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Reservoir protection in drilling through the tight sandstone gas

reservoir of Dongsheng Gas Field
FENG Yongchao
(Research Institute of Engineering Technology, North Branch Sinopec, Zhengzhou Henan 450006, China)

Abstract: The Lower Shihezi Formation of Upper Paleozoic in Dongsheng Gas Field is a tight sandstone reservoir with
good physical properties in some areas and natural production potential. There are problems of borehole wall failure and
reservoir damage in the drilling process, and the reservoir damage caused by the combination of various factors hinders
the release of gas productivity. In order to improve the natural production capacity of the reservoir, and increase the
single well production, on the basis of reservoir permeability recovery, through analysis of the reservoir damage
factors, the drilling fluid intrusion depth quantitative evaluation method was introduced to learn better the reservoir
damage mechanism, and identify the low density, low water loss and soil-free phase and strong sealing drilling fluid as
the solution. The waterproof locking agent and the tight pressure compound temporary plugging agent were selected in
the laboratory to form a soil-free compound temporary plugging high acid soluble drilling fluid, increasing the
permeability recovery to 91.11%, and reducing the mud intrusion depth by 46.28%. The drilling fluid was applied in
the Jin—-66 well area with the average single well production increased by 11%, and 3 wells realizing natural
production; which has improved the effect of efficient exploration and development of tight sandstone reservoirs in
Dongsheng Gas Field.

Key words: tight sandstone reservoir; intrusion depth; injury mechanism; reservoir protection; natural built to produce;

Dongsheng gas field

Yris BEA:2021-11-15; f&E H#§:2022-04-30  DOI:10.12143/j.2tgc.2022.05.017

BEEIWE 6 5L T K 2 0 b 2R M = B O R 5 UROT R SR BEFOR (45 : 2016ZX05048 — 002)

YEZ B DK, 5, DU, 1987 4F A, B B 5% 61, il AT TR Tl A1, 2 28 I Sl SO TR VR 58 W0 T 9 F 9 AR T i A 5 M T
B ¥ 75 % 199 %5, fengyongchao2008@126.com o

SR I AGH . 7R B 0 SRR T 2 (P BE T S ()L B4R TR, 2022,49(5) : 118-126.
FENG Yongchao. Reservoir protection in drilling through the tight sandstone gas reservoir of Dongsheng Gas Field [J]. Drilling Engi-
neering, 2022,49(5):118-126.



5549 555 54

15 KRR < R T B B e R B AR R F 5 119

0 3%

AR MU H 66 1 XL T 50 /K% 22 307 4 b L I
V0 o S AT i BT Y L 2R B A R VLI 1 I8 )2 7
W, FEFEANREN _BR T A& TFHE 23K
B0 35 A P — H 3 S K R R R B UK KRR
SR, R R By 5 R K R R R K R
filt J2 W0 Pk A, B2 S8 OB ARk R ANl i A T3 4
Y 200 T 2 BRSO B A AR RE ST . B 66
It DX BUAT B B R B T YRR DR BR ¥ 8 37 00, Al ad
T H ARl TR TR AR D S 2 A7 AE AR A4 K B4
TR ZEBUE RN AR AR R A
SCLAZR I A 66 JF X & 2 6 )= 0 F TS X &, 0T i
filt J= 03 5 S R 0, ST A RIRIR AR EZ T3 E
AN K JZ 00 F B L, TR AL A AR 7 A 2 505 AL
B e XSRS, DL S B4R s O 7 RO R R

H Y.

1 BEGERZWERREEESH

RS R 66 HF X & 2 i R R IR IR A
2730~2780 m, f# JZAR S B E SR, L B K KA 6
R, SRR e R e S e A
HEEREZ P HFEE 5~10 mo BiF i R b
T8 J2 A7 A 00 S Ak T2 0 7 R 2 D BE O A ) XU
A, B 108 Y0 S B O R 3 A = R RO R T BT
T B O W05 A 2 B0 E R o 7 R I A
3 R AE R A BE SR AR AR AT 5T, A A )= A
£ A IS ROLT YA IS PO AP KE e
1.1 ABZ 00 YRR AR B U 53 B

BT A& THG 20 A A 0T fLERE X
KRB BRI, LRERIE 1.

