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Study of borehole effect of tri-axial array induction on coplanar coil system

Zhang Miaoyu'”  Guo Baolong' Wu Jie’
(1. Institute of Intelligent Control and Image Engineering, Xidian University, Xian 710071, China;
2. School of Electronic Engineering, Xian Shiyou University, Xian 710065, China)

Abstract: The tri-axial array induction logging tool is an important tool for measuring complex formation information, but the key of
design and application is to eliminate borehole effects of coplanar coil systems. The response characteristics of coplanar coil systems and
coaxial coil systems of the tri-axial array induction are analyzed numerically in the center hole by the FEM, and field experiment results
are compared with modeling simulation on the coplanar coil systems. The results show that the borehole effects of coplanar coil systems
are significantly different from that of coaxial coil systems besides the shortest sub-array. The borehole effect causes the negative logging
response. For the longest sub-array, although the borehole effect is week, its skin effect is serious and the measurement range of
formation conductivity is smaller than that of the coaxial coil systems. It reveals the reason that the greater difference is occurred between
the coplanar coil systems and the coaxial coil systems through the eddy current distribution of coplanar coil systems around the borehole at
different mud and formation conductivity. A new coil system which has two transmitters and one receiver is raised and its advantages are
analyzed on the decreasing borehole effect and reducing negative response from the geometrical factor. The research lays a theoretical
basis for the development and application of the tri-axial induction logging tool.
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Fig. 1 Profile of the tri-axial array induction logging
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Fig.2  Schematic diagram of coils configuration
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Table 1 Parameters of sub-array in the tri-axial

array induction logging

E— FHEL el
L/m (it %% L/m %4

1 0.15 50 0.074 82 -8

2 -0.2250 62 -0.150 11 -20

3 0.300 0 74 0.223 89 -32

4 -0.3750 40 -0.301 73 -21

5 0.5250 34 0.3770 -16

6 ~0.6750 80 -0.526 67 -38

7 0.975 0 124 0.673 86 42

8 1.800 0 124 1.351 45 —54
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Table 2 Comparison of analytic solution with numerical

solution for sub-arrays in homogeneous formation

sy O COMSOLR
(S.m™") (S+m™")
FHFI1 9.9823 x10~* 1.0103 x10 73 1.194 0
FHF2 9.971 8 x10~* 1.001 5 %103 0.4325
T3 9.9613x107*  9.9777x107* 0.163 9
FHF4  9.9510x10~* 9.965 7 x 10 ~* 0.1470
FHF5  9.9230x107* 9.972 0 x 10 ~* 0.4915
FREFHI6  9.9135x107*  9.9659 x10~* 0.526 5
TREFNT  9.879 2 x10 74 9.941 3 x10~* 0.624 4
T8 9.768 9 x 10 ~* 9.897 0 x 10 ~* 1.2939
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