










[image: A logo of a company

Description automatically generated]

Assessing subsurface prerequisites for CO2 storage in Amu Darya Basin: candidate screening.

[bookmark: bookmark=id.gjdgxs]Introduction

[bookmark: bookmark=id.30j0zll]Uzbekistan’s ongoing industrial energy diversification has placed increasing focus on carbon management strategies. Carbon Capture and Storage (CCS) is one of the critical components for enabling large‑scale decarbonization, where geological sequestration of CO₂ could offer a technically feasible pathway for long‑term emissions mitigation. The country possesses a mature oil and gas sector with a long exploration history, extensive subsurface datasets, and well‑characterized sedimentary basins, making CCS a practical option.

A structured site‑screening and ranking workflow, applied to Uzbekistan’s subsurface portfolio, enables early identification of geological formations capable of safely and efficiently accommodating CO₂. Such screening requires integrating regional geology, reservoir characteristics, injectivity and containment potential. The subsurface conditions in southern and western Uzbekistan - particularly throughout the Amu Darya Basin - form the geological basis for this evaluation.

[bookmark: bookmark=id.1fob9te]Regional Settings

Most potential CO₂ storage opportunities lie within the Bukhara‑Khiva region and the broader Amu Darya Basin, which is one of Central Asia’s most prolific hydrocarbon provinces. This region hosts numerous oil and gas accumulations discovered over several decades of exploration; thus, more than 180 fields have been identified for analysis. The area’s long production history provides extensive geological and engineering datasets, although coverage varies by formation and vintage.

The area of interest contains a thick sedimentary succession ranging from the Jurassic through the Cretaceous, Paleogene, and Neogene [1]. Three Jurassic intervals are regionally significant:
· Lower-Middle Jurassic terrigenous units, composed of clastics and coal‑bearing intervals.
· Upper Jurassic carbonate complexes, which host many of the basin’s major gas and condensate accumulations and represent key reservoir intervals.
· Overlying Tithonian evaporites (Gaurdak Formation and analogues) which form thick, laterally extensive anhydrite‑salt sequences that are highly effective regional seals for both hydrocarbons and potential CO₂ storage.
Cretaceous strata introduce additional sandstone and carbonate reservoirs, though their regional sealing behavior is less understood compared to the Jurassic. Paleogene and Neogene sediments, largely clastic, overlie these intervals unconformably.

Structural characteristics, reservoir properties and depth conditions

Subsurface candidates in Uzbekistan comprise both depleted hydrocarbon reservoirs and saline aquifers. Most structural traps are anticlinal and often fault‑bounded, with variations in amplitude, area, and complexity [2]. While these structures have historically proven effective for hydrocarbon entrapment, their suitability for CO₂ storage depends largely on structural closure integrity, absence of through‑going faults that could act as leakage pathways, and the quality and continuity of overlying caprock sequences. Structural closures in candidate areas generally range from 3km to 10km in length and 2km to 6km in width across Jurassic and Cretaceous intervals. Trap amplitudes commonly range from around 40 m for certain Jurassic sandstones to about 200 m for larger carbonate platform buildups. 

Reservoir properties across the basin, particularly in the Upper Jurassic carbonate complexes and Lower Cretaceous clastic units, show considerable heterogeneity, yet broadly fall within ranges required for CO₂ storage - porosity typically ranges from the low teens to over twenty percent with permeability values for these reservoirs falling in the tens to low hundreds of millidarcies. Due to the heterogeneous and often dual‑porosity nature of the carbonates, permeability does not always correlate with porosity, making dynamic behaviour less predictable.
Depth is another central screening criterion because CO₂ must be injected below approximately 850 metres to remain in the supercritical state. Many depleted gas fields were screened out for being too shallow, and typical CO₂ storage targets occur between roughly 900 and 2000 m depth though in deeper structural settings of the Amu Darya Basin, some Jurassic carbonate reservoirs extend beyond 2500 m.
[bookmark: bookmark=id.3znysh7]
Screening and Ranking

The screening and ranking phase applied to Uzbekistan’s subsurface portfolio follows an established multi‑stage methodology designed to identify those geological formations capable of meeting the fundamental requirements for safe and efficient CO₂ storage. Initial screening evaluates whether candidates satisfy essential criteria such as sufficient depth, adequate pore volume, minimum reservoir thickness, injectivity proxies, salinity thresholds, trap integrity, and the presence of laterally continuous seals. Once unsuitable sites are removed, the remaining candidates are ranked using both primary and secondary attributes - storage capacity, injectivity potential, structural containment confidence, distance from emission sources, depth, and operational readiness - allowing a comparative assessment across both aquifer and depleted‑reservoir options.

