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Research Motivation

Shale gas produced through hydrofracturing has changed the energy perspective in the
United States. Shale gas extraction is complicated by the fast decline in wellbore
production, and requires re-stimulation and drilling new wells. Understanding
mineralogical composition of an altered layer of shale (we used Mancos shale in this study)
will provide insight whether methane transport through these altered zones is affected
compared to the unaltered material.

Research Objectives

Our goal is to conduct an integrated experimental and modeling study to fundamentally
understand methane partitioning in the nanopores of mudstone matrices. We examined
methane transport from low-permeability matrices to fracture networks induced by
hydraulic fracturing that control gas-in-place and well production.

Method

Figure 1: Alteration of Mancos shale
under hydrothermal conditions
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Figure 2: Micro-XRF mapping

Results- Geochemical Modeling
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Figure 3: XRD results

Calcium, barium, strontium , magnesium, manganese, silica, sodium,
chloride and sulfate were released from Mancos shale after reaction with
hydrofracturing fluid. Altered zones on shale surface after 2 months of
reaction are thin - likely, within a few microns (Figure 2). The XRD patterns
normalized to the 100% peak for quartz indicate that the dolomite, calcite,
biotite, and kaolinite peaks decrease in intensity relative to the quartz peaks
with increased treatment time (Figure 3). Dissolved aluminum did increase in
the illite/smectite reactor but not in the pure illite reactor; indicating
smectite is more soluble in these conditions. However, no dissolution of illite
and illite/smectite was observed. Understanding mineralogical composition
of the altered layer will provide insight whether methane transport through
these zones will be affected compared to the unaltered material.
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Figure 4: Geochemical models

Preliminary geochemical models (Figure 4) predict dissolution of calcite, and dolomite, and
corresponding rise in pH. Geochemical model under-predicts calcium and magnesium concentration,
as it does not account for the formation of the polyacrylate-alkaline earth metal complexation.
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