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1. Abstract
We present a multi-objective Bayesian optimization framework to maximize CO2 storage and minimize leakage during migration. The framework
considers two conflicting objectives: maximizing CO2 storage and minimizing leakage during migration via invasion percolation. Due to the presence of
discrete inputs, we employ a multinomial logit model. Using the Pareto front, we compute the expected hypervolume improvement (EHVI) and evaluate
other acquisition functions, including scalarized confidence bound (SCAL), Thompson sampling (TS), and expected preference improvement (EPI). The
approaches are tested and compared on a 5-layer example and the 2019 Sleipner CO2 storage project in the North Sea.

2. Problem Formulation
In geological CO2 storage, operators must balance
two conflicting goals:

• Maximize the net volume of CO2 stored, and
• Minimize the cumulative CO2 that leaks out

of the formation.

4. Sleipner 2019 Benchmark Model

3. Objective Functions
Objective 1: Maximize Total Stored CO2
Focus solely on how much CO2 ends up in the formation:
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Objective 2: Minimize Leakage of CO2
Penalize any CO2 that does not remain stored (i.e. the gap between injection and storage:
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Invasion Percolation Indicator:

δi→i+1(t) =


1, ∆ρ g hi(t)︸ ︷︷ ︸

Pc(t)

>
2 γ cos θ

rc,i+1(t)︸ ︷︷ ︸
Pth(t)

and
µ q(t)

γ︸ ︷︷ ︸
Ca(t)

≤ 10−4,

0, otherwise,
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5. Bayesian Optimization and Empirical Graphs
Bayesian Optimization Algorithm

Algorithm 1 Multi-Objective BO with Multinomial-Logit Surrogate
Require: Initial data D = {(xi, f(xi))}ninit

i=1 , budget N .
1: for t = ninit + 1 to N do
2: Fit the multinomial surrogate on D.
3: Generate candidate pool {x(j)}ncand

j=1 .
4: Compute acquisition α(x(j)) via EHVI, TS, EPI or SCAL.
5: Select x∗ = arg maxj α(x(j)).
6: Evaluate f(x∗); augment D← D ∪ {(x∗, f(x∗))}.
7: Update Pareto front F .
8: end forreturn Final Pareto-optimal set from D.
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6. Conclusions
We implemented a multi-objective Bayesian optimization framework to maximize CO2 storage and minimize
leakage, with formal mathematical formulations for the objectives. The BO algorithm employs acquisition
functions such as EHVI, TS, EPI, and SCAL. It is tested on a simple 5-layer example with varying parameters
and then applied to the 2019 Sleipner benchmark. The result shows the comparison of different acqusition
functions and surrogate models.
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