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There is a huge gap between domestic and foreign technology in measurement while drilling (MWD) field,
especially in the aspect of MWD of magnetic properties; domestic technology is still lacking in systematic
research. Taking the measurement of the magnetic properties of bottom hole assembly (BHA) as the main line,
on the one hand, the magnetic field distribution law of built-in BHA magnetic sub in rock stratum is studied;
on the other hand, the theoretical research and preliminary design of the magnetic field vector measurement
guidance system are carried out for monitoring the space distance between the drilling well and drilled well.
Firstly, the three-dimensional space magnetic field law model of tubular magnetic sub of BHA is established
by applying the basic theory of the spatial magnetic field law of permanent magnets, and on the basis of this
model, the calculation formula of the three-dimensional space magnetic field law of tubular magnetic sub is
deduced. Secondly, the magnetic field law of tubular magnetic sub in rock stratum is studied by using the
derived formula, and the calculation rules are summarized by combining graphic calculation and numerical
calculation. Finally, the calculation rules are applied to calculate separately the adjacent wells distance of the
coalbed methane (CBM) connected well and heavy oil double horizontal well, the core algorithm of the magnetic
field vector measurement guidance system is obtained, and the calculation rules of the vector distance are
verified and analyzed. This method can avoid the complex calculation of permeability and accurately calculate
the vector distance between adjacent wells. Meanwhile, this method can be used to guide the research of tubular
magnetic sub, magnetic field measurement systems, and the operation of measurement tools.
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1. Introduction

In order to meet the increasing requirements of oil and gas
exploration and development, the major drilling service
companies in the world have developed various downhole
measurement while drilling systems [1]. However, com-
pared with the international advanced level, there is still a
big gap in the research field in China, especially in the dy-
namic characteristics of BHA and magnetic characteristics
(that is, the magnetic field intensity of the magnetic sub in

the rock formation space point in the BHA) while drilling
is still lack of systematic research [2].

Research indicates that the development of heavy oil
using double horizontal well technology and the devel-
opment of coalbed methane (CBM) using multi-branched
well technology [3] have achieved the desired results, and
the guidance system must be applied to drill this kind of
special well. Guidance equipment that uses the measure-
ment of three-dimensional magnetic field vectors of elec-
tromagnetic field/magnetic field source to judge the space
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distance between the measuring point and the emission
source has been widely used abroad. In the development
of CBM multilateral wells, the devices mentioned above
have been rented at a high cost [4, 5], and the construc-
tion of multiple connected wells has been completed with
remarkable results. Firstly, the magnetic field vector guid-
ance system is discussed, and the tubular magnet space
magnetic field distribution formula is derived. Secondly,
the magnetic sub space magnetic field distribution law is
analyzed by the software; and then the calculation method
of the vector distance between the adjacent wells is studied
by using the analysis conclusion combined with the model
diagram. Finally, the core algorithm of the magnetic field
vector guidance system is obtained.

2. Electromagnetic field / magnetic field vector guid-
ance system

2.1. Electromagnetic vector guidance system for crossing
rivers and tunnels, etc.

When wells cross rivers and tunnels, the position of the
drill bit should be constantly detected to meet the design
requirements. An electromagnetic guidance system devel-
oped abroad [6, 7] can be used to monitor the direction of
this bit. Its hardware system consists of the transmitter and
receiver components. The basic structure of the transmitter
component is the spiral tube [8, 9].

The electromagnetic field generated by the spiral tube
is telemetered by MWD and transmitted to the computer
on the well. The vector distance between the electromag-
netic transmitter and the receiver is obtained by using the
model and software to achieve the purpose of monitoring
the borehole trajectory parameters. Because the accuracy
requirements of the underground environment for crossing
rivers and tunnels are low, spiral tube launching equipment
can be applied to such wells. The advantage of this method
is that it can realize the measurement while drilling, but the
disadvantage is that the measurement distance is limited
due to the limitation of the magnetic field intensity of the
excitation signal source.

