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Abstract 16 

Carbon capture and storage (CCS) is vital to reducing greenhouse gas emissions and mi�ga�ng 17 

climate change. Most CCS projects rely on the permanent geological storage of CO2 within 18 

deep sedimentary rock forma�ons, but accurately constraining the capacity of these 19 

reservoirs usually involves detailed and computa�onally demanding reservoir modelling and 20 

simula�on of the pressure evolu�on and CO2 plume migra�on. In the absence of this, 21 

efficiency factors are o�en used within volumetric capacity es�mates, but this o�en results in 22 

overes�ma�ons of storage capacity. As an alterna�ve, we propose a workflow harnessing 23 

various, exis�ng, reduced complexity models that account for the surface topography and 24 

dynamic fluid behaviour in a computa�onally efficient manner. We first undertook a sta�c 25 



analysis using algorithms available within MRST-co2lab. The reservoir topography is used to 26 

determine the loca�ons of structural traps, the trapping routes that link them and downdip 27 

filling areas that feed a given trap. This analysis provides indica�ons of the op�mal well 28 

placement and helps us refine the total capacity of the area into the capacity available just 29 

from structural trapping. We followed this with a dynamic analysis, also within MRST-co2lab, 30 

using computa�onally efficient Ver�cal Equilibrium models. This efficiency allowed us to 31 

performing hundreds of simula�ons and use these results to map storage efficiency and 32 

determine the op�mal well placement where efficiency is greatest. We tested this workflow 33 

within an area of the Malay Basin with illustra�ve reservoir parameters and es�mated storage 34 

efficiency, capacity and the op�mal well placement within the area without performing any 35 

full-physics simula�ons. The results from VE modelling indicate that the amount that can be 36 

contained within this area is 15 �mes less than the predic�ons using sta�c storage efficiency 37 

factors. The advantage of such a light approach is that sensi�vity and uncertainty analysis can 38 

be carried out at speed, before targe�ng certain parameters/areas for more detailed study.  39 

Keywords 40 
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1. Introduc�on 43 

The permanent storage of CO2 within deep geological forma�ons is cri�cal to making deep 44 

greenhouse gas emissions cuts and mi�ga�ng climate change (IPCC, 2023). Evalua�ng the 45 

capacity of a geological storage site is key, but defining and calcula�ng it involves various 46 

approaches and defini�ons. Capacity es�mates during the ini�al stages of a project o�en 47 



neglect the dynamic behaviour of the reservoir in favour of a volumetric approach that 48 

considers just the sta�c pore volume available for storage (Bachu et al., 2007). Efficiency 49 

factors are o�en used to parameterise dynamic effects within the reservoir and are defined 50 

as the propor�on of CO2 retained within the reservoir versus its pore volume considering 51 

geology (permeability, connec�vity, etc) and other subsurface and opera�onal criteria 52 

including pressure, injec�on strategy, and regulatory constraints (Bachu, 2015; Mathias et al., 53 

2015; Nordboten & Celia, 2011). Efficiency factors are widely used within na�onal and 54 

interna�onal CO2 storage screening programmes including those in the UK (Bentham et al., 55 

2014), USA (Goodman et al., 2011) and Europe (Vangkilde-Pedersen et al., 2009). 56 

Efficiency factors are helpful in constraining storage capacity at the screening level, but in the 57 

absence of simula�on models or long-term working injec�on analogues, they are selected 58 

based on reservoir characteris�cs (e.g., environment of deposi�on). Storage capacity is o�en 59 

overes�mated when pressure evolu�on and compressibility are neglected (Thibeau & Mucha, 60 

2011). Accurate calcula�ons using full physics reservoir simulators are required to quan�fy 61 

fluid flow through the reservoir. This usually requires a detailed knowledge of the subsurface 62 

which is difficult and expensive to obtain at the early stages of the project, though recent work 63 

has sought to expedite this process, for example by construc�ng quick, sketch-based reservoir 64 

models (Jackson et al., 2022). Analy�cal expressions can be used to es�mate flow behaviour 65 

