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Abstract: 1. objective: The algorithm present has 

the restrict of interval, thus the writer propose 

another algorithm to make the system consummate. 

2.Methods: Anatomazing the models which put 

forward by the pioneers and , the writer deducd 

another equation which can meet the shortage 

properly. Processing the signal by spectral 

modification as well. For higher precision, we 

make a multivariate nonlinear regression at last. 3. 

Results: The system of RMRS become more 

perfectly. 4. Conclusion: The more efficient 

algorithm can emancipate workers from 

complicated operations with higer precision. 

What’s more, it only need a set of  fluxgate 

sensors. The range of measurement grown a lot 

when the signal is effective at space. 

Keywords: RMRS; MAGD; spectral modification; 

multiple nonlinear regression; 

I. INTRODUCTION 

The heavy oil has the characteristic of dense 

thus we should exploit it by a special craft. The 

SAGD has become a reliable technology to drill 

it after application and extension for more than 

30 years. [1]The prime technical requirement of 

twinwells’ trajectory is a certain vertical interval 

about 1m and the relative azimuth angle error 

should control in +-5°. The system of ranging 

and guiding based on the rotating magnetic field 

(RMRS) is a guiding system to control the 

trajectory[2-3]. 

The pioneers has present some algorithms of 

the system of RMRS, but it has some woefully 

inadequate shortage in practice. For example. In 

article [4-5], the effective range of the algorithm 

is truly limited, which is only effective when the 

test tube is below the magnetic sub[6-7]. In 

article[8] , it must have two fluxgate sensors in 

the system. The effective range of the algorithm 

has enhanced but limited as well. The writer 

reconstruct the signal models and propose own 

opinion. However, the algorithm has a restrict of 

interval after a deep consideration. This word is 

aiming at put forwod another algorithm to make 

the system more perfect. 
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II. THE SIGNAL MODEL OF THE SYSTEM 

The fluxgate sensors’ model can be shown in 

figure 1. The writer has reconstruct the signal 

model in article[9], just as follows: 

 

Figure 1. The relative position of twin horizontal wells 

2

5

22

22

)(4

cos)2(

zr

AzrM
B mr

r








        (1)                

                                                                                                

2

3

22 )(4

sin

zr

AM
B mr

q






              (2) 

 
2

5

22 )(4

cos3

zr

AMrz
B mr

z







                

                          （3） 

)pcos(

1sin

)tan1(

1xcos

)1tan2(

)1tan1(4

Bx

2

22

2

22

2

5

23

aAmr

Axr

rA

r

M














        

                                                                          

（4）     

)pbcos(

1cos

)1tan1(xr1sin

)1tan2(

)1tan1(4

By

2

222

22

2

5

23











Amr

Axr

A

r

M






                                 （5） 

                                                                        

2

5

23 )1tan1(4

cos1tan3
B









r

AmrM
z

                                                      

(6) 

    Among them, Pa and Pb is the value of  
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What every symbol’s meaning has 

expressed in article[9]. 

III. THE COMPENSATORY ALGORITHM TO 

WORK OUT RELATIVE POSTURE 

The writer put forward an algorithm by 

the relation of phase difference cospa and 

cospb. However, we anatomize the equation 

(7) and (9) . Finding that when Axr’s value 

around 0 or 90, the value of sinAxr and 

cosAxr is about 0. The equations become a 

ill conditioned equations, which will invalid 

to work out the relative position in the space 

or the value is erratic. Just as Table .1 shown. 

The ideal value of r is 5. 
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Tabel 1. The result when Axr is around 0°and 90° 
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Tabel 2. The result when the magnetic sub at different 

posture 
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In practice, when facing problem as above, 

we should find another equation which can 

include the invalid section. After deduce the 

model and ongoing trials, we finally put forward 

the ideal equation. Just as follows: 

Set 1cos,1tanx 22 Axry   , 

substitute them into equation (7) and (11). 
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The subsequent processure is working out 

the phase difference and the posture. just as 

article [9-10], from which we can work out the 

relative position of the twinwells.  

Programming the algorithm after many 

parameters has been setted. Analysis the 

method’s effective. The results of this algorithm 

can ben shown in Table 2. 
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Figure 2. Part of residual error of the algorithm 
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IV. AMENDING THE MODEL ERROR BY DATA 

PROCESSING 

Seen from the Table .2 we can get the 

information that the simulation result has certain 

error from real data. The residual error can be 

shown in Figure 2. For higher precision, we build 

the model error. The multiple nonlinear 

regression is the common method. Generally 

speaking, quadratic polynomial is enough to 

meeting the application. In this error model, we 

set tanθ as x1, Axr as x2, y is the value of r. The 

originally equation is: 
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After the data processing of multiple 

nonlinear regression, we can get the value of a, 

b1, b2, b11, b22 and b12. That is: 
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V. CONCLUSION 

The system of RMRS has been applied 

many years. The result of the algorithm shows 

that the set of algorithm can improve the 

RMRS’s maneuverability go a step further. The 

precision is enough. It’s convenience of 

operating can economize a lot of money. It has 

great engineering application value and obvious 

economic benefit. 

