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Real-time formation pressure inversion method based on back-pressure excitation response
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Abstract: Petroleum exploration technologies are constantly evloving towards deep and complex formations. In response to the gas
kick that is prone to occur during the drilling process of deep and complex oil and gas reservoirs, the key for well control is to accu-
rately and quickly invert the formation pressure at the time of gas kick, allow the bottom hole pressure to quickly return to the safety
window, and suppress the influx of gas from the formation to the wellbore. In traditional drilling processes, most of the formation
pressure inversion during gas kick relies on the well shut-in pressure recovery curve, but it is highly time-consuming and less timely
to obtain formation pressure during well shut-in. For this reason, a method is proposed to invert formation pressure under back-pres-
sure stimulation without well shut-in. Firstly, a simplified two-phase flow model was established to simulate the gas-liquid two-phase
flow behavior in the annulus. The comparison with the OLGA multiphase flow simulator shows that the simplified two-phase flow
model has high computational accuracy and can be used to provide real-time annulus data required for formation pressure inversion al-
gorithms. Secondly, considering the relationship between the volume of each component during gas kick, a formation pressure inver-
sion formula was derived by use of the reservoir model. This method requires applying back-pressure at the wellhead to stimulate the
changes in gas kick response parameters (bottom hole pressure and outlet flow rate). The formation pressure is reversed using the
ground measurement data obtained from the managed pressure drilling system after back-pressure stimulation and the annular data
calculated by the simplified two-phase flow model. The results of simulation experiment show that the back-pressure excitation meth-
od provides higher inversion accuracy when compared with the recursive least squares algorithm. Finally, taking into consideration
errors in drilling fluid density and outlet flow rate, a robustness analysis was conducted on the back-pressure excitation algorithm.
The experimental results show that despite of the errors in drilling fluid density and outlet flow rate, the back-pressure excitation al-
gorithm still presents accurate inversion results and good robustness.
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Fig.1 Schematic diagram of dual-shaped gas bubble
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Fig.7 Change of BHP and Change of gas injection rate by back pressure excitation method
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Table 4 MAPE index for inversion results in case of drilling

fluid density errors

ik HWZTE SIXF /% P Reds Boxt b/ %
[ 1 384 b 0.47 8.59
RLS ¥ 0. 65 9. 04

*5 HOREFEREMNRELE RN MAPE f5i5
Table 5 MAPE index for inversion results in case of export

flow errors

VRS )2 E SN L/ % FEREFE BT L/ Y%
] & 385 il 12 0. 80 14. 38
RLS 0. 86 17.32
4 4 e

(U Sz 7 i —H WO T7 B RN B3R 2 R
FH U ST 25 T L2 e T RS ) T A
M JZ s T S 18 SR 1 T A 4 S I B A R

(2) FETHEAEG I AR AR R R
F 3l Ja MPD 28 Gt A5 4 i 1o 00 2 50008 A0 13 £ 19 AH
BRI R A IR s B 4R T — R G I 1Y (] 1 il
S M e g G Tk S R T RUR O AT

(3) 5 RLS 3EH EE - 190 Hs 380 0h 325 B 38 45 21 5 o
Tl B4 38022 T ) R R A R I AT AR ST )2 T T /Y [

Inversion results in case of error in drilling fluid density and outlet flow rate

WP AR AR B SE I B o A B R R R B AT
TERZE WY D0 » 1] s 580l 3 475 R vHE Aty 3t S 96 113 2
Fe J1 Bk i e by

S ER:mu WM BT, ke AL — B Z, 55
de—TE55 /NI B o s 5 o — I JRIRE  kg/m 5 priow—
F e % B kg/m’ s Quu— TR IR i i m’ /55 Quiow—
e A o /s o — WK B P35 86 kg/m’ sV —
WARIEF, m’ ;5 00—2 % & J) (KRR . Pas p—JF
W) Pas po—2 % J) B W% E L kg/m’ 5 f— WK
PR B &L Pas Vi, — 8 A R BL m? s Vo, — SR 11
R m’ s me,— AR I L kgs goan— HEZ R AR
PR BT i I s kg/ 85 qowon— I M AR BT 5 0 3 kg /s
M—S AR BE R JBt i  kg/ mol; pr,— SRR T, Pa;
R—BEJR SR H 8, 1/ (mol » KD 3 T— 4K /Y 16 K
Aciee—CV BRS8N m 5 2, — 28 8 U0 A AL
Bom; g REG N/kg; I ff. ()5 Le—CV
B A s ms 7, Co)— PN BE T AR /9 87 U7 0 7, N/m?*
Urery, 28 BRI AR B, m/ s o WRAKR B L Pae s
D,— K JJ A m; Dy — 22 8 B AR m o—WROM 3
m/s ;o Wi R EEA CV 3 . m/s; opc— IR AH#E
FE.m/s; Ke—BtE B 55 ope— B 3 m/s; Que— I
AR AR m® /s sy —IRA BT kg F,—JF H R
1N Fe— s BEHE NG F,— 8K 77 Ns Apy—CV



