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Abstract

This work presented a study on the chromatographic partitioning of CO, and impurities present in the injected stream in the CCS
context. Laboratory and field observations have already revealed the chromatographic partitioning phenomenon of CO, and
impurities both in the gas and in the aqueous phases. Series of laboratory experiments are modeled using the reactive transport
HYTEC. Numerical results confirm the laboratory observations and show differential breakthrough of injected gases. A series of
experiments on CO, and H,S mixture with different H,S concentration is modeled. Numerical results of HYTEC are successfully
compared with the results given by CMG-GEM and with experimental data. Another series of dynamic displacement-solubility
experiments is modeled to study the chromatographic gas partitioning depending on a type of impurity such as H,S, CHy, N,,
SO,. Oy, and Ar. Numerical results show that the physics can be modeled both qualitatively and quantitatively. 1. Solubility of
the impurity in the injected stream regarding to that of CO, is a key factor. The less soluble the impurity gas is, the earlier and
higher breakthrough should be expected. 2. Classification of impurity gases can be proposed. For example, in the decreasing
order of their solubility (13.5 MPa, 61°C, 118950 ppm): SO, > H,S > CO, > CH4 > Ar > O, > N,. 3. Using accurate models of
reactive transport, solubility, phase equilibrium and thermodynamic properties of non-ideal mixtures allows reproducing of the
chromatographic partitioning: breakthrough time of gases, gas concentration, and front propagation. Chromatographic
partitioning was studied at reservoir scale by modeling two scenarios of impure CO, injection over 30 years:
95%C0,+4%N,+1%0, and 95%C0O,+5%S0,. When injecting impurities, the chromatographic partitioning can be observed
inside the gas plume and in the aqueous solution. Modeling injection of 95%C0,+4%N,+1%0, demonstrated potential usage of
noble gases for monitoring and proved the previous laboratory results. The plume composition strongly depends on a type of the
co-injected gas. Moreover, a type of impurity and its concentration change the density of gas current and the density of the
formation water with dissolved components. Both densities in the case of 95%C0,+5%S0, injection are overall higher than
those in the 95%C0O,+4%N,+1%0, model. This impacts on the buoyancy forces, hence on the distance, velocity and shape of the
plume. Since dissolved impurities contribute to the liquid density, it can then accelerate or slow convective dissolution.
Heterogeneous gas composition induces density driven motion that can be especially important in case of heavy compounds such
as SOZ
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1. Introduction

During the capture process, CO, should be separated to increase the efficiency of the storage and to respect the
environmental and legal aspects. The injection stream can still contain small amounts of impurities such as Ny, O,,
Ar, CO, SOy, NO,, CHy4, H,S and H; [1, 2]. Composition and concentration of co-contaminant gas vary depending
on major CO, source, type of industry and capture process. Some of them can negatively affect the integrity of
geological site and/or pipelines or reduce the CO, storage capacity. Purifying injection stream involves additional
power demand. Understanding their impact on CCS is essential to define the allowed maximum concentration of co-
contaminant and to optimize the overall cost.

Small amount of impurities of 5% may still remain after gas separation process. Investigation of their impact has
been started over the last two decades: studies on a type of impurity, its concentration [3] and thermodynamic
properties, consequences on storage capacity [4,5], experimental and numerical models on geochemical reactions
[6,7,8,9], modeling injection of impure CO, at large-scale [10-14], field observations of gas migration [15].

Previous works on experimentally and numerically thermodynamic properties of several CO, binary mixtures [4-
9,16] highlighted the positive density and solubility effects of SO, and the negative impact of CHy4, Ar, O, and N, on
the volume and solubility storage capacity. However, comparing to low reactive gases as nitrogen, argon or methane
such impurities as SO, and H,S are highly chemically reactive. They can cause an alteration of reservoir and caprock
minerals and near wellbore area in particular. For example, even a very small concentration of SO, leads to a strong
acidification of the brine. Once sulfur dioxide dissolves and pH drops, it then can induce the dissolution of
carbonates such as calcite and the precipitation of sulfate minerals such as anhydrite. This was experimentally and
numerically demonstrated in [8].

Beside the pure geochemical effects, other physical phenomena have been observed in the presence of impurities.
Several field and laboratory observations showed differential breakthrough of injected gases [3,15].

