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Technology research on high performance water-based drilling fluid for
Jin 30 Well Area in Dongsheng Gas Field

CHENG Huan, FENG Yongchao
(Petroleum Engineering Technology Research Institute of Sinopec North China Oil and Gas Branch, Zhengzhou
Henan 450006, China)

Abstract: Aiming at the complex problem of mudstone formation leakage and collapse in Liujiagou, Shigianfeng and
Shihezi Formations in Jin 30 Well Area of Dongsheng Gas Field, indoor rock analysis and physical and chemical
performance tests are conducted, revealing that the mudstone formations have the characteristics of high clay mineral
content, multi-scale fracture development, and are prone to clay hydration expansion and fracture expansion during
drilling. A wellbore stabilization technology with the core of inhibiting clay hydration swelling and strengthening
multi-scale fracture plugging is proposed. Through the verification of indoor research and field application, effective
control of hard and brittle mudstone in the long open hole sections is realized by the developed multi-salt ratio
high-performance compound salt drilling fluid, and the wellbore stability is significantly improved. Compared to the
year 2023, the drilling period of horizontal wells with pilot hole in the year 2024 was shortened by 37.4%, which
provides technical support for efficient drilling in mudstone formation in Jin 30 Well Area of Dongsheng Gas Field. The
research results also provide theoretical basis and practical reference for oil and gas exploration and development under
similar geological conditions.
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Fig.1 Mudstone core of Dongsheng Gas Field
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Table 1 Mineral composition analysis of mudstone in Dongsheng Gas Field
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Fig.2 Electron microscopy scanning analysis of

mudstone samples from Dongsheng Gas Field
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Fig.3 Mohr’s circles of some core samples in
the Jin 30 Well Area
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Table 2 Cation exchange capacity and rolling recovery test results

PH B T2 4 4 it/

¥ o2 Eo WM E /g WHFPE/g RhBIE/ % (mmolkg ) TRk %/ %6
1 A T4 FEE U A 30.05 25.98 86.46 20 14.4
2 LAAaTH  Hwaks 30.01 28.68 95.57 15 7.95
3 A3l Y& SuRIE 30 26.74 89.13 20 9.06
4 f2B T e A 28.54 25.21 88.33 10 11.78
5 &A1k PR U8 A 30.07 25.95 86.30 10 18
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Fig.4 Trend of average flow velocity of sealing

agent with the confining pressure
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Table 3 Range analysis of plastic viscosity test data

. TEHLER I/ % SRR R
EALH AL M AR

1 3 10 1 2.44
2 3 11 2 2.14
3 3 12 3 2.32
4 4 10 2 2.13
5 4 11 3 2.14
6 4 12 1 2.13
7 5 10 3 2.08
8 5 11 1 1.93
9 5 12 2 2.21
1 6.9 6.65 6.5 -

Il 6.4 6.21 6.48 -

Il 6.22 6.66 6.54 -

R 0.68 0.45 0.06 —
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Table 4 Calculation of formation water activity
in Shihezi Formation of Jin 30 Well Area

s ?L[ﬁ!’i}%j}/ a\,‘i'ri%f a{ﬁ’i"% oﬁ'{%% .

(geem™) JE/(geem®) JE/(geem™) JE/(gecm™) "
B X1 1.52 2.562 2.131 1.554 1.01
B X2 1.5 2.508 2.306 1.585 1.02
B X3 1.52 2.581 2.33 1.503 1.01
X4 1.5 2.634 2.216 1.499 1.01
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Table 5 Strength of mudstone rocks in some wells
of Jin 30 Well Area
4 PURME/MPa  HifiRE/MPa 8§ U]5RE /MPa
B X1  51.27~102.5 2.87~8.43 5.11~23.93
B X2  51.71~92.23 1.71~7.8 3.0~12.12
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Fig.5 Linear expansion rate of mudstone core in potassium

formate solutions with different activities
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Fig.6 Experiments on self-degradable agents and

water-blocking locking agents
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Table 6 Rheological properties of drilling

fluid formulations

R Bkl AV/  PV/ YP/ Gel/ FLAPI/ #ilft
JE/°C 8]/h  (mPass) (mPaes) Pa (Pa/Pa) mL £

%0 16 28 22 8 3/5 2.8 0.07
32 26 20 6.5 2.5/4 3 0.08
16 28 21 7 2/4.5 24 0.06

100

32 26.5 19 7.5 2/4 2.8 0.06

F T RERS A PR T AR bR, 2 BUE 30 0 XA Al
Yo, W C i 1 52 4 A8 O R A0 e R T VR AT
AL PR RE X L 0 B, 25 R AN 7 s o DASE B 2
FIAN, SRR A SR B 16 h IRk R AL 16.5% , te
PR BEEE MY 20.15%0 Ik T 3.65%0, 16 h 5 B ik 5&
A FRoE, BA KRR TA A sl v, 758 %L
PR R A% J2 - BEFR 2 B9 R i ] s 20 10 5 K Bl
Feil) 7 QR Ak = R

