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Oil-based drilling fluid technology for Well Jiaoye 197 — 4HF
CAI Wei', GONG Houping', SHAO Zhaomei', WANG Yaning',
ZHAOQO Shigui*, SHI Shuijian' , SHEN Xiaolian', JI Shaowu'

(1.Jiangsu Drilling Branch . Sinopec East China Petroleum Engineering Com pany , Yangzhou Jiangsu 225000, China ;

2.Jingzhou Xuecheng Industrial Limited Com pany . Jingzhou Hubei 434000, China)
Abstract: Jiaoye 197 —4HF was a three-section long reach horizontal well drilled from the No.197 platform in the
Fuling Pinggiao Shale Gas Field. The long horizontal section of the well was located in the shale member of
Longmaxi Formation in Silurian. Great challenges were faced in drilling: (1) It was easy to form cuttings beds over
the long horizontal section with high torque friction; (2) The shale was easy to hydrate and expand, resulting in
wellbore instability; (3) Micro-fissures were developed in shale formation, leading to large loss of drilling fluids. In
order to ensure the normal drilling operation, the appropriate formulation of the oil-based drilling fluid was
optimized through indoor comparative experiments in the early stage. Field application showed that the optimized
drilling fluid formulation fully met the requirements of the field work, achieving safe and smooth completion of the
third-section horizontal drilling.

Key words: shale gas; oil-based drilling fluid; wellbore stability; lubricity
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Table 2 Laboratory test formula

1. 300 REHS b 25 2 vm b B AN VR A e L e . B
) — M SR B I WA B FL L > 400 VL Bl B Bl
FEVB 0 AS W0 B R0 5 1, 3 37 4l I 0 i EL A T —
M b S . DR, P 3 A L A R A i
1.3% . INAHHL LA F T 48 45 1 i i 3L i
o B2 A AL A X i R A T ARG B RN D) ) R AR
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KRBV I WA R 00 45 55 P Re L AR 4l 0 3% 45 01 1 &
5, X T AE 0 S R 3h U ) B — REAE 1.4~
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FA) S It 2 BT R b [ AR 5 A B, B O
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EHh 1.5%.

R 3 2 P S 68 S A 200 3 1 ) 9 2 Al T R
SEREC T R 2. 5 EA A1 3% HFL +2. 8% CaO+
L5 YA LA+ 1.5 %0 HRG 7 + 3 Y0 B i 26 1) -+ 5
A ME R 1,45 g/em® ., ARG LA BC 75 BE 61 A9 4G T
WAE 130 C &4k 16 h J5 AL ARPERE N 4 iR,
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Table 4 Basic properties of base drilling fluid

at ERETT
wienipe) 27 ¢/ BWJ/Pa AL

wos LR W/ Rk
mrarst pe WY &Y v g/mL
130 C@& 16 hJjg 31 11 7/6 4 9 566 2.4

FooEI/ WE/ E4b ANL O BOR BRUER MEEE/
5 % % B/% /% F/ % FI/% (geem™)
1 2.5 1.0 2.8 1.5 1.5 3 1.45
2 2.5 1.3 2.8 1.5 1.5 3 1. 60
3 2.5 1.0 2.8 2.0 2.0 3 1.45
4 2.5 1.3 2.8 2.0 2.0 3 1. 60
x3 ENTHRLER
Table 3 Laboratory results
ROAGEE, PRVERSE/ U1 3 g gy /pa mESE BEFL
F5 (mPa- (mPa i/ ¥ HEpER ML/
S S Pa 1t WV AV m/mL v
1 36.5 24 12.5 0.52 606
i 42.5 37 5.50.15 0.5 1.5 2.0 277
2 45.5 41 4.5 0.11 623
ik 43.5 38 5.5 0.14 1.5 2.5 2.7 355
3 57.5 46 11.5 0.25 620
755 60 15.5 0.26 3.0 6.0 1.6 417
4 73.5 60 13.5 0.23 660
i 78.5 61 17.5 0.29 3.0 7.0 1.6 427
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Table 5 Properties of oil-based drilling fluids with
different densities
W/ (g SBYERSIE/ shb) sh #UIJ1/Pa mEFLA iR ENE
cm ™ ?) (mPa-s) J3/Pa & Wb &4 K/V KiE/mL