(Nordboten et al., 2005), and in doing so, derive a quick understanding of efficiency factors 66 

(Okwen et al., 2010) but they are limited in their ability to handle spa�al changes in subsurface 67 

geology. As a midpoint between full physics simula�ons and analy�cal expressions, Ver�cal 68 

Equilibrium (VE) models have been successfully used to represent CO2 plume behaviour 69 

(Gasda et al., 2009; Nilsen et al., 2011). In typical saline aquifer condi�ons, there is a significant 70 

density contrast between brine and CO2, leading to gravity segrega�on. This behaviour is 71 



exploited by assuming that upon CO2 injec�on, pressure equilibrium is rapidly established in 72 

the ver�cal direc�on and the CO2 plume height is then expressed as a func�on of capillary and 73 

buoyancy forces (Nordboten & Celia, 2011). This simplifica�on allows for the reduc�on of the 74 

governing equa�ons into a lower-dimensional system, significantly reducing computa�onal 75 

complexity. 76 

Here we report on an improved workflow for es�ma�ng CO2 storage efficiency by 77 

incorpora�ng sta�c and dynamic reduced complexity models. The presented approach helps 78 

calculate more realis�c capacity es�mates when compared with sta�c equa�on-based 79 

es�mates. To illustrate this approach, our workflow is deployed within small area of the Malay 80 

Basin, offshore Peninsular Malaysia (‘J Area’) (Figure 1). The Malay Basin is a mature 81 

hydrocarbon province that has substan�al CO2 storage poten�al. The storage capacity within 82 

saline aquifers alone is poten�ally 84 – 114 Gt (Hasbollah et al., 2020), while depleted fields 83 

could offer a further 3.8 Gt of storage (APEC, 2005). However, despite the wealth of data from 84 

decades of explora�on and produc�on, there is s�ll substan�al uncertainty about how a CO2 85 

plume and its associated pressure buildup will interact with geological structure (an�clines 86 

and faults), heterogeneous reservoir distribu�ons, and variable seal efficacies. This will 87 

ul�mately lead to errors in calcula�ng storage capacity, par�cularly in saline aquifers with less 88 

subsurface data available. 89 

We aim to es�mate the effec�ve storage capacity of the J Area with limited subsurface data, 90 

but without relying on sta�c and generalised efficiency factors. We do not include a detailed 91 

analysis of reservoir proper�es and instead focus on how reservoir topography and injec�on 92 

well loca�on impact plume behaviour, and consequently, storage containment. By deploying 93 

a series of models within MRST co2lab (Andersen et al., 2016; Lie, 2019) we aim to answer 94 



these ques�ons using a physics-informed, but computa�onally efficient workflow that could 95 

be used more generally to assess aquifers in other basins with limited data.  96 

 97 
Figure 1: (A) Map of offshore Peninsular Malaysia showing the outlines of major sedimentary basins, hydrocarbon fields, 98 

wells and the locations of (C) and cross-section A-A’. (B) Inset map showing (A)’s position in relation to the wider Southeast 99 
Asia region. (C) Top reservoir surface map in the J Area. A-A’: Seismic cross-section showing the main stratigraphic units 100 

(after de Jonge-Anderson et al. (2024). Ca: Cambodia, In: Indonesia, PM: Peninsular Malaysia, Th: Thailand, TWT: two-way-101 
time, Vi: Vietnam 102 

2. Data and Methodology 103 

The first step in crea�ng our geological model involved the interpreta�on of a �me-domain 104 

3D seismic dataset to produce a surface that is used for the structure of the grid. The surface 105 

was created within Petrel E&P so�ware by auto-tracking a high amplitude seismic event in the 106 

J Area and gridding this at a 200 m by 200 m (X and Y) resolu�on. The surface was then depth-107 



converted using a single-layer velocity model constrained by checkshot data (de Jonge-108 