x1 H2EEWMEHE

Table 1 Physical characteristics of He-2 reservoir

JZ A HESRIE 3 /MPa B RALMEPAR/pm AEIES/MPa {EEAR/pm SFERECS EERHSK
&2 0.83 1.7648 15.6 0.1188 0.2451 2.5424

& 2 B AL 4 A X ] 2 5.0 %6 ~16.97 % , 1
LB EE A 9.3 % 598 3% 22 43 4ii X 0] 2 0.15~5.24 mD,
BB F R 0.89 mDY . RIEFLEL BB R 5 Ik
e, B2 Bt 2 R SRR AR — RERAL
KB —BIKBMES, VBB EMHZ" . & 216
JZSF 2 HE 5K [ 7 0.83 MPa, B K 1L Mk >F 12 1.7648
s it 2 A FEHE SR R ) BOR A FE R LR AR /D B i
PR 22 . FEUMLILAE 1R & 2 Beib 5 0 T R
JEPETEM SE 86, LR a5 MWK 2R . & 262 %
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Table 2 Sensitivity characteristics of He-2 reservoir
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Fig.1 Structure of sandstone pores in He-2 section at
3055.39m in Well Jin—62
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Fig.2 Microscopic image of loaded sandstone rocks

in He—2 section in Well Jin—62
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Fig.3 Solid phase particle size distribution of

potassium amino drilling fluid
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Fig.4 Microfracture occurrence before and

after core contamination
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Table 3 Whole rock mineral analysis of mudstone cores in He-2 reservoir
TH/%
I WE/m R O
- A OWKA RKA TG R R
JPH-xx1 3149 q2  REOKEER S 43.5 1.8 1.2 0.6 4.8 38.1
JPH-xx2 3058 &2 WwKeMs 54.9 5 3 0.4 3.9 32.8
JPH-xx2 3064 &2 awmeln 22.9 6.2 13.5 0.5 5.6 48.7
JPH-xx2 3072 w2 KOPRE 24.4 5.5 6.7 0.8 4.5 58.1
F4 E2fERREELHTT YN
Table 4 Clay mineral analysis of mudstone cores in He-2 reservoir
Pise B /m JE L iU A1 (K) A (Ch)  PHRA D B/ EER/S) BER.S)
JPH-xx1 3149 &2 16 10 18 66 20
JPH-xx2 3058 &2 17 16 20 53 30
JPH-xx2 3064 &2 21 5 22 52 30
JPH-xx2 3072 &2 2 1 19 78 30
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Fig.5 Fracture characteristics of mudstone in He-2

A RV U A S T 7 3w B U T B O AT
WOAE TR Ty, it — 20 38 R AR RARAR A 8l T, 38 hin it
RO ERE

2 EERENEMR

B TAEZ 2 2 o A B 1K B0
R TR 0 T AR A R R R 1 & 2 6 )2
75 0 B ZR N B AR R T R A2 1 E AL
AT
2.1 i JE KB AL 5
211 F0 AWEE AN

A0 2 I A B A 2 B Al o R v Y A )2
R ERIY KON IR TR 2 AT RD 5 15 35 %
T30 BE 1 5 05 5 S BO= R TR R Ry ik
— A W B A SR 3 R AR AR B S 0 B A0 5 R ) 5

WA, e BCHR 93 I & 2 BE A MR A b R HTIEF
i 19 T, 2 o O T i R (] 9 728 £ il £ O L
FRARIJE A A i 2 B 18 R AR I8 8 R A0 R HE
FL KB H AR LA R LA 6. H LR 45 R
LA & 2 R A R AE T 58 AT S h H R A E
0.2 g/s, FI W 3 AL 4] U B Bedwe i, Jo 22 i #a 1%
R, F R 8 38 A0 R IR 543200, B I W B W
TE B A 1 A1 T A8 )2 8 8 R KR AR

1' g: —J93-HI-3JF —J93-H1-12F
1.4
= L2
i L0
= 0.8
T 0.6
0.4
0.2
O 1 1 1 1 ]
0 10 20 30 10 50
I /h

Bloe Z2mbEELBRSERME

Fig.6 Self-imbibition test curve of sandstone cores in He-2
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Fig.7 Performance evaluation of existing drilling fluid

systems in Dongsheng Gas Field
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Fig.8 Drilling fluid intrusion depth curves
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Table 5 Optimization experiment on waterproof

locking agents

oW ) RN ocosd/
(dyn*em™")  (dyn-em™?)

Rk 38.97 48.7 37.86

OP-10 14.63 28.6 27.67

e 31.48 27.9 23.79

SDFS-1 25.98 24.5 22.02

HER YRR 91.9 29.89 —0.99
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Fig.9 Pressure transfer experiment on

different plugging agents
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Table 6 Orthogonal experiment on ultrafine calcium

carbonate with different particle sizes

. 5000 H 2000 H 600 H APIJER
7 (2.3pm)  (6.5pm) (23 pm) H#/mL
1 0 0 0 31.6
2 0 0.5 1 29.0
3 0 1.5 1.5 29.6
4 0 2 2.5 30.6
5 0.5 0 0 28.0
6 0.5 0.5 1 26.0
7 0.5 1.5 1.5 30.0
8 0.5 2 2.5 30.6
9 1 0 0 28.4
10 1 0.5 1 29.4
11 1 1.5 1.5 28.8
12 1 2 2.5 29.0
13 1.5 0 0 30.6
14 1.5 0.5 1 30.2
15 1.5 1.5 1.5 31.2
16 1.5 2 2.5 30.6
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H:2000 H:500 H=1:1:2),7£ 80,100 ‘C& 1 F &
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Table 7 Optimization of drilling fluid formula

