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Effect of Choke Valve Action on Annular Pressure with Micro-Flux
Control in MPD Drilling
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Abstract: To address effectively the complex pressure profile with narrow density window,the effects
of choke valve action on fluctuation pressure in annulus have been studied during drilling operations. Based
on the mass and momentum conservation equations,the model was established to simulate fluctuation pres-
sure in annulus caused by choke valve action,and calculated by central difference method. In the calculation
example, the fluctuation pressure in annular space will be higher with the increases of flow rate and the
shorter time of choke valve action. The fluctuation pressure in the valve core is higher than that in the an-
nulus,and the maximum fluctuation pressure increased from 1. 26 MPa to 1. 56 MPa with the flow rate of
drilling fluids increased from 0. 036 m’/s to 0. 056 m®/s. The maximum fluctuation pressure is 0. 22 MPa in
drill collar section. When adjusting choke valve, the trouble probability at the casing shoe is 35% greater
than that at the bottomhole. The research results indicate that the two-step or multi-step valve closing line-
arly is more flexible than the one-step valve closing,and can effectively lower the peak fluctuation pressure
in annular space.

Key words: flow control; choke valve control; characteristic method; fluctuation pressure; managed
pressure drilling(MPD)
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Fig. 1 Structure of micro-flux control along wellbore
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Fig. 2 Structure of series annulus
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Fig. 3 Casing program of a MPD testing well with MFC in
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Distribution of fluctuation pressure in annulus
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lus outside drill collar
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Fig.7 Effects of two-step linear closing of choke

valve on fluctuation pressure in annulus

M7 AT LA, T 50— U3 I I O 1 32 3
PUER T WAL IR O g 3 B PR S BOSE — 2P v A U
SR i B e 0 BB LE B 20 vh oy Ui IR Bl A e e Y
AN N S s R o o 1 /i) D S B 4 N2
23 R R 5 sl T B Y I R RS BT 32 TR i Bl
78 A, B4 2 BE 1Y) B2 FHL 28 BB/ DN 35 23 v B 80 s T 1Y
SR B P B

2.3 HE=E

U T R T S A S RS R 6 Y Y 3
VEAR TR IS T o BB W HE 5 09 722 4k L 75 3019 O 1
&t CH=0 m) &b ft 52 i 2l & 7 1 728 16 B0 45 2R
(W1 8,

30 460
—=— 76L/s
—e— 56L/s

a— 36L[s

— - — i :
M -
- {45
b A\ o
-.'_H_._.— _____________ —H40

wE 5 1k 2
=30 ] L L
0 5 10 15 20

/s

Ln

oL

T S S MPa
=
19

1
in

35

B8 HEEX TR MRS ZEENNEm
Fig. 8 Effects of displacement change on fluctuation

pressure in valve core

M8 AT LA H o BBl S RHR S i/ L 35 28 i 52
s e T1728 /0 o Bl F WCHE R/ AN AU T B
WS RE . BERRAR T 2R 25 BE XS B R A BERE . T 111 1



. 26 o s e £s

3"

# R 2014 %5 A

BT B2 gl e 3 A2 B Al R U R e T BR 4S
e 2l 1T g 3 52 B Al W B B A S BOE
JEE BELUBR /)~ » ] 0 9 8y e S0l 8 22 . I e 3 s g A% 4
P ) 358 K Al R HE S 5 1R 1 30 3 T 7 A2 1 % D
ZIN IR B S BE B ORI RE T B IE W s 1 RE Y
2318

3 LEis 5N

1) B Al R 1 308 O 3 23 I 32 e 3 T )
O 5 2 EL X 3L 1 1R Ak 4 s g 90 2l B2 W
ZIN 5 Y IR S AR I B A AL B R TR B A HE R L
HRE R,

2) BT I — 2 2 e S A A 8 Bl
JEF ARG, 78 SCBR MFC $58 R o #2 v, 7] 42 31
Gicd 571 I 1 sl R A L AR A RO T B 1 O 1R B
P57 A 1 P 8l I 1 AT 47 L

3) W I BN A A 64 [l s Al gy O AR E Bl
e By 1T H 45 Al S SR 1 TG Y 1 36 V7 A 42 il 1]
FET7 W 201 U I 3 A 7 A ) 5 3 [T e L AN
KA AL B I . BTt T, B2 T AL I B AR
7 B Bl T S ST 58 3 T U I S A A e R
il P R B I HERG R AL