Anderson et al., 2024). For our analysis, a simple 3D grid was constructed by duplica�ng this 109 

surface, shi�ing this duplicated surface 1000 m deeper, and then crea�ng five equally spaced 110 

layers between. This resulted in a coarse, 200 m x 200 m x 200 m grid (Table 1). This grid was 111 

exported from Petrel E&P so�ware in .GRDECL format and loaded into MATLAB for all 112 

subsequent analysis. Two MRST-co2lab tools were then used to determine storage capacity 113 

and efficiency.  114 

2.1. Trap Analysis Func�ons 115 

Trapping analysis func�ons originally reported by Nilsen et al. (2015) were used to map and 116 

quan�fy the volumes of structural traps. These func�ons use the geometry of the top surface 117 

to analyse the trapping framework. Structural traps, spill paths, and spill regions are 118 

determined using an algorithm previously described by Nilsen et al. (2015). Structural traps 119 

consist of a local maximum (a structural high) and a spill point (a depth contour below which 120 

CO2 is expected to move up-dip and away from the local maximum), with a trap between. 121 

Structural traps are connected by spill paths that provide routes for CO2 to migrate up-dip 122 

either into another trap or toward the edges of the model. Each structural trap is surrounded 123 

by a spill region; essen�ally a catchment area that feeds the given trap. 124 

2.2. VE Model 125 

Secondly, VE models (Nilsen et al., 2016) were used to simulate plume migra�on for a range 126 

of well injec�on loca�ons. Trap analysis was performed in a ‘sta�c’ sense whereby only the 127 

top of the reservoir (or base of the caprock) is considered, and VE modelling simulates 2D 128 

plume migra�on before reconstruc�ng gas satura�on for the full reservoir thickness. CO2 129 

dissolu�on into aqueous phase is not considered in this model. 130 



For the VE modelling, it was also necessary to define a sta�c petrophysical model and a 131 

simula�on schedule. The gross reservoir interval consists of a heterogeneous and thick 132 

sequence of lower-middle Miocene sandstones, mudstones, and coals. During the early-133 

middle Miocene, The J Area lay in a coastal plain-to-shoreface se�ng, close to sea level, with 134 

sandstone beds represen�ng offshore sand bars, fluvial channels, or estuarine channels. While 135 

no core or cu�ngs data was available for this area, published data suggests sandstone 136 

reservoirs in the basin typically have porosi�es of between 0.1 and 0.2 (Kutan et al., 1980). 137 

For the petrophysical model, porosity values were assigned to each grid cell using a Gaussian 138 

field with bounds of 0.05 and 0.25 with a standard devia�on of 0.02 (Figure 3). Permeability 139 

values were es�mated from porosity using the Carman-Kozeny empirical rela�onship 140 

(Carman, 1937). There was no informa�on available to specify irreducible water satura�on, 141 

so it was fixed at 0.27, within the 0.2 – 0.4 range typical of water-wet sandstones (Baker et al., 142 

2015). 143 

The top reservoir lies at depths of between 1500 m and 2500 m subsea, dipping southwest 144 

(Figure 2). There is a small an�cline with a crest at around 2000 m, and assuming the reservoir 145 

is at hydrosta�c pressure (10 MPa/km), this is equivalent to 20 MPa. The Malay Basin is a hot 146 

basin with geothermal gradients in the J Area of around 50°C/km and a seabed temperature 147 

of 24°C (Madon & Jong, 2021), therefore a temperature of 124 °C is expected at 2000 m. Under 148 

these pressure and temperature condi�ons, CO2 would behave as a supercri�cal fluid with a 149 

density of 389.70 kg/m3 (Table 1).  150 

A simula�on schedule consis�ng of 128 �mesteps was then created. This schedule consisted 151 

of 30, 1-year �mesteps corresponding to the injec�on period, followed by 95, 10-year 152 