2.2. Electromagnetic vector guidance system for drilling
joint butt wells and parallel horizontal wells

In the multi-branch well developed system of the CBM,
vertical wells should be drilled around and connected with
the main well, and then the vertical well should be used
for drainage and gas recovery [10, 11]. This kind of U-
shaped connected well requires special tools to achieve.
During real-time drilling, a special tubular magnetic sub
that should be similar to the shape of the drill collar is at-
tached to the drill bit [12, 13]. The intensity of the exciting

magnetic field generated by the magnetic sub can be de-
tected up to 60m from the magnetic source space [14, 15].
A measurement system connected to the cable is placed in
the target well to measure the magnitude and direction of
the excitation magnetic field. According to the calculation
rule, the vector distance between the magnetic sub and the
magnetic measurement system is calculated by using the
measured magnetic field vector, in order to achieve control
of communication between adjacent wells.

Achieving this technology requires a guidance system
to monitor the distance of double parallel horizontal wells
during drilling. The high-intensity magnetic sub is fixed
at the end of the drill bit, and the measuring equipment
is lowered into the other corresponding drilled horizontal
well by pumping or other methods. During drilling, the
direction of drill bit movement is continuously monitored
by the guidance system to maintain horizontal and vertical
spacing between double horizontal wells [16, 17]. The ad-
vantage of this method is that it can improve the detection
accuracy, but the disadvantage is that it affects the normal
production of the drilled well.

2.3. Electromagnetic vector guidance system for drilling
relief wells

To accurately locate the accident well during the drilling of
the relief well, the basic principle of the guidance system
used in the drilling is as follows. Firstly, the electrode is
lowered to the bottom of the relief well through the ca-
ble. Secondly, an alternating current with high amplitude
and low frequency is injected into the cable, and then an
alternating electromagnetic field is generated around the
cable and transmitted through the rock space. Thirdly, the
pipe string of the accident well inducts the sympathetic
current generated by the alternating electromagnetic field
from the relief well and excites a new electromagnetic field.
Fourthly, the new electromagnetic field returns to the relief
well through the rock formation. Finally, the relief well sen-
sor detects the amplitude and direction of the returned elec-
tromagnetic field from the accident well; the corresponding
distance and orientation are obtained by the calculation
model and software in the ground microcomputer. It has
been shown to be an accurate tool for locating the position
of the pipe string in the accident well, and the application
range of positioning is up to 60 m in engineering practice
[18, 19]. The advantage of this method is to improve the
detection distance, but the disadvantage is that the detec-
tion accuracy is not high due to high temperature and high
pressure [20–22].
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Fig. 1. The model of magnetic field-space of tubular
magnet in rock formation

3. Three-dimensional magnetic field law of tubular
magnet

During drilling, the complex downhole environment re-
quires higher requirements for the various strengths of
the near-bit drilling tools, which leads to the fact that the
magnetic sub can only adopt a simple structure similar to
the tubular sub of the drill collar. Using the general inte-
gral expression method, the expressions of the magnetic
field components of arbitrary shape magnet under uniform
magnetization are obtained as follows [14]. The model of
magnetic field-space of tubular magnet in rock strata is
shown in Fig. 1.

(1)


Mx = mx

S
My =

my
S

Mz = mz
S

(2)

Where: h is half of the length of the tubular magnetic
source, m. Bax, Bay, and Baz are three mutually perpendic-
ular components of the space magnetic field outside the
pipe string at the measurement point P(x, y, z), respectively,
T; r is the distance between the micro-element point of any
section of the magnet and the space point P, m; Mx, My,
and Mz are the magnet magnetization components in the
X, Y, and Z directions, respectively. ξ, η and ζ are the co-
ordinates of the magnetic micro-element on the X, Y, and
Z axes, respectively, m; µ0 is the magnetic permeability of
the magnetic field in the rock formation; V is the magnet

volume variable, m3. Eq. (3) can be derived from Eqs. (1)
and (2).

(3)

When the magnetization direction is along the axial di-
rection of the pipe string, that is, along the Y-axis direction
in Fig.1, the above formula is simplified as follows.

(4)

The above is the whole process of deducing the spatial
magnetic field law of a tubular magnet. Eq. (4) is the three-
component law formula for the magnetic field intensity of
the any point in space, it also concerns the distribution law
of the magnetic field space of the tubular magnet [22, 23].