* When a mixture of 98% CO, and 2% H,S was injected, an earlier breakthrough of CO, prior to H,S was detected
at producing wells.

* When a CO,-rich mixture with N, and O, was injected, earlier arrivals both of dissolved oxygen and of oxygen-
nitrogen gas mixture were observed.

Chromatographic gas partitioning depending on a type of impurity was studied in [3]. Behavior of CO, binary
systems with H,S, CHy4, N,, and SO, was demonstrated during flow experiments. Laboratory results revealed a key
factor of the impurity solubility order regarding to that of CO2.

In this work, these dynamic displacement-solubility experiments have been modeled. Numerical simulations for
N,, SO,, CH4, and H,S have been performed. The role of differential solubility in chromatographic gas partitioning
has been confirmed and the concept has been complemented with O,, Ar.

Moreover, the type and concentration of impurities changes gas and liquid densities. This changes the buoyancy
forces, hence the distance, velocity and shape of the plume spread. This work presents multiphase multicomponent
reactive flow and transport simulations of injection of impure CO2 at reservoir-scale. Dissolved impurities
contribute to liquid density and can then accelerate or slow convective dissolution. Heterogeneous gas composition
induces density driven motion that can be especially important in case of heavy compounds. When injecting
impurities, chromatographic partitioning can be observed inside the gas plume. Plume composition depends on type
of co-injected gas.

The numerical simulations presented in this work were performed using the reactive transport code HYTEC [17-
19] and its geochemical core CHESS [8,9,20,21]. Last developments on gas-water-rock interactions allow complex
modeling of real gas behavior, solubility in single and mixed brines, thermodynamic properties and coupled
multiphase multicomponent flow and reactive transport.

Section 2 briefly describes the mathematical and numerical methods used to perform the multiphase
multicomponent reactive flow and transport simulations. Section 3 shows the model of flow experiment and
numerical results of chromatographic gas partitioning. Section 4 presents two models of impure CO2 injection at
reservoir scale whose numerical results give insights of gas current motion, its heterogeneous composition and
density driven dynamics. We make the conclusions in Section 5.
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2. Mathematical and numerical methods

HYTEC is a reactive transport simulator [17-19], which was widely evaluated in benchmark studies [22-24] and
applied in various applications such as cement degradation [25] radioactive waste disposal [26], geological storage
of acid gases [8,27,28] and uranium in situ recovery processes [29]. The code is based on a finite-volume method
and deals both with structured and with unstructured grids. Its geochemical part CHESS allows modeling interface
reactions, precipitation, dissolution, organic compounds, redox reactions and isotopic fractionation. Both reactions at
equilibrium and kinetics can be modeled. Morel’s method is used to formulate the chemical system, which is then
solved by a modified Newton’s method. The activity coefficients y; of non-ideal aqueous solutions can be calculated
by applying different activity models such as the specific ion theory (SIT) [31]. The fugacity-activity (¢ —¥)
approach is used to solve the gas-liquid equilibrium (1):

Py:p? = Kl'vix,, (1

where P is the pressure, y; is the gas mole fraction of species i, K" is the corrected Henry’s constant of species i, x;
is the mole fraction of species i in the liquid phase. K/* = K/*(T, P) comprises the Poynting factor and corrects the
reference fugacity with respect to the pressure and the temperature:

Kih(T, P) = Kih(T,Psat)eXp (@) i

where PS%t is the saturation vapor pressure, v° is the molar volume of species i at infinite dilution. The fugacity
coefficients are calculated using an equation of states (EOS). CHESS/HYTEC proposes a wide range of EOS. We
chose the Peng-Robinson EOS (PR78) [32]:

RT a;(T)

p=FfL___ad
v-b; ‘U(U+bi)+bi(v—bi)

3)

where the repulsive and attractive terms are functions of the critical pressure P, ;, critical temperature T, ; and the
acentric factor w; (see details in [32]). For mixtures, the parameters a and b are calculated via the combining rule
for the cross parameter a;; and the quadratic mixing rules for a and b:

a = Zizj'xix]'aij (4)
a;; = Ja;a;(1 — kyj) Q)
b= ¥;x;b; (6)

where k;; are the binary interaction parameters. In [33], the predictive PR78 (PPR78) was proposed where the
binary interaction parameters can be calculated and depend on the temperature. In [34], a volume translated method
(VTPR) was proposed to improve modeling of volumetric properties. The pseudo partial molar volume is then
introduced:

U= v;+¢ 7

where c; is the constant translation parameter or the correction of molar volume. Calculation methods of ¢; can be
found in [34].
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Table 1. Binary interaction parameters k;; and partial molar volume at infinite dilution v;".

