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Abstract: In view of the virtual mass force, the annulus pressure, the gas-liquid resistance, the gas slippage, the annulus
void fraction and other factors, the mathematical model for annular multiphase pressure wave velocities of automatic kill in

fractured formation, was proposed based on the small perturbation theory. With the Pengzhou PZ-5-3D well (vertical depth
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5 827 m) as an example, the model was solved programmatically with the semi-explicit difference method. The results show
that, the gas from the fractured formation is characterized by the slug flow. With the increase of the void fraction, the
pressure wave velocity first decreases and then increases. For a void fraction between 0% and 16%, the pressure wave
velocity is mainly of liquid slug, and decreases sharply. For a void fraction between 16% and 40%, the pressure wave
velocity tends to be flat and constant. For a void fraction between 42% and 100%, the pressure wave velocity shows an
increasing trend, and is mainly of bubble slug. With the decrease of the annulus well depth, the void fraction decreases and
the pressure wave velocity falls. The pressure wave velocity increases with the back pressure of the kill circulating exhaust
wellhead. For an annular void fraction between 0% and 13%, the gas slippage velocity has little influence on the pressure
wave velocity. For an annular void fraction between 13% and 85%, the pressure wave velocity decreases with the gas
slippage velocity. The time interval of the throttle valve follows the response time of the bottom hole pressure, and increases

with the response time.

Key words: fractured gas reservoir; automatic kill; annulus polyphase; pressure wave velocity; gas slippage
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Fig. 1 The flowchart for solving the multiphase pressure wave velocity in annulus
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Fig. 2 Comparisons between the experimental results of ref. [15-16] and the wave velocities calculated in this paper: (a) comparison of the wave velocity at a

pressure of 30 MPa; (b) comparison of the wave velocity at gas contents of 1% and 20%
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Fig. 3 Schematic diagram of automatic well killing gas invasion Fig. 4 Effects of the crack gas slug flow void fraction on the pressure
circulating exhaust wave velocity
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Fig. 5 Effects of the gas invasion velocity on the pressure wave velocity Fig. 6 Effects of the throttle valve back pressure on the pressure

in the fractured gas reservoir wave velocity



5512 1 FLFEAE, 25 I RAEYEHZ A S I3RS AR 1 R ERIT 7S 1377

3.3 [EHFH iR ME EXTE iR

& 6 Ay R 37 ¥ i 8] JK (pp=0.1 MPa, 1.0 MPa, 2.0 MPa, 3.0 MPa, 4.0 MPa, 5.0 MPa) X} J& /7 iz 7 [ 5%
). R & At BT, 1 Bl I 2R GE A 0 It IR A 1 SIS ] e A HE A, 3 3P R R 0 B Y
B 11 (] 38 K, T T 0 ol e A S B K A A A, [l TR A3 K, 38K T B2 TR A S35 J g, DT 26 1 K, Uk
ANTSFE A | e AR AU, IR T SRR R] A 2l A8 4k, AT R 7 I8 i 2 I T
3.4 FIREIE K IEZN

& 7 K (w=50 Hz, 150 Hz, 250 Hz, 350 Hz, 450 Hz, 550 Hz) X & /7 3 38 0 5% 0. AR 22 T Fe2 a] 4
VERE T R D7 I 290 DR U 38, T2 90 R B 0 I8 1 220 8% 1 AR I TR 3R B2 ), ) B0 R A0 00
W], 2 JRUAVE = A F i, W25 SR AR, T s 4 SR 27 A — i 1R 22 B UR IS K, TR0 I
BT Y AR AR B IR = AT B, B A AR, DN TR S (B Bl i L BB AL, N K T A AR R i 3
SRS, DI ok S B R a3,

1200 7/ 320

[ w=50Hz, Cym=Re S v,=0.08m/s

[ = w=150Hz, Cym=0 F ol --- vs=0.40m/s

L - w=250Hz, C\m=0 P vs=0.70m/s

[ == w=350Hz, C\n=0 240 F e v, =0.20m/s, Cym=0

800 [ T w=450Hz, C\n=0 — e v,=0.60m/s, Cym=0

= - w=550Hz. C,,=0 ~ | — 1.=0.80m/s, Cym= Re J
~ [ NG E /
g g 160 F /" /|
~ ~— F . /
© E [ /.‘ %