100 - —— K
g0l — BE IR TRA W
= 2 a8
5 60 -
=
B 40 b
20 - e
0 . . . .
20 4 8 10
i) /h

7 ShHWEAKIEIEMS
Fig.7 Evaluation of the expandability of drilling fluids

3.3 EHIEMITEM

i T T R A P AT AT M S I R 50 UE B O B b
TR, 2 U 30 H X U8 25 7 B L 43 301 SR FH 8 e 3k
RGBS WO = AR S A R B R AT R A%
0SB B T Ui ity R T B S TR] A BRI Bl an 8
TR ek B8 A A 8 B VRO T Uit ik R T Lk
T 23.96 kPa, & J1 158 AL 0.79% , A R 4 19 £
Bk
3.4 fEE Y

W 30X & 1 BB A A DT REE
T BB AR R P YRR T R TR AR AR B X
Bl W06 2 O B8 ) UEAT 2 PR M e RNk T
JiR o MR Z5 R A, = e R & Bh A ik R
il J2 05 13 S S i1 81.43% $28 & 91.11% , e bt



55 52 4545 51 B OUE R M R AR 30 X 7 M RE K BE A B AR BF ST 119
3000 WG, KT B R R R 4.2% I R 58 78,
2900 Bt AR T B A A 2 00 RN K R R

£ 9000 — TUEED . N X o .
2 o0 I W% 82 P2 B R RS H R 5.7 T m?, i — 4
H 0o WAl T % A ER B T 1A 2 B AL
500
0 5 #i5ikig
0 20000 40000 60000 80000 (1) ZR S H AR 30 H X XN 580 WA 240 K H )
s AT T AL R T WG Ve MR AR T
2900 K A HIOPE B 7E B R R T 5 R A S R V5 i e
2800 - R S fa
2700 L — NFES e o
£ 2600 LR (2) T LA bt J2 450 05 BL B, 30 o R A8~ 40 K B
2wt S5 R 22 R T AR AL AR TR 4 S 15 I3 3
T B AR B 2 R B T 0 — 5 P R A R B
gg : ﬂ:?@i&k/\o
0 20000 50000 120000 (3) Ak S (1 125 i A 4 b A W 1A 3R BLA
i1l /s B AL 2 S B0 30 B 2 4 i TR B O A
(b) B & AN IR R SR
B8 HuERAMMEAhE AR EENEE e ‘ N
R (4) 3 1 52 B5 B R L % B FF e 1k 2 ok 1 5 38

Fig.8 Experimental results of plugging pressure

transmission of composite salt drilling fluid
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Table 7 Evaluation of reservoir protection by
different drilling fluids
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REW

2 E4 652 324 1319 91.11 9543 7.6
GBI

4 FAMRSH

2024 FFHR 30 F X A~6 S g AL TR M SE K H
S CRHAZHB L E AR B s g A,
A IR KO B85 08 JE 1 58.41 d, #8 2023 4F 1Y
93.3 d 45 % 37.4% , Yy U T 4 30 I X I BE K fR
MERE A R B T A O MBI PR, o AE
J30PX - HTZ B I W AR & L R th B BE 2R AR wl O

J2 It BE R R BRI L, 4 T R By 3 OR
b AR AR A AT — )T

% % Uik (References) :

(1] BRmEAE , EIEAN 7GR , 45 90K 2300 4 b g B DX B sin i ol i 3
BT EAR [T 8400 5 52 IR, 2021, 38(4) : 462-468.
CHEN Xiaohua, QIU Zhengsong, FENG Yongchao, et al. An
Anti-collapse drilling fluid with strong inhibitive and plugging ca-
pacity for use in the fuxian block in Ordos Basin[J]. Drilling Flu-
id & Completion Fluid, 2021,38(4):462-468.

[2] Zfler W&, UG5 R ER I X 50 21 5 U 2 B G

B I HARBFZET ] A R, 2022,49(5) : 111-117.
LI Dehong, LUO Hongzhi, LI Mingzhong, et al. Technology
of prevention leak while drilling for leaky formation in Liujiagou
Formation in Dongsheng Gas Field [J]. Drilling Engineering,
2022,49(5) :111-117.