Compound kim0 kico, v, cm’/mol
CO, 0.199 28.10
N2 0.428 -0.007 34.53
0O, 0.606 0.114 39.70
Ar 0.569 0.163 32.92
CH,4 0.506 0.090 36.20
H,S 0.143 0.097 38.15
SO, 0.100 0.046 39.76

The approach was applied to model solubility of gas components and binary systems in pure water, salt and
complex brine solutions [8,9,27]. The authors have compared numerical results of the proposed EOS-based method,
GC-PR-CPA for Cubic Plus Association using Peng-Robinson EOS and the Group Contribution method [30] and
experimental data. New numerical results on modeling gas mixture-water-rock experiments are presented in [21].
Moreover, the approach has been extended to model the volumetric properties of pure compounds and binary
mixtures using the PPR78 and VTPR [13]. Numerical results have been compared with other EOS (PR78, PPR78, T-
VTPR, CPA models and GERG-2008 (REFPROP)), experimental and NIST data in [13]. The approach can be
applied to ternary or multicomponent systems, even though their accuracy may be questioned due to lack of required
datasets. Nevertheless, the method allows for a detailed investigation of highly coupled hydrodynamic and chemical
processes involved in the impure CO2 injection problems at different scales.

HYTEC is based on the operator-splitting approach that integrates not only all functionalities of CHESS but also
numerous thermo-hydrodynamic modules (e.g., saturated, unsaturated, two-phase flow, heat and isothermal
regimes). A special sequential iterative coupling method [19] is applied for modelling compressible two-phase flow
and reactive transport. This method ensures flexibility of each module, allows sophisticated modelling of
hydrodynamics, thermodynamics and geochemistry. The coupling method was verified on benchmark problems and
compared with TOUGH2-ECO2, TOUGH2 (CSIRO), DUNE, GEM and STOMP [19].

The presented methods have been used for the numerical models in this work.

3. Chromatographic partitioning

Chromatographic partitioning of injected gas was investigated experimentally in [3], in which the authors
provided the sensitivity study on the impact of gas impurity concentration (2, 5, 30% of H,S), on the impact of
pressure, temperature and salinity conditions (61°C and 13.5 MPa; 25°C and 6 MPa; fresh water and 119 ppm of
salinity) and of admixture type in the injected stream (H,S, N,, SO,, CHy). In the last stage, the laboratory results
revealed a key factor of the impurity solubility order regarding to that of CO,. The breakthrough time of the gas
compounds and their profiles highly depend on the solubility ratio between gases. The less soluble the admixture gas
is, the earlier and higher breakthrough is expected. The impurity gases present in the injection stream after the
capture processes can then be classified by the solubility.

A series of experiments with variable H,S concentration in the injected gas stream was chosen for modeling.
Numerical simulations were performed by CMG-GEM™ and presented in [35]. The laboratory experiments have
been modeled by HYTEC. The present section shows our numerical results comparing with the experimental and
numerical results obtained in [3,35]. The dynamic displacement solubility experiments selected for modeling are
shortly described in Section 3.1 as well as the model description. Section 3.2 demonstrates the flow evolution and
physics of the H,S experiments. Section 3.3 shows the extending the numerical model to other types of admixture
and confirms the used methods (Section 2) and the laboratory results on chromatographic gas partitioning.
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3.1. Numerical model of laboratory experiments

The dynamic solubility experiments were carried out at high pressure and temperature conditions in a tube
homogeneously packed with silicate rounded frac sand. The length of the tube is 24.38 m; the tube inner diameter is
0.775 cm. The porosity and permeability are 0.37 and 5915 mD, respectively. The gas mixture is injected at a
constant rate of 7.5 cm’/h in the tube at constant pressure 13.5 MPa, temperature 61°C and brine salinity 118950
ppm. Modeling of viscosities and densities may be different from [35]. The gas and brine viscosities are constant in
this study 0.037 and 0.579 mPa-s, respectively. The gas density is modeled according the PR78, which is reliable for
the gas mixtures. The McCain model [36] was chosen for the brine density. Fitting of relative permeability functions
for gas and brine is reported in details in [3]. Curves were fitted only for H,S and CO, experiments.