Substitute k = µ0my/4π in Eq. (4), then Eq. (4) can be
simplified to Eqs. (5) to (7).
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(5)

(6)

(7)
The vector distance cannot be calculated directly from

the above formulas. In this paper, the combination of for-
mula derivation and Matlab software is used to simulate
and analyze the regular variation pattern of each compo-
nent of the magnetic field with each variable according to
the above formula [23], in order to find the rule for the
calculation of the vector distance.

3.1. Component Bax variation rule with variable

3.1.1. Bax variation rule with variable x

Eq. (8) is derived by taking the partial derivative to x in
Eq. (5).

(8)
In order to find the extreme value of Eq. (8), Eq. (9) is

obtained by making Eq. (8) equal to 0.

f ′αx(x) = 0 (9)

The solution of Eq. (9) is Expression Eq. (10).

x = ±
√

z2 + (y ± h)2

2
(10)

Based on the calculations and analysis above, the fol-
lowing conclusions can be drawn:

1. The maximum coordinate value of each change curve
is

(
±
√

z2 + (y ± h)2/2, Bamm

)
. The application of

this correspondence law in practice will be analyzed
in detail later.

2. The Bax change with the variable x is related to
±
√

z2+(y±h)2/2, that is, the variable y remains un-
changed, and the curve change law of the Bax com-
ponent with x remains unchanged when z takes a dif-
ferent fixed value, but the position of the maximum
value increases as z increases; the variable z remains
unchanged, and the curve of the Bax component with
x also remains unchanged when y takes different fixed
values, but the position where the maximum value
appears increases with increasing variable y.

3.1.2. Bax variation rule with variable y

Eq. (11) is derived by taking the partial derivative with
respect to y in Eq. (5).

(11)
To find the extreme value of Eq. (11), Eq. (12) is obtained

by making Eq. (11) equal to 0.

f ′αα(y) = 0 (12)

Since Expression Eq. (12) cannot be solved directly, Ex-
pression Eq. (13) is obtained by fitting Matlab software
fitting.

y = ±
√

x2 + z2

2
(13)

According to calculations and analysis, the following
conclusions can be drawn:

1. The maximum value coordinate of each change curve
is

(
±
√

x2 + z2/2, Bavn

)
. The application of the cor-

responding law in practice will be analyzed in detail
later.

2. The change in Bax with the variable y is related
to ±

√
x2 + z2/2; that is, the variable x remains un-

changed; when z takes the different fixed values, the
curve change law of the component Bax with y re-
mains unchanged, but the position where the max-
imum value increases with increasing z; variable z
remains unchanged, and the curve change law of the
component Bax with y also remains unchanged when
x takes different fixed values, but the maximum value
position increases with increasing x.
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3.1.3. Bax variation rule with variable z

Eq. (14) is derived by taking the partial derivative with
respect to z in Eq. (5).

(14)

Similarly, make Eq. (14) equal to 0 to obtain the corre-
sponding extreme value.

f ′ax(z) = 0 (15)

The solution of Eq. (15) is Expression Eq. (16).

z = 0 (16)

Based on the calculations and analysis above, the fol-
lowing conclusions can be drawn:

1. The maximum coordinate value of each change curve
corresponds to (0, Baxm ), and the application of this
corresponding law in practice will be analyzed in de-
tail later.

2. As the variable x takes different fixed values, the curve
change law of the Bax component with z remains un-
changed, and the Z-axis coordinate position corre-
sponding to the maximum magnetic field intensity
unchanges with the variable x. As the variable y takes
different fixed values, the curve change law of the
component Bax with y also remains unchanged, and
the Z-axis coordinate position corresponding to the
maximum magnetic field intensity unchanges with the
variable y.

3.2. Component Bay variation rule with variable

3.2.1. Bay variation rule with variable x

Similarly, construct the following function, as shown in
Eq. (17).

(17)

The extreme value of Bay is calculated to occur when x
is equal to 0(x=0).

3.2.2. Bay variation rule with variable y

Construct the following function, as shown in Eq. (18).

(18)

It is calculated that Bay has an extreme value when y is
equal to 0(y=0).

3.2.3. Bay variation rule with variable z

Construct the following function, as shown in Eq. (19).