�mesteps corresponding to the post-injec�on period (1000 years in total). The key metric to 153 



assess the well placement was to ensure all the injected CO2 remains within the grid/target 154 

forma�on. During the injec�on period, a single well was used to inject 1 Mt of CO2 per year 155 

into the grid. Hydrosta�c condi�ons were assigned to the boundary cells of the grid, allowing 156 

brine and CO2 to flow out of the grid where necessary.  157 

Table 1: Model information. 1Madon & Jong (2021); 2Batzle & Wang (1992), 3Fenghour et al. (1998), 4Span & Wagner (2003) 158 

Type Property Value 

Grid 

Number of cells (NX*NY*NZ) 100 x 110 x 5 

Cell dimensions (DX*DY) (m) 200 x 200 

Area (km2) 440 (22 x 20) 

Average top reservoir depth (m) 1984.00 

Seafloor temperature (°C)1 24.00 

Temperature gradient (°C/km)1 50.00 

Water depth (m) 70.00 

Rock 

Porosity 0.05 – 0.25 (arithme�c mean = 0.15) 

Permeability (mD) 1.20 – 241.00 (arithme�c mean = 39.40) 

Rock compressibility (Pa-1) 4.35 x 10-10 

Fluid (at 
2000 m 
depth) 

Brine viscosity (Pa.s)2 3.13 x 10-4 

Brine density (kg/m3)2 1001.00 

Brine salinity (ppm) 70,000 

Brine compressibility (Pa-1) 0 

CO2 viscosity (Pa.s)3 3.21 x 10-5 

CO2 density (kg/m3)4 389.70 

CO2 compressibility (Pa-1) 5.78 x 10-8 

Rock-
fluid 

Residual gas (CO2) satura�on (sgr) 0.20 

Irreducible water satura�on 0.27 

Rela�ve permeability model �
𝑠𝑠𝑔𝑔 − 𝑠𝑠𝑔𝑔𝑔𝑔
1 − 𝑠𝑠𝑔𝑔𝑔𝑔

�
2

 

 159 



 160 
Figure 2: The top surface grid used for trap analysis and simulations. 161 

 162 

Figure 3: Porosity (left) and permeability (right) distributions for the top reservoir surface. The porosity distribution was 163 
created by a Gaussian field with limits of between 0.05 and 0.25 and a standard deviation of 0.02. The permeability 164 
distribution was estimated from porosity using the Carman-Kozeny empirical relationship (Carman, 1937). 165 



3. Results 166 

3.1. Spill point analysis 167 

The total rock volume in our model is 440,000 Mm3. However, only a subset of this volume is 168 

within structural traps where mobile CO2 could accumulate. These structurally elevated areas 169 

are key in providing short-term trapping of CO2 un�l medium-long-term processes (residual, 170 

solubility, and mineral trapping) occur. A sta�c trapping framework for the J Area was 171 

developed (Figure 4) and from this, we calculated the rock volume within structural traps 172 

(along the top structure grid, only) as 202 Mm3. The area dips to the southwest with an 173 

an�cline in the centre (Figures 2, 4). At 195 Mm3, this an�cline accounts for 97 % of the en�re 174 

structural trapping volume of the area. The remaining 3 % is spread mainly across four smaller 175 

traps of between 0.8 Mm3 and 3.3 Mm3, with the rest held within traps down to almost 176 

negligible volumes (< 0.01 Mm3).  177 

 178 
Figure 4: A: Map of structural traps, spill paths, and spill regions identified using the ‘Trap Analysis’ function in MRST-co2lab, 179 
B: cross-section through the top surface grid highlighting two structural closures and the intervening, highly dipping region. 180 

The location of the line is shown in A.  181 



3.2. Trapping chains 182 

An ini�al understanding of the ideal well placement is gained from analysing the trapping 183 

chains within the system. Trapping chains are essen�ally a series of traps that could be 184 

accessed within a “fill and spill” injec�on scenario. We assume infinite CO2 injec�on such that 185 

any trap along a migra�on pathway can be fully filled before CO2 spills and moves into the 186 

next trap (or outside of the grid). In doing this, no injec�on simula�ons are performed but a 187 

concept emerges as to how to access the maximum trapping structure within a sta�c analysis 188 

