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Abstract

This paper presents how a new generation, 3-D near wellbore structural modeling software can dramatically reduce uncertainty related to
structural geology, well placement and hydraulic fracture stimulation planning. The subject horizontal well is the first commercial oil well
drilled into a tight carbonate reservoir in Sichuan Basin, China. The target reservoir is situated within an anticline structure and near a series of
major complex faults having associated minor faults and natural fractures. Due to the relatively low resolution of seismic data and limited well
control, detection and interpretation of these structural features is difficult. This presents a challenge during drilling, specifically with regards to
well placement. Additional challenges arise during well completion and stimulation planning as the objective is to have induced, hydraulic
fractures remain in the zone of interest. These issues were addressed by acquiring high-resolution borehole micro-resistivity images while
drilling and creating an advanced near-wellbore structural model.

The applications of borehole images within complex structural environments are well demonstrated. The structural interpretation includes the
identification and mapping the orientation of bedding planes, natural fractures and fault planes. The specific approach was to analyze the dip
sequences along the lateral wellbore and perform a structural analysis using the local curvature axis technique on a Schmidt plot. This
structural zoning method enables geometric characterization of the multiple structures encountered during drilling. Furthermore, defining the
drilling polarity and computing true stratigraphic thickness enables accurate correlations between various drilling sections and allows for an
estimation of the magnitude of fault displacement. The result is a detailed, three-dimensional near-wellbore structural model that, when
integrated with logged rock properties, provides critical information for use when designing the well completion and stimulation. This
technique is being used to guide current drilling and completion practices in the area and provides input to reservoir scale modeling.
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Well Completion & Stimulation Consideration
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Resistivity- and Imaging-While-Drilling Service
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Near-wellbore Scale Structure Modeling
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Structure Dip Interpretation & Analysis
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Structure Dip Interpretation & Analysis
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Fold Signature on Schmidt Plot
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Structure Type and Axis Delineation
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Fault Analysis
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Fault Plane Characterization
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Fracture Orientation Analysis
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Fracture Distribution Analysis

Curvature

WS o = = T m — M= I -
B (R S N, .
B Ry R along Axis
e s - | v [ - —
”“’W -,-'FF'?ﬁ;_;j;‘-’-- = '.:ss'_‘;lz“_,';.?'"'* ) - I N B ) ] = — - _'7——; *
= iy e ETRrer i — e
E z T T = =
3200 3200 3 H I = =
——— — =1-F =1 =
3250 t‘ - 3750 | -
! i
= o I
3300 Y =300 ; 2 |
: It : -
3350 Ee e R e = i 3
; 1 i = |
ra gl B — = M I i I s621 d
P e B ¢ / i = i
3450 ; B g (WS - == | ¢ fF = ¥ L i === 4
- - E M I
a [ig = — N u ] q--“ ] i S N
3500 =1 = = ELil= ; gl dnE i = 4
ul P N N i
u TP ] L H
3550 I ] 2550 HHE L E o=
e il IEGa - i 4 - -
2 i = — - = 1 \- T R o 2F05) =
3600 Hn 3600 H : —=L] HH i = I
[l : E,___ n | -
3650 H : 2 i EJ I a70m ==
- : = i
Y N = Al |
3700 g 3700 H . AnE H
1 HEE =F11
] -ij 1 I
3750 = 3750 :‘FF = I
F < i -
C - = 1
3800 S EER i
y = ; Eiﬁ & i el —
3850 3650 % G i = =
- 1 L= — . = |
i L St [N -
3900 3900 u &5 — g
3950 T 3950 ?‘ i - =
L == ¥ F I = =
TR : S o ] i -

3D Near-Wellbore Structural Modeling Based on High Resolution, Logging While Drilling Borehole Image Analysis
— An Example from Sichuan Basin, China



Fracture Characterization
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3D Near-Well Geological Modeling Workflow
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3D Near-Well Geological Modeling
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Conclusion

The unique borehole geological tool made best use of high-
resolution LWD resistivity images and revealed the detall
near-borehole scale faulted reservoir with open natural
fractures related to both faults and structure beddings

A integrated 3D near-wellbore geological model reconstructed
the geometries near-borehole and contributed to post-drilling
analysis and well completion design
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