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of CO; plume behavior in a saline formation, CO2CRC Otway Project, Australia. Journal of the Geological
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ABSTRACT: This study focuses on the prediction of facies distribution and on the simulation of CO, plume behavior
in saline sandstones of deltaic origin, Paaratte Formation, Otway Basin where CO2CRC Otway Project considers
CO: injection. Five facies are identified for the Paaratte Formation, based on well log and core data. Facies are
populated in a 3-dimensional grid by using stochastic method with consideration of lateral continuity, vertical range
and orientation for each facies. Well log and core analysis show that porosity is different for each facies and is
closely related to permeability. Considering this relationship, porosity is modeled stochastically for each facies
and then the porosity model is used to guide the distribution of permeability. The benefit of constraining the porosity
model to the facies model is to obtain geological heterogeneity with high porosities distributed within sand-domi-
nated facies, and low porosities within mud-dominated facies. The simulation study has been performed to evaluate
the behavior of CO, plumes for two end-member reservoirs: heterogeneous with five facies and homogeneous
with reservoir and non-reservoir facies. The simulation results imply that different reservoirs can have a different
impact on the CO, behavior such as saturation, flow direction, and shape of discrete CO, plumes.

Key words: Otway Project, geological storage of CO,, saline formation, geological modeling, simulation of CO,
plume behavior

(Young Jae Shinn, Chan-Hee Park, Dae Gee Huh and Joong-Ho Synn, Korea Institute of Geoscience and
Mineral Resources, 124 Gwahang-no, Yuseong-gu, Daejeon 305-350, Republic of Korea)

' Corresponding author: +82-42-868-3251, E-mail: shinn21@kigam.re.kr



388

A

1. ME

Ir

0?2 o K

I3 QE9o|(Otway) CCS AF ZZAHE.
Z7k2A(depleted gas field)2] AF3of gt
Abglera T ASS SRS, 28 A oA
2 (saline formation)& A} O 2 o]AlslErA
o 9 B AR 285k Qlek(Jenkins et al.,
2008; Bunch, 2013). ZZ7tARAL AH 7tAE A
e g AR AR UE 21 Yol HE

oo T2 Du|7F SskA] ¢har, A
4 g7hFY A AT EAgo] dFe s
- Ago= Bk, @Sl Y€ o4kt
L a5 28, P2 28 59 7|20 5] 3]
ol 7Rsaka 95l RattE He 4
o] oltsleis g (plume)o] BT ulg]
AR o] g olkseke AEARo] Mt
g Zlo|tk(Michael et al., 2010). G4= A7) 3
F15 o]atslekas] AEE olafsln 4970 A
28lo] S3hd 9 2 WSS Ar1H o o)
= 0] Faalt}. Ba), oldsheas] 58L W
S, A|spea) wslol wget o|otat kgl
ofa) Y% AEC] A Aot B W BEE o
35h= A o] F43}th(Daniel et al., 2011; Bunch et
al., 2012). ¢ X #AAo] go|gt &/t o4tk
a0] 52& Walehe AL TR 0|59 A%
A4 9 BEE Ao RS ojilsies A5 9
FE v B4 vEE S olsfisk=t Bagt
71222 AEE AFerh F A AFolA H
AT Y] T Ex = AFEH £ vEY
gF AGEAZA 7RS35t dSo] 7Hesitt
qd&d S 2 A £E= okEEA A,
AT B7L & e Bk A w4 =Y
BY 712 AEE GE&HT

ol Ao TF LE o] #A] AF Abe]
EoA g53t A|FA0, EYHT, BT ARE
& siAste] = A A3y HAY, 35E
FEoE 832 o 2dgE 35, o]E 7Rte
2 34 o|ileteta o] A AlEH o] S 35
ot A3 Woll £x2sh= EZA] et 3581
Tt o] 2x7F IebR| L, ojAbstetas A5 Al Ed
ol Mo M= dSH ERY EEE 7|REe = ookt
E49 HIEE AL ] gzl A3 E34