framework (Nilsen et al., 2015). Figure 5 shows three well placements with three contras�ng 189 

trapping chains. In the first example (red area in the centre of the grid), a well is placed within 190 

a small trap down-dip of the an�cline. If this trap were filled to spill, CO2 would migrate into, 191 

and fill, the an�cline, before leaving the model to the north. This results in most of the 192 

trapping volume of the grid being accessed (197 Mm3). By contrast, placing injec�on wells in 193 

either the downdip west (green) or updip east (blue) areas, results in CO2 migra�on into only 194 

small structures (4.5 Mm3 and 0.8 Mm3, respec�vely). 195 

This concept is thought of as a “reachable volume”: the total trapping volume that can be 196 

accessed from a given grid cell. Figure 6 shows the grid with colouring corresponding to the 197 

reachable volume of that cell. Here, the an�cline and the region downdip and to the 198 

southwest of it is the op�mal well loca�on considering purely the volume of traps accessed.  199 



 200 
Figure 5: Map of trapping framework (as per Figure 4) with three contrasting trapping chains and their associated trapping 201 

volumes. 202 

 203 
Figure 6: Map of the top structure grid coloured by reachable volume, i.e. the volume of the grid cells within structural 204 

closures that are up-dip from that cell. 205 

3.3. Ver�cal equilibrium modelling 206 

The analysis undertaken so far yields a beter understanding of where to place an injector well 207 

in the area, based purely on a sta�c analysis of the geometry of the top surface. We have not 208 

yet included the impact of the reservoir’s petrophysical proper�es on the flow behaviour and 209 

migra�on of CO2. To incorporate this, we use a Ver�cal Equilibrium (VE) model to simulate 210 

injec�on, as outlined in Sec�on 2.2. This requires sta�c petrophysical models of porosity and 211 



permeability (Figure 3). Taking this model into account, the area’s total pore volume is 63,794 212 

Mm3, which can store approximately 25 Gt of CO2, assuming the CO2 density listed in Table 1. 213 

The computa�onal efficiency of VE models allows us to run different itera�ons and test various 214 

uncertain�es very quickly. For this study, we concentrate only on determining the op�mal 215 

loca�on for an injec�on well. The injec�on loca�on has a significant influence on CO2 plume 216 

migra�on and containment of CO2 within the area. To assess this, a systema�c analysis was 217 

undertaken to constrain the best injec�on well loca�on on the grid. For this, we assumed the 218 

best well loca�on is where the highest storage efficiency is achieved. We first calculate the 219 

CO2 volume vCO2 remaining within the grid at the end of the migra�on period and divide this 220 

by the total pore volume of the grid vP. The storage efficiency ɛ is defined as 221 

𝜀𝜀 =  𝑣𝑣𝐶𝐶𝐶𝐶2
𝑣𝑣𝑝𝑝

× 100.  222 

A simula�on was performed with an injec�on well at every 25th grid cell, resul�ng in 440 223 

simula�ons across the 11,000-cell top surface grid. Each itera�on ran in around 45 seconds on 224 

an Intel Xeon Gold 6240R 2.4 GHz CPU. Our objec�ve was to determine which of these 440 225 

injec�on loca�ons minimised leakage away from the model boundary (a proxy for a storage 226 

licence) and in doing so, maximised the amount of CO2 being stored within the area, and the 227 

storage efficiency ɛ. The total trapped CO2 volume and storage efficiency were mapped from 228 

the results of all the simula�ons (Figure 7B, C). The amount of CO2 stored within the model at 229 

the end of the simula�on period was variable, ranging from 0.77 Mm3 to 101.27 Mm3 (Table 230 

2). The corresponding storage efficiencies ranged from 0.0017 % to 0.22 % (Figure 7C).  231 