The screening process demonstrates that, despite data limitations in certain stratigraphic intervals and structural settings, Uzbekistan’s subsurface contains several geological formations that satisfy the core prerequisites for CO₂ storage. The subsequent ranking - integrating both quantitative attributes such as capacity and injectivity, and qualitative factors such as data confidence and structural complexity - provides a clear hierarchy of suitability, enabling the selection of the most promising reservoirs for the subsequent feasibility phase.

Subsurface Modelling

Following the screening and ranking phase, dedicated subsurface modelling was undertaken to quantify key uncertainties, evaluate injectivity potential, and outline preliminary development concepts for both aquifer candidates and depleted hydrocarbon reservoirs. To achieve this, several static and dynamic models were constructed across target horizons, incorporating seismic, core and well log interpretation, structural and stratigraphic correlation, lithological and petrophysical modelling, and the conversion of black‑oil simulation frameworks into compositional models to correctly represent CO₂ behaviour under reservoir conditions (figure 1).

Using these coupled workflows, the modelling effort focused on identifying the main geological and operational uncertainties - such as reservoir heterogeneity, fracture contribution, aquifer connectivity, pressure build-up, CO2 plume distribution - and assessing how these factors influence injectivity and long‑term containment. Multiple CO₂ injection scenarios were simulated to understand pressure limits, feasible injection rates, plume migration patterns, and the range of storable quantities under different boundary conditions. This process also enabled the formulation of conceptual development plans aligned with each reservoir type, including well placement strategies, injection controls, and storage capacity considerations.
[image: ]
Figure 1 CO2 injection modeling forecast for a depleted field using two injection wells.

[bookmark: bookmark=id.2et92p0]Implications for Project Maturation

The outcomes of the subsurface modelling phase provide essential clarity on the feasibility of large‑scale CO₂ injection within Uzbekistan’s geological settings, illustrating how reservoirs evolve under realistic pressure and flow conditions. By simulating a wide spectrum of injection scenarios across both aquifer and depleted‑reservoir systems, the modelling confirmed that storable quantities, injectivity performance, and plume evolution are highly sensitive to pressure constraints and aquifer support, while also highlighting the stabilizing role of structural trapping in the Jurassic carbonate complexes. 

These simulations also allowed preliminary development concepts including anticipated plateau rates, number and placement of injection wells, and long‑term shut‑in behaviour to be evaluated in a quantitative framework, offering early insight into operational envelopes and potential design limitations. As most mature reservoirs in the region are depleted, the enhanced oil recovery (EOR) option offers an opportunity to stabilize the pressure regime during injection and enable concurrent CO₂ storage, enhancing overall system performance. By leveraging remaining reservoir capacity in this way, EOR can serve as a practical accelerator for CCS deployment, improving project economics.

The main risks related to storage arise from limited seismic resolution and fault‑seal characterization, incomplete pressure and fluid data in both aquifer and depleted reservoirs, heterogeneous reservoir properties, uncertain aquifer connectivity and extent, and the presence of numerous legacy wells whose integrity must be verified to ensure long‑term CO₂ containment.
[bookmark: _heading=h.1t3h5sf]
[bookmark: bookmark=id.4d34og8][bookmark: bookmark=id.2s8eyo1]Conclusions

Overall, the integration of regional geological understanding, structured screening and ranking methodologies, and targeted subsurface modelling provides a coherent basis for identifying and maturing CO₂ storage opportunities in Uzbekistan. The work demonstrates that the Amu Darya Basin contains several formations - both within depleted reservoirs and deep saline aquifers - that satisfy key geological requirements for long‑term storage, supported by favourable depth conditions, suitable seals, and reservoir properties conducive to injectivity. At the same time, the study emphasizes that successful CCS deployment will depend on reducing critical uncertainties, all of which require additional data acquisition and geomechanical evaluation before moving to field‑scale appraisal.
[bookmark: bookmark=id.3rdcrjn][bookmark: _heading=h.gjdgxs]
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