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Abstract 
 

Organic-rich mudrocks such as Niobrara, Bakken, and Mancos shale have complex 
anisotropic structures which often cause difficulties in characterizing physical rock properties. 
Ultrasonic velocity (compressional and shear) and complex conductivity (in-phase and quadrature 
conductivity) are commonly measured properties for unconventional reservoir characterization in 
the laboratory scale. The cross-property analysis of seismic and electrical data could provide better 
estimates for petrophysical parameters, stress models, fluid-rock interactions, geomechanical 
properties, and subsequently, production estimations. Laboratory measurements can help 
characterize these properties in a controlled environment, particularly at different confining 
stresses and pore pressures. For anisotropic organic-rich mudrocks, the laboratory results help 
calibrate sonic and conductivity well logs used to process and interpret seismic data. 

Traditional anisotropic measurement studies have used the three-plug method, which 
requires core samples that are parallel to bedding, off axis (45º), and perpendicular to bedding. We 
identified several problems in this technique upon the measurement of acoustic and complex 
conductivity for vertical transverse isotropy (VTI) rocks. First, brittle and fragile organic-rich 
mudrock samples are often not always available. Needing three cores to characterize the anisotropy 
may limit the effort to obtain a rich dataset from a particular formation. Second, acoustic 
acquisition was obtained separately from the electrical measurements. This suggests that rock 
samples are being treated to repetitive pressure cycles, which can lead to hysteresis of results and 
core damage. Third, it needs excessive time for core preparation and measurement. Lastly, there 
is an uncertainty in applying this method due to the inherent heterogeneity of shales.  

To overcome these problems, we introduced single core measurement using an in-house 
developed core jacket. This technique has the capability to acquire ultrasonic velocity and complex 
conductivity simultaneously at elevated confining stress and pore pressure. The core jacket is made 
of polyethylene terephthalate (PET) and black Delrin. We are able to measure core samples that 
are 1.5” in diameter and 1.7”-2.2” in length. To acquire a spectrum of stiffnesses and electrical 
conductivity tensor, we attach acoustic transducers and electrodes on the outer surface of the core 
jacket, azimuthally around the axis of the sample, i.e., 0° (parallel to bedding), 45°, and 90° 
(normal to bedding). 

A Spectral Induced Polarization (SIP) equipment was used to record the resistivity and the 
phase angle in the frequency sweep from 0.2 mHz to 12 kHz. Complex conductivity is measured 
by four-electrode spectral induced polarization (SIP) method, with a high accuracy impedance 
spectrometer that allows induced polarization measurement in the low to high frequency spectrum. 
The electrodes placed in the sidewall of the sample serve as potential electrodes, while the current 
electrodes are part of the endcaps.  

We used this core jacket to perform joint measurements of ultrasonic velocities 
(compressional and shear wave) and induced polarity (IP) on Berea sandstone, Niobrara chalk, 
Bakken shale, tight Bakken dolostone, and Mancos shale. The results from the joint measurements 



 
 

show that attenuation, in-phase conductivity, and quadrature conductivity are pressure dependent 
for Berea sandstone. For tight reservoir rocks such as Niobrara and Bakken, we observed that 
complex conductivities have pressure dependency comparable to attenuation, while velocity 
increased slightly when confining pressure is increased up to 4000 psi under drained condition 
(pore pressure = 0). From the ultrasonic data acquired for the Mancos shale, the results suggest 
that this formation shows little pressure dependency up to 3500 psi under drained conditions, and 
high anisotropy. In shales, the anisotropy can be associated with clay content, presence of 
fractures, micro-fractures and kerogen layers.  

In this study, we presented a single core anisotropy measurement system that is capable to 
fully characterize acoustic and electrical anisotropy of a VTI medium in a single experiment. This 
technique can overcome the tedious and time-consuming problem encountered by the traditional 
three-plug method. Furthermore, performing simultaneous acoustic and conductivity 
measurements prevents the exposure of core samples to repetitive pressure cycles, which 
diminishes the probability hysteresis effect and damaging the core. Joint multi-physics 
measurements can improve characterization of direction-dependent pore network, which can be 
used to monitor permeability anisotropy evolution as well as optimize stimulation planning 
organic-rich mudrocks.   
 


