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Abstract: This paper proposed a estimating bottom-hole pressure under abnormal conditions and judge abnormal working
conditions method for the special conditions where gas invasion may occur downhole in the process of managed pressure
drilling. Firstly, based on the simplified drift flux model, the gas-liquid two-phase flow model of managed pressure
drilling is established by adding the gas expansion term to the traditional hydraulic model. Then, considering the downhole
annular friction integral and bottom-hole gas influx as unknown parameters, and the bottom-hole flow as unknown state.
An adaptive observer that can jointly estimate unknown parameters and unknown state is designed, and the bottom-hole
pressure is estimated based on the obsever. Simulation experiments verify the effectiveness of the proposed control
method. The simulation results show that the gas-liquid two-phase flow model can simulate the change of bottom-hole
pressure when gas kick occurs downhole, and the observer can accurately track the changes of bottom-hole flow and
pressure in real time.

Keywords: managed pressure drilling; gas kick; gas-liquid two-phase flow model; joint estimation; adaptive observer

0 51 H BRI E AR T & i B — . bis
B TR BMAMEITRINEETE. Hit®k  BHERWEWMGHRN BT A, WEE S5
[ A5 R VRAT 40% e TSR, R BRI A R O, LarBl )RS,

e B #: 2022-04-22; FFHEA: 2022-09-03.

BEIH: EEE LA (2019YFA0708304); H A1 il RIA S A IR Bl-H B k2 (b)) e & 7ER
£ 10 (ZLZX2020-03).

TR H/EE. E-mail: xbeyl@163.com.



2 = A

5

Ve

*OR

We 5y AR SR IR R It s>, 7 E ol
Bl . 8T LR AR, AR il
SECIEAE A A A, PR AL R

AR RS T E AR, 3 A
(Managed Pressure Drilling, MPD) 1] D175 %k G 255
TEIFARRE H RO 1, KORFRTHE R, (H2, T
HZIRIEE IR AEAENZ AT E R 3R A T8 Ho
AR, SEOF T RHUE BTG, /NG A H)
W7 S 0. T4 (5 75 42 il X ARG IS R E oy
T LS ERSEE, M E I T 5L R,
Rk, B 58 AT & B AE B T T T R
FEJTS 558 ARl R A R G L

HEl, 3BT A2 T E N M 5T
I TTZ K TE. Gravdal S50 A5 2005 4F kORI A
Kalman J& £t TR AH RS A9 AS TS i,
MRPEA T &5 A T ARG 1T, Zhou S5E71 B
fAT A B ZK T 2R, S TR M 8 4 3 IS4k Sk
iR RES], It — SR T —FE T IHIRE
FIH AL E ARkt ot e, R 00 g Sy Rk
JE 1 BN AS R B fa1 A0 AR S Pt A Y, 445428 1) 5k oK B0
25 W 2% 5 RS 28 25 6 X N ASTIAR S R AT
flith, R BT L1 H 3 5 i e IR R
JIpEAT#E]. Stamnes S R Lyapunov 4347 1
et AR AR e, 25 HH— 2R ARt RA RN B & MY
RS AL E8 BIAL 18 7735 %7 16 SR AR RS ]
I AFAEAT E S ELA R ARG I, H A 38 32 90 2
S99 T M, T R f— A A5t 20 J7 #% (Partial
Differential Equation, PDE) A REAR1S S5 F1.

DA B FRER A IR A T H N EE, )
A7 R AR KA e SRR FRAS AL O IS T 52
W E SRR b, TR a8 &M DI AT AAR T
A EbR, ASEBRSE S BUESSRE N, WA B IS
NN a5 BRI, XA RIS 1 5 R e AT Al
1. Habib £ 7 H —Fh BT TC v R /R 2 I8 W Al
ThAR I N BN ZR, (5] B A R AL L = A
2, LA AR A I 5 Al i Tl BRI
J7 R S T AR A B A AR A IE Y & Y
M S, ZA0 T ARG, B A2 ) W AT AT
5 | RS SRS S ).