4) B E R F T ] I 0 R S AR a) SR R
LN AR MRS R ARSI, W AL B IR ) f /)
g —Fh S fEaR AR . 19 I Bl 1 I 2% AR e I e
5 e 2y 18] e X S B e 7 52 00 5 749 0 I 5 I, 75 25 1
R S 1] e Xt e i s 77 9 52 0

Z % x #t

References

(1] Fak e 25m far f 2k, 450 1 8 B IF 6 0 1% B o7
HELT]. Al REER . 2012,40(1) - 83-86.
Yu Jifei, Li Li, He Baosheng, et al. Wellhead pressure predic-
tion method during well shut-in for offshore flowing oil wells
[J7]. Petroleum Dirilling Techniques.2012,40(1) :83-86.

(2] 22523, M R Mok, 55. =S80 A a8 A & 40 1 oF ol
SR AR A, 2012,4006) :99-103.
Li Zongqing, Yan Xiuliang, Chen Yongming, et al. Development and
test of three-parameter automatic pressure control drilling system
[J]. Petroleum Drilling Techniques ,2012,40(6) ;99-103.

(3] &l AL, PINEERK X M. 45 R Bl O VR 2l 40 a0 4 o R e 0 B4
Br SR, A AR AR ,2013,41(2) :109-113.

[4]

[5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Jin Yequan, Sun Zeqiu, Liu Gang. Simulation analysis and ex-
perimental study of managed pressure drilling hydraulic throt-
tle pressure control system[ ] ]. Petroleum Drilling Techniques.,
2013,41(2):109-113.
Santos H, Leuchtenberg C. Shayegi S. Micro-flux control: the
next generation in drilling process[ R]. SPE 81183,2003.
Santos H,Reid P, Leuchtenberg C,et al. Micro-flux control method
combined with surface BOP creates enabling opportunity for deep-
water and offshore drilling[ R]. OTC 17451,2005.
Santos H M, Catak E.Kinder J I,et al. First field applications
of microflux control show very positive surprises[ R]. SPE
108333,2007.
SR T B — RS 20 R B T R S R R i I S S e L .
A MR AR . 2013,41(1) :8-13.
Su Qin, Zhao Xiangyang. The research and application of a fine
MPD flow model[ ] ]. Petroleum Drilling Techniques, 2013, 41
(1).:8-13.
Kong Xiangwei, Lin Yuanhua, Qiu Yijie, et al. A new model for
predicting dynamic surge pressure in gas and drilling mud two-
phase flow during tripping operations[ ] ]. Mathematical Prob-
lems in Engineering, 2014, Artical ID916798 ;1-16.
ZEARTT BTy . R DGR i R g B R H R F LT . i R
AR ,1995,23(2) :1-4.
Li Xiangfang, Zheng Quanfang. Calculation and application of
surge pressure for hard closing[ ] ]. Petroleum Drilling Tech-
niques,1995,23(2) : 1-4.
TR M DT R A SRR A R 2 YO R L R SR
(1], A B R H AR . 2012, 40(2) : 98-103.
Zhang Tao, Liu Gonghui, Li Jun,et al. Research on multi-level
parallel choke manifold system[]]. Petroleum Drilling Tech-
niques,2012,40(2):98-103.
Xuan Lijun, Mao Feng, Wu Jiezhi. Water hammer prediction
and control:the Green’s function method[]]. Acta Mechanica
Sinica,2012,28(2) :266-273.
Zhang Yongliang, Miao Mingfei, Ma Jiming. Analytical study
on water hammer pressure in pressurized conduits with a
throttled surge chamber for slow closure[J]. Water Science
and Engineering,2010,3(2):174-189.
Weyler M E, Streeter V L, Larsen P S. An investigation of the
effect of cavitation bubbles on the momentum loss in transient
pipe flow[ J]. Journal of Fluids Engineering,1971,93(1):1-7.
Freddy Crespo, Ramadan Ahmed. A simplified surge and swab
pressure model for yield power law fluids[ J]. Journal of Pe-
troleum Science and Engineering,2013,101:12-20.
Lin Yuanhua, Kong Xiangwei, Qiu Yijie, et al. Calculation analysis
of pressure wave velocity in gas and drilling mud two-phase fluid
in annulus during drilling operations[ ] ]. Mathematical Problems

in Engineering,2013, Article ID318912:1-17.

(%3 A



