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Solid-Free and Strongly Inhibitive Water-Based Drilling Fluid in the Liaohe Oilfield

WU Shuang

(Lengjia Oilfield Development Company, PetroChina Liaohe Oil field Company, Panjin, Liaoning,
124010, China)

Abstract: Solid-free strongly inhibitive water-based drilling fluid has been developed by optimizing the
key processing agents that take in brine in a dispersion phase. This innovative drilling fluid can effectively
eliminate problems,and can protect low-permeability reservoirs and reduce the high frequency of drilling
troubles in the Liaohe Oilfield. An indoor performance evaluation showed that newly-developed drilling flu-
id can provide outstanding inhibition performances, with a rolling cutting recovery rate of 98. 7%, and
which contains drilling cuttings up to 25% and temperature resistant up to 180 “C. There are mild damages
to the reservoir. The core permeability recovery rates are over 90% , which can effectively plug fractures of
0.1 to 0. 3 mm,with high pressure bearing capacity and anti-flowback ability. The drilling fluid was used in
the third phase drilling in the Well Tuo—62 in the Liaohe Oilfield,and achieved a regular borehole size with-
out any down-hole trouble. Compared with offset wells, the well has high ROP and oil production,and pos-
sesses low skin factors. Research results indicated that the solid-free strongly inhibitive water-based drilling
fluid can effectively meet the demands of drilling operations for low-permeability formations in the Liaohe
Oilfield, which can be popularized and applied widely in the future.

Key words: low-permeability reservoir; water-based drilling fluid; properties of drilling fluid;solid-free
drilling fluid;formation damage protection; Well Tuo—62; Liaohe Oilfield
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7K Ry U K AR SR BE VR, H EE R
MgCl, .CaSO, .CaCl, M NaCl 2§ L2 it , % &
H1.25 kg/L, LI 400 mL 1 7K =+ 0. 40 % Na, CO; +
0.20% NaOH + 0. 60% PAC-LV + 0.15% XC +
6. 00 % KCl 3K 1,55 A 4 ¢ DEP-1, Ultra-
hib F1 SDJA % 3 Fl & Jie i il 570, SR 5 A 20 g i
I+ FEE W (20 C) F MR 1 i Ak, 45
W1,
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Table 1 Impacts of different inhibitors on rheological proper-
ties of base fluid 1

RN, WYRFERE/ ShY) 1/ w1/

[

(mPa *s) (mPa -« s) Pa Pa
1 17.0 12 50 1.0/1.5
BR 1T 30. 0 21 9.0 3.0/5.0
20 g g + ’ ’ U
I 1+
ER 25.0 18 7.0 2.0/4.0
4 g DEP-1+20 g i +
A1+
19.5 14 55 1.0/1.5
4 g Ultrahib+20 g i + 7 /
A1+
18.0 13 5.0 1.0/1.5
4 g SDIA+20 g W+ ’ /1
1.1.2 W By At

TERE 1 A 1. 00% SDJA., e il i %65 2.
SRIG 40 i i A 49 K FL I SD-NR., B & ¥ 25 £ 3%
H YDW-1HM 2577 HY-268 LK W W &2 i J5
3R] SR T 71 A R I R U R e S AN RS
2 110 v L R R R R i (Vi) DU 58 155 L 1R R 08 2K T
Joi BN IR RE P A 3R 2, FAE IR EE R A 90 C
UKL, %E 30 min %?ﬁ%m@ﬁﬁg%i(\/ﬂnhp.p) , B
DA TR D7 325 43 ) 00 5 v T v TR A0 DR I8 2K 4 (Vi)
A e Yk e R D R 2 B 0B R (Vi) s SR WL 2,

2 ER2HMAREBERPFEHIELE

Table 2 Filtration losses of base fluid 2 after adding different
plugging agents

Vinhp/  Vinp.p/ Vishibp/  Vishthp.p/
{59

ml ml mlL ml
HIg 2 70. 4 86.8  145.0 oS
¥ 2+
2R 17.8 23.4 19.6 16. 8
4% SD-NR
FeIk 2+
22.2 33. 2 29. 2 18.4
4% YDW-1
¥ 2+
£ 18. 2 21.8 17.6 16.6
1% HY-268
FeIk 2+
10. 2 12.6 14.6 11.8
2%SD-NR+2% YDW-1
R 2+ 7.4 8.6 9.4 9.0
2%SD-NR+2% HY-268 ’ ' ' ’
HIE 2+

12.8  14.2  15.6  14.8
2% HY-268+2% YDW-1 ?