(19)

It is calculated that Bay has an extreme value when z is
set to 0 (z=0). Analysis of the above calculations indicates
that:

1. The Bay component presents different extreme value
directions with the change of different variables. The
component Bay takes the maximum positive value
when x is equal to 0 , and gradually decreases with in-
creasing positive (negative) directions x; Bay takes the
maximum negative value when y is set to 0 , and

∣∣Bay
∣∣

gradually decreases with increasing positive (nega-
tive) directions y; Bay takes the maximum value when
z is equal to 0 , and

∣∣Bay
∣∣ gradually decreases with

increasing positive (negative) directions z.

2. Although the direction of the maximum value Bay
varies with the changing of different variables, it can
be concluded that the maximum value is obtained at
(0, Bavm ), and the apparent maximum value is only
obtained at this point. The rule will be applied to the
distance calculation below.

3.3. Component Baz variation rule with variable

The variation law of Bax and Baz magnetic fields is similar,
so the rule diagram of component Baz is similar to the
variation law of Bax, which will not be be described in
detail here.
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Fig. 2. The graph of the variation law of Bax, Bay, and Baz

with z under the conditions of y = 5, k = 0.1, h = 0.25, and
x takes different values.

4. Analysis and application of the overall variation
law of the three-component magnetic field inten-
sity to calculate the distance between the con-
nected wells

4.1. The variation law with the variable z and the calcu-
lation of the distance between the connected wells

Through the analysis and calculation above, it can be seen
that when there is only the maximum value in the Bax and
Bay graphs and curves, the corresponding coordinate is
(0, Bam); when there is a maximum (minimum) value in
the Baz graphs and curves, the corresponding coordinate is(
±
√

z2 + (y ± h)2/2, Bacm

)
The variation law of the components Bax, Baz, and Bay

with z is simulated by the software in this party, and the
variation law of each magnetic field component with the
Z-axis coordinate in Fig. 1 is discussed. When y = 5, k =

0.1, h = 0.25, and x are taken as 5, 10, 20, and 30 respectively,
the curve of magnetic field strength changes with variable z
is shown in Fig. 2. When x = 5, k = 0.1, h = 0.25, and y are
taken as 5, 10, 20, and 30 respectively, the curve of magnetic
field strength changes with variable z is shown in Fig. 3.
The curves are represented by 3 colors, where red curve
represents the Bax component, the green curve represents
the Baz component, and the blue curve represents the Bay

component.
According to the rule of change of Bax, Baz, and Bay with

z in Figs. 2 and 3 above, the following conclusions can be
drawn.

1. The figure ’*’ in each component can correspond well
to the extreme value of the graph; that is, when there is
only the maximum value in the curves of the Bax and
Bay graph, the maximum value that corresponds to
the coordinate is (0, Bam). When there are maximum
and minimum values in the Baz graph curve, the value
in the graph also corresponds well with the coordi-

Fig. 3. The graph of the variation law of Bax, Bay, and Baz

with z under the conditions of x = 5, k = 0.1, h = 0.25 and
y takes different values.

nates
(
±
√

z2 + (y ± h)2/2, Bcan

)
. In other words, as

x and y take different fixed values, the component Bax

and Bay takes the maximum value (or the negative
maximum value). when the variable z is equal to 0 .
When Baz takes the maximum or minimum value, the
variable z is shown in Eq. (20).

z = ±
√

x2 + (y ± h)2

2
(20)

2. It can be seen from that when the variable z changes
within 0 ∼ 50 m (the fixed values of x and y should
also be within 50 m ), there will always be an inter-
section point between the components Bax and Baz,
which exactly verifies the relationship between Eqs. (5)
and (7), that is, Bax and Baz are also equal in size when
the variable values are equal.

3. Along the Z-axis direction, the Baz component always
obtains the maximum and minimum values, while the
ingredients Bax and Bay always get the only maximum
value or the maximum negative value. Furthermore,
the three parts get extreme points according to the law
of conclusion (1), which can be used to calculate the
vector distance in the U-shaped butt joint wells.

4.2. Calculation distance in connected wells

According to the conclusions that the magnetic field in-
tensity components Bax, Baz, and Bay vary with z and the
measurement equipment used in the actual measurement,
the expression model of the measurement process and cal-
culation of the vector distance in the connected well is
established in Fig. 4.