¢

—_

[e?
¢

[l
‘T
0]
of
)
N
(o}

du i

ol)lt P

[N T
NI

. HEX}S]

S{if7] - MBS

B2 A|S0] Fasieh weba] AR o) AJFEF 0]
o EeHT ARE ol&ste] T Aol tigt §
AeHA s, ALEA 719 A7 BAS 86t
o B4 BEE 5313}

AFSE 1tk S AL vAFTHS
2 dedsts A2 fAY 353 ARTEHeR
olsfist=tl &3t LYol F5dS 7HAIAL At
A7 AollE flo] d&H o2 SEA ABibo] 7Hs
g A& wdsked A-8Folth 1y, olitagt
2 AFAY] 739 FUH ol4sigta o] §-5- %
718 o= di&sfof stal & =0l thEt o S0]
ZF8317] o] AFS el ujtdgo] olitagt
a9 341, 238, -5l vX= TS AlEF oA
< 53| Hrksk= Ao asict(Flett et al., 2007;
Doughty, 2010; Lengler ef al., 2010). o]¥1 d-o]
Al i X129 vt d/do] o]Akstetar AF ol 1]
A= Y oty A oAl 7Y Bt e =
TAE v A3 AFYY BRI R
3Rt Aol sl 242 Al g ol S =345t
I ANE v HE shleh 7R 3 Al S
© 2 AR5 vFEALS dSEsH e A A
7] fiiZell Algglold it ol4tatetao) AsS
BAIBHA AIS3thr | Eeh A 3o] #Ae Azl
w2} o|4tsteta A o] ol BA GEA|I=AE
HolF=d 997 ek

2. 971 XA

QEo] B2|(Otway Basin)= 5339 g&
St whet oAl WEFe 2 Wdshe FA-A1A

(a) soutw | (b)
AUSTRALIA| VICTORIA

Boundary of simulation
\

\O,co]w Melbourne|
~ iYTS’\N, -

)

S : )i &
GKING\S‘

40°

500m
141° 143° [ L —

Fig. 1. (a) Location of the Otway Basin and injection site
of CO2CRC Otway Project (modified from Middleton
and Falvey, 1983). (b) Area of static geological model
and flow simulation, including three wells.
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Fig. 2. The Upper Cretaceous stratigraphy of the Otway
Basin (after Gallagher et al., 2005).

A| Paaratte 5-9] sH= A9 o|go] LAlskAL
AR A ShEA 0] SA A2 B eo] W
St (Gallagher et al., 2005). AR 2] A|FF o9
A| QA =)= Paaratte 3~ dHof A4z} (pro-
delta)ol| A EJZE o]¢fo] fAJstaL, AHREZ 7HHA
AFZ}3 AR (mouth bar), 3H9] Jgo] 9= Fst
T 739 247 (tidal flat) 0|93} 51 ARgro]
EpbdthDaniel et al., 2011; Lawrence et al., 2011).

QE9o] mZgAES Z37|¢] CO2CRCE
CRC-2 35 o|-§sto] GFoll olitatetas 3¢
< Ago|t}. o Ao FA 4 T4 REHS
3t 9L 2F560 m x 580 m ¢, CRC-2, CRC-1,
Naylor-1 3 ZZRITH 1 1b). 99 3& 7
A BAGE Ware] a0 Fels, v
A AAE 499 AR o]FofXTt. F¢32l
CRC2 FollA 2d G| HA7IA] A2l 9F 250 m
Aot} B dul ZEY o] o8l H(Pevzner et al.,
2013) 30,000 &9 oJitgttAE FUT H¥ 2 m
ol FAE olAlshetA 252 CRC2 o2 HE
2F 200 m W &]of] Exsl= A2 A SE 7] W&
of & Aol Bl goA FAXAY FFF v
H|E o[t}