M 4614 9 150 °C.3. 5 MPa,

M 2 ATAL, 9Kk FLl SD-NR FI il 2 & 37
F HY-268 ZHECINAFEK 2 J5 0998 K & KX R I8
RERA Uil & B E SO Ry, HR 2
T L RE A B B[R] B B RO - e g oK L
K 55 4 AL B fih 34 KU B0 BHL T L 48 e 3R 1
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NR+0. 1% ~0. 2% # Jf fg XC+1. 0% ~2. 0% R fz
T SDIA+1. 5% ~2. 0% il 2 M4 7] HY-268+
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2. 0% ~5. 0% M R 1 7] SD-505+ & & £h % &

REE
2 JG I A 5 10 1 7K JE B RO BE VT A

2.1 EARHRE
0328 TG [ AH 55 0 i) 7K KBl I W AL AT S R AR

Fig. 1 Relationship between oil water interfacial tension and
adding volume of waterproof lock agent PERE A5 R LK 3,
#*3 TEMBEBMHEKESEFRNELRMELE
Table 3 Basic properties of solids-free and strongly inhibitive water-based drilling fluid
W/ - IBYERE/ shin s/ #-1) J1/Pa N PR RE APLUEKE/ WEREE
(kg L7H el (mPa + s) Pa w1 %) LA (mPa + s™ mL JER AL/ mL
i AL 18 7.0 2.0 3.0 0. 64 295 2.4 6.8
o e 17 6.5 1.5 2.0 0. 65 270 2.2 6.2
i AT 23 9.5 2.5 4.0 0.63 422 2.6 6.6
b EA A 21 8.0 2.0 3.0 0. 65 331 2.6 6. 4
N ZALTHT 25 12.0 3.0 5.0 0. 62 517 2.8 6.8
b el 25 11.0 2.5 4.0 0. 64 432 2.6 6.4
AL 28 12.0 3.5 6.0 0.62 551 2.8 6.8
o et 26 10.5 3.0 5.5 0. 64 457 3.0 6.8

WAL & 150 “CTREEN 16 h, R 4 933 (20 O,

H1 2 3 AT AT, G [ A 5 40 i K 2 B O AR
Je B R B A 738 L 8 O AR A i L AR AN B
JERA R AR BB . o Ak O, G DR G A
IR O S A5 9RO A Y A2 L L
T X6 Al S 9B 7 P B MR AR RS DN

2.2 TiiBHEAE

B BE R 1,35 keg/ L A0 JC B AR 5 00 1 7K JE 45 -
T N AE AS A R BE R G816 h, I %2 Ak 5 8 3
RIS A iR R R R L A R LR 4,
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Table 4 High temperature resistance of solid-free and strong-

ly inhibitive water-based drilling fluid

Mg wEiREE

anll‘l)l* 9‘,‘, j.z ‘AL» f pragy
WAL/ IBYEREIE) sVl Jy/ w1y ek Ty

© (mParo o Pa Pa HEbaesy  ml
20 27 12,0 3.0/5.0 0.61 570 6.2
90 27 11.0 3.0/5.0 0.63 483 6.4
120 25 9.5 2.5/4.0 0.65 392 6.8
150 20 8.0 2.5/4.0 0.64 345 7.4
180 18 6.0 2.0/3.0 0.68 223 8.8

2 4 AT, 78R8 R & T 180 C ), % ¥
1. 35 kg/L 1470 [ AH 8 1 7K 5L 45 0 Wi (R 5
G, HLUD ) A R BRI DA A
B4 e T R Y TR IR B )2 B R Y
TE 4 000 m LAV IR BS BE 20 3 °C /100m , JG [# A 5
IV 7 50 R T I P R S v i IR K