The methods of gas-liquid equilibrium are described in Section 2. The binary interaction parameters k;; and the
partial molar volume at infinite dilution v;” used in this study are given in Table 1. In this study, the partial molar
volume was globally averaged or locally averaged for several compounds (e.g., Ar, N, CO2, O,, SO;). The binary
interaction parameters can be found in literature and can be calculated by the PPR78.

3.2. Numerical results of H>S and CO; partitioning

Fig. 1 presents the numerical results for a feed gas of 2% H,S and 98% CO,. Numerical results are in a good
agreement with the laboratory experiments and numerical models reported in [35]. The gas mixture is injected in the
saturated tube; the gas front propagates continuously towards the outlet of the tube, Fig. 1a. The numerical results of
CMG-GEM and HYTEC are similar. The gas saturation curves have a common shape and evolution. Fig. 2 shows
the evolution of gas composition at the outlet of the tube for the cases of 2% H,S and 30% H,S in the injected
stream. The breakthrough of H,S is delayed in both cases. Only slight differences between experimental and
numerical results can be observed. However, the numerical models give a phenomenological description of the
experiment.
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Fig. 1. Numerical results of the laboratory experiment [3,35] modeled by CMG-GEM (black lines) and HY TEC (colored lines). Injection of a
feed gas of 2% H,S and 98% CO, in a long sand-packed coil. a) Gas saturation evolution. b) Composition in mole fraction of H,S and CO, in the
aqueous phase at 0.5 and 1.2 days.



6 GHGT-14 Irina Sin et al.

a) b)
10— T Ba000000 000600000 € 00,0 1.0 i~ T-50500000000000000 00000000 D= ——
] 98% CO2 f] 98% CO2
o @ Experimental o o Experimental ||
g 0.84 Data |\ o 8 084 Data | “\ﬁ o
70% CO2 s . % CO;
% : ‘Q 90 0opgg 2.9 60000 50000 FOVEOO—0— o | :k‘&.—t‘_"‘g.&l—x B0 OO0 :ﬂ'_j‘(:(‘;x)_()_ !
[
& 06 | O 064 |
£ I € |
-
2 041 l 2 04 I
8 | 30% HoS 8 | 30% H2S
w ) I a ADAAAERE et w If A OAAATE I
2 2] I| 2 2] 4
<§) “1a Expenmental | | § “1a Expenmental
“ Data “ Data
P 2% H2S | 2% H2S
0.04 Al =~ - - . 00 . S - : . -
0.0 04 08 1.2 1.6 0.0 04 08 1.2 16
Cumulative Pore Volume of Production Cumulative Pore Volume of Production

Fig. 2. Numerical results of the laboratory experiment [3,35] modeled by CMG-GEM (black lines) and HY TEC (colored lines) compared with
experimental data (symbols). Composition in mole fraction of H,S and CO, in the gas phase during injection of a) 2% H,S and 98% CO, and b)
30% H,S and 70% CO, gas mixture in a long sand-packed coil.

Since H,S is more soluble than CO,, the breakthrough gas is CO,-rich. The H,S breakthrough indeed occurs later
but it then rises and reaches its concentration in the feed gas. The composition of CO, and H,S in the aqueous phase
at 0.5 and 1.2 days is shown in Fig. 1b. Retardation of H,S front can be observed and its gap with the CO, front
grows with injection time. This dynamics is explained by a higher solubility of H,S with regard to CO,. The
partitioning of H,S and CO, both in the gas phase and aqueous solution is observed. The numerical models
qualitatively reproduce the laboratory experiment.

3.3. Numerical results for SO,, H,S, CH,, Ar, O, and N, cases

For the same flow conditions, the authors of [3] performed a series of experiments with different impurities in the
feed gas. The experiments were done with 5% of H,S, N,, SO, and CHy in the injected stream. The breakthrough of
gases was monitored. The experiments show a key role of differential solubility of gases in the feed gas. In Fig. 3,
the mole fraction of the impurity gas H,S, N,, SO, and C1 (methane) are normalized by the relevant initial mole
fraction of the injected gas (5% for all four tests) in order to emphasize the scale of the gas partitioning effect due to
the different solubility relations. We compare the experimental data and numerical results of HYTEC in Fig. 3a.
Despite a small mismatch the numerical model confirms the experimental data. Since the curves of relative
permeability were fitted only for H,S and CO, experiments, that may explain difference between numerical and
experimental results. These results confirm that

* The solubility of the impurity in the injected stream regarding to that of CO, is a key factor. The less soluble the
impurity gas is, the earlier and higher breakthrough should be expected.