VI. ACKNOWLEDGMENT 

The authors acknowledge the assistance of 

the university of Beijing, Science and 

Technology.  

REFERENCE 

[1] Guo, Jia, et al. "Oil production rate predictions for 
steam assisted gravity drainage based on high-pressure 
experiments." Science China Technological 
Sciences 56.2 (2013): 324-334. 

[2] Al-Bahlani A M, Babadagli T. SAGD laboratory 
experimental and numerical simulation studies: A 
review of current status and future issues. J Petrol Sci 
Eng, 2009, 68(3-4): 135–150 

[3] J.L.M. Barillas , T.V. Dutra , W. Mata. Reservoir and 
operational parameters influences in SAGD process. 

Journal of Petroleum Science and Engineering, 2006, 
Vol.54 (1), pp.34-42 

[4] Kuckes, Arthur F. "Rotating magnet for distance and 
direction measurements from a first borehole to a 
second borehole." U.S. Patent No. 5,589,775. 31 Dec. 
1996. 

[5] Kuckes, Arthur F. "Method for near field 
electromagnetic proximity determination for guidance 
of a borehole drill." U.S. Patent No. 5,923,170. 13 Jul. 
1999. 

[6] Deli Gao , Binbin Diao , Zhiyong Wu , Yu Zhu. 
Research into magnetic guidance technology for 
directional drilling in SAGD horizontal wells. 
Petroleum Science, 2013, Vol.10 (4), pp.500-506 

[7] Diao Bin-bin , Gao De-li , Wu Zhi-yong ,et al. The 
oriented algorithm of magnetic distance beween two 
horizontal wells [J] . Journal of China university of 
petroleum (Natural Science ) ,2011,35(6):71-75. 

[8] B.-B. Diao , D.-L. Gao. A New Rotating Magnet 
RangingMethod for Drilling Twin Parallel Horizontal 
SAGD Wells.Petroleum Science and Technology, 2013, 
Vol.31 (24), pp.2643-2651. 

[9] XianFeng Gong, et al. A measurement method research 
for the ranging and guiding system based on the 
rotating magnetic field. 101 LEMCS2014. 2014,4. 

[10] Xie Ming, Ding Kang. A new rectifying technique of 
discrete spectrum analysis [J]. Journal of Chongqing 
university (Natural Science Edition) ,1995,(3):47-54. 

 

 

 

 

 

 

 

 

815

app:ds:residual
app:ds:error
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(J.L.M.+Barillas)&uid=WEEvREcwSlJHSldTTGJhYkdqbUo5WXFHdnVZd2lGS3FjR2RJMWVHaW1SR3A1TFcwWENpWkN6NXN3ZEplMS80eA==
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(T.V.+Dutra)&uid=WEEvREcwSlJHSldTTGJhYkdqbUo5WXFHdnVZd2lGS3FjR2RJMWVHaW1SR3A1TFcwWENpWkN6NXN3ZEplMS80eA==
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(W.+Mata)&uid=WEEvREcwSlJHSldTTGJhYkdqbUo5WXFHdnVZd2lGS3FjR2RJMWVHaW1SR3A1TFcwWENpWkN6NXN3ZEplMS80eA==
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Deli+Gao)&uid=WEEvREcwSlJHSldTTGJhYkdqbUo5WXFHdnVZd2lGS3FjR2RJMWVHaW1SR3A1TFcwWENpWkN6NXN3ZEplMS80eA==
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Binbin+Diao)&uid=WEEvREcwSlJHSldTTGJhYkdqbUo5WXFHdnVZd2lGS3FjR2RJMWVHaW1SR3A1TFcwWENpWkN6NXN3ZEplMS80eA==
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Zhiyong+Wu)&uid=WEEvREcwSlJHSldTTGJhYkdqbUo5WXFHdnVZd2lGS3FjR2RJMWVHaW1SR3A1TFcwWENpWkN6NXN3ZEplMS80eA==
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Yu+Zhu)&uid=WEEvREcwSlJHSldTTGJhYkdqbUo5WXFHdnVZd2lGS3FjR2RJMWVHaW1SR3A1TFcwWENpWkN6NXN3ZEplMS80eA==
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(B.-B.+Diao)&uid=WEEvREcwSlJHSldTTGJhYkdqbUo5WXFHdnVZd2lGS3FjR2RJMWVHaW1SR3A1TFcwWENpWkN6NXN3ZEplMS80eA==
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(D.-L.+Gao)&uid=WEEvREcwSlJHSldTTGJhYkdqbUo5WXFHdnVZd2lGS3FjR2RJMWVHaW1SR3A1TFcwWENpWkN6NXN3ZEplMS80eA==