As shown in Fig. 4, R is in the plane formed by
XOY, which represents the spatial distance between the
magnetic source and the midpoint of the AB , its size
|R| |=

√
x2

P + y2
P, and the angle included with the Y-axis is

α, tan α = x/y. The magnetic field measurement system is
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Fig. 4. Schematic diagram of the vector distance in
connected wells

used to run into the bottom of the well that has been drilled
along the positive Z-axis. When the three components of
the magnetic field intensity are measured, the measure-
ment data are transmitted to the processing system on the
ground through the cable.

The point A (xA, yA, zA) represents the spatial point
where the measurement system obtains where the mea-
surement system obtains the minimum value of the Baz

component. The point P represents the midpoint of AB ,
and the maximum point of components Bax and Bay (it can
be seen that the midpoint of AB coincides with the maxi-
mum point of components Bax and Bay ), and its coordinate
is set to P (xP, yP, 0).

Bax and Baz always intersect during the measurement
process, and its coordinate is C (xC yC, zC). Since xC = zC

exists, the coordinate of point C is (zC, yC, zC).
Combining Figs. 2 and 3, it can be shown that when

the measurement system moves along the Z-axis, the com-
ponents Baz will obtain maximum and minimum values,
respectively. Record the coordinates of the two extreme
points when the component Baz measured by the measur-
ing system during the movement is at the maximum value
and the minimum value, respectively, and the distance
between the two extreme points is |AB|.

The vector distance and direction angle are obtained by
comprehensive analysis.

1. According to Eq. (20), it can be derived from Formula
Eq. (21).

|AB| = |OP| = |R| =
√

x2
P + y2

P = |zA − zB| (21)

Therefore, the magnitude of the vector
−→
OP in Fig. 3

can be obtained by recording the coordinate values of
the maximum points A and B in Fig. 3 in each mea-
surement [22, 23].

2. The four points A, B, P, and the intersection point C
are the position points obtained by analyzing the com-
ponents during the measurement process of the mea-
surement system, and the measurement equipment
moves downward along the Z-axis direction, then:

xA = xB = xP = xC = zC (22)

yA = yB = yP = yC (23)

Combining the above formula, it can get Eqs. (24)
and (25).

yP =
√
|R|2 − z2

C (24)

tan α =
xP
yP

=
zC√

|R|2 − z2
C

(25)

Thus, the direction angle of the vector
−→
OP is determined

in the space coordinate system of the magnetic sub in Fig.
1 is determined. According to the calculation methods of
conclusions (1) and (2), it is not necessary to involve the
magnetic field permeability in the formation of the rock to
calculate the vector and avoid the problem that the impre-
cision of magnetic permeability affects the accuracy of the
calculation results. Therefore, combining the above meth-
ods can accurately determine the vector

−→
OP to be calculated

and controlled in the connected wells.

5. analysis and application of the overall variation
law of the three-component magnetic field inten-
sity to calculate the parallel double horizontal
well distance

5.1. Variation of the magnetic field component with vari-
able y and calculation distance in parallel double
horizontal wells

This part simulates the variation law of the elements
Bax, Baz, and Bay with y through software, and discusses
the variation relationship of each magnetic field component
with the variable y in Fig. 1 of the model. When x = 5, k =

0.1, h = 0.25, and z are taken as 5, 10, 20, and 30 respec-
tively, the curve of magnetic field strength changes with
variable y is shown in Fig. 5. When z = 5, k = 0.1, h = 0.25,
and x are taken as 5, 10, 20, and 30 respectively, the curve of
magnetic field strength changes with variable y is shown
in Fig. 6.

According to the variation law of the elements Bax, Baz,
and Bay with y in Figs. 5 and 6 above, the following conclu-
sions can be drawn.
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Fig. 5. The graph of the variation law of Bax, Bay, and Baz

with y under the conditions of x = 5, k = 0.1, h = 0.25 and
z takes different values.

Fig. 6. The graph of the variation law of Bax, Bay, and Baz

with y under the conditions of z = 5, k = 0.1, h = 0.25 and
x takes different values.

