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Abstract

The magnetic guidance drilling technology could use the
magnetic guidance instrument to measure the distance
between the signal source and the instrument, which
is used to control the well trajectory. It is an essential
supplement of the existing steering drilling technology.
At present, the magnetic guidance drilling technology
is mainly applied to dual horizontal wellslls for heavy
oil reservoir, CBM horizontal connected wells, wells to
mine underground soluble minerals, and relief wells. This
paper mainly introduces the working process of magnetic
guidance drilling technology and connected wells. In
order to test the overall performance of this technology,
an experimental study is conducted on it, and the field test
was carried on Shengli oil field.
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INTRODUCTION

With the increase of the energy demand and the exhaustion
of the easy development reservoir, the oil industry pays

more emphasis on the difficult development reservoir
and the unconventional reservoir. In this situation, the
magnetic guidance drilling technology is gradually widely
used. And this technology is mainly applied to dual
horizontal wells for heavy oil reservoir, CBM horizontal
connected wells, wells to mine underground soluble
minerals, and relief wellls. To control the well trajectory
to drill these kinds of special wells, this technology
is essential. The regular magnetic guidance survey
instrument and the gyroscopic inclinometer are unable
to meet the accuracy of these kinds of special wells"™.
The core of the magnetic guidance prototype is the active
space oriented locating algorithm of the alternating
magnetic field, and the essence is space location of the
active magnetic field.

1. WORKING PRINCIPLE OF THE
INSTRUMENT

According to the signal source of the magnetic field,
the magnetic guidance tools can be divided into two
categories: dynamic magnetic field signal and static
magnetic field signal. The dynamic magnetic field
signal refers to a man-made dynamic magnetic field
signal in the well, and then to measure the distance
between the signal source and the detecting instrument,
which mainly includes the magnetic guidance system,
rotary magnetic ranging system and so on. The static
magnetic field signal refers to the magnetic signal
generated by the completion casing or the magnetic
short casing joint, and realize the spatial orientation
through measuring the static magnetic field signal,
mainly including padding horizontal well trajectory
system and magnetic field signal tracking system. And
now, field operation of horizontal wells in pairs and
CBM horizontal connected wells mainly apply the
dynamic magnetic field signal, and the reports of the
static magnetic field signal are few.
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1.1 Mathematical Model

1.1.1 The Spread Characteristic Model of Single
Magnetic Dipole

The magnetic conductivity is x4, P, (R, n/2, ) is a point
in the current loop circle, and the current element is /d/.
Based on the Biot-Savar’s law, P (r, ¢,, 8,) is a point on
the current element, and the Magnetic induction intensity
vector at P is
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And r is the distance between any point and the origin
of coordinate, R is the radius of the current circle, and it
could be neglected, and the magnetic moment is

M=xlR’.
z
P(r,9,,0,)
y
Figure 1
Magnetic Field of Any Magnetic Dipole
And
B=uH.
The expression of the magnetic field is
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1.1.2 The Propagation Model Which is Based on Low
Frequency Alternating Magnetic Field

First of all, we set up the near bit magnetic source
mathematical model, w is the rotation axis of the near
bit,ﬁ; and ﬁ; are a pair of magnetic dipole which are
orthogonal to each other™. And P is the location where
the sensor is set up. R is the distance between P and the
origin. Based on the Biot-Savar’s law, the magnetic field
distribution is

Hs, = %ﬁjsin 2¢, cos 6,
T
— 3 . .
Hs 3 Hs, =8——351n 2@, sin 6,
T r
1 Ms, 3
Hs, =——(1-=sin’
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Figure 2
The Near Bit Magnetic Source Mathematical Model

1.1.3 The Calculating Principle of the Low Frequency
Alternating Magnetic Field Orientation
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Figure 3 .
The Calculating Model of Special Location'

First of all, we should measure the value of the three
axis at P point with triaxial flux-gate, and each of them
is H, H, H.. Secondly, H,, H,, H, are obtained by the
coordinate conversion. And then we can get

Hes,

/6, = /3 = arctan
0 ﬂ (HCSM ) })
_ A[Hes? + Hes!
Za=tan” (——)
Hes, ’

Zoy=f"(La).

At last, we can make sure the location of P point to hit
the target.

1.2 The Software of the Instrument

1.2.1 The Related Software Development of the Active
Magnetic Measuring Instrument
First of all, we analyzed the whole system, and then
considered the basic architecture of the active alternating
magnetic orientation system. The system has three parts:
The top part including computer and thermal printer, the
middle parts including control box, and the bottom part
including probe.