Jiang!") $ H 7 —FE Al K N SR
FURRE I T 125, 207 B BRaS R ) — IR E i A
RS TC R /R SR EIE S G, IR SR
FoAe Bk B e I ) R R e R B AR AL, 52
MR TR E . PR T84T

SLG R4, AT LLE S I AR KA SR IE T
L FE AT A AR, A0 A SO 5 e I8 T AR A
RHE T SRR TS & 2R RGNS 25 B SRR 7K
AN R R T S W, S K BRI TR LR 5
ARURHER A RIS B R SR A AR,
HRFAE G 22 A% A Z AL 73R . Liaol' fiff
ST i ) SR E A R R O R, JE T
MPD b B2 AR ] 22 A0 IR AT s AR, A2 L Al
FRAB R AR E SIS, BRI E R B
B TARIEIENLE, (HE A B Z AL 3 SOk
TS R B SRR TSR TR, 4 B
WP EEIE SR SR A B E SR AR 5 1, AT A
ST 5 HAT R4 & Mg BB AE A 3 — 20 %

PRI, AR SR X iR B 5 A S Pk AR, 1 — 2543
Mr s FE Al HF A Fh R AR AR I 5 A A o (]
B, TR E E A (Drift Flux Model, DFM) %
SR SEI AR T R B B A R T
2 (Ordinary Differential Equation,ODE) =% P4 #H it
Y R, B I R BEAE AR FF R AU B
ARISEL BT RT A AR RIRES, 83 7 — ot
RINSEOARFVRASHATICA A THAY B & R 25,
FELAE AR A T IR E . 5 el 7 5404, B
UE T AR R ML 5 A R

| YA LB AR A i ik i

1.1 DFM /572
e RIS 2 MR PR ) DFM 5 felel:
Oappr  Oapprvr
= 1
ot ox 0 )
dagpa dagpcva
= 2
ot ox 0 @)
dapprvr + dagpcve ~ OP + agpcvé + apprvi
ot ox
. 2f pmUm
= —pmgsinp(z) — pr 3)

Hrh o Lo shIT A LA B AR, © = 0 IS &

FHRE fONEEREIR A D K EARS cu, pis vi 53931

FONTHETEA (0 = G, L) BRI 8L 3 AT
JE, T K AE iR PDE R4, 5IANLAF A& 41

{ ag + (;L =1 @)
P = cgpa

Horfr P OSURIE S cq PR SRS BUrb i 4 7

IR ERRUT:
{ Pm = Qgpg + aLpr )

Um = QGgUG + Qv



BEG F RS FTARIN A E R SRBRERE T 3

HA pr NSRRI vm N TIRG TR
IR SRR < TR S R A R o200
U
1-oaj
Hrprag, € [0,1) 5ARUR AR L HIHA K voo > 0
RS AUEE, F TR SUAIF 8O RE— 22
RS

u=Guapria) =

vg = + Voo (6)

W:pm —appr, vc)

(7
KSR ST R AT x TR, B4
Nis i 53 B R R GEAGA4 0 W ) R A (R /R A1E 1) o,
IR Ay I NN -k

oxtL IxL _
W + UGW =0 (8)
b (g - S@] =0 ©

1y (o) [A3<u>§z - S(u)}
1.2 REEEREER
ik DFM JyREXME LA #2  H T H i E F1 4l
TH ), T Bt LR A7 farb. e ot R v (s B ok
FAEFE B AR DFM BRI L SRR TR
B B, YRR AT F R
BIAR 1 (B e B 2 P A

— Q"'ES
o vg = .
AO‘G\I:O

HH gres WHBESIKEN .

Big 2 MFHEROEZENE « € 0,h], H
T agpa(@)de < [ appr(@)de, BT T
AT i/ N FT LA R 1T

B3 R R A T 22 R, BIR
2 AT 0 A R

9T AL, 4753 (9)-(10), HEARHREILE 1 {6

0 (10)

RSB (R
_ Um, _ QTes+qbit
vg—il_az—i-voo—iA(l_az)—i-voo (11)

Hrf o}, flvee A LA IR R T, qvie HFHIE
i, BRI EIR E i, SRR H gres.

TR (8) LA FMEEE (4 (5) (7) FIFRIR
A
_ (1-ag—a3)pr
xe(0,) = (1—ac—aj)pr +acpe|,—

%ﬁﬁﬂD&A%mﬁ:%?ﬂW%%ﬁﬂﬂ
KT KRARE H G I E BB R AR,
TSRS (] BRI R A R 2.