1. The "*" in each component can correspond to the ex-
treme value of the graph, that is, when there is only
the maximum value in the Bay graph, and it corre-
sponds to the coordinate

(
0, Baym

)
; when there can

be maximum and minimum values in the Bax and Baz

graphs, the value in the graph also corresponds to
the coordinate point

(
±
√

x2 + z2/2, Ban

)
. The cor-

responding relationship indicates that x and y take
different fixed values, Bay takes the maximum value
(or negative maximum value) when the variable z is
equal to 0.Bax and Baz take the maximum or minimum
value when the variable y equals y = ±

√
x2 + z2/2.

2. As the variable y changes, the components Bax and
Baz always maintain a proportional relationship (it is
established when the variable y is not 0 ), and it can be
drawn as Eq. (26) Formula (26).

Bax

Bαc
=

xA
zA

=
xB
zB

=
x
z

(26)

Along the Y-axis direction, the components Bax and
Baz consistently achieve maximum and minimum val-
ues, while the components Bay always obtain unique
maximum or maximum negative values. Furthermore,

Fig. 7. Schematic diagram of the vector distance
representation in double horizontal well.

the three components obtain extreme values accord-
ing to the law as in conclusion (1), which can be used
to calculate the vector distance in double horizontal
wells.

5.2. Calculation of the intermediate distance in double
horizontal wells

According to the conclusion that the magnetic field inten-
sity components Bax, Baz, and Bay vary with y and the mea-
surement equipment used in the actual measurement, a
representation model for the measurement and calculation
of vector distance in double horizontal wells as shown in
Fig. 7 Fig. 7 is established.

As shown in Fig. 7, R is in the plane formed by XOZ,
which represents the spatial distance between the magnetic

source and the midpoint of AB , its size is |R| =
√

x2
P + z2

P,
and the angle included with the Z-axis is α. The magnetic
field measurement system drives down the drilled bottom
hole along the positive Y-axis. When the three components
of the magnetic field intensity are measured, the detection
data are transmitted via cable to the processing system on
the well.

Where A (xA , yA, zA

)
represents the point when the

measurement system obtains the maximum value of the
components Bax and Baz (it can be seen from Figs. 5 and 6
that when Bax and represents the point at which the mea-
surement system obtains the minimum value of the com-
ponents Bax and Baz. Point P represents the midpoint of
AB , and also represents the maximum point of the Bay

component, and the coordinate is set to
(

xP, 0, zp
)
.

Combining Figs. 5 and 6 , it can be indicated that when
the measurement system moves along the Y-axis direction,
the components Baz and Bax will simultaneously achieve
the maximum value at the same point and the minimum
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value at another same point. When the components Baz and
Bax measured by the measuring system are at the maximum
and minimum values, respectively, the coordinates of the
two extreme points are recorded, and the distance between
the two extreme points is |AB|.

By comprehensive analysis of Figs.5-6, the magnitude
and direction angle of the vector distance can be calculated
by Eq. (27) that can be known from Eq. (21).

|AB| = |OP| = |R| =
√

x2
P + z2

P = |yA − yB| (27)

Therefore, the magnitude of the vector in Fig. 7 can be
obtained by recording the coordinates of the most valuable
points A and B in Fig. 7 during each measurement.

The three points A, B, and P are the position points ob-
tained by analyzing the components during the measure-
ment process of the measurement system, and the measure-
ment equipment moves along the Y-axis direction, so there
is the following relationship.{

xA = xB = xP
ZA = zB = zP

(28)

From Equations Eqs. (25), (27) and (28) and tan α =

xP/zP , Formula Eq. (29) can be deduced as follows.

tan α =
Bax

Bαx
=

Baαd
BaαA

=
Bαβ

BaB

(
Bax

Bαc
̸= 0

)
(29)

Thus, the direction angle of the vector in Fig. 7 is de-
termined. According to the calculation methods of conclu-
sions (1) and (2), it is not necessary to involve the magnetic
field permeability in the rock formation in the vector calcu-
lation, in order to avoid the inaccuracy of the calculation
result caused by the imprecision of the permeability.