[3] BRI, F M, 5K A S )2 B O O IR R T
XEPHELT]. b A7 il R A2 4 (SRR D) L 2022,46(2) :85-93.
KaiheLYU, WANG Chenye, LEI Shaofei, et al. Dynamic be-
havior and mitigation methods for drilling fluid loss in fractured
formations [J]. Journal of China University of Petroleum (Edi-
tion of Natural Science ), 2022,46(2) :85-93.

[4] . SB/R 2 307 7 P v D b K S IR BE AR E R [T A1 i
Mo 5 TR, 2019,33(4) :88-91.

WANG Xiang. Wellbore stability technique in horizontal wells
for shale oil reservoirs in western Ordos basin[J]. Petroleum Ge-
ology and Engineering, 2019,33(4):88-91.

[5] SZELA, BRI, S8 — 45 I PH I K BOE BE R T pL 28
X I] RINAHOAR G 25 ,2023,17(3) : 48-54.

PENG Hongli, BiaoOU, GUO lJieyi, et al. Mechanisms on
wellbore instability in long horizontal intervals of West Sichuan
gasfield and countermeasures [ J]. Natural Gas Technology and



120

BhiR T 7

202549 H

[10]

[11]

[13]

[14]

[15]

[16]

Economy, 2023,17(3) :48-54.
SR, LSS U, A KR R M R T K T Ty RO S A 2
[J]. 8 R T2, 2018,41(5) : 19-22.
ZHANG Lei, WANG Xiaopeng, XIE Tao, et al. A new model for
predicting lost circulation pressure in naturally fractured formations
[J].drilling & production technology, 2018,41(5):19-22.
TN IR Ee L R LT =R ik ) PR PN S L B R AR
A TR, 2024, 38(1) :122-126.
FENG Yongchao, LI Dalei. Wellbore instability mechanism of
shale oil reservoir in Jinghe Oilfield[J]. Petroleum Geology and
Engineering, 2024,38(1):122-126.
BRBUAS , AR AL G, B K A T BE e £ RS 139 ) 5 B2 LI 340 U5 1%
[J]. REARA T, 2019,39(11) : 97-104.
CHEN Yingjie, DENG Chuanguang, MA Tianshou. A risk as-
sessment method of wellbore instability based on the reliability
theory[ J]. Natural Gas Industry, 2019,39(11):97-104.
sk, T M, RIS, AF g e B 1% AR DU T BE R AR A
DK 73 A B SR LT 4 il <, 2022, 29(1) £ 160-168.
ZHANG Zhen, WAN Xiumei, WU Pengcheng, et al. Analysis
of causes and countermeasures for sidewall instability in deep
shale wells, Longmaxi Formation, southern Sichuan[J]. Spe-
cial Oil & Gas Reservoirs, 2022,29(1):160-168.
BRIERS AR, BT, 45 4 2 o0 U R 7 R BE S B [T
A1 A4, 2007,28(2) :117-119.
QIU Zhengsong, XU Jiafang, LU Kaihe, et al. A multivariate
cooperation principle for well-bore stabilization[ J]. Acta Petro-
lei Sinica, 2007,28(2):117-119.
FHe . 2 o0 P R I BE AR 2 K BB R F ST LD ). s « v g A
K%, 2016.
WANG Yan. Study on water-based drilling fluid with multiple
synergy well-bore stability [D]. Chengdu: Southwest Petro-
leum University, 2016.
ING T B, EB, 55 B R 4 e % BE G R B R X SR
WEFELT ] VU A7 i R 2 4l CH AR B4 D) , 2022, 44(1) : 1-12.
SUN Jinsheng, LI Rui, WANG Ren, et al. Research on the
mechanism and countermeasures of shaft instability in the southern
margin of Junggar Basin[J]. Journal of Southwest Petroleum
University (Science & Technology Edition) , 2022,44(1) :1-12.
PEAN BTG IR, TR, A WML 2 3t I R B30 i B 2R R ML B
BRI LT ] B IF W5 52 I, 2021, 38(5) : 598-604.
HOU lJie, LI Haodong, YU Xingdong, et al. Mechanisms of
borehole wall instability of terrestrial tight oil wells in Songliao
Basin and drilling fluid countermeasures [J]. Drilling Fluid &.
Completion Fluid, 2021,38(5) :598-604.
R, INE R, WA L 2 A U A I R AR BT e (T ],
JTINAE T, 2024,52(3) : 154-156, 160.
LI Junhan, SUN Zhigang, HE Tongbao, et al. Study on com-
posite salt film forming drilling fluid technology[J]. Guangzhou
Chemical Industry, 2024,52(3) :154-156, 160.
ERIEAS , sl th B ko2, 55 B 40k By 58 590 1 B 11 % 9 35 4
FHPLIELT]. 4790242, 2014, 35(4) : 754-758.
QIU Zhengsong, ZHANG Shifeng, HUANG Weian, et al. A
novel aluminum-based shale/mudstone stabilizer and analysis of
its mechanism for wellbore stability [J]. Acta Petrolei Sinica,
2014,35(4) : 754-758.
T RO A kA IR L 0 1 R B T WA 5 S 0L
FHLT) A A B A, 2018,46(1) : 44-48.
YU Lei, ZHANG lJinghui, LT Gongrang, et al. Research and