2.3 HIERE

o L) A0 0T R B o TUT P 7 O B I B 9 DT
oA JB 100 S 43 500 B IR A L EE
Bl W B TG T A A B ) K IR B R L R R
CST & 4 W 7K B[]0 7 A 2 00 38 48l Vi 08 v 1) &
A0 K B (8] (CSTY L MK 150 °C F &3 16 h )5
FIE MR R EE S,

w53 MEEH R HI4

Table 5 Inhibition performances of three different drilling
fluids
- W/ CST/ [,
B (kg » L-1) . y
T B 1.35 89. 4 99.5
A HLEE B I 1.33 115.7 90. 4
TG 196 A 58 400 1) 7K o i S 1.32 90. 6 98.9
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Fig. 2 Expansion rate of shale in different drill-

ing fluids
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— B RRAR T R KA T s K R i JE AL B S
JE 2 % WORL R T (9 9 BOOUHL )2 (KA AR 3, O
(VAN INITEIFGE - Dy R TPLEX TR TR
RO 2 B K ALK DRI F BEARE

2.4 HERBTRMERE

FER N 1. 50 kg/ 1L (1) JC [ AH 2R B ik 30 il 7K Fik
Bl I ACAS [R] o 3 E500Y il 0L A R BRCA TR
1 VP IUE R W B L 7E 150 CIRE TR 16 h
Ji W0 LI VR B S U0 00 R e R e R R R L R
W2 6,

R 6 FTEMEBMSEIAESFRATHE TR MR
Table 6 The anti-cutting contamination performance of solid-

free and strongly inhibitive water-based drilling fluid

s Wy . WE ShEEsE
: B/ WA/ L,
e, B/ P b s 2B WA E/

a a
% (mPa-s) T (mPassh mL
0 26 12.0 3.0/5.5 0.60 591 6.8
10 35 13.5 3.5/6.0 0.65 565 6.6
15 39 15.5 3.5/6.5 0.64 665 6.4
20 45 17.0 4.0/7.0 0.65 699 6.2
25 52 19. 5 5.0/8.0 0.65 797 6.2

H1 22 6 AR BE R TR A O G T 5 4 A K
SLBG IO SR AR B Al ) 0 Tk A 2506 (st
O BO B8 5, JEIE ARG EE | S U] ) R il s T g
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Al e R SR BT 4 8 78 150 C
" FH G T 5 400 0 A SR Bl G A 1. 50 kg/ DD 3
B[R] 48 B8 9 0 CHCA 2 56 70 U BD L SR 5 L
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Table 7 The anti-reflux performance of solid-free and strong-

ly inhibitive water-based drilling fluid

PEEGEE/  URPIREE/  JRURETRE/ IERURIE/ SLRHEET1/
mm cm g MPa MPa
0.1 1.0 359 18.4 5.2
0.2 1.4 462 16.0 4.0
0.3 2.0 592 10. 2 3.6

HI 3R 7 WIH L, B ST ALK 0.3 mm W, JC [ A 5
I 7K Bl U A 2R A ) B D S B JE A 1]
AR 2 B AR AR RBEANE ALY B DR AT HAT 5 v 1Y)
IE RIS MGURHERE ST . 73BTk, 94K E5 35 50 16 24
% L AL AL By B RE D A L SRS By R] AR il R fR 3
FRIAS W RERIE 5 e o B A [ AH AR AR A, S 02
Jo R JRE T P A A BRI BB D

2.6 fEERIPMERE

fE 150 °C 3.5 MPa £ T , ik F A [R 40 14 i
B A5G R KGR, R THLS 5 i 0
A FE LA R G UEL FF 25 PEA TG [ AR 5t 10
il A BB M R 2R 1. 50 kg/ L) X fith J2 5 0 1 4
ERE LRI 8,

x8 TEMEEBMEIXEHFERMNEREOHIITHRE R
MER

Table 8 The evaluation result for dynamic damage on the res-

ervoir cores by solid-free and strongly inhibitive wa-

ter-based drilling fluid

Hoo AL LR, KB WAHBERE/mD Bk
L 3 %o EFE/mD A ERE O KER.Y
Cl #r294F 11.8 9.16 5.32 4.93 92.7
C2 F709F 18.0 9. 80 8. 64 8. 14 94. 2
C3 #31H 15.9 8.47 7.58 7.09 93.6
C4 3563 9.2 7.20 3.49 3. 14 90. 1