Gl AT xo (@) BISC RSS2 TUA

(12)

AT
1+ 1 (pG - 1>
PL

Hrp pe = P/,

N HEFAURIEZIRT, FESIART « E’Jdagﬁ%
B AR €, Hodt o = (¢, &) & LM i) i
ve,x (to,§) = & WM. & ARG B H AR &
ag(t,§) = ag(t,=(t,£)), Fth, BRAPARE RS
Eq(t) AT LARR A

h
EdU—AAé%wQM—

h * _
A/ Cxepr (e —1) (xe 2) <3PG + e 8PG> dr
0 (P +XzPG — XLPL) ot Ox

(14)
Hrp h FRAUEIEHE & . R IR R T
JEEE, WA
Opc 1 pon—pe
oxr 2 h

Ipa I, (13)
R — P
ot cZ

Ferb pon, pe 73 BI5AAH R E M HEE. 51N
HrEASE Lo, BRI Ec FomAin R IE:

Eq =1 (Ucpbhh_pc _pc> (16)
Hr,

A —1
h=oulap -1 [ —2ED g,
G o (pr+XLpPe — XLPL)

17)

hG LIRS, A PR AR A,
FEIA M AR b S SR IR, e 24 1
FERI BTSN R IgA:

pc = % (qbit + Qres + EG + Qvack — qdwke) (18)
H Br MW AR B RV, N B AR
%/El: Qback Qchoke ﬁ%u%@ﬁﬁfﬁ%ﬁﬂﬁiﬁ ﬁﬂ?}iﬂ\:%

R Eq Ryzk3 (16) AN (18) R 15
pc =
ﬁiL - +T Upbhfpc_. i -

Va bit Qres 0 G h De Gback qchoke
(19)
9]}\ B I (19) AT

Povh — Dc
<qbit + Qres + IO'UGL + Qback — QChoke>

S|

DPe = h

a

(20)

— s/ (1+ P00 ) AR TR

™I

Hrp



# o# 5

Ve

xR

I (20) B K S22 vy p. T,
FHAE doie TPIIN res, FHEVUR THUT R TIRMN

M AR AL
pp =2 (Gpump — Qoit)
P Vd pump bit
. B b — Pc
Pe =7 | @it + Qres + IODGL + Qback — qchoke
V. h
. 1 2
it =—[Pp — Pe — Fadie — Fa (Qbit + Gres)

M

+ (pa — pa) ghuit]

21)
HA Qpump NVEIRAEH IR Ba A BFE N4 HT
HI RS L; Va NESAERTR; Fy, Fa 53 BAESHERTER
2SR BRI FRGYS pas pa 53 DA EEFERIER 2SN
R E M OB E S S N sl Jr 1A b
BRI A T ARG O hopie RO BE LRI pp TR
KAOMIET); ve REFNURSHIEE; g ZES)
[, T & AR SURE, HRE T ER A

QT‘ES[ZS]:

Do = Pp — Fu (qoit + Gres)” + paghuit (22)

AUR TOLT #Y B S % 3

TEMLIM #1271, $2 ik

BRig 4 HZURE gres MIRZSHH BB S)

Fo, NAFNE AL SUREZIRE Eq " TSEE .
WARIZE 0 = F,/M, = Q1) A5 NI IE

Fa W

2

_Ba

pp *Vd (qump - Qbit)

®

Pon — De

h

pc <qbit + Qres + Io’UG + Qback — QChok:e>

<

a

—

Goit =~ (Pp — Pe — Fadiir + (Pa — pa) ghuit) —

M
9 (qbit + Q'r‘es)2

(23)
2.1 NG
HI TV A R ST pp MIFHHEUE pe 24 A
B BT, T guie ST IR &, 8 LR
KT pp T quir M AR 271;
§ = quir +Lipp
Hr 1y AT R A
X (24) SRR
€ = Goir + lipp = % (pp — Pe — Fadiyy + (pa — pa) gheit)

24

-0 (Qbit + qres)2 + ll% (q;Jump - qbit) (25)

V.

HA (@oit + @res)” = Gy + 2qitGres + ¢eyy ©
[91;92793]T7¢(Qbit) = [q5¢t72Qbit7”T;91 = 0,0,
Ores, 03 = 07

W (25) ATCE v g

-1
£ M (pp — Pe — qugit + (pd — Pa) ghbit)

— 0% (quit) + 11% (Gpump — Qwit) (26)
KT HICH goie PRI BTT0T
é :% (Pp = Pe = Fadi + (pa = pa) ghoit)
— 076 (Gout) + llffj (Gpump — Goir) 27
Goir = & — lipy (28)
T MR ZE I
0105 = O = 01 (Ghie = i) + 01
O2quit — O2Gvic = 02Gpit + 02Gpit (29)

