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Abstract 

Magnetic detection has now become a hot research field. Many researchers have spent a 
lot of energy and time in this field, making current magnetic detection technology 
applicable to a wide range of fields. Today, with the continuous development of magnetic 
detection technology, the frequency of its use continues to rise, and various types of 
technologies based on the principle of magnetic detection are also known and used. The 
principle of positioning and detecting magnetic signals is that in the geomagnetic field,  a 
magnetic object will generate a corresponding magnetic field. This magnetic field will 
affect the original geomagnetic field and cause it to be distorted. The change of this signal 
is related to the material properties of the magnetic object. According to the magnetic 
signal collected by the magnetic measuring instrument for data processing and 
comparative analysis, the shape and direction of the pipeline can then be judged. The 
underground iron pipelines studied in this article can use the magnetic anomalies 
caused by the polarization of the earth's magnetic field to obtain information about the 
location of the pipelines and other parameters. In order to analyze the influence of 
various factors on the detection of magnetic anomaly, this paper uses the multi-physics 
finite element software comsol to establish a model of underground cross ferrous 
pipelines. The forward modeling and simulation of magnetic anomaly were carried out 
on two cross-pipe models on different sides after the geomagnetic field was magnetized. 
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1. Introduction 

Underground pipelines have become the top priority of urban development and an 
irreplaceable part of urban construction.Many energy sources such as oil and natural gas are 
supplied through pipeline transportation. However, due to historical or other force majeure 
reasons, the data of underground pipelines are usually incomplete or inconsistent with the 
actual situation. The uncertainty of the location of the pipeline will bring many problems.  

The most obvious property of a magnet is the force responsible for pulling other ferromagnetic 
materials and attracting or repelling other magnets. Materials that can be magnetized, that is, 
materials that are strongly attracted by a magnet, are called ferromagnetic[1]. The magnetic 
field characteristic distribution of these ferromagnetic metals can be obtained from magnetic 
anomalies caused entirely by steel-containing, ferrous-containing or by detection of 
underground pipes. 

Therefore, we can use the characteristics of ferromagnetic metals to be magnetized by the 
geomagnetic field to find a convenient and accurate method for detecting underground metal 
pipelines, so as to reduce or even avoid the recurrence of the above-mentioned engineering 
emergencies. The magnetic anomaly detection method used in this paper is an accurate and fast 
detection method for underground metal pipelines. By collecting and extracting magnetic 
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anomaly signal data and performing corresponding analysis, key information such as the 
location, shape and direction of the pipeline can be accurately and effectively obtained. 

2. Theoretical foundation 

In the no-current region,Equation for 

 0 H  (1) 

Magnetic potential can be defined Vm 

mVH                                                                      (2) 
If the effect of the geomagnetic field is added, then the total magnetic field strength H0 satisfies 
the following magnetic flux conservation equation. 

 bHVH  m0  
(3) 

 0r0  ）（ H  
(4) 

Where ,Hb is the background magnetic field, and its specific value can be found by querying the 
local international reference geomagnetic field or by using a corresponding measuring 
instrument in an area where there are no other interference factors; μ0 is the magnetic 
permeability of vacuum; μr is the relative magnetic permeability. 

The background magnetic field H0 is decomposed into the three coordinate axes of X, Y and Z, 
as
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Where, I is the magnetic inclination angle, and D is the magnetic declination angle.Assuming 
that the outer boundary of the crossed pipeline model is far enough away from the magnetic 
anomaly, the effect of the induced magnetization of the magnetic anomaly can be ignored, and 
the normal component of the magnetic flux density B on the outer boundary satisfies the 
following infinite boundary condition. 

bBnB n
  
                                                                (6)

 
Where，n is the outer normal vector; Bb is the magnetic flux density of the background field，
and Bb=μ0Hb. 

For the equations (3)~(6) listed above, the software will automatically solve them 
simultaneously, and obtain the total intensity H0 of the geomagnetic field and the total magnetic 
flux density B through calculation, and obtain the magnetic flux density of the magnetic 
anomaly. 

3. Forward modeling of underground crossed pipelines 

As shown in Figure 1 and Figure 2, the XOY plane is a horizontal ground, X ,Y,Z point to 
geographic north, geographic east and vertically downward respectively. T0 is the total 
geomagnetic field strength, and H0 is the projected component of T0 in the horizontal plane; 
Pipe No. 1 and No. 2 intersect on different planes. The projected intersection angle of the top 
view is recorded as α(0°<α<180°) . The planes where the two pipes are located are parallel to 
the horizontal ground, and the distances from the horizontal ground are h1 and h2 respectively. 

