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Numerical simulation of cuttings transport capability of supercritical
carbon dioxide in horizontal wells

SONG Weiqgiang, WANG Ruihe, NI Hongjian, HUO Hongjun, SHEN Zhonghou, CHEN Xiuping

(School of Petroleum Engineering in China University of Petroleum, Qingdao 266580, China)

Abstract: Supercritical CO, can be one of the most promising drilling and completion fluids, so it is of fundamental and
practical importance to investigate its cuttings carrying mechanism. Numerical simulation was conducted to investigate the
effects of various factors on CO,'s cultings carrying capability, including temperature, pressure, rotation speed and cuttings'
size and production rate, in which the cuttings' size distribution at the annulus entrance was set based on the measurement
data in the experiments. In addition, the influence of coupled relationship between the density and viscosity of CO, as a func-
tion of temperature and pressure and the rotation of drill pipe was considered in the numerical simulation. The results show
that the cuttings carrying capability of CO, can be improved by reducing temperature or increasing pressure, and the simula-
tion results are consistent with that of the experiments. It is also found that the rotation speed of drill pipe has little influence
on the cutting carrying capability, and the minimum of cuttings carrying capability appeared when the annulus eccentricity e-
quals 0. 8. The cuttings carrying capability can also be improved by increasing the displacement capacity or reducing the pen-
etration rate, while viscofier can be added to improve the cuttings carrying capability of CO, in horizontal well drilling.
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Table 1 Experimental data of partical size distribution

o) fEfi LR AEBE PHER B
7 HM d/mm m/g d;/mm w/ %
1 24 1. 058 1.7 0.95 0.0316
2 30 0. 847 7.1 0.74 0.1320
3 40 0. 635 4.4 0.53 0.0818
4 60 0.423 14.4 0.39 0.2676
5 70 0. 363 26.2 0.18 0.4870
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Fig.2 Contour of cuttings volume

(e)L=4.0m

fraction in different distance
2.2 REHEBHESH
W H SRR BOE TP 85 BOR bR 2
— 202 AR AR B BT S S, T
O AR e T B e SO AR R kAR
AT A R AN 3 s, B3 BT RLFE i, 10
MPa 27 CAF T, Rz A 2000 B S BR iE 9 R

)

0.6
12

0.5 =
") 4 \&
< 0.4t L
= lo &
i 03 =
%0.2 —1?;
g

0.1 1-2

(=]

0.2 0.4 0.6 0.8 1.0
R ER d/nm

3 NESHUHEER
Fig.3 Calculation results of particle size distribution
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Fig.4 Volume fraction contour of cuttings with

different diameters in outlet
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Fig.5 Velocity of cuttings in bottom annulus
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Fig.6 Influences of temperature and pressure

on cuttings carrying efficiency
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Fig.7 Influence of annuar velocity on

cuttings carrying efficiency
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Fig.8 Influence of ROP on cuttings carrying efficiency
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Fig.9 Influence of volume fraction of cuttings

on cuttings carrying efficiency
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Fig.10 Influence of diameters of cuttings
on cuttings carrying efficiency
HF COo, WFHEARM, =X (5) nIME 1 £, B
S ARG R R N | PR A T i R A 22
MR B A, TR S AR A E R
UURETFHE BT 0 23 JiE 7, BELA: i 320 40k 5 1) i 4 g
Ml 5t CO, HF i ™ Az B A A L A AR T B A
ANEUTE A b S B R A, TP A R
JB 454 CO, SRR A RE IR LU A&l 2R I
WY R EIES CO, R AR T HAE A,
3.4 wWILE
HR R 52 07 52 2%, B2 i o B 728 AL T LR
P 1T DR B2 i O BE X A ORI, Ferfoa T8 A

MIE 11 AT AR H, e =0. 8 Sl A, 20w 0
AN SAELI i PR 23R g oo 39 DA T 8 A )
TR 5 24 OO B2 R T I SELIS | i B AT A1
(P BE D 1 I, P AE 23 5 0 T JCIE 4 0 A
RO ) SE B i BE 4 0. 975)

0.60 [ . ] 0.50
. R R |
g g.50 o W lo.40
% “~
ﬂtl:i 0. 40 g
\5 . 0.30 2
£ 0.30 /./
— 0.20
0.20

0 0.2 0.4 0.6 0.8 1.0
T &
11 ROEXREENENZI

Fig. 11 Influence of eccentricity on cuttings

carrying efficiency
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Fig. 12 Influence of eccentricity on average fluid

velocity at bottom of annular cross section

4 % £

(1) Fhzs e 5 PORLAR I [ ) 8 52 B i o i K
FREAE R ;RS o0 A A A ML A2 30 R ) A 5
I]ru]O

(2) i 5t CO, M4 e I Bl AL 1 Tk sss
W s 3 P v i 5 3 2 R, I AR Btk T 2k
I EOR , MR FT B0 A BORE a EL 3L BEER



- 68 -

T E B HKFEFR( AR FR)

2015 4 A

23 i FE SR 405 ROR Yo 22 Jr s A s i 5 fi
DERO.8,

(3) Ml 5 CO, #5457 7E I SR 7 | Bl I 20

G SN X R USRI T 245 C0, #5
IR0 S B R KA NG 1. 58 ~ 2,94 %
LidElin At co, R TS,

SE 3k
[1] GUPTA A P, GUPTA A, LANGLINAIS J. Feasibility of

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

supercritical carbon dioxide as a drilling fluid for deep un-
derbalanced drilling operation[ R]. SPE 96992, 2005.
FEEE, oA LD SR I S A A
HIRE [T ] AR S A ARRE AR, 2012, 36
(4) :93-96.