Gir — Qe = (Qvir + Qvir) Qi
Hrh 0; = 0; — 05, Goie = Qbit — G-
A= (24) 530 (28) i ISR I &
£=€— &= (qoir + lipp) — (oie + ipp) = Gie (30)
= (26) 520 Q27) AR

B . X 5 F R
§=¢6-¢= *h%%it - Md (G — doit) —
[(91Q§it + 202qpi¢ + 03) — (élqugit + 202Gpir + 93)}
(31)
2L (29) HRG R IR ZTUCA AT 15
- _ F . 5
§=— 51%%1'15 - (91 + ]\;) (qvit + Gvit) Qoit—
013 — 202Gbit — 202G1i — O (32)

B Qo BB €, P TFIRZET € 034>
IR

5:_11@%

Vdf - <91 + E) (qvie + Gbie) € — 2026 — T (Guir)
(33)
22 WSES T

FiR 20 £ e ©, BT Lyapunov %L

U(E,0) = %52 + %(:)TF‘l(:) (34)
HAT =T7 > 0 A5 MR,
X (34) K FFHAAN (33), 115
U(E,0) = — l1%£~2 — <91 + ﬁ) (qoit + Goit) E2—
20,62+ 6T (0 - T (@) €)  (39)

I (35) 1 OTT 1 (0 = T (qne) €) S/



BEG F RS FTARIN A E R SRBRERE T 5

LUK, AT Lyapunov B4z FESMT, #L © =
T (Goir) €, HHs BT R F R

U, 0) =
. F R ~ ~
- 11%52 - (01 + ]\;> (Qbit + Qbit) 52 - 2el%es 52

(36)
HT 00 > 0,Fg/M > 0,qp¢ > 0,Gpe > 0 H
Qres > 0, [Kl1HE:

F o }
<01 + ]\;) (qbit + qbit) 52 + 291qres§2 Z 0 (37)

SR P > 0, AR L > 0 AT,
d

Ba z
VdSQ <0 (38)

A E = 6 = 0 BHt 33) % O =

U(é, é) <-hL

H2 5% Lipschitz [, B LaSalle-Yoshizawa i P23 [f
A1, 45K (38) oz, A
Ba
d
Hrp 1y, Bg, Vg IEEL 2L (39) W3R H tllglo &£ =0,
It — oo I, Goir — quir- BHIIL SIHE © =
Lo (Goie) € W, 1 Lyapunov £ & 318 )2 LaSalle-
Yoshizawa & FLA] A1, WL &5 = Z2 0 85 H R GeR A1

£2=0 (39)

lim —[;
t—o0

e

E.
23 BEN#RI
HT WAL R € AR, EE R A R
HE 1, AR — R, 798 S F eI b
o =0+1(pp€) (40)
$oti 1 (s €) BT pyp 1€ HUBEL © FRKINH
4k, © = 0.

%58 (40) RS AT{E:
oy, on,
# = i+ Sl 41)
$3t: (23) i p, AL
_0n (Ba o @*
aam(wmwm %m)+%g 42)
W AT
2 On (Pa e on ;
g = 6pp (Vd (unmp %u&)) + aég (43)

ST LIS, %18 0 = 0 —n (py, ), HHEAE

stz © e
0=6-06=-0=-5+7(p€) =

_(9n (Ba Y &W>
(app <Vd (qpump qbn)) + 855

67] . 877 2 ﬁd 677 s
S ="=_—" 44
+ Pp+ =€ V1 0p, (44)

5 (44) RN © = T (Goe) € W1

~2
Qpit
Ba On .
—22 5 T (Goie) =T | 24y, 45
Va9, ¢ (Qvit) 2qlbt (45)

X (45) SRFG AT 15
U (Ppﬁf) = _;11 /Db (5 - lle) dp, =

T

(é_llp >3 é_llp )2 v
r . @p ( lﬁdp ,f% (46)
"V "y Vi

I, =T n (@bit, hbit) 1w FECH:

;;:—;;[@—m@i2@—hmqu

Vi
N 2 N T
@ _r <§ - llpp) 2 <§ - llpp) 0
o€  Ba 7 Ba
Vi Vi
(47)

BB T

€(0) = Guit(0) + Lyp,(0) (48)

A~

5(0) = 6(0) +1 (p(0).(0)  (49)
Hrh p,(0) EHLG0ie(0) FEARSEIIS SRS T
LISHHTH AT SRR (48) HHEEH £0),
it (49) 13%) 6(0).
25 b, FCE AL 45 AR S0 AT IR LT RO AR 2% K 5E R
TR