W/ C #AkEEE /A AV/(mPars)  PV/(mPa-s) YP/Pa Gel/(Pa/Pa) FL ,p,/mL e
16 28 22 8 3/5 2.8 0.07
50 32 26 20 6.5 2.5/4 3.0 0.08
16 28 21 7 2/4.5 2.4 0.06
10 32 26.5 19 7.5 2/4 2.8 0.06

3.4 PR

e B Y 7K A B K 43 HIOPE BE 2 25 LT g 4
FBE o E M 0 T LR A, BEER S 2 Bl A AT HLAL
PERE MM, 25 RN R 8 R o M SEI 25 v J, 6 +
A A8 Y = RV B W 16 h I Ik R AN 16.5%, L
PR BEEN I WA 20.15 %0 1R T 3.65%, 16 h J5 i fik 2
A TR 7B SRR JZ FH BEAR E 1Y [ Bt w]
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Table 8 Expandability evaluation of different

drilling fluids
Bl WA LS
2h 4h 8h 16 h
Bk 49.61  61.92 7272  80.62
MR AW 10.00 1442  17.97  20.15
T LHE GG 7.34 1111 1443  16.50

KA, T AE G B = R BT AR &R A28 5 R
PR A2 A =>90% , ocosd i 13.19 dyn/cm, i )2 B i F
PR A AT I8 911100, P HAR AR EFEAR 2 7.6 cm),
AT B0y (i 2 Ok 4

x99 TEEHEEERFITNH

Table 9 Reservoir protection evaluation of different drilling fluids

o - oz fik ff1 / FIM5K T/ acos/ BIERWE R/, RUHRER/ 24 hREFEA
") (dyn-cm™) (dyn-cm™) % % WIE/cm

1 WEEREY 43.5 52.00 26.78 81.43 84.52 45.8

2 K MEAEEH 65.2 3240 13.19 91.11 95.43 7.6

4 MERRREA

(DARMEA M 66 X)) M H L HHE &8
B R IS B R WA R AR R BT RE S A0 T 4R
Tb, 5 H W% R R AE 1.06~1.08 g/cm® APT 2k /K
3.8~5 mL [ AH & <<4%, ]+ & E<<20 g/L, W

10, FEALH W ZE IR IE 2 7.53 MPa, & HF i 2 %
100% , % Bl Hr #0338 100960 o B g AR A 0 i 3 46l I
TN 6~8 J1 G .

(2) R A H 2021 4 0 L E A G 8 5 = R
AR R TR B R 1.4 07 m'/d L 8K
2020 4E B R PR 1.25 T m /AR T 12%; S A
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Table 10 Parameters of soil-free compound temporary

plugging high acid soluble drilling fluid

: W/ APIJOK FME R+ER
JFR / m ,

(geem™) / mL /% (gL ™)
2017 1.07 5 4 20
2117 1.06 4.5 4 20
2212 1.07 3.8 4 20
2228 1.07 4 4 20
2330 1.07 4.2 4 20
2568 1.06 4 4 20
2691 1.08 4.4 4 20
2806 1.08 4 20
2806 1.08 4 4 20

SREE ™ 3R IR LA A PRI H =R E 2.2
m?*/d, I B AR5.3 07 mP /AL 1), By
AR 58 1ot , Bt A 9T 159 7ot A1 s ik
FHEG I i, B AR B 5 58 JAS o

5 HiEEEIW

(1) ZR AU & 2 6 2 B0 0 o5 il )2 3 SO
TR R R A 2 MR R T A A A
A S SRR, Bl WRORE A [ AR A D TR 22 AR A
T 5 3 M K R ZE A

(2) 7R S & 2 6 )2 U8 o DL 52 R 2 F0 O A
Ao E JE TR S R K ik
BsR Bl a A  By  E B SR BR  AR

(ET @ 2HZHELH, A T X LEMES
B RV B IR, R R Al B A P, A
R B ARG T A AR 2 7K R i 400 74 F) 4R AT 9K THT
SKIE #JE B E R A, TR AR AR 10.8
em, HAT RAF B8R R IPRCR

(4) AR IR 0 TG A1 545 8 K v R B - YT
A R AR B I WROK BRI A 0 3, ik — B AR P AR
2021 AFHUR AESE B 3O A ARl IR LA AR
BIFH AR 2.270 m’ I 4 TR I 58 T T,
B AR 1591 Ut .

F11 2021 R HEXBERETHBR
Table 11 Natural production wells in the Jin—66 area in 2021

5 IR HW)R%E/(g-em™) WEEE(e- L) HEE/(Fmdh) £ £ /MPa
Jxx-1 T HMHE A% 1.07 18 1.8 9.4
Jxx-2 T EHE G 1.08 20 5.3 14.6
Jxx—3 T HHEAEH 1.07 17 2.3 15.9
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