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Optimization and application of film-forming and anti-collapse drilling

fluid in the Yan’ an east gas field
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Abstract: The Shiqianfeng, Shihezi and Shanxi formations in the Yan’an eastern gas field are hard and brittle, with

well-developed fractures and high mudstone content. Well collapse and lost circulation often occur during drilling,

which greatly increases drilling costs. By analyzing the characteristics of the Upper Paleozoic strata in this area, the

mechanism of borehole failure, and the characteristics of the reservoir, a research on a film-forming drilling fluid

system with strong inhibition and strong sealing was carried out. With the selection of fluid reducer RHPT-1 and

film-forming agent CMJ-2, the formula of film-forming drilling fluid was determined and the system performance

evaluation was completed. The results showed that the extreme pressure lubrication coefficient of the system was

0.0659, the cuttings rolling recovery rate was 95.94% , and the 16h linear expansion rate was 8.18% , showing good

lubricity and inhibition. It can provide 3% resistance to clay pollution, 7% salt resistance, and calcium resistance 2%

with stable performance in 100°C hot rolling drilling fluid, indicating good anti-pollution and thermal stability. It was

successfully applied in three horizontal wells, effectively solving well failure in the upper Paleozoic strata in the Yan’an

eastern gas field.

Key words: Yan’an eastern gas field; film-forming drilling fluid; well wall stabilization; plugging and anti-collapse; wa-

ter loss and wall building
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Fig.1 SEM image of Shihezi formation with developed
fractures (vertical depth: 2103m)

1.2 JFEERFRMLIDE S

HE 2SR AT 417 T B s R U
100X 107 um”, JEFF KB Ho )2 o F U8 005 FL B AR
AN JE TR G, B AR S R OR, R
T R R K, I K RE A B P A T K AR
BH 5 7K Ak I A1 Bt B 25 1 ¢, 1) 859 A A =2 T Y G
G5 Z KA K 5], G 8O R A R SR N R
WM & A R V5 i o Hy G AT DL 0 2505 A0 B I B B
fiE 7, e R BE D Al JE WRUR S A M 2 AT
B B 55 LI ) kA% 38 B AR EUIR b 2 I 8 R
JI MG, BF N HE % AR S IR LA M 2 B AL R
(B 5 22 B, o G AE 22 A5 FH oy A A b )2 O B Ok
fany EEE R EE I RIR RIS 2B A,
SECA AR T R 2%

P 7 At S T SRR R 8 L VR S A
10658 A5 el 3 3y B B R — R 9 A2 BN A
JERE T Y B — J2% B B T, 3P B 3 S mT A A4 B 1k

B OF WS AR A L Z N ER 5 AL B I B B A
i A A % K T BE A S BRI BUR By SR R B O
BERUE W UR MR R

2 BMERSEHBEREME

BEXE bR B, 38 2 X 0 b BE RO M A0 AR
Ve B M T B G B A LA SR A A A R B S
Bl AR R o %R T WA FR B RE A A7 1k T BE
B , A BB A5 A1 47 b A R A 22 7R 3 ST Al a0 I 2 0
B () I BE S AR A5 S A= )
2.1 AL FEFPE M
211 FEUERFI RHPT-1 MM

PR BT ER P M B T R G R RHPT-1 2 R &
YrE b B E R L B TR AR R R R AR
Ab BRI LF BB RS A B PR UE B I T B A AR 5
F14 245 [i) DX bR 45 ) R 48 e 1 B VDG B, A 20t 4
i RE R e . SE8 X RHPT-1 /9 i i iff
3o, BBk & i 490 MR 3% Tk 1k 24
h, it A 1.5%SMC . 3% SMP- Il $i #¥ 30 min, Jit A
7% KCL A FE 30 min S5, 43 9 A 0.1% . 0.3% .
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Table 1 Performance parameters of base drilling mud added with RHPT-1
RHPT-1&®/% ¢ @a00 AV/(mPass)  PV/(mPas)  YP/Pa YP/PV  FLype/mL K/ mm
0.1 23 15 11.5 8 3.5 0.44 40.0 5.0
0.3 38 25 19 13 6.0 0.46 31.0 5.0
0.5 ol 34 25.5 17 8.5 0.50 21.0 5.0
0.7 81 58 40.5 23 17.5 0.76 19.5 5.0
0.9 103 76 51.5 27 24.5 0.91 20.0 5.0
(1) v Bt 24 S BOR S5 Ik, POR Z5 4 0 100 °C/16 hi (2) I AR PEIR - 50 °C 5 (3)F Ly e i 15 R 2R 2K ik, Ky 151 1 5
JEVRFEE ; (4 HTHP 2K M & 255 : 100 °C/3.5 MPa/30 min, T[]
3R AR B (WL 3) , H HTHP 2 7K & K i BE Uik