N2

. . 0

Pon = pp — Iy (qbit + ;) + paghui
1

3 1
fzﬁ(pz)

(:)T¢ (qAbit) + ll% (qpump - (jbit)

— Pe — qugit + (pd - pa) ghbit) -

Qpit = & — llpp
£(0) = Gyit(0) + 11p,(0)

(50)



6 £ H# 5 FE K
ézﬁ_n(ppaé> 0 e
. 0n (Ba R ) on ; < A
O=—\| ump — 4bi + — = -3 - S
ops <Vd(qp » — Qbit) (%é ) ﬁ ol H A
. 3 . 2 g2 _ |
R <€ - llpp) (€ - llpp) D K 15
77(1%%5) :F 9 777;0 -20
Ba Ba Ba
31— l1— — 0 100 200 300 400 500
. Va Va Va B 1A /s
5(0) = ©(0) +n { pp(0),£(0)
( ? ) - 3 SERIRTRMSH 0; FELEE

R AT P A AT A AR A, 1) A AR A% e DA K
i Lyapunov BR£15 2= (50) H1 (51) BRI K
H & #J7#. | Lyapunov £ PEFRIS 734 AT 41, 1%
3T b S RE A — B0 Al TR B AR TR
HSEUARAFARE OF IR A HIRETD).

3 fiESH

BT B S B AR P AR AR, A O
WER AT T ARMSBORT, TEEIRIE 1
PR Ul

F= 1 EhHEREUE

2 HfH i LidEl

Vg /m> 28.2743 V, /m? 96.1327
Ba/MPa 1400 Ba/MPa 1400

Mg/ (kg-m™*) 57296 x 105 M,/ (kg-m~*) 1.6852 x 10°

Fy/ (MPa-s*> .m~%) 16500 F,/(MPa-s®>-m~%) 2080
pa/ (kg - m~?) 1250 pa/ (kg-m~?) 1250
g/ (m-s7?) 9.8 hyi¢/m 2000
dpump/ (m3 : 571) 0.01 Qvack/ (m3 -s7h) 0.008

EHARBRHRE R LR, BUETURLE gres =
0.0001. H FARMBETTFERINE 1 - & 3 Firor,
TR AE MR 4 - 1 S s

5

4 -l THE
S} — HAE
=3
=
Ho1 '.,’

