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Leak path modelling




Micro Channel & Cement

 Micro channel and Cement:

0.001 mD cement
B High confidence cement..... (typical CO, impaired
Low confidence cement..... cement permeability)
Unlikely to be "good cement"
Very little chance of cement

250 um micro channel

0.002 (m)

« The micro channel, at the sandface side, will dominate the flow compared to the low
permeable cement

= model the different cement quality as different micro channel size and coverage

- High confidence cement..... » modelled as 60 um channel, 25% circumference
Low confidence cement

,,,,, » modelled as 125 pm channel, 50% circumference
Unlikely to be "good cement"————— modelled as 250 pm channel, 100% circumference
Very little chance of cement———————— modelled as open space

Based on Herriot Watt University modelling assumptions in SPE 200608 (Table 4)
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Flow along Cement Plug & Micro Annulus

P1 =PH = 2350 psic

1654 m
_‘/

Micro annuls 75 um
Impacting 30% of annular sealing
along the cement plug

-Cement: 5m

dP = 500 psi
Pressure differential
across the plug

P2 = 2850 psi = Pressure induced
by CO2 Injection around the well
water saturated zone

CO2 under supercritical conditions
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4.2%+01
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+ 28e+01
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1.42e+01
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0.00e+00
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Well Integrity/thermal
effects




Casing, cement and formation configuration




Casing, cement and formation configuration

« BHT =-15degC & Temperature Map
* Formation - Dolomitic Shale

« Cement-Lab data @ -10degC

« 95/8in Csg-S13Cr110 — mechanical and thermal properties SV
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I 02000 a0
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Casing, cement and formation configuration

Sl " No debonding observed
Unit: MPa :

Time: 15

Deformation Scale Factor: 1.0 (True Scale)

1/10/2024 9:10 AM

18.207 Max
16,201
14.196
1219
10,184
81782
6.1724
4.1666
21608

0.15503 Min No thermal

Debonding observed

Time: 15
Defarmation Scale Factor: 1.0 (True Scale)
1/10/2024 10:15 &AM

92.159 Max
81.%45

71.73

61.516
51.302
41.088

30.873
20,659
10.445
0.23074 Min

Thermal effects
BHT = -15degC




Casing, cement and formation configuration
BHT = -15degC

F: (ase 4'5?+'5H+’5h _HDT Static Structural QG

cale Factar: 1.0 (True

32004 602 A o Cement debonding

0.017305 Max
Q.053e3
0.013461
2.011539

Cement




Casing, cement and formation configuration
BHT = -15degC

F: Case 4 Sv+5H+5h_HDT Static Structura
Equivalent Total Strain
Type: Equivalent Total Strain
Unit: rmifrmm

Tirme: 15

Deformation cale Factor: 1.0(True Scalel
1,/872024 1:12 Ak

. Point of gap closure

. 0.017305 Max
0015383

L 0.013461

L (0.011538

— 0.00967 64

—— 0.0075942

— 0.005772

— 0.0033499
0.0019277

. 5.5324e-6 Min

Note:
With cross section area it is possible to assess leak rate(s)

100.00 {rrrm)

25.00 75,00



Convection/diffusion
Well shut-in




Water — CO2 Movement due to Diffusion & Convection

Animation showing Water-CO2 movement

Contour of CO2 (Red) and Water (Blue) (Time=0.0000e+00 s)
COz-Water Diffusion & Convection Simulation; Time: 0.00 min /0.00 hrs/0.00 days
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Convection Current — Top of the Well

«  After a while a steady convection current is established

vector-1
Velocity Magnitude

0.0000
l 0.0000
- 0.0000
- 0.0000
- 0.0000
I 0.0000
- 0.0000
- 0.0000

0.0000
0.0000

0.0000
[m/s]

0 0.2 (m)

Velocity Vector Inside the Well {Time=0.0000e+00 s)
COz-Water Diffusion & Convection Simulation; Time: 0.00 min /0.00 hrs/0.00 days
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Injectivity




Reservoir Pressure v Time

. Reservoir pressure increases from ~ 7 bar to ~ 24 bar due to CO2 injection in ~ 1 year

Static Pressure
[barg]

2350
l 21.80
- 2010
- 18.40
L 16.70
- 15.00
- 13.30

F11.60

9.90
8.20
6.50

contour-1-p

CO2 Injectioin - Reservoir Pressure Profile (Time=1.0000e-03 s)
Injection Time: 0.00 hrs / 0.00 days
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Reservoir Pressure (Zoom in Near Wellbore) v Time

* Reservoir pressure increases from ~ 7 bar to ~ 24 bar due to CO, injection in ~ 1 year

CO2 Injectioin - Reservoir Pressure Profile (Time=1.0000e-03 s)
Injection Time: 0.00 hrs / 0.00 days
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Velocity Entering Perforations

Velocity Magnitude
[m/s]
70.46

63.41

56.37
49.32
42.27
35.28
28.18
21.14
14.09
7.05

0.00
contour-1

The CO2-gas velocity entering the perforation reaches ~ 70 m/s, which then reduces as CO2-gas invades the formation

Velocity along the tubing at this interval is ~ 35 m/s

3500

0.048
3000 0.042
0.036
2500
=)
£ 0.03
£ 2000
o
= 0.024
=
< r
.g 1500 ::
k= ! 0018
1000
) 0.012
i |
i |
Tl
i
I
200 |k 0.006
H
L
H
T h -
0 - - - — 0
I 3000 3100 3200 3300 3400 4300 4400
Well MD [ft]
----- Perm Perfs Interval 1 mtpa

17

Injection Rate Profile [mtpa/4.244t]



CO2 P&T Phase Diagram; 0.5 mtpa, -17 BHIT, SAS, Perm Profile

100000

* The phase diagram on the left shows that hydrate
is likely to be formed near wellbore, where the
temperature is below the hydrate-saturation

3 temperature for a given pressure

WOET T N T o No hydrate is formed to the right of the hydrate line

100 /
/ hydrate is formed

10

10000

Pressure [psig]

e A function is written to implement the impact of
hydrate formation on injectivity index

reservoir boundary

hydrate line

* This function makes use of the 24 wt% NacCl brine

-80 -60 -40 -20 0 20 40 60 80 100 120

Temperature [C] hyd rate line
CO2 phase diagram Sublimation Point
Triple Point Critical Point
0000000 Critical T eeeesee Critical P

24 wt% NaCl brine

SAS 0.5 mtpa Perm-Profile

AXIS
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The Impact of Hydrate Formation on Injectivity Index

Case |[Remarks BHIT [C] T-Res [C] |Q-inj [mtpa] P-res [psig] BHIP [psig] DP [psig] lll [tpa/psi] |l Diff [%]
7 SAS Profiled Perm Phase Change -17 88 0.5 340.00 421.62 81.62 6,126 -
9 SAS Profiled Perm Phase Change With Hydrate -17 88 0.5 340.00 432.64 92.64 5,398 -12%

Annulus To Reservoir Injectivity Profile
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CO2-gas (Red) and Methane (Blue) Movement v Time

Inject CO2-gas @ 0.5 mtpa, -17 C BHIT

Mass fraction of co2-gas-
rgpt

1.00
' 0.90
L 0.80
L 0.70
- 0.60
L 050
- 040
L 030

0.20
010
0.00

cozg-vf

0 B5B.168 (ft]
—

(Time=0.0000e+00 s)
CO2-gas (Red) & Methane (Blue}; Time: 0.00 hrs / 0.00 days
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