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Abstract: At present, borehole magnetic gradient is one of the commonly used methods for the detection of deeply buried metal
pipelines, which is controversial due to its unsystematic theoretic basis and absence of quantitative analysis. In view of these
challenges, this paper aims to present our study involving the following three aspects. (1) The relationships of the vertical
component, horizontal component between the magnetic fields of surface and boreholes were derived, and the borehole magnet-
ic gradient formula of deep underground pipeline was deduced, starting from the strength of the magnetic field of infinite hori-
zontal cylinder and the transformation of coordinate system. (2) The relationship of the magnetic gradient changes with the in-
clination of effective magnetization and the position of hole was simulated according to the formula of magnetic gradient. (3)
Three kinds of relationship were determined based on the statistical analysis of the forward modeling data, namely, (a) the re-
lationship between maximum ratio of magnetic gradient and the inclination of magnetic gradient, (b) the relationship of the
horizontal position of deep underground pipelines, the extreme distance of magnetic gradient and the inclination of magnetic
gradient, (¢) the relationship of the ratio of distance between the depth of deep underground pipelines, the depth corresponding
to the maximum absolute value of magnetic gradient, the extreme distance of magnetic gradient with the inclination of magnetic
gradient. These relationships constitute the estimation formula to estimate the depth and horizontal position of deep under-
ground pipelines. Finally, an example of estimating the depth and horizontal position of deep underground pipeline is given. The
feasibility of the method is shown by the results of forward modeling based on the estimation results.

Key words: borehole; magnetic gradient; deep underground pipeline; detection of underground pipeline; extreme distance; geo-

physical prospecting.
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Fig.1 The model of underground pipeline
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Fig.2 Borehole magnetic gradient curve of pipeline chan-

ging with magnetic inclination
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Table 1 Relationship between | Z¢ i/ Z 1, max | and i

8 [L][=0.7m [L][=0.8m [L|=1.3m [L][=1.8m [L[=2.3m
0° 1.000 1.000 1.000 1.000 1.000
15° 0.800 0.810 0.805 0.805 0.804
30° 0.647 0.646 0.647 0.645 0.641
45° 0.522 0.516 0.518 0.518 0.520
60° 0.406 0.410 0.411 0.411 0.410
75° 0.330 0.329 0.321 0.322 0.323
90° 0.250 0.250 0.250 0.250 0.250
105° 0.330 0.329 0.321 0.322 0.323
120° 0.406 0.410 0.411 0.411 0.410
135° 0.522 0.516 0.518 0.518 0.520
150° 0.647 0.646 0.647 0.645 0.641
165° 0.800 0.810 0.805 0.805 0.804
180° 1.000 1.000 1.000 1.000 1.000
195° 0.800 0.810 0.805 0.805 0.804
210° 0.647 0.646 0.647 0.645 0.641
225° 0.522 0.516 0.518 0.518 0.520
240° 0.406 0.410 0.411 0.411 0.410
255° 0.330 0.329 0.321 0.322 0.323
270° 0.250 0.250 0.250 0.250 0.250
285° 0.330 0.329 0.321 0.322 0.323
300° 0.406 0.410 0.411 0.411 0.410
315° 0.522 0.516 0.518 0.518 0.520
330° 0.647 0.646 0.647 0.645 0.641
345° 0.800 0.810 0.805 0.805 0.804
360° 1.000 1.000 1.000 1.000 1.000
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Table 2 E}, changing with i, and | L |