0 1 1 1 1

0 100 200 300 400 500
B [8]/s
B1 SRIATKRNSH# 0, (FEER
x10*
~~~~~~~ fili TH
— HSEE

K580,
iRl SR SIS
AN 0O N~ O

0O 100 200 300 400 500
B [a] /s

2 SRIATRMNSH 6, TEER

B - 3 AR L YRR AR, B
T NOYLI AR 100s XS AHIZEL 0 fh 1Tt
BRZEHN 6.11%, 1E 150s PN B IE MY 0 A K24 0
fh AR IR 2 45 /N2 1.31%, [H] I AE 200s i
WSz AR IS FHLSH.

__0.020
“» 0.018 A
"z 0.016 — AR
m 0.014
¥2 0.012
= 0.010 L
# 0.008

0 100 200 300 400 500

HF 18]/s

B4 SEIATHEREHEER
. 530 A
g 50| — HSE
E 510}
F 500}

0O 100 200 300 400 500
i [8]/s

5 SERIATHEENBESER

Kl 4 — & 5 i ESERAER: YR A SR,
HI&E M LR AE 100s A BRI AT BR R b IRt i A ic
T3, BISSMM LT 52 Wi s 52 M, BREERUR
Ly/a

LA HT AT, Y IR AR RIR I, AT H
T UL B AT DAE SR Tl R R LT R AR =
AR AR HURAS. A2 SEPREE H FE A, SRR SAR
S AR I R P T 1 RCR ) S gk, R B 3E
#r ] LASERR2 B T, MR AR s = St
[, HE— 20 S WSS — R S A

BRAEE IR R IR L AU, SRR Gres =
0.0001, WLEESAZ KAz I I 1 R IS 719 A
b, i E LSS mE 6 — & 7 AR,

B RL I Y H R SRk A SR,
i A WAE=Yvr: N =R AN R A =B A SAE = Yreking
HIL B AW SR L 5 Sk [29] AR BN S8
WA R, JIE T A SO IR AR AR A 9



BEG F RS FTARIN A E R SRBRERE T 7

AU AR, 8 R RS A UR & A SR s R
EEIF IR LA R ), HR 825 51 JLPA
BRI, BRERRCR R A

2 R

014 H S fik
013 HPE

.012
.011
.010
.009¢
.008¢
. 007

)

JER &/ (m’
[eNeoNoNoloNoNoNoNol

0 100 200 300 400 500
i JE] /s

o6 HHIEPLESENAREREFEESR
525
L 520
(o]
2 515
;, 510 |
# 505 |
= 500 |
495

- Al THE
— FEA

-

0 100 200 300 400 500
B 8]/ s

B7 #HdBRPLAESENHRENFEER
80 — A E &
< 75
S 70
E g5t
O
#H 60
55

0 100 200 300 400 500
18] /s

8 MANBEPLESERNAOBENTEER

BEAh, £ UR A ARG, AUR B EERURT I RE
72, FIEEMEEEEHAY H Y, F R RS T
FFIRHEZE, SR 5 HMa2 AR I A2 A RO i 8
HITEASR AR, R AR, HHEERZEES
PRGN, e ORFGFAS, BE— PRI T AL
URESISEE S Qe

i SCHR [12] BT A TR 0L MRS R 48
HEBLIRASS AL, (i EEE R ANIE 9 - 14 10 fs.

_0.020
— 0.018}
Joo.016F o Sell
= 0.014} ==
£ 0.012
> 0.010
B 0.008
R (TR
% 0.004 ey
i 0.002 < H
0

0 100 200 300 400 500
i 7]/

9 BHKNFEEESERIATHERENREER

370
360}
350
340}
330
320

310 — FUSE
300}

0 160 260 360 460 500
I 8]/

10 BRAKNFERSELATHREENHESER

PrELEE AR, AR, TR U
15, Sk [12] FFHRER AE7K )2 BB 20 T S
FE) SR LAY 2 (LS55, 3L 1@ L35 R 45
WERHL T IRV A (LR, 4 U7 25
300s i, I T 548 R AR, FRATAR AT 25
AP, SOk [12) S A BIB J
TR TR B KA, G BTN A8 (1 9
VERH PRI IR AT T 74.67%, (i IEIEE S
T RIRR 2 1.52%

5 LA, R4 SRR Rn %
AR BT TSR T (BT, LI 4% LS
R, R M R R S FF
P LY 0 SRt B R 6L
FRATSEA A S, B B2 03 45T LA
T i T A SRR AR, I LU0
RRRERE.

4 4 #®

AR SRS I ST 49 PDE )y il
HEFTRIFG, BN T~ FIAH) ODE Gk AL,
SO, R R BB T — Rt PR T
SRR R RO, TR 96 T AN S
HORREBRRU) MRRIRAS ORI R IR
i), FHIEIE Lyapunov FEMEIRICHEN T WIS
S (7R A, LIPS A BT 00 T
PSR B AT, R T AU A I
RN FHRAETR KA, FRH
S AL 8T LS M ML 7 B 2
b, I A B RS U AR O T B
B A A, R B R R S B
S, LIRSS SR (TR A AT,
S HORAOIE TSR, WU SSF, (RBRHE R 2
T, A BRI AR IR TR T 0023 5
JPiLE

FFIEJE 71/ bar




8 = I
SR (References) [12] TRES, &7, XE. SEHIH A TIAZ Sy dEZ
AL T [J1. AR, 2016, 37(12): 1543-1549.
s B At % Sy [EL o Ao B iy e
[ ;;i?;;?iy’ E?iilﬁgfilﬂ;li;i%Zﬁﬂﬁﬁ (Xu B C, Meng Y, Liu W. Nonlinear estimation of
(i, G gL [\73 W‘ Chen M ’ . 1( B). e h the down-hole unmeasurable variables in the managed
i u en et al. Basic research on
’ ’ ’ ressure drilling system[J]. Acta Petrolei Sinica, 2016,
safe and efficient drilling in deep complex formation[J]. 27 (12): 1543 15g 49y) 1l
