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Research on the Rheological Properties of Drilling Fluids in Annular Space
for Cementing at Low Shear Rates in Kuqa Piedmont

LAN Kunxiang', ZHANG Xingguo', AI Zhengqing’, YUAN Zhongtao’, XU Liqun’, LIU Zhongfei’
(1. State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Southwest Petroleum University, Chengdu, Sichuan,
610500, China; 2. Research Institute of Oil &Gas Engineering, PetroChina Tarim Oilfield Company, Korla, Xinjiang, 841000,
China)

Abstract: Due to the frequent lost circulation of drilling fluids while running casing for cementing at the fourth and fifth
sections in ultra-deep natural gas wells in the tectonic belt of Kuqa Piedmont in Tarim Basin, the actual shear rates of annular
drilling fluid while running casing were analyzed. On the basis of the Herschel-Bulkley model, the test data collected at full
shear rates (1.70—1021.40 s') and low shear rates (1.70-340.50 s ') were used to fit the corresponding rheological para-
meters of the oil-base drilling fluid respectively, and to analyze the surge pressure difference under the two scenarios.
The research found out that in Kuqa Piedmont, the actual shear rates during casing running were far less than the high-
est value (1021.40 sfl) of regular full shear rates, and the rheological parameters varied greatly with the change of tempe-
rature and pressure at full and low shear rates. Moreover, the casing surge pressure at full shear rates was lower than that
at low shear rates, and with the increase in well depth, the surge pressure difference between them was greater. The resu-
Its showed that for natural gas wells with narrow safety density windows, the range of actual low shear rates of drilling
fluid should be taken as the basis of fitting corresponding rheological parameters, and based on which, proper casing
running speed should be designed to control the lost circulation according to the allowable surge pressure in the process.

Key words: Kuqa Piedmont; ultra-deep natural gas well; cementing; oil-base drilling fluid; lost circulation; shear rate;
rheological properties
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Table 1 Rheological test data of drilling fluids in annular
space
BEVR U/ ANRNREE 1 R B BN F1/Pa
(emin®) 6030”7 90/50” 12050  150/70"
600 102140 1369500 96.7320 592250  50.8450
300 510.69 822600 56.6190 33.8610  29.1420
200 340.50  60.7100 38.6250 25.7140  23.6140
100 17020 355150 24.6810 17.5780  16.3010
60 102.10 242730 18.0890 13.5420 12.5720
30 51.07 159430 12.8770 102200  9.6530
20 3405 131330 11.0380 9.1980  8.1050
12 20.43 98112 87892 7.6650  7.4095
6 10.21 84826 77161 7.0518  6.6474
3 5.11 68474 68474 60809 55188
2 3.40 64386  6.6941 6.0621 54677
1 1.70 59787 64386 6.0298 53144
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Fig. 2 Fitting curve for rheological parameters of drilling
fluids at full shear rates in Herschel-Bulkley model
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Table 2 Fitting results of rheological parameters of
drilling fluids at full shear rates in Herschel-

Bulkley model
R EJy MRS wirERES MERLY sty
C MPa (R) (n) (Pa-s") Pa
60 30 0.999 59 0.802 15 0.469 17 6.412 99
90 50 0.999 84 0.861 41 0.207 31 6.188 61
120 50 0.998 09 0.879 57 0.101 94 5.816 63
150 70 0.998 78 0.889 39 0.080 37 5.26329

2.3 TEER IR H RS IIEE
TEEW, P R R, BT R

1, BRI 0 DD R AR, R B IR B 4 5T TR
%W@{EIOZIAOS °

R TFTEE T, BEEW A OE, IHET
TEELEDPASEIR LR EE, &
EAEIFIR N 0] T iz B I, 2300 05 25 Bl W 2k 2 A
TR A AR TR 0 5 R B A I R iy T
EREREB TR A BRI E IR T vy o vi KR IE
AN
vpD2
D} -Dj
K v W EE T AHMEE, m/s; DV IFIR B2 E 2
EE N, mm; Do EE S0E ARFFAME, mm.

T 5K A5 v, J.A Burkhardt'"® F 75 4 37 3 1085

2, Bl T v S EE TN A AR

va =Kevp (2)

U, KRBl 10k B

(D

V] =

Fiv Fv B jJﬂ Al E IR N 7] R 38 S Y
2B R
2
v—v1+vz=vp[%+l(c] (3)

o, v MRS B IR

IR LH, m/s,

Horr, PR lﬂff)?isul N CHI Do /Dif B K ) B,
WA R R R, W KAEIE T 0.5, Hit, =L
(3) Al RIR N

2
V:VP(%-FO'SJ 4)

Do~ B AR TR, T A I A 2 Al AR 5 )

',
1
s ol
n+l1 K

-
(5)

Sy MR BT R, s o U A R
K NP R AL, Pass"; 7, N3V ), Pao

T AR A LA R AR TR R AR S B
BEH 15 W’E?Wﬂ KU E I T EE S RPREE D
BB, Z TR A R A5 B IR
jjéﬁﬁilﬂl’é‘l 3P (E 3, ETFREATHSNE
B, AT S EEZ IR, hEg e
FRAT R EAT, B A A MR R N R o B
) Bl B L e J 6 i S ERA S (5), AT F 2
1 [E) AN ) BB ) B S B D) R, 45 R L
%3,

8n+4 vpD32 +0.5v,(D? - Dg)r
n (Dj—Dy)*(Di+D,)




.58 % B 4k

#® # R 2021 F 11 A

| | | >
| 60 °C/30 MPa | 90 °C/50 MPa’I 120 °C/50 MPa | 150 °C/70 MPa

3 EFEURTARBEBRRASHEEENS®
Fig.3 Temperature and pressure distribution of typical
ultra-deep natural gas wells in Kuqa Piedmont
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Table 3 Shear rates of drilling fluids in annular space while running casing

MREE/C ESI/MPa HENRE/mm RBESME/mm RS (n)

BB R (Pass’)  BhbIJiPa FAME/(ms')  GyLIERs

60 30 171.5 127.0 0.814 43 0.469 17 6.412 99 0.13 81.49
90 50 171.5 127.0 0.861 41 0.207 31 6.188 61 0.13 92.76
120 50 171.5 127.0 0.879 57 0.101 94 5.816 63 0.13 114.98
150 70 149.2 127.0 0.889 39 0.080 37 5.263 29 0.13 292.30
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Fig. 4 Rheological fitting curve of drilling fluids at low
shear rates in Herschel-Bulkley model
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Table 4 Fitting results of rheological parameters of
drilling fluids at low shear rates in Herschel-

Bulkley model
e EH MXREC wrdEs WERIY ity
C___ MPa (R) (n) (Pas") Pa

60 30 0.999 30 0.880 65 0.365 14 5.79275
90 50 0.999 38 0.837 26 0.283 89 5.697 51
120 50 0.999 39 0.778 35 0.260 76 5.539091

150 70 0.998 58 0.762 15 0.240 43 5.109 06
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Fig. 5 Comparison of correlation coefficients
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Fig.10 Comparison of drilling fluid surge pressure at full
and low shear rates while running casing in Her-
schel-Bulkley model
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