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Figure 2.1 General Process of Generalized Sensitivity Analysis
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Figure 2.3 Procedure of K-medoids clustering
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Set null-hypothesis

Sample randomly n_ parameter
values from its prior distribution

Compute the distance between
both distributions

Repeat procedure 2000 times
and pick the 95 percentile

b(95)

Compare dj ; with d, -

Figure 2.5 Procedure of Bootstrap method
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Table 3.1 Relative error of model responses

Model response (KG-Mole) Relative error (%)
CO; dissolved in water phase 2.62%

CO, mobhile in gas phase 0.79%

CO, trapped in gas phase 2.55%
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Table 3.2 Aquifer model description and simulation parameters

Parameters

Value

Aquifer grid system

110 x 70 x 56
(Corner point grid)

Aquifer width

2844m (X-axis),
2263m (Y-axis)

Aquifer depth

323m
(from -611m to -934m)

Phases

Water, CO- (supercritical gas)

Injection well location

(50, 38)

Injection rate

20 ton/day or 40 ton/day

Injection period

500 days

Simulation period

20 years

Initial pressure

60 bar @ 620m

Bottom hole pressure limit

140 bar

Ensemble Number

100
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Table 3.3 Distribution of aquifer parameters

Parameters

Distribution

ky/Kky ratio

Discrete Uniform
[0.001, 0.01, 0.1,1]

Reservoir temperature, C

Uniform [55 60]

EF1 transmissibility multiplier

Uniform [0 1]

EF2 transmissibility multiplier

Uniform [0 1]

WE?2 transmissibility multiplier

Uniform [0 1]

EF1 threshold pressure, bar

Uniform [90 120]

EF?2 threshold pressure, bar

Uniform [90 120]

WEF?2 threshold pressure, bar

Uniform [90 120]

a (Empirical parameter for

relative permeability)

Lognormal (0.991, 0.01)

End-point relative permeability
of CO2

Lognormal (-1.938, 0.385)

Entry capillary pressure, Pa

Lognormal (13.249, 0.632)

0 (Empirical parameter for

capillary pressure)

Lognormal (0.346, 0.01)

Residual water saturation

Lognormal (-0.924, 0.2)

Salinity, ppm

Discrete Uniform [10000, 30000,
50000, 70000, 90000]

Residual gas saturation

Max = 0.0866, Min = 0.0406
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Figure 4.1 Clustering result of 100 models by FWCD
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Figure 4.2 Parameter sensitivity for FWCD by the cluster
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Figure 4.3 Standardized sensitivity for FWCD

Table 4.1 Standardized sensitivity for FWCD

Parameter Standardized sensitivity
Salinity (ppm) 2.9376
Krgmax 1.2189
Sig 0.7350
Srw 0.7192
rho 0.6631
EF2tm 0.6566
WE2tm 0.6551
alpha 0.6538
EF1p (MPa) 0.6535
WE2p (MPa) 0.5884
temperature (C) 0.5858
entry Pc (MPa) 0.5598
EF1tm 0.4155
EF2p (MPa) 0.2973
kvkh 0.2214
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Figure 4.8 Parameter sensitivity for FGCDI by cluster
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Figure 4.9 Standardized sensitivity for FGCDI

Table 4.2 Standardized sensitivity for FGCDI

=y

1.5

2 25

Parameter Standardized sensitivity
Salinity (ppm) 2.4234
entryPc (MPa) 1.1619

Siw 1.1297
Srg 1.0822
kvkh 0.9636
rho 0.8531
alpha 0.7803

EF2p (MPa) 0.6129

WEF2p (MPa) 0.5557
Krgmax 0.5527
EF2tm 0.5048

EF1p (MPa) 0.4729

temperature (C) 0.4455
WE2tm 0.2912
EF1tm 0.2836
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Figure 4.12 Clustering result of 100 models by FWCD
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Figure 4.13 Parameter sensitivity for FWCD by cluster
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Figure 4.14 Standardized sensitivity for FWCD