bR EE B 37 SR A O IR &R v R R AR
M CMI-2 ot 2.0 % DUJS &k W ks 13 4k 2 3 in
B2 K FEA RS B DLW G Hede A & 2.0% .

2 CMJ-2[E&5#(X2590)
Fig.2 CMJ-2 membrane structure (X2590)
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Table 2 Performance parameters of base drilling fluid added with CMJ-2

CMI-2 &4t/ % Psoo P00 AV/(mPass)  PV/(mPa-s) YP/Pa YP/PV FLyrp/mL Kypge/mm
1.0 75 46 37.5 29 8.5 0.29 18.5 1.5
1.5 87 55 43.5 32 11.5 0.35 16.5 1.5
2.0 99 63 49.5 36 13.5 0.37 15.0 1.5
2.5 115 74 57.5 41 16.5 0.40 15.0 1.5
3.0 135 88 67.5 47 20.5 0.43 14.5 1.5
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Table 3 Performance parameters of the film-forming drilling fluid system

R/ / AV/ PV/ YP/ G/ G/ FLyr/  Kyrie/
T (g-fm""’) (mPass) (mPass) Pa YPIPV. a0 fuo ¢r 4 Pa mlL mm pHit
30 1.25 77.0 55.0 22.0 0.40 75 48 10 8 5.5/14.5 13.0 1.5 8.8
50 1.25 66.0 47.0 19.0 0.40 66 44 10 8 5.5/15.0 13.0 1.5 8.8
100 1.25 49.5 31.0 18.5 0.60 55 40 14 12 8.0/13.5 13.0 1.5 8.8
2.3.1 ik F6 BIESHFEEREMERKENKER
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Table 4 Lubricity evaluation results of the

film-forming drilling fluid system

APLJEHEEE  HTHP Ut W 31 e 58/
[EEY JEE B 72 Bk HEEY MPa
0.0624 0.0745 0.0659 117

TE - HTHP Ml 44 5 100 °C/3.5 MPa

i 4 ], %K R A9 APT HTHP 8 9 B2 B &
BRI A R R R AR, B S JC AT AT ) R 8
G, B B R o 3K I T AR & i i R IN-303 A
CMI-2 D [RIFE FH I 25 5 o BRIt 320K R Bl W AR R
ELA AR g 0 31 P T L A AT A% R AR EE BH L By Ak YR
W T A R A A A R O R
PR
2.3.2 Al

Bl A ) S P 5 VR By (] R R
JE Ak LA R LR 5K 6,

5 BB RERRDEK RN L LR
Table 5 Test results of the rolling recovery rate of the

film -forming drilling fluid system

. MR 7 8 I

w %= W K MR 1 e Mot/ %
WK +50 g4r)2+ 100°C/16h  5.41  10.82
K450 g £ )8 100°C/16h  21.54  43.08
R +50 g 2T 2+ 100°C/16h  45.99  92.10
RSG50 g Al 100°C/16h  47.97  95.94

Hr)2E AN 6~10 B, [IRCHT BT 50 g, IR K
1k 40 B 1 B

Table 6 Test results of linear expansion of the

film -forming drilling fluid system

eI KR/ %
k% i

2h 16 h
KR D 9.65 39.48
T H TR 4.03 8.18

()0 B 4 (B 1) e 5 ()3 W N i1k &
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Table 7 Anti-clay pollution of the film-forming
drilling fluid system

it AV/ PV/ YP/ YP/ Gu/Gy/ pH
/% (mPass) (mPas) Pa PV Pa {1
0 77.0 55.0 22.0 040 5.5/14.5 8.8
3.0 77.0 55.0 22.0 040 5.5/14.5 8.8
5.0 78.0 54.5 23.5 043 6.0/15.5 8.8
7.0 100.0 56.0 44.0 0.79 18.0/29.0 8.8