Therefore, the vector
−→
OP to be calculated and controlled

in the connected wells can be accurately determined by
combining the above methods. In this paper, the general
integral method is used to derive the adjacent well calcu-
lation formula, which has the advantages of good gener-
ality and high ranging accuracy, and the disadvantages of
large calculation amount. In contrast, the literature [24] as-
sumes the magnetic source as a magnetic dipole (ignoring
the magnetic source size), and then deduces the adjacent
well location formula, which has the advantage of rela-
tively small calculation amount and the disadvantage of
too many assumptions, it cannot guarantee the accuracy of
distance measurement.

5.3. Calculation of interference magnetic field

To eliminate magnetic interference in double horizontal
wells, the particularity of coordinate point y = 0 is used to
calculate the interference magnetic field in this method. As

can be seen from the correlation Eqs. (21), (25), (27) and (29)
for calculating the distance of the vector, the calculation
process has nothing to do with the intensity component
Bay generated by the magnetic sub, but only with the com-
ponents Bax and Baz. Therefore, the magnetic interference
discussed only considers the magnetic interference of the
two related components.

Suppose that the component of the total magnetic field
By obtained by the sensor is Baxx and Bazv when the vari-
able y is 0 . The magnetic interference component is:{

Bgx = Bav − Bax
Bgz = Baxv − Bac

(30)

It can be seen from the above formula that when the
variable y is 0 , the magnetic field components generated
by the magnetic sub are Bax = 0 and Baz = 0. Eq. (30) can
be rewritten as Eq. (31).{

Bgv = Bav
Bgq = Bav

(31)

When the variable y is 0, the magnetic field measured by
the magnetic probe is the value of the magnetic interference
component. Therefore, this method is easy to eliminate
magnetic field interference and has high precision.

The methods for eliminating magnetic interference in
connected Wells are similar to those described above and
will not be described in this paper. Therefore, from the
above method of eliminating magnetic field interference,
it can be seen that the vector distance calculation method
obtained in this paper can easily eliminate various inter-
ference magnetic fields in each measurement and has high
precision, so that the vector distance value obtained has
high precision.

6. Conclusions

The space magnetic field model of the tubular magnetic
sub is established, and the core formulas of the space mag-
netic field intensity distribution law of the tubular type
magnetic sub are obtained by using the general integral
method, which lays a theoretical foundation for the subse-
quent structural design and optimization of the magnetic
sub. The vector distance calculation method is derived,
which can lay the core algorithm foundation for the design
of the magnetic field intensity measurement system. The
research of all kinds of downhole measuring equipment
has always been an important development direction of
modern drilling technology. Through the research of mag-
netic sub analysis and vector distance calculation method
in magnetic field measuring system, the basic research of
magnetic field vector guiding system is carried out.
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1. The electromagnetic field/magnetic field vector guid-
ance system is widely used in heavy oil production,
CBM development, high-density anti-collision wells,
and relief wells.

2. The basic calculation formulas for the vector distance
between the tubular magnetic source and the magnetic
measurement system are obtained from the spatial
magnetic field law model of the tubular magnet, and
the three-dimensional distance is obtained through the
calculation software.

3. Through simulation and analysis of the magnetic field
law formula of the tubular magnetic sub in the bottom
hole, the variation law of the magnetic field compo-
nents with the variables is discussed. The core algo-
rithm for calculating the magnitude and direction of
vector distances in connected wells and double hori-
zontal wells is obtained by using the eigenvalues of
the law diagram (including the extreme value, peak
value, and intersection value of the magnetic field com-
ponents) and the measured values of the measuring
equipment.

4. This method can avoid the complex calculation of per-
meability and accurately calculate the vector distance
between adjacent wells. Meanwhile, this method can
be used to guide the research of tubular magnetic sub,
magnetic field measurement systems, and the opera-
tion of measurement tools.

The above research results are a pioneering exploration
of magnetic field vector guidance technology applied to
CBM well connectivity and monitoring of the spacing be-
tween two wells when drilling double horizontal wells.
Although after more than 10 years of development abroad,
it has been mature and applied in the field, but its technol-
ogy is kept secret in China, there is no relevant literature
in China and no relevant research has been carried out.
Through theoretical research, this paper lays a foundation
for the design of the magnetic sub structure of the guidance
system, and obtains the core theory and algorithm of the
magnetic field vector guidance technology, completing the
basic research of the guidance system.
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