The whole relation of the active alternating magnetic
field orientation system is shown in the Figure 4. The data
flow of the software system is shown in the Figure 5.
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The dotted lines represent the default parameters, and
the solid lines represent the measuring data. And the data
flow is shown below.

(a) The default parameters are saved in the database
and the measurement data module through the setting
parameters function.

(b) The measurement data is transferred from the
bottom tool to the lower computer, and the we could read
the data from the lower computer.

(c) Through processing the data, we could get the relative
location between the source and the target and the temperature.

(d) The calculation is saved in the database.

(e) The well trajectory is drawn with the calculation.

(f) The data can be replayed from the database.

Parameter setting —> Database > Data display
! Data playback TRACE
Log data processing [— ¢ ¢
+ —»  Calculation save Data save
Data reading Lower computer .
< — Data print
pathway

The Data Flow of the Software System
1.2.2 The System Framework Design
The main framework contains the interface file of each  permission through defining the module interface in order

module, and we can get the corresponding module entry

Figure 6
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1.2.3 Data Processing Program Based on the Matlab
Matlab has the numerical computation and simulation
analysis function, and it is very beneficial to verify the

algorithm. And the data processing program based on the
Matlab is shown in the figure below.

RERS_buaa FEX
Rotating Magnetic Ranging System
w1 MWD_A: | Mag Moment: [_swe | concie  SelectData File
File Path: | 20110321201 oni-28
Source MWD Target Attitude Semi-spherical C Cartesian Coordinates Condition Monitoring
Inc Azimuth Ine Azisuth Tool Face R @) Theta Phi Torth () West (m) Y @) Teap (o) Nt (uI) 6 Velts V)
| 90 90 567335 2684224 2271809 104337 52563 352.0860 01316 -10.3899 0.9467 154789 557483 1.0008 148823
:I 90 0 564385 27 6797 2269389 124475 47060 03587 -0.0064 -12.4055 10212 151308 558050 1.0011 1458914
:‘ 90 20 65177 271 8175 2273952 142476 43268 02512 -0.0047 -14.2069 1.0749 14.7971 548194 1.0008 14,8984
=
-
=
Clear Data Sheet Clear Figures |
Figure 7
The Main Interface of the Magnetic Guidance Program
2. GROUND TEST 2.2 TestPlan

2.1 Test Apparatus
The test apparatus is shown below!”, and it includes
the fixture part and the mobile part. And the fixture part
includes the magnetic source, the probe and the data
acquisition system (the interface box and the laptop). And
the magnetic source could excite the alternating magnetic
field, and the rotation speed is 0-600 rpm. The probe
could measure the inclination and the azimuth. The fixture
includes the outdoor track and the fixed points, and the
track part is the EW direction, and the whole length is 48 m,
and there is one rivet every other one meter to position.

Figure 8
Magnetic Guidance Drilling Technology Test
Apparatus

We moved the magnetic sub and the target probe
to simulate the bottom situation of the magnetic sub
orientation process. The magnetic sub car oriented with
the two laser probes: The horizontal laser probe ensured
that the azimuth of the magnetic sub aligned with the
track; and the vertical probe laser ensured that the
magnetic sub was set in the position of the EW.
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We made the following test plan to test the orientation
locating algorithm, and the test included two steps.
And the first step is to calibrate the magnetic moment
coefficient, and the second step is to place the source
magnetic sub and the probe in two fixed points, and
collect the test data. Finally, we compared the test results
to the calculation.

3. THE INTRODUCTION OF CONNECTED-
WELLS

3.1 CBM Horizontal Connected Wells

CBM horizontal wells have three forms: multiple branches
horizontal connected wells, U horizontal connected w
optimization of well location of the ells and V horizontal
connected wells.

3.1.1 Multiple Branches Horizontal Connected Wells
Firstly, we should drill a vertical well from the surface to
the coal seam. Secondly, we would drill a vertical section
from the first well 100-200 m, and then build angle to
extend the wellbore through the first well. And the second
well is called engineering well. The engineering well
continue to extend horizontally in the coal seam, when
the wellbore extend a certain distance to form the main
branch. Many other multiple branche wellbores could
be drilled on both sides of the main branch wellbore to
increase the contact area with the coal seam, and it is
called multiple branches horizontal connected well.

3.1.2 U Horizontal Connected Wells

The high-angle coal seams have high inclination and
high permeability, so it makes little sense to drill multiple
branches horizontal connected wells, and we can drill
U horizontal connected wells to solve the problem. The




horizontal section of U horizontal connected wells extend
from the high end to low end of the tendency of coal
seam, so U horizontal connected wells make full use of
the advantage of gravity of the coal secam water, and this
kind of well is advantageous to the drainage.