* C(lassification of impurity gases can be proposed. For example, in the decreasing order of their solubility (13.5
MPa, 61°C, 118950 ppm): SO, > H,S > CO, > CH4 > Ar> O, > N,.

Hence, the gases on the RHS to CO2 of the inequality (from CH4 to Ny) should evolve the similar profile of the
normalized mole fraction with high and early peaks at the edge front of the breakthrough gas, and vice versa, SO,
and H,S yield a lower and later breakthrough. To complete the sequence of experiments, we performed the
simulations with 5% Ar and 5% O2 in the 95% CO, feed gas. Fg. 3b brings together the six cases of the 5%
impurity gas in the injected stream.
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Fig. 3. a) Mole fraction of the impurity gases, H,S, N,, SO,, C1 (CHy) at the outlet, normalized by the relevant mole fraction in the initially
injected gas (5% for all cases), as a function of the pore volume of the total injection. Comparison of experimental data [3] (black lines) and
numerical results of HYTEC (colored lines). b) Mole fraction of the impurity gases at the outlet for H,S, N, SO,, C1 (CH,4) complemented by Ar
and O,. Numerical results only.

4. Injection of impure CO; and convective mixing
4.1. Problem description

Modeling of CO, injection at reservoir scale allows for analysis of the gas plume evolution and undergoing
processes. Supercritical CO; is injected through a well in a vertically confined long aquifer with a height of 100 m at
a depth of 1100 m, see Fig. 4. The injection rate is constant, 10 kg/s; the well radius is 0.3 m; the injection is
performed over the whole area of the well during 30 y. Supposing a homogeneous medium, the 2D axisymmetric
problem is set: 0.2 of porosity, 10> m*® of permeability. The Brooks-Corey models [37] are chosen to model the
capillary pressure and relative permeability with p, = 10° Pa, A = 2, 5, = 0.15, Sgr = 0.05. The gas and liquid
densities are modeled by the PR78 and the T-VTPR, respectively. The gas and liquid viscosities are considered
constant: 2.84X107° and 5.49x107° Pas, respectively. The gas and liquid diffusion coefficients are also constant:
1.95%1077 and 3.36x10~9 m2/s, respectively. The length of the aquifer is 10 km. Length of cells varies from 2 to
1000 m that allows us to reduce the grid dimension to 33,250 cells.

Considering the observations on chromatographic partitioning given in Section 3, we devise two feed gas
scenarios:

* 95% CO,, 4% N, and 1% O, and

* 95% CO; and 5% SO.,.
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Injection: 10 kg/s AQUIFER
Height: 100 m water, 50 °C Hydrostatic pressure
Depth: 1100 m 10 km

Fig. 4. Schematic of 2D radial problem.

Though H,O, can be neglected, it has been added in the chemical system of the problem. Since N, and O, are
less soluble that CO,, they can be expected at the edge of the gas current. The gas mixture with these impurities
becomes lighter, the density of current drops. This may promote the plume spreading. An opposite effect leads
adding SO, in the feed gas. Being more soluble that CO,, SO, spreading should be delayed comparing to CO,
propagation. The presence of SO, makes both the gas current and the formation water with dissolved species
heavier. Therefore, a higher convective mixing can be expected that causes CO, dissolution.

4.2. Numerical results

Fig. 5 shows a gas front evolution and its composition in mole fraction after 30 y of the CO,+N,+0, injection.
Gas current has a conventional plume shape, Fig. Sa. Partitioning of CO,, N, and O, is visible: N, and O, form a
noticeable front at the plume edge, Fig. S5b, ¢ and d. This favorable aspect makes them interesting for monitoring
usage. H,O(,) can indeed be eliminated from the chemical system, Fig. 5d. Partitioning in the liquid phase is also
apparent, Fig. 6. The density of the aqueous solution that contains dissolved species (CO,, N, and O; in this case) is
higher than the density of the formation water. This evolves instabilities, which initiate under the plume, create
convective motion and moreover, enhances dissolution of gas species. Fig. 6 demonstrates CO,, N, and O, rich
fingering. An accurate modeling of non-ideal gaseous mixtures and aqueous solution and their thermodynamic
properties is required to replicate an adequate plume propagation, its composition, and a representative rate of
convective fluxes.