Let pipeline No.1 length be L1, outer diameter be R1o, inner diameter be R1i, thickness be δ1, 
pipeline No.2 length be L2, outer diameter be R2o, inner diameter be R2i, thickness be δ2 ; 
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Fig. 1 Geomagnetic Coordinate System and Intersecting Pipeline Model 

 

In Figure 2, the center of the rectangular detection plane coincides with the coordinate origin. 
The four sides of the plane are always parallel to the north and east, and the angle between the 
survey line and the X axis is A. The height of the detection plane from the horizontal ground is 
h, the length of the detection plane is Ld ,and the width is Wd. Assuming that the two pipes with 
different planes have a uniform structure, the magnetic susceptibility of the pipe iron material 
is isotropic, and the size is χm。  Material remanence is not considered and demagnetization 
effects are ignored. 

 

 
Fig. 2  Probe plane 

4. Simulation of Magnetic Anomaly Feature Analysis 

4.1. Specific modeling steps of COMSOL 

Using the software for COMSOL modeling analysis, the specific steps for the geometric model 
studied in this paper are as follows: 

Firstly select the physics field. Select the magnetic field in the AC/DC module without current. 
Since only the magnetic anomaly in the steady state is considered, the steady-state mode is 
selected for research. 

Establish the initial geometric model. In the drawing interface, basic elements such as cuboid 
and cylinder are used for corresponding combination, and then the wall thickness of the pipe is 
drawn. And set the parameters of various pipelines. 
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To define the material properties of the pipeline, in the established cross-pipe model of 
different planes, a material property is required, and the relative permeability inside the 
pipeline is set to 260, and the relative permeability of the surrounding medium is 1, and the 
unit is 1. 

Define the parameters of total geomagnetic field strength, magnetic inclination, magnetic 
declination, and input the corresponding value and correct unit. 

4.2. Simulation parameter settings 

The initial geomagnetic parameters selected for numerical simulation are a certain area in 
Xindu District, Chengdu.(N30°49'44.42" , E104°10'55.20" ). 

Referring to the 12th generation International Geomagnetic Parameter Field (IGRF) in 2019, it 
can be seen that the total background geomagnetic field T0 is 50897.1 nT. The magnetic dip 
angle I is 48.377°,and the magnetic declination angle D is -2.087°. The north component (X), 
east component (Y), vertical component (Z) and horizontal component (H) can be calculated to 
be 33785.1 nT, -1231.1 nT, 38047.0 nT, and 33807.5 nT, respectively. 

The initial pipeline No. 1 ,L1=8m, R1o=10cm, R1i=8cm, δ1=2cm, h1=1m ; pipeline No. 2 ,L2=8m, 
R2o=10cm, R2i=8cm , δ2=2cm, h2=1.5m. the initial detection plane height h is 0.5m, detection 
plane length Ld is 30m, width Wd is also 30m, measuring point interval d is 0.2m.Survey line 
azimuth angle both A1 and A2 are taken as 45°. 

4.3. The Definition of Magnetic Anomaly Feature  

By simulating the magnetic anomaly of a single pipeline to determine the reasonable length of 
the survey line, it can not only ensure the accuracy of the measurement results, but also reduce 
the amount of calculation and improve the calculation speed. 

The initial preset simulation parameters, the length of the survey line is 60m , assuming that 
the pipeline runs north-south and the survey line runs east-west.Under the parameters, the 
magnetic anomaly simulation calculation is carried out, and the results are shown in Figure 3. 

It can be seen from Figure 3 that according to the magnetization inclination and the direction 
of the pipeline, there are negative magnetic anomalies on the east and west sides of the pipeline. 
From west to east, the magnetic anomaly of the detection surface gradually decreases from a 
negative value to a minimum value, then rapidly increases to a positive maximum value, then 
gradually decreases to a minimum value, and then gradually increases to approach 0. It’s 
consistent with the theoretical analysis. 

.  

Fig. 3  Total Magnetic Anomaly Surface 

Figure 4 is a two-dimensional fluctuation curve of the magnetic anomaly at a certain section in 
Figure 3. Make a backward difference on the magnetic field values of all points on the curve to 
obtain the difference curve. Outside the two ends of the differential curve , the magnetic field 
difference value is less than 1nT, that is to say, the magnetic field value difference between all 
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measuring points outside the end point is kept within 1nT. The magnetic field fluctuates 
smoothly, and the length between the endpoints is defined as the magnetic width Wd. 

