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Introduction
[bookmark: _GoBack]Rock moduli (or stiffness) is a major control of seismic velocity and reservoir compaction. Improved analytical estimates of rock moduli of reservoir rock can improve quantitative interpretation of seismic data, forecasts of reservoir production performance, and the geomechanical integrity of compacting reservoirs. Digital Rock Physics technology can potentially overcome the need for simplification of pores (e.g., ellipsoids) to estimate rock moduli as the computations are performed on an actual pore-scale image acquired using 3D micro-Computed Tomography (micro-CT). However, the computed modulus using a digital image is impacted by numerous factors, including imaging conditions, image segmentation, constituent properties, choice of numerical simulator, rock field of view, how well the grains contacts are resolved in an image, and the treatment of grain-to-grain contacts. We analyze these factors and quantify their relative contribution to the rock moduli computed using micro-CT images of six rocks: a Fontainebleau sandstone sample (FB), two Berea sandstone samples (B1 and B5), a Castelgate sandstone sample (CG), a grain pack (GP), and a reservoir rock (US). We find that image-computed rock moduli are considerably stiffer than those inferred using laboratory measured ultrasonic velocities. This disagreement cannot be solely explained by any one of the many controls when considered in isolation but can be ranked by their relative contribution to the overall computed rock moduli. Among these factors, image resolution generally has the largest impact on the quality of image derived moduli. Images of poor resolution overestimate contact lengths resulting in stiffer simulation results.
Methodology
Elastic moduli of the six rock samples were computed using a standard FEM approach. For these “reference” computations we populate various minerals with elastic properties of quartz and pores are empty. Next, we study the sensitivity of various Digital Rock controls on the computed elastic moduli for all six rocks. We vary the segmentation approach to identify pores, the segmentation approach to identify rock minerals and input the corresponding the mineral properties, elasticity solver type or numerical engine, field of view (i.e., rock size) for simulations, and image resolution. 
Results and Discussion
The computed elastic moduli changes when any given control is varied (Figure 2). Correctly resolving the grain contacts is the most critical factor for all rocks except FB and leads to significant softening of rock moduli. Selecting a sufficiently large field of view is important for rocks B1 and B5 and changing it can lead to either stiffening or softening of rock moduli. Selecting a different solver for numerical analysis can lead to softer moduli. For the rocks included in this study, a multi-mineralic (or multiphase) segmentation leads only to a mild softening in computed rock moduli. It is expected that the effect related to mineral segmentation would be larger if a rock contains a very soft mineral (e.g., soft clays, solid hydrocarbons).
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Figure 1: Core plug, 2D slice from a 3D micro-CT image, 2D thin section of the same rock, and XRD data.
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Figure 2: Computed bulk and shear moduli (a and b) for the reference case, as well as cases that deviate from the reference case.
Conclusions
We note that image-based simulations generally yield stiffer effective rock moduli compared to those measured in the laboratory. Such comparisons must consider the numerous controls that impact image-based simulation results, including imaging conditions, image segmentation, constituent properties that are needed as inputs for the simulations, choice of simulator or numerical engine, image field of view selected for simulation, and the quality of image resolution to identify grain contacts. We conclude that correctly resolving grain-to-grain contacts is one of the primary controls on the quality of rock moduli estimated using micro-CT images. Limited image resolution at the grain contacts leads to systematic overestimation of contact lengths and thus results in stiffer rock moduli. We conclude that a combination of limited image resolution, effects of field of view, and solver choice can account for the stiffer computed elastic moduli than those measured in the laboratory.
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