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Summary

This overview presentation introduces an extensive outcrop analog study that has been ongoing for more than three years on the Khuff-equivalent strata in the central Oman Mountains, Sultanate of Oman. This project is focussed on the sequence stratigraphy and the stratigraphic architecture of grainstone bodies as potential reservoir analogs for the subsurface. An integrated multi-dimensional, multi-disciplinary and multi-scale approach led to a series of nested reservoir models that allow to better understand controlling factors and to destill some general trends. The results may be directly used (1) to reduce uncertainties on near well- and field-scale correlation, (2) in reservoir modelling of analogous fields, and (3) as predictive rules in exploration. This overview is followed by detailed presentations on the various Khuff sequences.

Introduction
The Middle Permian to Lower Triassic Khuff Formation is one of the most prolific hydrocarbon producers all over the Middle East (e.g. Al-Jallal, 1995; Sharland et al., 2001). On a plate-wide scale, the Khuff Formation shows a largely “layer-cake”-type stratigraphic architecture. This is most likely a function of the almost flat epeiric carbonate ramp geometry (e.g. Sharland et al., 2001, 2004; Osterloff et al., 2004). On a field- or near well-scale (< 10 km) however, the apparently simple reservoir architecture strongly contrasts with large permeability ranges (i.e. 10s to 1,000s of mD) commonly observed in producing Khuff fields in the Gulf region (e.g. Esrafili-Dizaji and Rahimpour-Bonab, 2009). Current models suggest that observed permeability heterogeneities are caused by a combination of primary and secondary factors. Primary factors include composition, texture and geometry of depositional geobodies as well as their sequence-stratigraphic position. Secondary factors include diagenetic and tectonic overprints (e.g. Konert et al., 2001; Insalaco et al., 2006). Textures and geometries of depositional geobodies cannot be derived from current subsurface imaging techniques, and wellbores and cores only offer limited spatial information.

Therefore a research project was initiated between the University of Tübingen, Qatar Shell and Petroleum Development Oman to study Khuff grainstone bodies in outcrop analogs. The > 3-year study involving several PhD and MSc students was carried out in the Al Jabal al-Akhdar area (Oman Mountains) in the Sultanate of Oman. Its aim was to unravel the Khuff stratigraphic architecture on hierarchical scales to understand geometries and textural variation of grainstones as potential reservoir bodies. Hierarchical static 3-D geological models were generated that visualise the sedimentary architecture of primary reservoir bodies using industry standard 3-D geomodelling software.

This presentation is an overview on the framework and research approach of the entire study. It is followed by a series of presentations that detail the specific project results through the various Khuff Sequences.

Research Approach

This project made an effort in integration of dimensions, disciplines and scales:
1) Multi-dimensional approach. Each of the outcrop sections was worked from 1-D to 3-D analysis. The 1-D analysis included detailed sedimentological, microfacies and outcrop gamma-ray logging. In the 2-D analysis, outcrop sections were correlated by means of facies cross-sections. 3-D analysis involved the generation of three-dimensional geocellular models. 
2) Multi-disciplinary approach. Sedimentological data were integrated with biostratigraphy, chemostratigraphy, cyclo- and sequence stratigraphy, as well as petrophysical data.

3) Multi-scale approach. A  series of nested 3-D facies models (Petrel) were generated ranging from near well- (2x1 km) to field- (8x8 km) to subregional (60x40 km)-scale. Thus the distribution and geometries of grainstone reservoir bodies was quantified on a hierarchy of scales, from hundreds of meters to kilometers to tens of kilometers.

Main Results

1) Primary reservoir heterogeneities with a particular emphasis on grainstone bodies could be documented in an approximately 750 m succession of Khuff-equivalent outcrops in the Al Jabal al-Akhdar area of the Oman Mountains.

2) A sequence-stratigraphic framework could be established, subdividing the Khuff into 6 major depositional sequences. Each can be systematically subdivided into cycle sets and cycles. This hierarchical cyclicity provides surfaces for correlation and forms the ideal basis for layering schemes in geocellular models of various scales.

3) Nested geocellular reservoir models allowed to distill some general rules and trends for the distribution and geometry of grainstone reservoir bodies.

4) Key for this project was integration: integration of dimensions (from 1-D to 2-D to 3-D), disciplines (sedimentology, biostratigraphy, chemostratigraphy, sequence stratigraphy, petrophysics), and scales (from near-well, to field- to subregional scale).

5) Close collaboration between oil companies, software vendors and the University ensured mutual knowledge transfer and training (via field trips, short courses, student internships, etc).

6) Results of the study may be used to (a) improve near well- and field-scale correlation strategies in subsurface models of the Khuff reservoir, (b) to optimize placement of development wells in analogue Khuff fields and (c) to support exploration and appraisal effort in the Khuff Formation in adjacent field areas.
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