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Abstract

This study focuses on the controls of extensive sediment dewatering (desiccation), and presents a quick and inexpensive method by which
cation exchange capacity (CEC) may be measured in mudrocks. Statistical models for organic maturation, and CEC are generated for high
resolution characterization of desiccation in argillaceous intervals. CEC models were calibrated against XRD/SEM measurement-based
calculations of clay CEC expected under modeled in-situ conditions. CEC measurements were completed via wet chemistry (cobalt hexamine
trichloride) and inductively coupled mass spectrometry. The effects of sample grinding are corrected for via differential sample grinding times
as described by Huff 1987. Clay CEC and organic content are major factors in the response of a reservoir to injected fluids, a critical
relationship for unconventional well decline curve analyses. Understanding the mechanisms controlling fluid expulsion and imbibition in
unconventional tight reservoirs is a critical economic issue. Our current hypothesis is that measured clay CEC will be significantly less than
calculated values, due to the surface area dependent nature of cation exchange. CEC calculations often ignore grain size and morphology,
resulting in models that do not respect real-world grain geometries, and pore-fluid interactions which may shift exchange values. Consequently,
we also hypothesize that water saturation is proportional to CEC in tight rocks. Higher clay CEC values being associated with elevated water
saturations. Unpublished preliminary statistical work has suggested that although the proposed relationship may not be 1:1, correlation is
strong. Finally, we hypothesize that clay CEC, porosity, and organic maturity are the greatest influences on the effectiveness of natural
reservoir desiccation.
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Headlines & Importance:
- Cation exchange capacity (CEC) important for
reservoir characterization.
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Results & Discussion
CEC of individual clay species is not as critical as the weight or volume of
that species present in the rock. For example, although smectite has the
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- CEC important for formation fluid saturations, wettability,
and development strategies for unconventional reservoirs.
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Larger values of weight percent TOC are associated with lower desiccation
index values (Figure 1). A similar trend is observed with measured vitrinite
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- Theory process: hydrocarbons (HC) enter the pore
space increasing pressure, forcing water to dissolve into
the HCs. The water saturated HCs are then cyclically ex-
pelled from the pore system. This process repeats itself
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then again for all clay -bound -water, Engelder et al
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Figure 1: Desiccation index (x-axis) vs: A: X-Ray diffraction derived clay volume percent, B: Total weight percent organic carbon, C: Gas
Research Institute (GRI) Crushed shale derived water saturation, D: Martin and Dacy,2004 XRD calculated CEC, E: Pyrolysis hydrogen index, and
GRI total porosity. Arrows indicate aproximate trajectory of points with changing y-axis values. A: Larger clay volumes tend to be associated with N
lower desiccation index values. B: Large values of total organic carbon tend to be associated with lower desiccation index values. C: Water
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in measured clay CEC experiments. Results suggest the presence and abun-
dance of clay species and their mixing effects measured cation abundance.
Strong positive covariance of silicon to desiccation index may be attributed
to positive relationship between clay and clay-bound-water.We conclude
that there is statistical credence to the desiccation model proposed by
Engelder et al (2014). Selection of redox elements by stepwise CEC determi-

Figure 2: Correlation and covariance of clay bound water, bulk volume water, and desiccation index vs XRF measured elemental
concentraion. Left column: covariance, right column: correlation, top to bottom: clay-bound-water, bulk-volume-water, desiccation index.
Covariance of iron, calcium, potassium, aluminum, silicon, chlorine, sulfur and magnesium most prominant vs desiccation properties. Correlation of
Arsenic, nickel, iron, titanium, phosphorus, chlorine, and sulfur most prominent when compared to desiccation and desiccation properties. Null values

(2014).

- Soaking enhanced oil recovery, post-fracking proce-
dure where fracking fluids are permitted to soak for an
extended period. Associated with increased fracture

saturation generates a cone-like distrobution when compared to desiccation index, lowest desiccation index value for a given water saturation
bounded by sharp discontinuity. D: Desiccation values decrease with increasing calculated CEC. E: Pyrolysis hydrogen index provides an indication
of organic maturity, as organic maturity increases, we infer that points on this plot will migrate to the x-y axis intercept. F: Total GRI derived porosity
generates a cone shaped scatter similar to the GRI derived water saturation.

nation suggest organic-clay interactions may be common and play a role in
desiccation (Figure 1, Figure 4).
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5. Data from step four was then used to determine the mass of adsorbed Co(lll)-hexamine, which
was used to calculate the CEC of clay within the sample.

6. Multiple CEC measures at differing degrees of sample grinding are correlated for correction to
iNn-situ conditions following Huff, 1987.

of sonic inferred pore pressures against bulk-volume-water and desiccation index. The blue shaded
region outlines the interpreted surface, the dashed black line indicates the dip of the interpreted S
surface. B: Looking into the interpreted plane C: Looking down on the interpreted plane.
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