The lowest storage efficiencies and trapped CO2 volumes were near the model boundaries 232 

where most injected CO2 exited the model (Figure 7C). The highest storage efficiencies and 233 

trapped CO2 volumes were observed when the well was posi�oned in the lower-le� side of 234 



the model (Figure 7C). In these cases, there was not only a sizeable area of up-dip, unconfined 235 

reservoir available for the CO2 to migrate to but also an an�cline which would eventually form 236 

a trap for the migra�ng CO2 plume (Figure 7D). Notably, injec�on directly into this an�cline 237 

itself resulted in lower storage efficiencies and stored volumes, as the an�cline was quickly 238 

filled-to-spill and the CO2 then migrated northwards and out of the model. From this analysis, 239 

we can conclude that the op�mal well loca�on was at the coordinate pair (410100 m, 721700 240 

m) (Figure 7D), with a storage efficiency of 0.22 % and a capacity of 101.27 Mm3. (Table 2). 241 

Table 2. Summary of CO2 capacities determined at each stage of our analysis. *Structural trapping is only calculated for the 242 
top surface of the grid, so it is significantly smaller than other volume metrics 243 

Calcula�on type Capacity Descrip�on Capacity (Mm3) 

En�re grid Total rock volume 440,000  
Total pore volume 63,794 

Structural trapping (along 
top surface*) 

Total pore volume within structural 
traps 29 

VE model Trapped CO2 volume (max) 101.27 
Trapped CO2 volume (min) 0.77 

 244 



 245 
Figure 7: Output maps from the VE modelling showing (A) the top structure of the reservoir, (B) stored CO2 volume, (C) 246 

storage efficiency and (D) the final saturation distribution of CO2 for the optimal well location. 247 

4. Discussion 248 

When screening CO2 storage sites, efficiency is o�en handled either through a series of 249 

coefficients or using analy�cal solu�ons. Certain studies propose storage coefficients or 250 

classifica�ons of storage efficiency based on numerical simula�ons or laboratory work, that 251 

are extrapolated to other aquifers based on shared characteris�cs (o�en the deposi�onal 252 

environment, lithology, or petrophysical behaviour) (e.g., Gorecki et al., 2009; Blondes et al., 253 

2013; Brennan, 2014). Analy�cal solu�ons can offer quick solu�ons but o�en assume that the 254 

reservoir is homogeneous and/or the aquifer is closed (Okwen et al.,2010; Szulczewski et al., 255 

2012; Zhou et al., 2008). Storage efficiency is ul�mately a dynamic property that evolves with 256 



injec�on �me (Okwen et al., 2014; Szulczewski et al., 2014). Bachu (2015) suggested that 257 

volumetric approaches to storage efficiency were adequate at the screening level, but these 258 

should be replaced at the local level by numerical simula�ons incorpora�ng various 259 

opera�onal and regulatory constraints. To this effect, there has been much recent research 260 

into developing fast tools for CCS screening u�lising VE modelling (Lie et al., 2016), sketch-261 

based modelling (Jackson et al., 2022; Petrovskyy et al., 2023) or reduced-order models (Jin & 262 

Durlofsky, 2018). In this work, we u�lise VE models to enable numerical modelling at the 263 

screening stage, to quickly simulate uncertain parameters and es�mate the dynamic plume 264 

behaviour, which is lacking in volumetric approaches to capacity/efficiency es�ma�on.  265 

Using a conserva�ve storage efficiency factor of 2.4% (Goodman et al., 2011) and the area 266 

proper�es men�oned in Table 1, one can calculate the J Area’s sta�c capacity as 1531.06 Mm3. 267 

However, the results from VE modelling indicate that the amount that can be contained within 268 

the area is 15 �mes less, at 101.27 Mm3 (Table 2). This result clearly shows the importance of 269 

dynamic effects and their constraint on storage capacity. Accoun�ng for these effects is 270 

essen�al to avoid overes�ma�ng storage capacity, especially at the site screening phase. 271 

The strength of our approach is the speed at which the sta�c and dynamic tools described 272 

herein can be used to predict reliable storage capacity with limited data. A simula�on takes 273 

less than one minute to run for this par�cular storage site, so an exercise to find the op�mal 274 

well loca�on that maximises storage efficiency is executed in a few hours While fully-coupled 275 

