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Physical Simulation Experiment and Result Analysis of Automatically Controlled
Killing in Ultra-Deep Well

LI Jun"’, YANG Hongwei', CHEN Wang', LONG Zhenyu', ZHANG Geng'
(1. College of Petroleum Engineering, China University of Petroleum(Beijing), Beijing, 102249, China; 2. China University of
Petroleum-Beijing at Karamay, Karamay, Xinjiang, 834000, China)

Abstract: Existing ultra-deep well overflow killing relies on manual control of the choke manifold, which suffers
from a slow response and large wellbore pressure fluctuation, likely resulting in complex situations such as secondary
overflow and leakage. In contrast, automatically controlled killing can achieve the stable control of overflow killing
operations during drilling. Therefore, the automatic control method integrating “proportional, integral, and differential
(PID) + displacement” double-layer synergic feedback was designed. The automatically controlled killing system for
ultra-deep wells was developed, and the physical simulation experiment device for automatically controlled killing was
established. The automatically controlled killing experiment was carried out under the conditions of constant target
pressure, continuously changing target pressure, and sudden pressure interference. The experiment results show that the
automatically controlled killing system can adjust the choke valve opening within about 30 s, and the range of choke
pressure fluctuation is less than 0.02 MPa. Compared with manually controlled killing, the automatically controlled
killing system possesses good stability, accuracy, response speed, and anti-interference ability. The results of the study
provide theoretical basis for the safe killing for complex formations in ultra-deep wells.

Key words: ultra-deep well; overflow; PID control; automatically controlled killing; physical simulation

Y s B #3: 2024-01-22; U E H #3: 2024-03-08

EEEN: 2% (1971—) , 8, b MA, 1994 52 T amk® (£4) BFT2EL 2005 FEFPELmAE (LF) daHT
RELH R, BRI EAFN, E2ANFELHFNBER FEAEI L ABNF AT LERF T @HGHAL, E-mail:
lijun446@vip.163.com

BIS1EE: ¥ £ 1%, zerotone@cup.edu.cn

ELTWE: ERARMFAEETFAFZALAA R LR ZH I EEDTANAEA 5 R4z 7" (%45:52104012) FE
B kF (w) AEALAB “TRERFFEFIESEFERL A FhEET X (%5 :2462023BJRC008 ) T4 B



https://doi.org/10.11911/syztjs.2024049
mailto:lijun446@vip.163.com
mailto:lijun446@vip.163.com
mailto:zerotone@cup.edu.cn

32 & Pzl

45

H K 2024 4 3 A

w

AL AE S, TRHT M2 L I T Il B R T & 1Y
AR, S5 AE S R A DU v R A
M — R E R LM, BIEE  RE
MR EE . LB EE O ERIE RS
W3 TR 25 0 P 22 A 0 SR W R PR AR, 1 ¢
OB L R Ze st BT, USRI
AP ATE R R AR T T T 2l 42 ) 5 A R T S A
VLR 3, M S2 B R IR Ry gt (T3l
P T B — B E A S0, X TR Ui
ZeU BERAR &, WS LR AR R 2, S RS AL
HE— 2B A, VR G T R O

WaE E AR T AR R R, MIREAE R A
B BT 145 0F R B R ot R o 1 30 00 R AR 38 48 1)
A Ak kR | s R R e i
PID 42 i 7 25 K T/ B | 2k b AR, 2 H AT i)™
L2 10 I R o e T R O R R T T
JELPESE R, N TR R PID £ 28 i # d | Fa
SEVERIE PEVE, LR 0 TR TREEALYY . 5 &
el wpz gt o st S L PID B8k
Dk A SRR, RS A g
T PAR TR, H 7 T Ve R Tt T A e
T 3 S W AR AR, 45 4 5 U R P ) R G A T
JESHTFREm g, FmES A g7 Tk
191375 11 22 B2 (9 B0, SR PID 458 ) Rl % 42
MIGE A (0 J7 3, BF T 00 ] W ) 5 42 2 1
Bl R — AL I R 5. Ak NP 3T
HUA B9 TR WS B R G, R T R sl R
NER RGBT % M ANP FH A sk
JEH RS R T IR, 5603 T A L JE I R 4%
AT AT, (3% 22 5 715 UL IR O B8 3845 B ] K T 3 maim,

TR E KT 0.4 MPa, ZZES AP gy T
LI A S R G, A5G AMESim {5 B X A 3
el RGHAT T U5 B A AR E PR T o

Li Lk, HATxE T A shs il o HOR 5T
EEAE T A S HIAE, Uik A PID 454 J7 X
X A R B, Y R R R e, SO H
Fe T3 9815 i ), sl T [ E PID 5 2 0
DR 22 RSP B Ui BT L BUE IR O, I 5 3
CA [ S O 2R R 45 i OR 5 BL BOR M 22
R BT Ea )L, 5 8RR 1 3 1 A AR 2k T
BRARTE MR, Bt T “PID+AIAE 7 WUZ ) s i3t 1Y)
FI Bl 5 75 1%, A PR UE 5 3 1R T B2 9 1 )k
b SCORAIE T 749 9 B R o ) o e A R R
L T A SRR R, B T A Sh
Fe R G 1 OR A R o R )2 B i
Fe AL 285, DU O i RO RE I P B A 1 e e
RefUHIk .
1 Al Y BRI R 4t
L1 BaiESEHF REiRT
FI Bl i s o 2R Ge A O S B H 2o A b o T
J1 A S A RO RS, T B R AR R | 45
1 PR SRS R A AT B B A, BT B A 5] 1 By
N o B R AT T ARBOLE Ty B E
T AR 5 4 SR A S P R G
A% L, Gl X HE S PR TR T 5 H AR IR 7, 3R T 3
11 152 5% i 45 5 A% 3 25 SR T A 5 SRAT R iy F
o B8 1) 15 9 01 7 1 L i, L A8 1) AR 9 42 M
P 435 5 908 01 0 R T 8 5 O 0

_____________________________________________

B HbR
JEJi{E

WUES

oo

Tt [y

HLR LL A1 HL R AT T 1)

______

FEIMERES (iR AL Iy
=0

&1

Fig.1 Design principle of automatically controlled killing system
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placement” two-layer synergic feedback
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Table1 Adjustment time and pressure fluctuation in

manual control killing test with fixed target pres-

sure at 30% gas content
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Fig.5 Pressure curve in automatic control killing test with

fixed target pressure at 30% gas content
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Table 2 Adjustment time and pressure fluctuation in auto-
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Table 3 Adjustment time and pressure fluctuation in auto-
matic control Killing test with fixed target pres-
sure at 50% gas content
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Fig.6 Pressure curve in automatic control killing test with
fixed target pressure at 50% gas content
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Table 4 Comparison of experimental results between manually controlled killing and automatically controlled killing sys-

tems
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Fig.8 Pressure curve of automatic control killing test with
fixed target pressure and variable liquid phase dis-
placement
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