[ o L

B S i - R
80 :_ ......... P /,.'{’,
[ EoN e IR SPr
0E /I P P T 0......
1 000 3000 5000 0 12 24 36 48 60 72 84
H/m b/ %
B 7 IS R 8 UKL LX) s 0 R

Fig. 7 Effects of the angular frequency on the pressure wave velocity Fig. 8 Effects of the gas slippage velocity on the pressure wave velocity
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Table 1  Effects of the gas slippage velocity on the pressure wave velocity

gas rate v,=0.08 m/s v:=0.20 m/s v=0.40 m/s v,=0.60 m/s v=0.70 m/s v:=0.80 m/s
Cym=0 Cum=0 Cim=0 Cym=0 Cym=0 Cym=Re
6.1 372.18 372.16 372.15 372.13 372.12 372.10
13.1 51.56 41.88 41.16 40.97 40.89 40.61
23.1 59.02 35.31 32.39 31.55 31.20 30.34
33.1 74.55 38.64 31.88 29.54 28.49 28.12
43.1 96.16 48.64 37.08 32.21 29.74 26.92
53.1 127.09 65.87 48.94 40.75 36.03 26.04
63.1 173.82 94.36 70.62 58.27 50.57 26.14
73.1 244.94 145.00 111.09 92.65 80.68 27.50
83.1 325.26 241.65 196.06 168.26 149.18 31.08
93.1 349.51 344.27 334.70 322.83 310.25 41.06

98.1 349.99 349.99 349.99 349.99 349.99 87.31
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e 1 AR 0 B X TR 7 i U e B R AR D R S RIS, B TR B R DO &, R
SR 0 80 B 3 K, AR S0V A ST AR, 1 349 %85 BE 52 e K, b i B A A T B % S 7 8 3 D 5 il AN
ROYSRE R T 13% I, ST B T %) 7 ™ AR 5 ), 3 TSR B B2 [ H is B
Hh AR RS A R, AR AR AK AR R R, S B SRR B SO Y5 L A2 TR s i i R
W, I B B SR i % s 8 R P 52 M S 48 K. S 5 SR R 98.1% I, T B E 0.8 m/s [\] 0.08 my/s 113K,
JESTHE M 87.31 m/s HEKZE 349.99 m/s, [ STIEHIE K T 262.68 mi/s, [A] 87.31 m/s HLAR, #9K T 200.86%.
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ASCLIN i X S VE 2SR A s R R 5, 856 1 T I sh AR 7= A= 10 B i s, 430 17Uk
23 Z AR B 7 0] 09 R 0 i AR AR, EEAR B LU T 458

1) HTRESZE B BRIE, 358 ST £ B % R B R R A A2 S HRRLE 0% & 16% X
&), JE 9 5 52 B 2 R /A s P48 25 BRAE 16% 2 45% [X[8], JE 7 9550 52 PG K34, PR 4 25 B R A
45% 2 70% DX[A], He 77 {5 5 I R 3 P28 25 ORI T 70% X [R], H it Fhase.

2) 5 I A 26 A AR, IR HE R R R, e ) B T N A B 2 R IR S s 21 AR A Y A B
F WIS E AR RS AR RS IR SRR, RS BRI E R, EEIR A T,
BT R ) 5 IR R AR L, RIS KT 6.25 £,

3) FEFEIEAHESIERAE 15 W AR B S 7= A ], I8 B4 6 2R 2 DR A HES R B Y, DT e
15 5 R SR R B T B SRR T Uk Bh A AR T, e TR I LR 4 Y 3 R Sl A R AR S [ R
R 1 v P02 A A% — A~ JE B ), Bt P B2 P g DB M4 A, SH R s o i [ /), =1 . el 080 4 s ] ]
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