, [L]=0.7m [L[=0.8m [L[=1.3m [L]=1.8m [L[=2.3m
e Ep(m) Ep/IL| Ep(m) Ep/IL| Ep(m) Ep/|L| Ep(m) Ep/IL| Ep(m) Ep/|L|
0° 0.6 0.86 0.6 0.75 1.0 0.77 1.4 0.78 2.0 0.87
15° 0.5 0.71 0.7 0.88 1.0 0.77 1.5 0.83 1.9 0.83
30° 6 0.86 0.7 0.88 1.1 0.85 1.5 0.83 2.1 0.91
45° 0.6 0.86 0.7 0.88 1.2 0.92 1.6 0.89 2.0 0.87
60° 0.6 0.86 0.7 0.88 1.2 0.92 1.6 0.89 2.1 0.91
75° 0.6 0.86 0.8 1.00 1.2 0.92 1.7 0.94 2.2 0.96
90° 0.7 1.00 0.8 1.00 1.3 1.00 1.8 1.00 2.3 1.00
105° 6 0.86 0.8 1.00 1.2 0.92 1.7 0.94 2.2 0.96
120° 0.6 0.86 0.7 0.88 1.2 0.92 1.6 0.89 2.1 0.91
135° 6 0.86 0.7 0.88 1.2 0.92 1.6 0.89 2.0 0.87
150° 0.6 0.86 0.7 0.88 1.1 0.85 1.5 0.83 2.1 0.91
165° .0 0.71 0.7 0.88 1.0 0.77 1.5 0.83 1.9 0.83
180° 0.6 0.86 0.6 0.75 1.0 0.77 1.4 0.78 2.0 0.87
195° ) 0.71 0.7 0.88 1.0 0.77 1.5 0.83 1.9 0.83
210° 0.6 0.86 0.7 0.88 1.1 0.85 1.5 0.83 2.1 0.91
225° 0.6 0.86 0.7 0.88 1.2 0.92 1.6 0.89 2.0 0.87
240° 0.6 0.86 0.7 0.88 1.2 0.92 1.6 0.89 2.1 0.91
255° 0.6 0.86 0.8 1.00 1.2 0.92 1.7 0.94 2.2 0.96
270° 0.7 1.00 0.8 1.00 1.3 1.00 1.8 1.00 2.3 1.00
285° 0.6 0.86 0.8 1.00 1.2 0.92 1.7 0.94 2.2 0.96
300° 0.6 0.86 0.7 0.88 1.2 0.92 1.6 0.89 2.1 0.91
315° 0.6 0.86 0.7 0.88 1.2 0.92 1.6 0.89 2.0 0.87
330° 0.6 0.86 0.7 0.88 1.1 0.85 1.5 0.83 2.1 0.91
345° 0.5 0.71 0.7 0.88 1.0 0.77 1.5 0.83 1.9 0.83
360° 0.6 0.86 0.6 0.75 1.0 0.77 1.4 0.78 2.0 0.87
®3 2z,—z|/Ey5i.ZzEBHXER
Table 3 Relationship between 2|z,, —z,|/Ep and 7,
is [L[=0.7m [L[=0.8m [L]=1.3m [L]=1.8m [L]=2.3m
0° 1.000 1.000 1.000 1.000 1.000
15° 0.800 0.857 0.800 0.800 0.842
30° 0.667 0.571 0.545 0.667 0.571
45° 0.333 0.571 0.500 0.500 0.500
60° 0.333 0.286 0.333 0.250 0.286
75° 0.000 0.250 0.167 0.118 0.182
90° 0.000 0.000 0.000 0.000 0.000
105° 0.000 0.250 0.167 0.118 0.182
120° 0.333 0.286 0.333 0.250 0.286
135° 0.333 0.571 0.500 0.500 0.500
150° 0.667 0.571 0.545 0.667 0.571
165° 0.800 0.857 0.800 0.800 0.842
180° 1.000 1.000 1.000 1.000 1.000
195° 0.800 0.857 0.800 0.800 0.842
210° 0.667 0.571 0.545 0.667 0.571
225° 0.333 0.571 0.500 0.500 0.500
240° 0.333 0.286 0.333 0.250 0.286
255° 0.000 0.250 0.167 0.118 0.182
270° 0.000 0.000 0.000 0.000 0.000
285° 0.000 0.250 0.167 0.118 0.182
300° 0.333 0.286 0.333 0.250 0.286
315° 0.333 0.571 0.500 0.500 0.500
330° 0.667 0.571 0.545 0.667 0.571
345° 0.800 0.857 0.800 0.800 0.842

1.000

1.000

1.000

1.000

1.000
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Table 4 Estimation results and its average error

, [L]=0.7m [L[=0.8m [L[=1.3m [L]=1.8m [L[=2.3m
e Zo(m) [L| Zo(m) [L| Zo(m) [L| Zo(m) [L| Zo(m) [L|
0° 4.996 0.768 4.996 0.768 4.990 1.280 5.014 1.793 4.980 2.561
15° 4.969 0.748 4.984 0.881 5.003 1.258 5.005 1.887 4.964 2.390
30° 5.007 0.721 5.022 0.840 5.053 1.322 4.979 1.801 5.008 2.284
45° 5.053 0.684 4.970 0.797 4.991 1.365 4.987 1.820 4.983 2.273
60° 5.005 0.646 5.014 0.755 4.996 1.294 5.061 1.726 5.039 2.263
75° 4.946 0.624 4.970 0.832 4.996 1.244 5.038 1.763 4.980 2.282
90° 4.990 0.715 4.989 0.817 4.982 1.328 4.976 1.839 4.969 2.350
105° 5.047 0.621 5.039 0.828 5.018 1.239 4,982 1.755 5.045 2.272
120° 4.990 0.641 4.993 0.749 5.016 1.286 4.954 1.715 4.981 2.248
135° 5.042 0.678 5.036 0.791 5.020 1.354 5.027 1.806 5.036 2.255
150° 4.988 0.716 4.983 0.833 4.956 1.313 5.032 1.790 5.006 2.387
165° 4.997 0.626 5.021 0.878 5.004 1.252 5.006 1.875 5.049 2.379
180° 4.993 0.768 4.993 0.768 4.988 1.280 4.983 1.793 4.976 2.561
195° 5.001 0.628 4.982 0.881 5.000 1.258 5.000 1.886 4.960 2.389
210° 5.009 0.721 5.020 0.840 5.050 1.323 4.976 1.802 5.003 2.283
225° 4.955 0.684 4.968 0.797 4.987 1.365 4,983 1.820 4.977 2.274
240° 5.006 0.646 5.012 0.755 4.993 1.295 5.057 1.727 5.035 2.265
255° 4.948 0.624 4.969 0.832 4.993 1.245 5.034 1.764 4.975 2.283
270° 4.990 0.715 4.988 0.817 4.981 1.328 4.973 1.839 4.966 2.349
285° 5.057 0.614 5.026 0.832 4.998 1.244 4.954 1.763 5.009 2.282
300° 4.998 0.645 4.983 0.755 4.998 1.294 4.930 1.726 4.949 2.264
315° 5.050 0.683 5.026 0.796 5.003 1.364 5.005 1.819 5.007 2.274
330° 4.996 0.721 4.974 0.839 4.941 1.322 5.013 1.801 4.982 2.282
345° 5.003 0.628 5.013 0.881 4.992 1.257 4.988 1.886 5.025 2.389
360° 5.002 0.768 5.002 0.768 5.004 1.280 5.005 1.793 5.008 2.561
i 2 0.021 0.038 0.015 0.031 0.016 0.029 0.022 0.035 0.02 0.072
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Fig.8 The measured and modeling results of the gas pipeline
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