% 6 3 RER

S5« 2 T [0 T 380 Dol ) O F) G I e )= T g B ik

1017

AR Pas Loy CV K EE s ms Apeoa— &)
R M 3 L e 45 % s Pas— R ) s Pa zpen,— 28 )
AT I 7 B sy AR v AR, m/ s
vy BCIETL A AR, m/ s 5 o LR I AR
PR EE s m/s 5 zps, P00 FT 06 0L B m 2, L
ﬁ—'%?@%%ﬁﬁﬁ,m;vT351,*Tﬁ1$%?ﬁE@%%Bi%TE,m/s;
Acesy— PR B R AR m? 5 Vi—0—; B[] Y I
PR AR m’ s AV, —0—¢, B I‘Eﬂ MR AR
AL m’ s AV —0—¢, B [A] Y | T SO0 R K 3 i 1k
om® s Vy—0—¢, WAl T A0 A 020 i (R R
m’ 55 WAL s; T FEREFE B . kg/ (Pass) s p..—Hh
JEH 7, Pas Ty—55 1 Yt i [al & iy i 210 T,— 55 13K
Jit o0 [0 s 235 SR A st 220 0 5R 2 0t i Iel e 25 T —
555 2 Uit N T s 285 R AR I 220 5 o — T B 20 14 I 6
JPas pro—T, B ZV B K Ty o Pas n—FEAS B0 5
Vi E AREAR I B sy 5 SRR T A
Eve— 48X 1 78 bR 225 po— I 1 B K, Pas vpen,— %
0 W B B, m/ss Lo — 28 8 RO K B, m;
L, —Hi =0 B9 4 B2 m qua,— 8 3 15T 6 3 i
kg/s; pra— NIHFE T Pa,

2 £ x W

L1 R SR e v, 46 il = R 7 S0F 30 25 B30 L 1) ) T
(1. M 2E4R ,2022,43(5) :694-707.
SONG Chuang,ZHANG Xiaocheng, XIE Tao,et al. Prediction of
early annular trap pressure of three-high gas wells in Bohai Sea
[J]. Acta Petrolei Sinica,2022,43(5) ;:694-707.

(2] B, 1 A Dol b 37 T 55 2R ok B H R IOR PR [T .
£ F R . 2024,45(1) 2 1-14.
JIA Chengzao. Prospects and five future theoretical and technical
challenges of the upstream petroleum industry in China[ J]. Acta
Petrolei Sinica,2024,45(1) ;1-14.

(3] XUAEE, ke faflh, wut . P ERZE BEZ B2 B AR K
R JET7 N [T, A2 4. 2024, 45 (1) : 312-324.
LIU Yansheng,ZHANG Jiawei, HUANG Hongchun. Key technologies
and development direction for deep and ultra-deep drilling and comple-
tion in China[ J]. Acta Petrolei Sinica,2024,45(1):312-324,

[4] RSEE o T XU 32 5B 5 IF F A W] A & 3F 20 1 Ah 3
[J7. 4 231 . 2016,37(12) :1543-1549.
XU Baochang, MENG Yu, LIU Wei. Nonlinear estimation of the
down-hole unmeasurable variables in the managed pressure drill-
ing system[]]. Acta Petrolei Sinica,2016,37(12):1543-1549,

(5] ER UL B0 S5 85 A R i i S g [T A
2FR . 2017,38(8) :955-962.
WANG Guo,FAN Hongkang.NIU Xinming. et al. Linear choke
valve and its control technology for managed pressure drilling
[J]. Acta Petrolei Sinica,2017,38(8) :955-962.

[6] &%, M0 5T RE , 2%, 45, S TR Al 5 A ep il s AL Bt L0 .
A i R AR CH AR B RD 52016, 40(4) £ 96-103.

