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1 2D Computational domain for validation
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2 Temporal change of minDIF (7) in the case of instantaneous

seepage.
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(upper-right). 3000 step (lower-left), 4000 step (lower-right) in
the case of instantaneous seepage.
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Temporal change of minDIF(7) in the case of continuous seepage.
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6 Computational domain of Ardmucknish Bay with a long fjord on
its right hand side (left) and the grid system in the Ardmucknish
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7 Computational domain of the backward calculation.
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8 Locations of a source in red and 5 detection points in blue in the
head of Ardmuchnish Bay.
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9 Distribution of DIF(x, t) at T = 1777 step in the case of
continuous seepage in Ardmucknish Bay.
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Carbon capture and storage technology is a promising means to mitigate global warming. Those who inject and store CO, in sub-
seabed geological formations may be legally required to monitor CO, leakage, even when the likelihood of such an event is very
low. In the case that the leaked CO, is monitored by limited numbers of CO, censors set on the sea bottom, it is required to elucidate
the leakage location and rate immediately, in order to evaluate its impacts on the marine ecosystems and to minimize the impacts. In
this study, we developed a numerical method to predict the location and rate of a contaminant seeping from the seafloor, using the
adjoint marginal sensitivity method, based on the data monitored by limited numbers of sensors. A time-reversed numerical test was

successfully conducted, using information obtained by the time-forward simulation of tidal current and contaminant dispersion.

Keywords: Sub-seabed CO, storage, CO, leakage, Multi-scale tidal current model, Seepage location, Seepage flux

1. Introduction numerical simulation of CO, diffusion. Time-backward AMSM
Carbon capture and storage (CCS) technology is one of the simulation was conducted in the calculation area shown by
promising means to mitigate global warming. However, sub- Fig. 2. The CO, seepage position is shown in Fig. 2 as a red dot.
seabed CO, geological storage has a risk of CO, leakage due to Figure 3 shows the five sensor positions arranged around the
the accidental failure of riser pipes or large diastrophism like a seepage source.
big earthquake and it may cause impacts on marine organism
near CO, seepage sites. The objectives of this study are to
develop a numerical method to predict the location and rate
of contaminant leakage in sea sites and applied this method to
CO, seepage purposefully leaked in a bay. Here, we adopted the
adjoint marginal sensitivity method (AMSM) and newly applied

the method to oceanic fields.

2. Material and Methods

An adjoint equation of marginal sensitivity is given as

oy * oV.y * Pl oy * oh Fig. 1 Computational domain of Ardmucknish Bay with a long fjord on
Py ('3;( = x Ve ox + (_ 9o "V *)+ ac (1) its right hand side (left) and the grid system in the Ardmucknish
] L J s Bay (right), where the minimum grid size is 20m>20m
where y* is the marginal sensitivity at the n-th monitoring ’ :
point, C is the estimated source concentration, and h(a, C) is a

function representing the state of a system.

3. Results and Discussion

On the tidal current field of Ardmucknish Bay, seepage
estimation simulation was performed by the method developed
in this research.

Figure 1 shows the Ardmucknish bay and a fjords attached

its east (left) and the computational grids (right) ([1]) for the Fig. 2 Computational domain of the backward calculation.
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The minDIF is minimum when t = 1777 steps, and the position 4. Conclusions
where the minimum value is taken is (48, 36, 6) as shown in We developed a numerical method to predict the location
Fig. 3. This is a position close to the actual emission point (48, and rate of CO, seepage using the information detected by the
33, 7). While the actual seepage flux was 5.00x10” kg/sec/m’, the limited numbers of CO, sensors set on the seafloor. A numerical

seepage flux estimated using this method was 4.96x10° kg/sec/m’. time-backward test was successfully conducted in 2D test cases.
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Fig. 3 Locations of a source in red and 5 detection points in blue in the
head of Ardmuchnish Bay.
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Fig. 4 Distribution of DIF(x, t) at T = 1777 step in the case of
continuous seepage in Ardmucknish Bay.
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