Table 4.3 Standardized sensitivity for FWCD

Parameter Standardized sensitivity
Salinity (ppm) 2.8883
Krgmax 1.1034
Srw 0.9264
Sig 0.9183
EF1tm 0.6687
WEF2tm 0.6524
EFlp (MPa) 0.6119
temperature (C) 0.5588
WEF2p (MPa) 0.5275
EF2p (MPa) 0.5147
alpha 0.5040
EF2tm 0.4364
entryPc (MPa) 0.4262
kvkh 0.3955
rho 0.3745
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Figure 4.18 Clustering result of 100 models by FGCDI
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Figure 4.19 Parameter sensitivity for FGCDI by cluster
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Figure 4.20 Standardized sensitivity for FGCDI
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Table 4.4 Standardized sensitivity for FGCDI

Parameter Standardized sensitivity
Salinity (ppm) 2.1015
entryPc (MPa) 1.2463

Krgmax 1.2051
Srw 0.7466

Sig 0.7366
temperature (C) 0.7143
rho 0.6589
WEF2p (MPa) 0.5876
WE2tm 0.4835
EF2tm 0.4765
EF2p (MPa) 0.4750
kvkh 0.4298
alpha 0.3770
EF1tm 0.3529
EF1p (MPa) 0.3347
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Figure 4.24 Parameter sensitivity for WBHP by cluster
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Figure 4.25 Standardized sensitivity for WBHP

Table 4.5 Standardized sensitivity for WBHP

Parameter Standardized sensitivity
Salinity (ppm) 1.9856
Krgmax 1.9692
alpha 0.7859
Siw 0.7297
Srg 0.7233
EF1tm 0.6486
temperature (C) 0.6370
WE2tm 0.5982
EF2p (MPa) 0.5370
entryPc (MPa) 0.4844
EF2tm 0.4817
EF1p (MPa) 0.4316
rho 0.4074
EF2p (MPa) 0.2896
kvkh 0.2365
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(b) Model #12, Sy = 0.3953

Figure 4.29 Gas saturation distribution for different S,y
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(a) Model #6, S;y = 0.0866

(b) Model #19 S, = 0.0486

Figure 4.30 Gas saturation distribution for different Sy
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(a) Model #5, Entry Pc = 2.61 MPa

(b) Model #4, Entry Pc = 0.16 MPa

Figure 4.31 Gas saturation distribution for different Entry Pc
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Parameter interactions for Dissolved CO2 fraction
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Figure 4.32 Bubble plot for parameter interactions of dissolved

fraction of CO; in water
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Abstract

Assessment of CO;
sequestration security Using
Distance—-based Generalized
Sensitivity Analysis Method

Junhee Kang
Department of Energy Systems Engineering

Seoul National University

Sequestrated CO- in the geological formations can cause various
problems. Therefore, it 1s important to monitor CO, plume migration
and pressure build-up to accurately predict CO- storage security,
injectivity and capacity. A reservoir model for CO, storage includes
uncertain parameters. Thus, it 1s required to analyze sensitive
parameters for elaborate reservoir modeling.

This study provides sensitivity analysis results of the small-scale
CO: injection site, located at Youngil Bay within the Pohang basin.
Distance-based Generalized Sensitivity Analysis (DGSA) is utilized
with K-medoids clustering and Latin Hypercube Sampling method.
The proposed method quantifies the sensitivity of each parameter and
gives reliable results using 100 reservoir models.

As the result, the amount of dissolved CO: in the brine and
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immobile CO, trapped in the pore are sensitive to salinity, residual
water saturation, residual gas saturation, entry capillary pressure and
maximum relative permeability value of CO,. In addition, residual
water saturation and residual gas saturation is closely related to each
other in terms of parameter interactions.

Sensitive parameters proposed by this study can be applied to

assess the CO, storage security and capacity.

keywords : carbon dioxide, geological sequestration, Distance—based
Generalized Sensitivity Analysis, Youngil bay, Pohang basin, CO,
storage security

Student Number : 2016-21283
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