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Gas—Water Stratified Flow Identification Based on Electromagnetic
Image Logging

LIU Zaibin, WU Xiling
State Key Laboratory of Petroleum Resource and Prospecting, China University of Petroleum, Beijing 102249, China

Abstract Aiming at the most familiar gas —water stratified flow in the highly deviated or the horizontal gas wells, based on the
electromagnetic image logging technology, the identification method for stratified smooth flow and stratified wavy flow is researched.
Firstly, the similar characteristics in the flow section of all the gas—water flow patterns in the horizontal or inclined pipe are extracted.
According to the abstraction of the characters, four material distribution models are built up. Secondly, the electromagnetic image logging
measurement in response to all the four material distribution models are simulated by the finite element method and the peculiarity
related with the flow patterns of each response is analyzed. Thirdly, the character related to the models is computed as a parameter from
the measurements. By using the parameter, the stratified model is separated from other models and water holdup rate is computed.
Finally, a pattern recognition method is used to identify the transformation rules of the material distribution models in the flow section;
the gas—water stratified flow is distinguished. With this method, the gas—water stratified flow patterns can be identified and the water
holdup rate can be computed, and the method is quicker and more accurate than analyzing reconstructed images.
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(a) Stratified smooth flow
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(b) Stratified wavy flow

(c) Elongated bubble flow

Fig. 1 Gas—water flow patterns observed in horizontal logging experiments
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Fig. 2 Gas-water flow patterns in a horizontal pipe
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Fig. 3 Gas-water material distribution models

( L

(a) All gas

o 16x(16-5)=176,
4 ol

29 Im



] jcmik

4@7
g\ (Articles ) 2011,29(05)
S
s 3MHz
_ _ sl
Heariuhy 8 2 AL o )
Bty 9 13 5% G LR . 16
Heltr i 10 16 He AR it ’ ’
16 6 o
030
4 B 3 LUNNIESE - =t T mmm'ﬂ
0.25
Fig. 4 Structural profile of sensor for electromagnetic et
g
image logging and measure pattern i u. 1
= ..J, .'
S R n u-r--‘l
’ ’ 2 ool AN 1ur\.-r\.f\(r f
oosk | I | |t I| [l ] | |4
© L|'.*,'*,r‘..l"|l|.|1
[0} _ FL I, L O T 0 I I
11 22 33 44 55 66 TT OBE 99 110 121 132 143 154 165 176
Rl
’ ’ 6 -
° Fig. 6 Analog measurement signal curves for
5 o gas—water material distribution model
[IA 1)
0.1 - BfifR 3
_ 012 g —— L 3.1
E=IRTT A ’
§ 0.0# 176 >
2 006 11 >
o 16 ; 16 d,
002
1 o ) d
O 22 33 44 55 66 7T OBR 99 (10 121 132 143 1S4 165 176
{5 0.0498~0.2953V s . d
5 B 0.0001~0.0003V o , d
Fig. 5 Comparison of the experimental values with the °
simulation data in the stratified model 3.2
1 , d h
4 ’ ) ’
) . . h=454.36d*+149.67d+2.2375 (1)
1 d
Table 1 The dvalues of all models simulated
AY dIv
1 h=8.7620mm 0.0498 10 h=88.7640mm 0.2953
2 h=15.2360mm 0.0707 0.0003
3 h=23.1088mm 0.0994 0.0001
4 h=32.0996mm 0.1290 1 7,=6.5mm 0.0001
5 h=41.8548mm 0.1756 2 r,=13.0mm 0.0001
6 h=52.0000mm 0.2072 3 r,=19.5mm 0.0001
7 h=62.1452mm 0.2405 4 r,=26.0mm 0.0001
8 h=71.9004mm 0.2634 5 r,=32.5mm 0.0001
9 h=80.8912mm 0.2833 6 r,=39.0mm 0.0001
:h - ATy - .

Notes: h represents the height of the water phase,and r, represents the radius of the water phase.
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Fig. 7 Water holdup rate calculation for astratified model
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