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Abstract

It has long been known that borehole direction affects the number of fractures encountered in a well. In other words, if a well is drilled
perpendicular to the dominant fracture direction, more fractures will be encountered than in a well parallel to the same fractures. However,
when analyzing stereonets this is seldom taken into account, either qualitatively or quantitatively. Methods exist to model fracture distributions
on stereonets. What has been missing is the ability to display the effect that borehole orientation has on them. Equations derived for calculating
fracture density can be modified to estimate attenuation. Attenuation is modeled by first generating a unimodal or bimodal distribution of
fractures and then culling those fractures based on the expected attenuation. The culling is done by randomly eliminating dips based on an
attenuation value. For example, for an attenuation of 90%, only 10% of the fractures will be kept.

Modeling can demonstrate that two wells drilled through the same basic fracture set can have a very different appearance because of differing
borehole deviations. The modeling has been especially useful in the study of joints, which are defined here as fractures that are roughly
perpendicular to bedding dip and that end at bedding interfaces. (Joints are arguably the most common type of fracture in sedimentary rock.) A
bimodal distribution is used to simulate a pattern of joints, because they tend to have a pattern in which the fractures form a girdle surrounding
the great circle of the plane of dip. The angular scatter above and below the plane of dip was calculated using a normal distribution about the
plane, while the broader angular scatter along the plane was centered on an arbitrary axis within the plane. The wells showing the greatest
attenuation were where the borehole was roughly perpendicular to dip. This is actually quite common, because a vertical well in horizontal
beds fits this description. In this type of well, attenuation can reduce the number of fractures by 80% or more. Horizontal wells are very
different. This is immediately apparent when the fractures are widely distributed over a stereonet. At first glance, it will appear that there are
two broad sets of fractures, but actually there is a band, perpendicular to the borehole direction, where the fractures have been sharply reduced.
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Borehole direction affects the number of fractures
encountered, the frequency. As fractures approach parallel to the
borehole, frequency is attenuated such that very few fractures are
encountered. Modeling these effects can help in visualizing how polar
plots are affected by borehole orientation.

Two polar plots (stereonets) have been developed to help
analyze orientation effects on fracture frequency. The first, the shadow
zone plot, displays expected attenuation depending on the fracture
angle to the borehole. The second, the predicted frequency plot,
displays expected frequency at all possible borehole orientations.

Frequency is the number of fracture intersections per unit length.

Attenuation is the decrease in frequency caused by fracture orientation
relative to the borehole.

Predicted frequency is the frequency predicted for a given borehole
trajectory relative to the observed frequency.

Apparent spacing, the inverse of frequency, is the average distance
between fracture intersections.



The angle between the borehole and fracture plane, £, has a
strong effect on the number of fractures encountered relative to the
number of fractures encountered perpendicular to fracture orientation.
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The shadow zone or “blind zone” (Terzaghi, 1965) causes the
attenuation found on polar plots.
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Panel 2. The bottom left hand plot shows fracture poles in a horizontal well. The bottom right handplot shows a shadow zone plot showing predicted attenuation as illustrated in the upper right hand plot.



Vertical-Borehole Shadow-Zone Plot

S Shadc())\g/v Zone Key

Polar Contour Key
0%

féeB‘éSPé’ SWithin Attenuation
All Fractures POLE PLOT - 150 Shadow Zone Plot 90%
STEREOGRAPHIC PROJECTION, LOWER HEMISPHERE ° STEREOGRAPHIC PROJECTION, LOWER HEMISPHERE

1283.5 TO 1608.5 MEASURED DEPTH (m) 1283.5 TO 1608.5 MEASURED DEPTH (m)

Inclined-Borehole Shadow-Zone Plot
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Panel 3. Top: An example of a near-vertical well with fracture pole plot on the left and shadow zone plot on the right. Bottom: A similar example to the top plots except the borehole is inclined.
The well was drilled perpendicular to bedding in order to avoid hole problems caused by heavy fracturing.



Modeling Attenuation Effects — Inclined Borehole
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Panel 4: Model of the inclined borehole example in panel 3. The upper left plot is a plot of fracture and bedding poles, with beds in green. The upper right stereonet AZ MU T h - 5 30
is a plot of fractures generated in order to derive the final, modeled plot on the lower right. The lower left plot has only attenuation applied. The lower right plot

has attenuation applied and it excludes all fractures within 6.5° parallel to the borehole, mimicking the effect caused by the interpretation of all near-parallel

fractures as being drilling-induced. The difference between the lower left and lower right plots shows the need of a correction to fracture density caused by the

interpretation “filter”.



Modeling Attenuation Effects - Vertical Borehole
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Panel 5. Same explanation as panel 4, except using the vertical borehole example.



Frequency Prediction
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Panel 6. Deviation frequency plots using dips from a vertical well in the Montney Formation in British Columbia, Canada. The equations on top are derived from a paper, currently in review, on the calculation of
fracture density (P3,) from fracture frequency (F). The variable Cps,; is the correction factor for converting frequency into density. The lower plots are stereonets in which the fracture frequency from a vertical well has

been projected at all possible deviation angles using the equations. To read the plots, choose a borehole deviation direction and read the frequency at that point. For example, on the left-hand plot, for anorth-south
borehole trajectory, the frequency is about 0.025m!. The apparent spacing is the inverseof frequency, which calculates to about 40m.
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