When injecting CO,+SO,, there is an opposite gas partitioning, Fig. 7. SO, motion is delayed because of its
higher solubility. CO, spreads further than SO, in the aqueous phase as well, Fig. 8. Near-well fingers are of a
higher SO, concentration. SO, has a potentially favorable property: SO, mixtures have higher density. Its impact
both on the gas density and on the liquid density is significant. The effect can be seen in Figs. 9 and 10, where the
gas and liquid densities are mapped for both scenarios. The gas current of the CO,+SO, case is much heavier,
especially near the injection well area. Convective mixing is also more pronounced in the CO,+SO, case, that
evolves a higher dissolution rate. A more detailed analysis of convective fluxes is still needed to evaluate it
quantitatively. Also, SO, can cause a corrosion of well materials and a strong acidification of the formation water.
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5. Conclusions

This work presented a study on the chromatographic partitioning of CO, and impurities present in the injected
stream in the CCS context. Laboratory and field observations have revealed the chromatographic partitioning
phenomenon of CO, and impurities both in the gas and in the aqueous phases [3,15,38]. Series of laboratory
experiments were modeled using the reactive transport HYTEC. Numerical results confirmed the laboratory
observations and showed differential breakthrough of injected gases.

A series of experiments on CO, and H,S mixture with different H,S concentration was modeled. Numerical
results of HYTEC are in good agreement both with the results given by CMG-GEM and with experimental data.

Another series of dynamic displacement-solubility experiments was modeled to study the chromatographic gas
partitioning depending on a type of impurity. Numerical results show that the physics can be modeled both
qualitatively and quantitatively. The experiments were carried out for several impurities: H,S, CHy4, N,, and SO..
Considering the same flow conditions, numerical models for O,, Ar were additionally constructed. Next conclusions
can be made:

* Solubility of the impurity in the injected stream regarding to that of CO, is a key factor. The less soluble the
impurity gas is, the earlier and higher breakthrough should be expected.

¢ C(lassification of impurity gases can be proposed, in the decreasing order of their solubility (13.5 MPa, 61°C,
118950 ppm): SO, > H,S > CO, > CH4 > Ar > O, > N,. Hence, the gases on the RHS to CO2 of the inequality
(from CHy to N,) should evolve the similar profile of the normalized mole fraction with high and early peaks at
the edge front of the breakthrough gas, and vice versa, SO, and H,S yield a lower and later breakthrough.

* Using accurate models of reactive transport, solubility, phase equilibrium and thermodynamic properties of non-
ideal mixtures allows reproducing of the chromatographic partitioning: breakthrough time of gases, gas
concentration, and front propagation.

Chromatographic partitioning was studied at reservoir scale by modeling two scenarios of impure CO; injection
over 30 years: 95%C0O,+4%N,+1%0, and 95%CO,+5%S0,. When injecting impurities, the chromatographic
partitioning can be observed inside the gas plume and in the aqueous solution. Modeling injection of
95%CO0,+4%N,+1%0, demonstrated potential usage of noble gases for monitoring and proved the previous
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laboratory results. The plume composition strongly depends on a type of the co-injected gas. Moreover, a type of
impurity and its concentration change the density of gas current and the density of the formation water with
dissolved components. Both densities in the case of 95%C0,+5%SO0; injection are overall higher than those in the
95%C0,+4%N,+1%0, model. This impacts on the buoyancy forces, hence on the distance, velocity and shape of
the plume. Since dissolved impurities contribute to the liquid density, it can then accelerate or slow convective
dissolution. Heterogeneous gas composition induces density driven motion that can be especially important in case
of heavy compounds such as SO,.

Modeling multiphase multicomponent flow and reactive transport and accurate thermodynamic modeling of real
behavior of mixtures (such as CO,, Ny, O,, Ar, SO,, CHy4, H,S, H,O, H;) can provide insightful understanding of
coupled complex physical processes and build confidence in the sustainability of CO, storage sites.
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