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EM Responses of Buried Conductive Pipes Calculated by 3-D Finite Element Method

Ho-Joon Chung, Hyun-Key Jung, Yeong-Sue Park and Chul-Hyun Jo
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Abstract : We have calculated and analyzed the electromagnetic responses of buried conductive pipes due to a horizontal
magnetic dipole source on the ground using a three-dimensional (3-D) finite element method to provide useful guidelines
for designing electromagnetic pipe locator and for field operation of the system. For single buried pipe, the horizontal
component and the horizontal difference of the vertical component of magnetic field show peaks above the pipe. When
comparing the width of response curves of both cases around the peak, horizontal difference of vertical component of
magnetic field shows much narrower peak, 2 times narrower at a half of maximum amplitude, than that of horizontal
component of magnetic field. Accordingly, we can pinpoint the horizontal location of pipe on the ground more accurately
by measuring the horizontal difference of vertical component of magnetic field. Moreover, it will have a merit in
determining the depth of pipe, because the equation for depth estimation is defined just above the pipe. When there are
two buried pipes separated by two meters with each other, the response of horizontal difference of vertical component
of magnetic field has two separate peaks each of which is located above the pipe whereas horizontal magnetic field
response has only one peak above the pipe just below the transmitter. Thus, when there exist more than a buried pipe,
measuring the horizontal difference of vertical magnetic field can effectively detect not only the pipe under transmitter
but also adjacent ones. The width of response curves also indicates higher resolving ability of horizontal difference of
vertical component of magnetic field.
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Fig. 1. An example of finite element mesh composed of tetrahedra
generated automatically by MAXWELL 3DFS software based on
the geometry of objects and element sizes for specific regions
supplied by user. Fine elements are used around the source, target
objects, and the region where electromagnetic fields are sampled,
while remaining portion is composed of relatively coarse mesh.
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Fig. 2. Comparison of electromagnetic fields normalized by free-
space response due to a vertical magnetic dipole on a two-layered
earth model calculated by EMID(lines) and MAXWELL 3DFS
software(circles) (In: In-phase, Q: Quadrature, r: radial, z: vertical,
p: primary, s: secondary) .
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Fig. 3. Schematic diagrams showing supposed model and Tx, Rx
arrangement of electromagnetic pipe locating system.
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Fig. 4. EM responses of single buried pipe: amplitudes of (a)
horizontal difference of vertical magnetic field, (b) horizontal
magnetic field. The distance between vertical lines in each curve is
the width of the curve corresponding to a half of maximum
amplitude, indicating indirectly resolving power of each measure-
ment in determining the location of pipe on the ground.
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Fig. 5. EM responses and estimated depths of two buried pipes for
three transmitting frequencies: amplitudes of (a) horizontal dif-
ference of vertical magnetic field, (b) horizontal magnetic field.
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