3. ATNE § 2y

2 Aol Eget v gk Ak, EEEE A
2, A53H0] 2387} 3% a2l 53 CO2CRC
7} ARgstart A1 mee2 A (Schlumberger)
o] H EY(PETREL) £ZEQJolE o]&3ltt A
A gy gL SA-x2 Rl F EE md
B, =4 B BEY o FAEHIE 3). SA-+
z B2 g 9 B S AEERE o
A5 G5 Yot 2dl oo 7]5she P
£ st ot A 5o E AE A
AFzExy z 5 YFeE 4% 3718 7=
A SARR A ET P B BEY2 AIS
o] TN FES EFLS H2A Y (upscale)
sto] 321 A A AR ol TGt & A|FF Alo]9] F
ZrollA M) BEE A &dh= 2ot o
Toll A= Al 7L AlF=aLofol| A TS B 4dE o]
|59, A BEZ S Aal 2A T &2
FAEG Ol A EA 71HE o] &t B 2




390 MERY - ekt

. HEX}S]

S{if7] - MBS

Table 1. Porosity and permeability measured in major facies of Paaratte Formation. The low or high value of the
porosity equal the mean value minus or plus standard deviation of the porosity. The values of the permeability are
determined using a regression line obtained from porosity-permeability plot for each facies.

Facies Porosity Permeability (mD)
Code Description Low Mean High Low Mean High
0  Distal mouth bar 0.16 0.22 0.28 0.38 7.95 167.74
1 Proximal mouth bar 0.22 0.27 0.31 18.82 173.23 1594.99
2 Distributary channel 0.26 0.28 0.30 1996.00  2486.32 3097.09
3 Cement section 0.05 0.14 0.23 0.03 0.71 18.16
4 Delta front - 0.15 - - 0.10 -
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Fig. 3. General workflow for static geological modeling
and flow simulation.
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Table 2. Porosity and permeability of reservoir and non-reservoir in Paaratte Formation. Reservoir includes proximal
mouth bar and distributary channel facies. Non-reservoir includes distal mouth bar, cement section and delta front

facies.
Unit Porosity Permeability (mD)
Code Description Low Mean High Low Mean High
0  Non-reservoir 0.12 0.20 0.27 0.17 4.06 94.42
1 Reservoir 0.23 0.27 0.31 33.50 292.87 2560.30
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Fig. 4. Well log correlation of reservoir and seal intervals in the Paaratte Formation. For well location, see Figure 1.
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Fig. 5. Cross plot of porosity versus permeability for different types of facies, (a) proximal mouth bar, (b) distributary
channel, (c) distal mouth bar, and (d) cement section in the Paaratte Formation.
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Table 3. Variogram model for each facies.
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Table 4. Summary of Brooks-Corey parameters for each facies.
Code Description CO; column height (m) Pd (Pa) IO Swr (-)
0 Distal mouth bar 95 545191 2.49 0.098
1 Proximal mouth bar 10 57389 3.51 0.069
2 Distributary channel 2 11478 3.86 0.078
3 Cement section 190 1090382 3.30 0.098
4 Delta front 197 1130553 3.30 0.189
Table 5. Summary of Brooks-Corey parameters for reservoir and seal.
Code Description Pd (Pa) NG Swr (-)
0 Seal 573885 2.49 0.098
1 Reservoir 28694 3.89 0.078
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Fig. 11. Simulated CO, saturation and migration for
heterogeneous facies model. Simulation time is 50
days. (a) CO; plume with saturation larger than 0.01.
(b) Cross-sectional view of CO; saturation. (c¢) Three
dimensional view of CO, saturation. (d) CO plume
sealed by seal formation.

Fig. 12. Simulated CO, saturation and migration for
homogeneous facies model. Simulation time is 50 days.
(a) CO; plume with saturation larger than 0.01. (b)
Cross-sectional view of CO, saturation. (c) Three
dimensional view of CO; saturation. (d) Breakthrough
of CO; plume into seal formation.
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