[17]

(18]

[19]

(20]

[21]

[22]

[23]

(24]

(25]

application of plugging drilling fluid with low-activity and high
inhibition properties[J]. Petroleum Drilling Techniques, 2018,
46(1):44-48.

Ak, T, B AR RO P AR IR
R FHLTY A5 58919, 2021, 38(6) - 743-747.

LI Gongrang, YU Lei, WANG Zhiwei, et al. New under-
standing about technology of balanced drilling fluid activity and
its field application [J]. Drilling Fluid &. Completion Fluid,
2021,38(6) :743-747.

FAE L DUA R K R R R GE (D] 5 & b
FE i s (R 7R) , 2017,

WANG Weiji. Study on water-based anti-sloughing drilling flu-
id technology for shale gas formation[ D ]. Qingdao: China Uni-
versity of Petroleum (East China), 2017.

BN EL 70 S [ [ ER (2 S V=B R WAk TP R E AN
(T 8RS 5891, 2020, 37(1) :15-22.

LI Cheng, BAI Yang, YU Yang, et al. Study and application
of drilling fluid technology for stabilizing fractured formations in
Shunbei Oilfield[ J]. Drilling Fluid & Completion Fluid, 2020,
37(1):15-22.

TR B ORI S IR ROF IR s AL BOR [T].
H IS 78I, 2018,35(6) :49-54.

YU Chengwang, YANG Shujun, ZHAO Sujuan. Borehole
wall strengthening with drilling fluids in shale gas drilling[J].
Drilling Fluid & Completion Fluid, 2018,35(6) :49-54.
JiESCHL A B, FOR A B R SO T BE G R AL K v
RE KRB B A [T Bl 5 58, 2017, 34(3) - 21-26.
TANG Wenquan, GAO Shuyang, WANG Chengbiao, et al.
Research on mechanisms of wellbore instability of Longmaxi
shale formation and high performance water base drilling fluid
technology [J]. Drilling Fluid & Completion Fluid, 2017, 34
(3):21-26.

AR, B IEAN , SR ACH, , 45 B3 302 T BE ISR LR By 33 Bl
FORLT] RS 2R CHRBESA ), 2016,47(11) : 3832-3838.
ZHAO Xin, QIU Zhengsong, ZHANG Yongjun, et al. Well-
bore instability mechanism and wellbore stabilizing drilling fluid
technique for drilling compound salt formation [J]. Journal of
Central South University (Science and Technology) , 2016, 47
(11):3832-3838.

FH . 270 P [ I BE RS E K R AT ST (D] HD - P A
iM%, 2016,

WANG Yan. Study on water-based drilling fluid with multiple
synergy well-bore stability [D]. Chengdu: Southwest Petro-
leum University, 2016.

WYL AR TRTE o, 55 T 00 B 7 5 B O R
[T] AT B A, 2016,44(2) : 51-57.

HUANG Wei’ an, NIU Xiao, SHEN Qingyun, et al. Anti—
Sloughing drilling fluid technology for deep sidetracking wells
in the Tahe oilfield [J]. Petroleum Drilling Techniques, 2016,
44(2):51-57.

PO, BAE RS B A2 45 B T R K R B I OR VRN
KR HLT] B2 RS T, 2013,13(10) : 2803-2807.
ZHONG Hanyi, QIU Zhengsong, HUANG Wei’ an, et al.
Properties evaluation and application of polyamine high perfor-
mance water-based drilling fluid [J]. Science Technology and
Engineering, 2013,13(10):2803-2807.

(B EX)