1. 30 27 7 0.259 3 7 562 2.7
1.35 28 8 0.286 4 8 571 2.7
1. 40 30 8§ 0.267 4 9 578 2.5
1. 45 31 11 0.355 4 9 566 2.4
1. 50 34 13 0.382 5 11 621 2.6
1.55 35 14 0.400 5 12 620 2.4

&S5 AHH.E 130 CF %4k 16 h J5, &I
WHEM 1,30 g/cm’ HEKF] 1.55 g/cm’ i, b %
5 A I BB IR VE KRG E N 27 mPa - s &
WG N3] 35 mPa « s, BVERS BE 3G AN K H IR 2R
FRAEIE B 2 N . 3h U0 0 R0 3l 98 LU # Bl Bl I %%
JEE 1 T 5 1 K % R > 1. 45 g/em® B, B 48
AR 2R T 0. 35, Wi P ARG 8 A kg . I
BE AT AT, 76 N [R5 BEAE DL T %0 R B A R R R
A RAFAIASTERE . Bl E B R B 0, L A R
R R o ek o U R R T RIS . T A IR TR
R FL L R IR AR AE 560 VLR _E, v R R g
Ka<2.4 mL, WK REAFEEENNEA
R AR E T
4.2 AS[R) I SR A P e

Frsg B o 1,50 g/em® WY Il 3 85 F W T7E 90,
110,130.150,170 ‘C T #&4k 16 h, #R J A i HL JE A
PEfE, SEE A5 R AR 6 i,

F 6 R Z LGRS T g

Table 6 Oil-based drilling fluid properties after aging

at different temperatures

WA/ MYERGRE/ i) S YIS /Pa BRI W IR SRR

‘C (mPass) Jj/Pa It ¥ &4 JE/V  Ki/mL
90 36 13 0.361 3 7 652 1.7
110 32 10 0.313 4 7 631 2.1
130 30 8 0.267 4 9 578 2.5
150 29 6 0.241 3 8 568 2.8
170 22 5 0.227 2 6 416 4.0

3 6 ATLLAE W, BE RN 90 ‘CHE & 150
CLEFLHE R B A R T 550 V, & i s gk i <
2.8 mL., ULHTIZIM B W AA RTE 90~150 CF
HA R bR e AsdE . R IZ R I
WA ZBTIPERE L B 150 °C, 06 R FE 3 197 - 4HF

IR .
43 I
3 T TR 69 YT E 5% 0 075 4 AR
A B 75 4 75 130 'CF 2L 16 b & A6 I 1
WS R REIEAT TR, SRS IR 7 FTR
RT OHEHABRASRIRER

Table 7 Anti-pollution experiment results of oil-based drilling fluids

I g, PP P Wy e AL R
mYY &/ (mPa « &) Ny B ————— R/ RER
% Pa Ik WU AU v &/mL
3 32 10 0.313 4 10 587 2.5
HEt 5 35 11 0.314 4 11 604 3.8
10 37 14 0.378 5 13 636 4.1
5 31 10 0.323 4 10 589 2.7
NaCl 10 33 11 0.333 4 10 563 2.7
15 35 10 0.285 5 11 557 3.5
3 32 10 0.312 4 9 621 2.6
CaCl, 5 35 11 0.314 4 9 598 2.9
10 36 12 0.333 5 10 574 3.0
10 37 11 0.297 9 12 676 1.5
Jgh 15 40 14 0.350 11 15 784 1.9
20 46 15 0.326 11 16 905 2.1
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(5) 1E W HE I A 20 m® #K + 5.2 ¢
CaCl, el 26 % 19 CaCl, 7K ¥V ; 3100 47 14 45 /K 7
TR A I S A 3d 2 V8 K 58 2248 I A B R
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Table 8 Drilling fluid properties for the third section
of Well Jiaoye 197 — 4HF