9]

[10]

[11]

[12]

[14]

[15]

[16]

[17]

[18]

[19]

HE Miao, LIU Gonghui, LI Jun, et al. Optimization of pumping
rate for well control during managed pressure drilling[ J]. Journal
of China University of Petroleum,2016,40(4) :96-103.

EATON B A. The equation for geopressure prediction from well
logs[R]. SPE 5544,1975.

BOWERS G L. Pore pressure estimation from velocity data:ac-
counting for overpressure mechanisms besides undercompaction
[J]. SPE Drilling & Completion,1995,10(2) :89-95.
FILLIPPONE W R. Estimation of Formation parameters and the
prediction of overpressures from seismic data[ C] // Proceedings
of 1982 SEG Annual Meeting. Dallas: SEG, 1982 .:502-503.
HOTTMANN C E,JOHNSON R K. Estimation of Formation
pressures from log-derived shale properties[ J]. Journal of Petro-
leum Technology,1965,17(6) :717-722.

TERZAGHI K. Die beziehungen zwischen elastiztat und innen-
druck. Sitzungsberichte der Akademie der Wissenschaften in
Wien[ ] ]. Mathematisch-Naturwissenschaftliche Klasse, Abtei-
lung 2a,1923,132.:125-138.

BOONCHAROEN P,RINSIRI T,PAIBOON P,et al. Pore pres-
sure estimation by using machine learning model[ C] // Proceed-
ings of the International Petroleum Technology Conference. Vir-
tual: OnePetro,2021.

HOTTMAN C E,JOHNSON R K. Estimation of formation pres-
sures from log-derived shale properties [ J]. AAPG Bulletin,
1965,49(10) : 1754.

ok R R ) T g I B I R TR BOR B SELT . Aok A
24 EHARREE R 1999,23(1) :35-37.

YANG Jin,GAO Deli. Technologies for inspecting and predicting
formation pressure while drilling[J]. Journal of the University of
3(1):35-37.

A0 TT  EWET. O R R AN BUR AL AT LT ] A i 2E
2002,23(5) :110-112.

LI Xiangfang, ZHUANG Xianggi.

Petroleum, China, 1999,2

Analysis on the pressure
build-up and its recording time after shut-in[ J]. Acta Petrolei
Sinica,2002,23(5):110-112.

GRAVDAL ] E,NIKOLAOU M,BREYHOLTZ @, et al. Improved
kick management during MPD by real-time pore-pressure estimation
[J7. SPE Drilling & Completion,Z(H().25(4) :577-584.
NYGAARD G, NAVDAL G, MYLVAGANAM S. Evaluating
nonlinear Kalman filters for parameter estimation in reservoirs
during petroleum well drilling[ C] // Proceedings of 2006 IEEE
Conference on Computer Aided Control System Design, 2006
IEEE International Conference on Control Applications, 2006
IEEE International Symposium on Intelligent Control. Munich:
1IEEE. 2006.

AMBRUS A,AARSNES U ] F, VAJARGAH A K,et al. Real-
time estimation of reservoir influx rate and pore pressure using a
simplified transient two-phase flow model[]]. Journal of Natural
Gas Science and Engineering,2016,32:439-452,

NIKOOFARD A.JOHANSEN T A,MOLAEI A. Reservoir charac-
terization in under-balanced drilling with nonlinear moving horizon es-
timation with manual and automatic control conditions[ J]. Jour-

nal of Petroleum Science and Engineering,2020,192.:107248.



1018

11 i

e

ki 2024 4 45 %

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

VEFRING E H,NYGAARD G,LORENTZEN R J,et al. Reser-
voir characterization during underbalanced drilling (UBD) : meth-
odology and active tests[ J]. SPE Journal,2006,11(2);181-192,
ROSTAMI S A,KINIK K,GUMUS F,et al. Dynamic calibration
of the empirical pore pressure estimation methods using MPD da-
ta[ C] // Proceedings of the Offshore Technology Conference.
Houston: OTC,2015.

BLLM L PNVETT T REAR L 55 BT AR N 2 B0 R 2 B ) 52
5 B A5 Bt LCT /2019 B Bs Al A AR S e . L
L EATE]L2019:20-32.

XIA Andi,SUN Baojiang, YU Xiaodong,et al. Gas invasion type
determination and Formation information calculation based on
gas invasion response parameters[ C] // Proceedings of the 2019
International Conference on Petroleum and Petrochemical Tech-
nology. Beijing:[s. n. ],2019,20-32.