DU Yukun, WANG Ruihe, NI Hongjian, et al. Rock-

breaking experiment with supercritical carbon dioxide jet

[J]. Journal of China University of Petroleum ( Edition of

Natural Science) , 2012, 36(4) :93-96.
EmA, EUR, AR, 55 OBIE A Co, Fise IR
BB 530 [ G 1/ 7 v [ B 2 A B Blp 2. 2010 4727
RAESAESCAE. Jhat B Toll H AL, 2010.
AL-ADWANI F, LANGLINAIS J, HUGHES R. Model-
ing of an underbalanced-drilling operation using supercrit-
ical carbon dioxide [ J]. SPE Drilling and Completion,
2009,24(4) :599-610.
KOLLE J J. Coiled-tubing drilling with superecritical car-
bon dioxide[ R]. SPE 65534 ,2000.
E R, FLLTE VR AR AR AE R RO
Fe I HIL R ] SR - Bl AL B S AT S T BOR
IR it =2 AR 22,2010,
R, AR, BRI, S5 B IR A A A i R
REEARHESCIR [ T]. A1 iR 5R,2011,32(2) :355-359.
LI Liangchuan, WANG Zaiming, QIU Zhengsong, et al.
An experimental study on carrying cuttings features for su-
percritical carbon dioxide drilling fluid[ J]. Acta Petrolei
Sinica, 2011, 32(2) : 355-359.
WABJR, A ZARAE. IR L CO, itk IHBeds
HREEUEAEAL[ )], A R 5T & ,2011,38(2)
233-236.
SHEN Zhonghou, WANG Haizhu, LI Gensheng. Numeti-
cal simulation of the cutting-carrying ability of supercritical
carbon dioxide drilling at horizontal section[ J]. Petroleum
Exploration and Develepment, 2011,38(2) :233-236.
TEWL, B, Fluent =5 200 -5 52 73 [ M. JEat:
TR AL, 2008 :140-182.

SCHILLER L, NAUMANN A Z. Uber die grundlegend-

en berechnungen bei der schwerkraftaufbereiting[ J]. Z

Ver Deut ING, 1933,77.318-320.

R MoTtE BRI Fluent 12 FEARSHT K T2

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

PrE[M]. Jbst s L, 2011:101-117.
FIRTT HIFA el A SR ROR) B K PO
ANEREI TR ] KA T, 2007, 27
(4) .65-68.

YUAN Zhaoguang, ZHOU Kaiji, MENG Yingfeng, et
al. Calculating the minimum gas volume used in high-
angle horizontal wells during gas drilling[ J]. Natural
Gas Industry, 2007,27(4) :65-68.

A ELL . AR Ak 34 A T R WAL 8l A AL A
WFFELT]. Al R 27 i A AR B2 1R, 201337
(5) :65-70.

WANG Ruihe, NI Hongjian. Wellbore heat transfer law
of carbon dioxide coiled tubing drilling[ J]. Journal of
China University of Petroleum ( Edition of Natural Sci-
ence) , 2013,37(5) :65-70.

A B IG SRR SR (ML e st b E A
Pt At 2005 : 1-4.

PENG D Y, ROBINSON D B. A new two-constant equa-
tion of state[ J]. Ind Eng Chem, 1976,15(1) :59-64.
BOYLE T B, CARROLL J J. Calculation of acid gas
density in the vapor, liquid, and dense-phase regions
[C]//51st Canadian Chemical Engineering Confer-
ence, Halifax, Nova Scotia, Canada, October 15-17,
2001.

SPAN R, WAGNER W. A new equation of state for
CO, covering the fluid region from the triple-point tem-
perature to 1100 K at pressure up to 800 MPa[J]. J
Phys Chem Ref Data, 1996,25(6) :1509-1596.
POLING B E, PRAUSNITZ J M, JOHN PAUL O C, et
al. The properties of gases and liquids[ M]. New York:
McGraw-Hill, 2001.

VESOVIC A, WAKEHAM W A. The transport proper-
ties of carbon dioxide [ J]. J Phys Chem Ref Data,
1990,19(3) :763-808.

PRI MR BOACE I B s R [ D] 2R
B E AR A TR A B ,2008.

CHENG Rongchao. Research on the flow behavior of
foam drilling fluid in horizontal well section [ D ].
Dongying: School of Petroleum Engineering in China U-
niversity of Petroleum, 2008.

Wit , XA &, T b4 KT B 23 45 o 1 S 3 B 5
[T]. ARzl . FARRRFRR,1992,16 (4) :23-26.
CHEN Jun, LIU Xisheng, DING Gang. Experimental
study on cutting-carrying law in horizental well section
[J]. Journal of the University of Petroleum, China( E-
dition of Natural Science) , 1992,16(4) :23-26.
AHMED R, KURU E, SSASEN A. Mathematical mod-
eling of drilling foam flows[ C]//CADE/CAODC Drill-
ing Conference, Canada, 2003 .20-22.

(%4 &%

FES)