China Science and Technology Achievements, 2014(13): ' o )
21.22) [13] Musab H M, Imtiaz S, Khan F, et al. Early detection and
- .mm% T estimation of kick in managed pressure drilling[J]. SPE
(2] J %’D%;% vy iii;ﬂ;[ﬂg 7;{ ik f’fl; i)”lzil(s”; Drilling & Completion, 2021, 36(2): 245-262.
;;8 57 ’ 0 ’ ’ ' [14] Jiang H, Liu G, Li J, et al. Numerical simulation of
i 1 kick detecti thod using UKF
(Han C, Luo M, Yang Y H, et al. Key drilling technologies ? r.lew.eary gas wiek delection metiod using .
for HTHP wells with narrow safety densit indo estimation and GLRT[J]. Journal of Petroleum Science
w wi \4 ity window . .
& E 2019(173): 415-425.
in the Yinggiong Basin[J]. Oil Drilling & Production ngmeerglﬁg,m ,,( ) Lo y
(31 EiLIb $§ W,ﬁ% At A8 TR SRR R A R 2SR R B T AUR I R BB S R et (D). 1S
5 5 D&, =7 DO/ )32 ITINZE)E JENIEN
- S, 2022, 44(1): 51-58.
Sy ). 407745, 2020, 41(4): 497-504. e o T B et el Bxperiment
an an u et al. Experimenta
(Wang J S, Li J, Liu G H, et al. Prediction of annulus . J " ’ i i d, ol d’t ton b pd 0
system for gas-kick downhole detection based on the
pressure in variable pressure gradients drilling[J]. Acta Y . .g . .
Petrolei Sinica, 2020, 41(4): 497-504.) characteristic response of low-frequncy elastic wave in
etrolei Sinica. : -504.
4 R %#%ﬂﬁ( %E?l"ﬂiﬂ\@ M. b2 Tl oil and gas drilling[J]. Mechanics in Engineering, 2022,
S o= TR 44(1): 51-58.)
Jikt, 2002: 1-25. ‘ \ A . -
16] XK RACH, ey, 2 SARTHHER S S B
(Jiang X W. Drilling accidents and complications[M]. [16] ﬁﬁjﬁ: ;; ﬁifi]lﬁf;z’:f ;)‘;;%fsgjf;fjjﬁﬂ
Beijing: Petroleum industry press, 2002: 1-25.) = T U3 e ’ T

(5] A 27 Al BT 40 2 R HE FE [ A T (Liu F H, Chen C K, Qiao S J, et al. Transient variation
#%’E;ﬁé;s ;/}. zﬁ ‘Tﬂg ;L 11, 2008, 24(21) of annular pressure at the initial stage of gas influx[J].
177 178:1;4”/ ). e A > 2421): Drilling and Production Technology, 2022, 45(2): 1-7.)
(Wa-n I L.i G Zhu X D. Development of an [17] Liao Y, Sun X, Sun B, et al. Wellhead backpressure

u . %
oil ]§rilli,ng Acc’i dent Prewarning S stzm Based on control strategies and outflow response characteristics for
W y! . . -
kick d d drilling[J]. J 1 of
Hierarchical fuzzy inference[J]. Science and Technology Ig\IaSt lcl G urISng managz Epre.ssure‘ . zl(l)lzg(g ]75 011'1(1;1; 6(4)1
) atural Gas Science and Engineering, , 75: .
& Innovation, 2008, 24(21): 177-178+184.) . . .
[6] Gravdal J E, Lorentzen R J, Fielde K K, et al. Tuning [18] Gavrilyuk S L, Fabre J. Lagrangian coordinates for a
of compute; model param’eters o mar’lage d-.pressure drift-flux model of a gas-liquid mixture[J]. International
j 1 of multiphase flow, 1996, 22(3): 453-460.
drilling applications using an unscented-kalman-filter 0197 Jzou;na; FITludllp ?f: :W’ ’l ( )t' rati
. uber N, Findlay J A. Average volumetric concentration
technique[J]. SPE Journal, 2010, 15(3): 856-866. .
[7]  Zhou J. Stamnes O N, Aamo O M, et al. Observer-based in two-phase flow systems[J]. Journal of Heat Transfer,
’ ’ ’ ' 1965, 87(4): 453-468.
control of a managed pressure drilling system[C]. 2008 201 Shi H IEI)I I A Durlofskv L J. et al. Drififl
Chinese Control and Decision Conference. Yantai: IEEE, (201 ! ; olmes ’ ur(? Sy » ot al Uritiux
2008: 3475-3480 modeling of two-phase flow in wellbores[J]. SPE Journal,
) ‘ 2005, 10(01): 24-33.

[8] Stamnes ON, ZhouJ, Kaasa G O, et al. Adaptive observer 211 Si > (L )D o studv of table oh