WEI Na, XU Chaoyang, MENG Yingfeng,et al. Numerical simu-
lation of gas-liquid two-phase flow in wellbore based on drift flux
model [ J]. Applied Mathematics and Computation, 2018, 338
175-191.

YANG Hongwei, LI Jun, LIU Gonghui,et al. The effect of inter-
facial mass transfer of slip-rising gas bubbles on two-phase flow
in the vertical wellbore/pipeline [ ] ]. International Journal of
Heat and Mass Transfer,2020,150:119326.

LORDEJANI S N, ABBASI M H, VELMURUGAN N, et al.
Modeling and numerical implementation of managed-pressure-
drilling systems for the assessment of pressure-control systems
[J]. SPE Drilling & Completion,2020,35(4) ;598-619.
WGBSR R S5 T T A B 5 ) O Y 3
PR B2 W S T LT ] A7 2441 . 2023, 44(3) : 545-555.
XU Baochang, ZHANG Xuezhi, WANG Yaxin, et al. Self-adap-
tive physical information neural network model for prediction of
two-phase flow annulus pressure[ J]. Acta Petrolei Sinica, 2023,
44(3) :545-555.

GODHAVN ] M,.PAVLOV A.KAASA G O.et al. Drilling see-
king automatic control solutions [ J]. IFAC Proceedings Vol-
umes,2011,44(1):10842-10850.

GJERSTAD K, AAMO O M. A dynamic model of two-phase flow for
simulating gas kick and facilitating model-based control in drilling op-
erations[ J]. Journal of Petroleum Science and Engineering,2021,
205:108902.

GJERSTAD A K. Simplified flow equations for single-phase non-

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(s B 2023-05-31

newtonian fluids in couette-poiseuille flow and in pipes: for dy-
namic modeling of surge and swab pressure in oil well drilling op-
erations[ D]. Stavanger; University of Stavanger,2014,

HASAN A R,KABIR C S. Two-phase {low in vertical and in-
clined annuli [ J ]. International Journal of Multiphase Flow,
1992,18(2) :279-293.

FIK 5 B S IE S IE vk AL B A3 T R T (L I S el B )
(0] TEIEHA.2016.15(1) : 1-5.

WU Yong, HUANG Wen. An assist table which handle the
problem of deuce boundary of differential equation with the or-
thogonal collocation[ J]. Ningxia Engineering Technology, 2016,
15(1) :1-5.

R, SRR AR N2 S 2 E B RELD] HF
B« op AR (R FR) L2019,

XIA Andi. Early gas kick detection based on pattern recognition
and inversion of formation information after a kick[ D]. Qingdao:
China University of Petroleum,2019.

SHAYEGI S.KABIR C S S.IF F,et al. Reservoir characteriza-
tion begins at first contact with the drill bit[]J]. SPE Drilling &
Completion,2012,27(1) : 11-21.

BENDLKSEN K H, MALNES D, MOE R, et al. The dynamic
two-fluid model OLGA :theory and application[ J]. SPE Produc-
tion Engineering,1991,6(2) :171-180.

B AEX H AR AR R E R Z A AR st R R 5 R
AT, A7 241 2023, 44(12) :2250-2269.

CAO Hong,CHANG Deshuang, HU Shaohua,et al. Geophysical
techniques and prospects for deep oil-gas exploration in China
[J]. Acta Petrolei Sinica,2023,44(12) ;2250-2269.

SRV P SROBR L SEL T Hb DR TR R SO g i B R
W50 AT 8% T4,2020,43 8 F] 1) :61-63.

GONG Hao, TANG Geng,ZHANG Lin, et al. Research and ap-
plication of well completion and testing technology for ultra-deep
HTHP gas wells in western Sichuan area[ J]. Drilling & Produc-
tion Technology,2020,43(S1) :61-63.

AR B PR R SR AR L A AR IR AR S W ke T [ A K R O
IR S PE M R FELT . A3 4R . 2024, 45(2) : 427-436.

XIE Bingiang, TAO Huaizhi, ZHANG Jun, et al. Regulation of
comb-type thermo-sensitive polymer on high-temperature rheo-
logical properties of solid-free water-based drilling fluid[J]. Acta
Petrolei Sinica,2024,45(2) :427-436.

e 2024-03-11 A EIFE