Hi 8 WAL, B AR ALY AR B 682 A D g
I AL 588 410 7] 7K Rl W T T S, HB 0B SRR A Rl

TE 90 V0 LA L, LR TG [# AR o 400 i 7K Bl S 5 AT AR
KA R RIERE . 0BTk R R Al i
AT A AT [ AR S A 23 1 0 18] A 3 28 5 L8 % 3¢
([N 1 R S E 2 2/ A e o U W R 2 S
BB oFe it 1 2 i J2 3 LA 13 TR A By K B
AR TARSLIR S B = i T B 404 RO T B
T T8 22 8 AR DL

3 HyikKk

YE 62 F 2 0 B E 1L 7] AR TR AR o0 YE Al 1
B H S TR I L SE B IR IR 3 380. 00 m, FEH B E
S U O B R ARV I B O R K
BME R =BT ZE. R A BRE R
9.2% . F¥BE RN 5. 11 mD, B IRFLIRE )=,
Bl AR rp A B TR A ok AR B 4RO T TS
M HAJE— B Pt 3 IR E A B K, BR itk 2 4k,
b = BRI vb 10 B H 2 A e v U8 D Y R
Bt B b B e AR s e O BE S B 1 R T AN .
MR B, FE R A REE I TR, T 4F
MR8 2 BEAK & A T BB A, % R 7E =
TEES AR L AR 2 8 )2 B SR H T G 81 AH 58 40 K
BLEN O W, B R ) K+ 0.10% NaOH +
0.30% Na;CO; +2.00% YL]-1+2. 00 % SD-NR+
0.15% XC + 1.50% SDJA + 2.00% HY - 268 +
0. 80 % FCS+ 6. 00% KCl+ 3. 00 % SD-505 + & &
HhomE N 1. 23~1.25 kg/L,

3.1 SAFH AL IREE

1) 3843 I FH DU 9% 18 4 15 & 4 [ AH 5 o ™ A%
HIAE 550 LR o LA 52 [ AR X B e 980 0 A8 M 1) 5% i
FIUGT it 2 19 405 56 5 2) A 3 KCL D 3R Ji 41 4 50 o4 ok
) EER L LB 1k B3R AT RE i 1 e DA & AR K AR
LR AE 3 5 3) 45 T B Y1 86 B R D) O HE AR K
S DR HE S T U RE L 00 i TR R O L 4R A sk
7K Ty, DLk BI04 2 Al 1 B Y 40 78 AR i AR
RO MATEE T S GUORFLIR N = 38 & 220, DLk
RO T R B = 1 RE 09 82 E TR 5) 48 T Al )2 T
100. 00 v, K i JZ Or 47 700 F B 7K 43 550 n 2 8 o 28 i
THEBR L DL AR B W 0k R i )2 0 43 5
3.2 REMRIW
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Fig. 3 Borehole diameters of third spud sectiion in Well
Tuo—62 and Well Tuo-56
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Fy T T 1 5 410 1) 7K 35 Bl 9 A A R AIKL BY
DR BP0 L 16 20 R FE AR, Bl Sk K T 3R, FL A Ak
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Table 9 Comparison of oil production between the Well Tuo-

62 and adjacent wells

, PHILE THBE i #
TE e gmp Geah 2% At

62 dk 9.2 5.11 2.83  0.16 JCIHIAHZRIWH 45
Y56 9 10.4 5.76 0.97  2.85 A HLEEREEEE I
a5 9 12.6 13.11 1.24  0.97 A HUEEREEE W

H1ZE 9 WL, 5 6 R AR B9 B IFAH L, LR B &R
TR R AR 77 Jih i R T e . X 3 WD [T A 5 4
] 7K B R i = O B 1R R A, BRI e
1S PR AR AL IR B )2 3 A B 3

4 Ep 5 E

1) 2 IR A B G [ AR 56 410 1 7K 5 Bl i R
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2) BRI 58 e WY (88 T TG 1 A 3 400 1] 7K 5 Bt O
TOASEL AT 2L fige 2R 30 9] 3ty s ARG 95 25 i T2 O BE 2R AR
F1% T L, T L AT DAt oo ML At AR B T 00 V=
.
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