.  

Fig. 4  Magnetic width 

The range of the included angle of the crossed pipeline is α(0°<α<180°).The angle A1 between 
the No. 1 pipeline and the survey line is randomly selected to be 45°, the angle A2 between the 
No. 2 pipeline and the survey line is 45°, and the angle α of the pipe is 90°. Other parameters 
are consistent with the preset parameters. The simulation results are shown in Figure 5.  

 
Fig. 5  Definition of Magnetic Field Parameters 

It can be seen from Figure 5 that the magnetic anomaly fluctuation value of No. 1 pipeline is 
larger than that of No. 2 pipeline.  

In addition to the influence of the parameters of the pipeline itself, the main reason is that the 
buried depth of the No. 1 pipeline is shallower than that of the No. 2 pipeline. At the same time, 
because the geomagnetic field parameters and the direction of the survey line remain 
unchanged, the situation of the pipeline being magnetized in different directions is also very 
different. 

Because the interval between the survey lines is not very dense, the magnetic anomaly 
fluctuations of the two intersecting pipelines are zigzag at the extreme values. In general, the 
fluctuation trend of the total magnetic anomaly is in line with the superposition of the magnetic 
anomaly vectors of a single pipeline. There are abnormal value protrusions (maximum value 
points) at the intersection of the pipelines. According to this abnormal value point, the 
intersection of the pipeline can be judged.  

5. Influence of various parameters on magnetic anomaly curves 

5.1. Length of pipe 

In order to make the magnetic anomaly curve more uniform and regular, it is convenient to 
analyze the influence of variable parameters on the magnetic anomaly curve.let α=30°.The 
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relative permeability of the two pipes is fixed at 260, while the outer diameters of pipes 1 and 
2 is 0.3m. The rest of the parameters are the same as the initial values. Changes the detection 
plane area accordingly to the pipe length.Change the length of the pipeline, (a), (b) in Fig. 6, 
representing the magnetic anomaly curve of the pipeline at 10m and 12m in turn. 

The shape of the curve did not change significantly with the gradual increase in the length of 
the pipe. 

 
    (a)                                     (b) 

Fig. 6  Influence of Pipe Length on Magnetic Anomaly Curve 

5.2. Vertical spacing of pipes 

The pipe length is set to 10m. Other parameters remain unchanged. Therefore, we directly 
discuss the influence of the vertical spacing of the pipeline on the magnetic anomaly curve. 

The No. 1 pipe is fixed, and the simulation is performed by changing the height of the No. 2 pipe. 
Taking into account the actual project, the buried depth of the pipeline should not be too large, 
otherwise it will be quite difficult for installation, inspection or maintenance. For the value of 
its vertical spacing, we take 1m and 3m for calculation and research. The corresponding 
simulation results are shown in Figure 7. 

In Figure 7, we can see that as the distance increases, the peak point of the magnetic anomaly 
is decreasing, because the measured total magnetic anomaly is equivalent to the sum of the 
magnetic anomalies of the two pipelines [2]. The farther the pipelines are, the smaller the 
anomaly after superposition, so the smaller the negative magnetic anomaly. As the distance 
between the pipes increases, the outliers of each pipeline gradually become prominent, and the 
curve changes significantly. 

We can infer that if the distance increases continuously, the magnetic anomaly generated by 
the No. 2 pipeline will continue to weaken, and the total magnetic anomaly curve of the survey 
line is basically consistent with the magnetic anomaly curve generated by a single No. 1 pipeline.  

 
    (a)                                (b) 

Fig. 7  Influence of Pipe Vertical Spacing on Magnetic Anomaly Curve 
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5.3. Outside diameter of pipe 

In the actual project, the outer diameter of the pipeline will vary according to its transportation 
supply and demand, and the size of the pipeline will vary, which will also affect the 
measurement. Therefore, this section first studies the influence of the outer diameter of the 
pipeline on the magnetic anomaly curve. 

The vertical distance between the two pipes is 1m , and other parameters remain unchanged. 
Again, the COMSOL software is used to draw the cross-pipe models with outer diameters of 
0.4m and 0.5m, respectively, and the two pipes are of the same size. The corresponding 
simulated magnetic anomaly curves are shown in Fig. 8 (a), (b). 