HomE/ WY B gy . BIRE BEEL RS
W/ (ge REE/ i) —————— KWK IR/, B/
m cm ®) (mPa+s) Pa v 47 H/mL

Vo Vi Vi Va

2614 1.43 37 12.0 5.0 13.0 2.8 627 26 17 54
3035 1.45 34 13.0 7.0 14.0 2.4 1065 22 17 61
3333 1.47 40 13.5 9.0 16.0 2.8 1274 22 16 62
3568 1.49 38 13.0 9.0 15.0 2.2 1300 24 16 60
4011 1. 50 37 12.5 85 17.5 2.4 1200 26 13 61
4072 1.49 34 13.0 9.0 19.0 2.4 1244 24 14 62
4420 1.51 37 11.0 80 18.0 2.2 1321 27 12 61
4735 1.51 36 11.0 8.0 18.0 2.8 1280 26 12 62
4873 1.51 42 12.0 8.0 18.0 2.6 1387 26 10 64

F 9 B = IF I B A B L i OF = I IR
Hy228. 7 mm,E¥ IR KFEA R 5.92% ., FMY
Z IR R L SRR BT e AR
BEARRE MIE O . A0 32 WO Bl IR 004 o) 1k 5 L il
AN T IR BB A8 A R T BE RRUE M L RIE ST T B
B2 4, DR AT LA A, 30 3 A 0 v B B
FFRE RS E RN B B RR

®9 ET197-4HF H=FHEHE
Table 9 The third section diameter data of Jiaoye 197 — 4HF Well

IEREIRZ/NT 3 mL, IR BORYS . fEdidr il 72
AT LA B B0 L B L AL R AT R R B T
R R INZR AR R BA B R E
5.4.2 JFEERGEELF B RO R

o7 P 2% i 8 Al O 1 AR B O R ) 2 S G A
SRUT RN ST I 1 BT, BT A T A A T
HBAPITE. FE B REIT . H B N ERIE B B

H TR 2 W2l R 1A 28 H A i 1 4 o 1

4

Bl =AEE#EM
Fig.1 Cuttings sample from the third section

RHA/ R/ W/ || RHE/ R/ Wi/
m (ge+cm %) mm m (gecm ?) mm
2710 1.43 230. 06 3910 1. 49 233. 89
2910 1.43 229. 29 4110 1. 50 223.21
3110 1. 45 229.90 4310 1. 50 217.13
3310 1. 45 227.61 4510 1.51 219.29
3510 1.47 222.52 4710 1.51 219. 38
3710 1. 49 233. 85 4860 1.51 233.64

5.4.3  EfiEpER

S FFHTHAACAE 3 06 R U8 R )L AR 4l 2 8 WT L
EH L EEREIEIEL R 2.8 mL LLF, FEJE LR
WA, BE#EZE 3500 m JE LN 3% ~4% 1200 H &
2N B TR 6 R 2 06 VAR I 7 4 1 B VR R B A
PE. R 8 FTLLE i A 40 fi R 55 VAR 3 75
Jei Bl W R R R R ARSI T 2.2 mL A2
BB KA B T AR EEE . B AT DL
T BE B T A R B M L A R e Al e
B RO AE

6 ZHit5iAiR

(1)ad i = NS g Ak 1 oE F T #2197 -
AHF H = JF (10 2 B AR 3 I X% i 2 4l
PR RBEATIEMY . SCHR R A8 A [R5 B2 L AS [ 3tk B 1A
Fe 3215 GRS LT 23 2 Bl 10 B AT B Y 3
PRSP 755 A TR

(2) = JF 8l H % B #fE 145~ 1.51 g/
e’ AEBPE R R — G [, =T R R B0
it 1 200~250 H . i >4 T 2500 AL, 982> I [
R ol I AR AR A O R BE 2 B 2 A 3 R b
FEEFLH IR A E A
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