3.1.3 V Horizontal Connected Wells

According to the characters of the coal-bearing strata of the
Huolin River basin, the intended coal-bearing strata of this
basin is lower group of Huolin River of the lower range
of the cretaceous system. Huo 1 well block was the target
area, and the R, was 0.3%-0.4%, the depth was 900 m,
one of the largest thick single layer is 20 m, reservoir
pressure gradient of the reservoir is 1.08 MPa/100 m, the
permeability is 0.91x10” um’, the density is 1.5 g/cm’,
the dip angle is 12°-15°. We designed the V horizontal
connected wells in the condition of the coal seam, and
the most important point was the connected point of the
vertical where we chose. And we can divide the well into
three parts as the target range of the horizontal well and
vertical well connected.

3.2 Well Location Optimizing of Horizontal Wells
in Pairs for the Super Heavy Recovery

Horizontal wells in pairs are mainly applied in the
steam assisted gravity drainage (SAGD) petroleum
engineering of the heavy oil. SAGD requests that one
horizontal well must be drilled first above the oil-water
interface near the bottom of the oil column, and the
steam was injected through the second upper horizontal
well which was parallel to the first horizontal well,
so the steam chamber above the production well was
formed. And the steam and the oil were output together
from the production well.

3.3 Working Process of Connected Wells

(a) The quality of the vertical well affects the difficulty
of the horizontal connected wells. Optimizing the assembly
and the drilling parameters, we should use the deviation
control technology to control the inclination of the well.
After the electric logging, fiber glass casing was run in. The
operator used the hole enlarger to enlarge the borehole, the
enlarging diameter need to be more than 500 mm.

(b) In the process of drilling the horizontal section,
the operator should control the well trajectory along the
drilling design, and use the LWD to ensure the target
hitting quality.

(c) We should filter the magnetic signal data with the
well trajectory data to calculate the distance between the
bit to the target, the deviation between the bit to the target
and the deviation of the vertical depth to achieve the
precise connection.

3.4 Working Process of Horizontal Wells in Pairs
(a) According to the drilling design and the geological
design, we should check the location of the wells. And the
distance between the two wells is 15 m.
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(b) The first well is upper production well, and the
second well is lower injection well. The first well is drilled
with LWD, and then cased.

(¢) Through the crab locomotive, the magnetic guidance
instrument is put into the A target of the first well.

(d) With the crab, the data is transferred to the surface,
then the operator controls the well trajectory of the second
well. The instrument is put into 30 m after one pillar is
drilled, and this process is repeated when the second well
is drilled to the design depth.

4. FIELD TEST

4.1 Well DFS-C04-H2

(a) We had mastered the connected well drilling
technology through DFS-C04-H2 well and DFS-C04-V1
field test. And we must control the inclination of the
vertical well, and the diameter of the borehole should be
not less than 500 mm.

(b) The horizontal well should be drilled along the
design.

(c) We utilized the NMDP to decrease the magnetic
interference.

(d) We mastered the magnetic guidance drilling
apparatus and the software to direct the directional
engineer to control the well trajectory accurately.

Figure 9

DFS-C04-H2 Well and DFS-C04-V1 Well Connected
Successfully

4.2 Well ZM 1

The magnetic guidance drilling technology was further
perfect through two field tests. And the magnetic guidance
apparatus could calculate within 82 m, and the magnetic
field tend to be more standard sine wave signal waveform,
and the working performance was good.

4.3 Well SN06

(a) The first time: The magnetic interference was serious
when the distance was 74.34 m, and the signal was well
when the distance was 60 m. And the azimuth deviation is
9° when the distance is 50 m, and the engineer decided to
lift 100 m to sidetrack.
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Figure 10

The Signal Interference Was Bad When the Distance Was 74.34 m

(b) The second time: The signal was well when the
distance was 48.9 m. And the azimuth deviation is 2.31°.

This run failed to connect, so the engineer decided to lift
50 m to sidetrack.

Numbers(Fs = 100Hz)

Figure 11
The Signal Was Well When the Distance Was 27.69 m

(c) The third time: The two wells were connected
successfully.

CONCLUSION

Through the research of this projection, we have realized
the working principle of the magnetic instrument and
connected wells. This technology supplies the convincing
supports for dual horizontal wells drill horizontal wells in
pairs for high oil reservoir.

Through the field tests, we could found the data
acquisition circuit could satisfy the dynamic low frequency
alternating magnetic field range of 10 uV - 1 V. And the
hardware and software were improved with the test on the
ground to reach the indexes stipulated in the project. The
AOM-35A probe could detect the signal within 60-70 m,
and the system could orient accurately within 50 m.
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