3D simula�ons are accurate, they would require weeks of simula�on �me to address the same 276 

problem. Hence, this approach is useful in addressing uncertainty and its impact on storage 277 

efficiency. There are certain limita�ons to our current work that could be addressed through 278 

follow-up studies. Many of these limita�ons pertain to the construc�on of the geological 279 



model. Our work treats the reservoir as a ver�cally homogenous unit with porosity and 280 

permeability characteris�cs typical of average values in the Malay Basin, but these reservoirs 281 

are very layered, with many, thin reservoir intervals separated by low-permeability 282 

mudstones. A more accurate representa�on of this could be achieved by reducing the 283 

reservoir thickness to an appropriate value and/or incorpora�ng a layered reservoir-seal 284 

system using hybrid-VE modelling (Møyner & Nilsen, 2019). There is scope to develop 285 

sophis�cated petrophysical models that reflect the deposi�onal characteris�cs of the 286 

reservoir, par�cularly as such features can be imaged using seismic atributes in the Malay 287 

Basin (Ghosh et al., 2010). 288 

The maximum storage efficiency modelled is low, at 0.22 %, but it is important to emphasise 289 

that this value because we considered only structural and residual trapping. The fluid 290 

compressibility, gas solubility and geochemistry were not considered. Also, this is a single-well 291 

injec�on scenario with an open model boundary without any considera�on for pressure 292 

management. Accoun�ng for these factors would increase the storage efficiency and capacity 293 

predic�on. Further work could focus on understanding the pressure buildup and its influence 294 

on geomechanical proper�es within the reservoir and caprock as the magnitude and extent 295 

of pressure perturba�on may also constrain the storage capacity of the system (Bachu, 2015; 296 

Birkholzer et al., 2015). Given the topographical varia�ons across the top surface grid, it would 297 

be sensible to monitor reservoir pressure in the far up-dip area in the northeast to ensure 298 

these are not approaching or exceeding fracture pressures.  299 

5. Conclusions 300 

A workflow for assessing the storage capacity and efficiency of a saline aquifer is presented, 301 

through combining sta�c and dynamic reduced complexity tools. These tools include sta�c 302 



methods (automated iden�fica�on of structural traps and op�miza�on of well loca�on to 303 

access the greatest trapping volume) and dynamic methods (VE models). In the case of the 304 

later, the greatly reduced computa�onal running �me allows us to run op�miza�on 305 

procedures and sensi�vity analysis around uncertain parameters; an approach that cannot be 306 

undertaken with more powerful, but computa�onally expensive reservoir simulators. We 307 

apply these techniques to an area offshore Malaysia with illustra�ve reservoir parameters and 308 

focus strictly on CO2 plume migra�on obtained from VE modelling. The main conclusions taken 309 

from this work are as follows: 310 

(1) Taking a volumetric approach to storage capacity results in unrealis�cally large values. 311 

The key finding is that the storage capacity derived from VE modelling is two orders of 312 

magnitude smaller than that derived from the total pore volume for the area. 313 

(2) The upper bound on storage efficiency is ul�mately dictated by how much CO2 is 314 

injected into the aquifer system without suffering leakage away from the model 315 

boundary (a proxy for a storage licence). We analysed well placement by performing 316 

hundreds of simula�ons and calcula�ng storage efficiency. This resulted in the best 317 

loca�on for our area being down-dip of an an�cline structure into which the CO2 would 318 

migrate during the post-injec�on period. 319 

(3) There is general agreement between sta�c and dynamic approaches to well placement 320 

op�miza�on. The area with the greatest “reachable volume” corresponds to the area 321 

highlighted by VE modelling as achieving the greatest storage efficiency, though this 322 

result could change with different porosity/permeability distribu�ons. However, 323 

storage capaci�es defined by sta�c models are s�ll theore�cal maximums and 324 

simula�ons should be used to assess to what extent pore space can be accessed, 325 

incorpora�ng physics and spa�al changes in geology.  326 
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