It can be observed from the figure that when the outer diameter of the pipe gradually increases, 
the shape of the magnetic anomaly curve does not change significantly, and the maximum value 
of the curve continues to increase, and the amplitude also increases gradually. The minimum 
value of the magnetic anomaly curve is consistently in a state of decline, and the minimum 
negative magnetic anomaly value is about -25000nT.  

From this, it can be analyzed that increasing the outer diameter of the pipe is only equivalent 
to adding more pipe units, which leads to the increase of the magnetic anomaly amplitude. The 
same conclusion can also be drawn from the calculation and analysis of the magnetic anomaly 
signal from the magnetic dipole construction method.  

 
    (a)                             (b) 

Fig. 7  Influence of Pipe Outer Diameter on Magnetic Anomaly Curve 

5.4. The influence of geomagnetic elements 

The geomagnetic field is the excitation source of the magnetic anomaly of the buried crossed 
ferrous pipeline, and its magnitude and direction affect the shape and value of the distribution 
of the magnetic anomaly. Among them, the earth's surface magnetic field is distributed 
according to a certain rule between 20000-70000nT. The magnetic field is the strongest at the 
poles and the weakest at the equator. 

In order to study the influence of the strength of the earth's magnetic field on the magnetic 
anomaly of the cross-pipe, on the basis of the initial parameter model, the strength of the earth's 
magnetic field is in the range of 20000-70000nT, and now the characteristics of the anomalous 
magnetic anomaly are analyzed every 10000nT. 
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  (a)                             (b) 

 
(c) 

Fig. 8  Influence of Geomagnetic Elements on Magnetic Anomaly Curves 

6. Summary 

The influence of various parameters on the magnetic anomaly curve of underground 
ferromagnetic pipelines is presented in this paper.  

However, the geometric parameters of the pipeline, such as the outer diameter of the pipeline, 
the vertical distance of the pipeline, and the strength of the earth's background magnetic field 
will not change the shape of the magnetic anomaly curve, but only increase or decrease its 
amplitude within a certain range. When the magnetization direction is parallel to the pipeline 
axis, the induced magnetic anomaly is not affected by the Earth's magnetic field. Therefore, the 
magnetic anomaly caused by longer pipes will be very small when the pipes are parallel to the 
Earth's magnetic field around the magnetic equator. The existence and orientation of the 
pipeline cannot be determined by the distribution of the measured total field, and the 
calculation of the pipeline depth is difficult. So we set the pipe at an angle to the equator, not 
parallel to the equator. 

Through the simulation, the influence of various parameters of the pipeline on the surface 
magnetic anomaly signal is analyzed, and the location of the pipeline is studied. 

Pipe length, pipe outer diameter, pipe the spacing, and the strength of the earth's background 
magnetic field only affect the amplitude of the magnetic anomaly signal, but not its basic 
waveform [3].According to the relevant literature on measuring magnetic anomalies, it is found 
that the corresponding parameters are described according to the theory of the magnetic dipole 
construction method. The changes of the pipe length, pipe outer diameter and pipe wall 
thickness are equivalent to increasing or reducing the number of pipe unit blocks, so the 
amplitude of the curve increases, while the shape of the curve remains unchanged, and the peak 
point remains unchanged. The correctness of this conclusion is verified from another angle. It 
is explained that there are many methods for measuring the size of magnetic anomalies, and we 
can choose according to our needs. 
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After the pipeline is magnetized by the geomagnetic field, the general waveform of the magnetic 
anomaly curve is: one end has a positive magnetic anomaly with a peak, the other end has a 
negative magnetic anomaly with a trough, and the middle section has both upward and 
downward peaks and troughs. At the intersection or both ends of the pipeline, a larger magnetic 
anomaly can be obtained than in the middle section, and the direction of the pipeline can be 
roughly positioned by connecting the peaks and troughs of the magnetic anomaly at both ends. 

3) When the pipeline length is long, the magnetic anomaly in the middle section changes very 
little, and when the pipeline length is short, the magnetic anomaly in the middle section changes 
drastically. The direction of the pipeline has a great influence on the waveform of the magnetic 
anomaly signal of the pipeline and the amplitude of the magnetic anomaly signal at both ends, 
but has little effect on the amplitude of the magnetic anomaly signal in the middle section of the 
pipeline. 
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