design for the bottomhole pressure of a managed pressure [21] lnegre o yr'lamlc' Stucy ot unstable phefiomena
drilling system[C]. 2008 47th IEEE Conference on stepping in gas-lift activated wells[J]. These Docteur de
Decision and Control. Cancun: IEEE, 2008: 2961-2966. I’Ecole des Mines de Paris, 2006.

[9] Zhou J, Stamnes O N, Aamo O M, et al. Switched [22] Wallis G B. One-dimensional two-phase flow[M]. New
control for pressure regulation and kick attenuation in a York: Courier Dove.r Pubhcatl'ons, 2020. .
managed pressure drilling system[J]. IEEE Transactions [23] Az?rsnes UJF, M.egho F D.’ Evje S, etal. Control-oriented
on Control Systems Technology, 2010, 19(2): 337-350. drift-flux modeling of single and two-phase flow for

[10] M@ HF L1 [ %57 6 MPD 5 5 drilling[C]. Dynamic Systems and Control Conference.

JTony D o A .,

(11]

[D]. dExt: i AR (e, 2018: 30-37.

(Zheng D J. Bottomhole Pressure Control of Managed
Pressure Drilling Based on L1 Adaptive Algorithm[D].
Beijing: China University of Petroleum(Beijing), 2018:
30-37.)

Stamnes O N, Aamo O M, Kaasa G O. Adaptive
redesign of nonlinear observers[J]. IEEE Transactions on
Automatic Control, 2011, 56(5): 1152-1157.

(24]

(25]

Texas: American Society of Mechanical Engineers,
2014, 46209: VO03T37A003.

Aarsnes U J F, Ambrus A, Vajargah A K, et al. A
simplified gas-liquid flow model for kick mitigation and
control during drilling operations[C]. Dynamic Systems
and Control Conference. Columbus: American Society
of Mechanical Engineers, 2015, 57250: VO02T20A002.
Kaasa G O, Stamnes @ N, Aamo O M, et al. Simplified



BEG F RS FTARIN A E R SRBRERE T 9

[26]

[27]

(28]

[29]

hydraulics model used for intelligent estimation of
downhole pressure for a managed-pressure-drilling
control system[J]. SPE Drilling & Completion, 2012,
27(1): 127-138.

Tan Y, Kanellakopoulos I, Jiang Z P. Nonlinear
observer/controller design for a class of nonlinear
systems[C]. IEEE Conference on Decision & Control.
Tampa: IEEE, 1998: 2503-2508.

Stamnes O N, Zhou J, Kaasa G O, et al. Adaptive observer
design for the bottomhole pressure of a managed pressure
drilling system[C]. 2008 47th IEEE Conference on
Decision and Control. Cancun: IEEE, 2008: 2961-2966.
Sule I, Imtiaz S, Khan F, et al. Nonlinear model
predictive control of gas kick in a managed pressure
drilling system[J]. Journal of Petroleum Science and
Engineering, 2019, 174: 1223-1235.

TRWIH, doclg, BN, 55, SRR 135 M
FELI NI [T]. 47372417, 2015, 36(1): 7.

Xu C Y, Meng Y F, Wei N, et al. Experimental
simulation and numerical modeling of dynamic
variations in wellbore pressure during gas-kicks[J]. Acta

Petrolei Sinica, 2015, 36(1): 7.)

FLREAR, MRoThe, EROEE. 42 Al o B ) B S iR
SURHEIWTHEN S A7 [9]. B2 02725441, 2015, 32(2):
317-322+358.

(Kong X W, Ling Y H, Qui Y J. Research of mechanism
for the gas invasion and gravity replacement in drilling

[30]

operations[J]. Chinese Journal of Applied Mechanics,
2015, 32(2): 317-322+358.)

EEEN

WEE1974-), B, BIHE, W1, NS EHIF
BRI R R s S W A AC AL RO B 58, E-mail:
xbeyl@163.com;

F R (1995-), 5, L0 AR, M SHs A i e
s A S H R 4E, E-mail: meng zrcup8@163.com;

BRI HH (2000—-), 55, TR 502E, ISRty id R
i A5 SIS, E-mail: chenyiqi_cup@]163.com;

XA (1977-), B, B R LRI, 4, AR
IR L, UL PSR S e i 4 A5 TT & (B 57, E-mail:
liuweidri@cnpc.com.cn;

etpd (1997—), 55, fill -+, N RIS RS
YR 5 S50 TS, B-mail: 13121171017@163.com.



