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Abstract

Restoring the original orientation of core samples in the formation is crucial for geological engineers to better
understand the physical properties of subsurface rocks, holding significant importance for engineering operations
such as hydraulic fracturing design. However, over 99% of cores worldwide are acquired via conventional drilling
coring, making it difficult to determine their orientation during the trip out of the hole. While directional coring and
cutting core into cubes for paleomagnetic testing aim to achieve core orientation, the complexity of these
processes prevents their widespread use on most cores. To address this, this paper develops an electrical
resistivity-based core orientation technique suitable for the more universally available cylindrical cores. It obtains
resistivity scanning images of the core, which are then meticulously correlated with downhole electrical imaging
logging results. This enables core orientation, providing exploration professionals with the means to gain
geological insights incorporating directional information.
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Image Attribution

Figure 1. Resistivity Distribution of Sample 159 from Well ST12. Processed electrical imaging log used (referred to
as the FMI-DYN plot on the right); color intensity on the plot represents relative conductivity values. The log is
generated by integrating measurements from each individual electrode; raw imaging data volume is approximately
over 1,000 data points per meter.

Figure 2. Directional Conductivity of Core Sample 159 from Well ST12 Correlated with Electrical Imaging
Table 1. Original formation orientation readings mapped on the electrical imaging log.
Overlay text visible in Figure 2: "The 28° normal direction of the core points to true north in the original formation."

Guidelines

Materials and Methods (procedural / methodology content present on these pages):
- To achieve in-situ parameter measurements on core samples, first determine the fluid saturation corresponding
to the specific well depth. For high-maturity gas reservoirs, the water saturation at the target depth can be directly
referenced. A full-diameter core sample is then fully saturated with formation water. A gas-displacing-water
process is employed to establish saturation conditions consistent with those in the formation. Simultaneously, the
cylindrical sample radial resistivity measurement method is used to test the resistivity values in different
directions.
- The radial resistivity formula for rock core is given as follows (equation as shown on page):

p=(K/K)LR (Equation1)

where p denotes resistivity, in Q-m;

K(a) is defined by an integral expression shown on the page (K' denotes the derivative of K);

2a denotes the supplementary angle to the central angle of the curved electrode sheet contacting the core;

L denotes the core length, in m;

R denotes the apparent resistance value, in Q.

Taking the 159 sample of ST12 as an example, the workflow of core orientation using the resistivity method is
described as follows:
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Materials

ltems and materials explicitly mentioned on these pages:

- Full-diameter cylindrical core samples

- Formation water

- Gas (for gas-displacing water process)

- Equipment/method for radial resistivity measurement of cylindrical samples (radial resistivity measurement
method)

- Downhole electrical imaging logging (used for correlation with core resistivity scans)

- Curved electrode sheet contacting the core (part of the radial resistivity measurement apparatus)

- Apparent resistance measurement capability/instrument to obtain R (apparent resistance, in Q)

- Means to mark/divide the core circumference into N equal segments and a reference point "O" (for segment-
based measurements)

- Tools to measure core length (L, in m)

- Electrical imaging logging tool and associated individual electrodes (raw data acquisition; ~1,000+ data points
per meter)

- Data processing/software to generate FMI-DYN (or equivalent) plots and to convert resistivity values to
conductivity values for imaging interpretation

Before start

Preparatory notes found on these pages:

- Determine fluid saturation corresponding to the specific well depth before measurements.

- For high-maturity gas reservoirs, reference the water saturation at the target depth.

- Ensure core saturation conditions replicate formation conditions (saturate with formation water and use gas-
displacing-water process to reach desired saturation).

- Prepare to perform radial resistivity measurements and to divide/mark the core circumference into N equal
segments with a reference point "O".
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I Materials and Methods

1

After fully saturating the full-diameter sample with water, different water saturation states
of the full-diameter core are achieved through gas displacing water. Using the radial
resistivity measurement method (with the curved electrode pieces of the testing device
set at a 90° angle; for the testing principle, refer to He JH, Li M, Zhou KM, Zeng L, Li N,
Yang Y, Xiao D, Huang M. Radial resistivity measurement method for cylindrical core
samples. Interpretation. 2020 Nov;8(4), T1071-T1080. https://doi.org/10.1190/INT-2019-
0213.1), the resistivity values in various directions are measured under different water
saturation conditions. In this example, the resistivity is measured every 30°. The core is
divided into 12 equal segments at 30° intervals, labeled P4, Po, ..., P1o. The measured

resistivity values are provided in S2.

Based on the calculated resistivity values, the conductivity values in each direction are
computed using the reciprocal relationship between conductivity and resistivity. Specific
calculated values can be found in Table S2 in the attachment.

According to the water saturation data from the corresponding well depth provided by
the field, the conductivity values converted from the resistivity measured under the
closest water saturation condition in the radial resistivity test are selected and compared
with the conductivity values obtained from the electrical imaging logging.

Based on the radial resistivity measurement results, it is straightforward to identify the
rotation angles 6,5 and 6,,i, corresponding to the maximum resistivity value Ry,5x and

the minimum resistivity value Rn,in, respectively, and mark these orientations on the core.

It is noted that among the conductivity values measured every 30°, the resistivity values
at 90° and 240° are the maximum (561.43 Q-m) and minimum (437.23 Q-m), respectively.
We denote 90° as the angle 6,54 With the maximum resistivity, and 240° as the angle

Omin With the minimum resistivity. In the core test results, the point with the minimum

conductivity is P4, and the point with the maximum conductivity is Pg.

A comparison is made with the conductivity values from the electrical imaging log. At the
corresponding depth of the ST12 well in the electrical imaging log, the brightest and
darkest values are identified, which are represented using conductivity values.Record
the original azimuth (orientation in the formation) of these points. The Hue, Saturation,
and Brightness (HSB values) of the color at each point are read and recorded as shown
in Table 1. (Using Windows' built-in "Paint" tool, you can achieve this operation. First,
use the "Color Picker" to select the area you want to test, then click on "Edit Colors" to
view the hue, saturation, and brightness values.)
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On the corresponding electrical imaging log, the darkest point is observed at 212°,
representing the location with the lowest resistivity. The electrical imaging log is then
divided into 12 equal segments, and the corresponding values are read from each
segment. It can be observed that among these 12 points, the position with the darkest
color and the lowest resistivity is at 212°, with a brightness value of 27, while the
brightest position with the highest resistivity is at 62°, with a brightness value of 179.

6 Since the colors in the electrical imaging log reflect the relative magnitude of
conductivity, identifying the darkest and brightest points at the corresponding depth is
particularly important. Based on the above, the measurement points can be labeled as
Qq, Qp, Q3, ..., Qqp at 2° 32° 62°, etc., respectively. The position with the darkest color

and the lowest resistivity is at 212°, recorded as Qg, while the brightest position with the

highest resistivity is at 62°, with a brightness value of 179, recorded as Q3.

logging, it can be observed that Pg corresponds to the same location as Qg, and
P4 corresponds to Q3.

8 P4 represents the starting point at 0° on the core. By comparing the position of Py in the

electrical imaging log image, it can be determined that the 28° angle on the core aligns

| 7 By comparing the relative magnitudes of radial conductivity and electrical imaging
‘ with true north direction in the formation.
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