *Wr* & w * < ouou#\; . b3 | 7
P FTE (B x| 2 * 201 e a = 5 le-
. o
% e 3
3E a_ua = |
B ovA_ t -
*ﬁ# F— ¢;¢ —
M- s o %+ LA ==
*| w [ & ...mum
e A ».,.r Av.n. " ¢.r
Tl | * oy w | V] ¥ ¢
g % + y [
L?| .\lq' b %’ 1 .
F MR O
#; i
i - -
F U % & u\%_ >ﬁ &
” a
Lo IR e (% xli. * - b o
A& = ..
TR mm Y
4 #
w i #* * % PP 5
| ; R R
g &, . i 1 @. |
|+ lw = * <+ | o
¥ e —
& - | 7 L Y
3 p— E K,
<. -
el Rl T Y
PN :
& #® | & | e edE, v
= o lowlie ¢ o
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2D geological modd (P-wave velocity)
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2D geological model (Density)
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Common Shot M odeling Shot Gather

Ray tracing
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Ray Tracing Post Stack Time Migration

S F - N
: ::_: ﬁHHHH R 1:_: E
s IR ﬂiﬂEﬁﬁﬁﬁﬁﬁﬁﬁiﬁﬁiﬁiiiﬁﬁﬁiﬁﬁﬁiﬁﬁﬁiiﬁﬁﬁiﬁﬁiﬁiifiiiiWEﬁiﬁﬁmﬁﬁﬁ}.,?'ﬂi,i,’?gg“

| AR

| SHDDIMNHN]
BEAVERHILL LK
1050 —

0 N
1100 —




y LEDUC

MID-LEDUC

I

L
R A

LA
A T

il

MANNVILLE [t
C O O I{ l N G L I< cadrsantintntedrodeto
BEAVERHILL LK

o —

COOKING LK ;
BEAVERHILL LK

500 —

Pre Stack Time Migration Selsmic Section
IIIHII{IIHI1|;;;|HHHHH

Finite
difference



N

ssssssss

1600

i
0 2
<E,§
LEDUC
| MID-LEDUC

=3 =3
0000000
0000000
1111111

0000000
0000000
1111111

LEDUC
. MID-LEDUC

et

AR

R R e e e R TR A AR e
el T e i R e i

——"

=L ]
ﬁ_ = — N

i

¥

L e e

P
|

o
P

il A
\\\‘q‘m‘\““
i

1400
1500
1600

WL

N

é%%%%%%%%%%%%%%%%i
~;§§§§§@@@§§ﬁﬁﬁmm

A
R
SKU

Pre Stack Depth Migration Seismic Section
Sk

MANNVILLE S

CDP
3 50 970 1090 1210 1330 1450 1570 1690 1810 1930 2050 2170 2290 2410 2530
| I | | I | I | | I I | | I |
5

il
COOKING LK
BEAVERHILL LK |

NISKU
L

ssssssss

Finite
mﬁaameﬁ

g I

L

= o T

COOKING LK
BEAVERHILL LK .



PSDM Stack with original Velocity
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PSDM Time-L apse Seismic Section
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Conclusions

Ray tracing and finite difference synthetic seismograms
demonstrate similar seismic attributes

Cooking Lake and Beaverhill Lake Formations display
positive structure below the reef

Reef rim, termination and lateral position are observed
seismically at the Redwater Leduc reef margin

Reef litho-facies are recognized by seismic characters

High amplitude reflections are strong evident to detect
the COz2 saturation geophysically

la m

I''me-lapse seismology shows a great amplitude
difference for the seismic data




o o UNIVERSITY OF

ALGARY

o{

v CREWES

Acknowledgements

Alberta Research Council

ARC Resources and AERI
NORSAR and Landmark Graphics Software
CREWES sponsors
Saudi Aramco