9.0 128.0 69.0 59.0 0.86 23.0/38.0 8.8
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Table 8 Salt pollution resistance of the film-forming drilling fluid system

Na(jl/ AV/ PV/ YP/ (;1()”/(}1(7’/ FI‘.\I’I/ K.’\l’l/ FI‘H’I‘HI’/ KHTHI’/
YP/PV pH {8

% (mPa-s) (mPa-s) Pa Pa mL mm mL mm

0 77.0 55.0 22.0 0.40 5.5/14.5 4.0 0.5 13.0 1.5 8.8
1.0 77.0 55.0 22.0 0.40 5.5/14.5 3.4 0.5 12.8 1.5 8.7
3.0 78.0 54.5 23.5 0.43 6.0/15.5 4.0 0.5 13.4 1.5 8.8
5.0 79.5 53.5 26.0 0.49 7.0/17.0 4.6 0.5 13.8 1.5 8.9
7.0 81.0 56.5 24.5 0.43 8.5/19.5 4.4 0.5 13.0 1.5 8.3

W FLyw—APL K& Kyo—APLIR 2 JEE ) . T [A)

28T LA, 2 NaCl & 2 M 1.0% 14 Jin 3] 2.3.3.3 Pihmis YL

7.0% W MR R AL RESE A RIS AL B B IR RSG5 Y RE TP 45 R WK 9.
UE/EaN I
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Table 9 Anti-calcium pollution of the film-forming drilling fluid system

(jas(—).t/ AV/ PV/ YP/ (;]()”/G]()'/ F["\I’I/ K."\l’]/ F[‘HTHI’/ K”’l'l”’/
YP/PV pH f

% (mPass)  (mPass) Pa Pa mlL mm mL mm

0 77.0 55.0 22.0 0.40 5.5/14.5 4.0 0.5 13.0 1.5 8.1
0.5 77.0 55.0 22.0 0.40 5.5/14.5 4.0 0.5 13.0 1.5 8.5
1.0 78.5 56.5 22.0 0.39 7.0/15.5 5.5 0.5 14.5 1.5 8.1
1.5 80.5 57.0 23.5 0.41 8.0/17.5 6.0 0.5 16.0 1.5 8.4
2.0 82.0 57.5 24.5 0.43 8.5/19.0 6.4 0.5 16.5 1.5 8.4

MR IATLIE 1,24 CaSO, & M 0.5 #ma 234 #HAREME
2.0% Wiz R TERERR 2 , B A B BT RE ) . M FR R IS E PV 45 2R LK 10,

F10 FBESHH R RARESEITM
Table 10 Thermal stability evaluation of the film-forming drilling fluid system

AV/ PV/ YP/ Gll)”/ Gl()‘/ FL.\I’I/ K\PI/ FLHTHI’/ KHTHI’/

XA YP/PV pH{H
(mPass) (mPa-s) Pa Pa mL mm mlL mm
100 °C/16 h 77.0 55.0 22.0 0.40 5.5/14.5 4.0 0.5 13.0 1.5 8.2
100 °C/32 h 77.0 55.0 22.0 0.40 6.0/16.0 5.0 0.5 14.0 1.5 8.2
100 °C/48 h 79.0 56.0 23.0 0.41 7.5/18.5 6.0 0.5 15.5 1.5 8.3
100 °C/72 h 82.0 59.5 22.5 0.37 9.0/20.5 7.4 0.5 16.0 1.5 8.2

12 10 A 1, 76 100 “CF , Bl 5 $47 B i) 28 K 3 MIHMA
MR ZR U P BE N K UK 3 BE M RE AR 4 R L TR X 2019 45 iZ SRR B 33 B T R RAE S B KR
RRBARFHPIER . WD 3 1 RIR UK I AR AT TR o B I T
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Table 11 Drilling fluid performance field test results
I3 FF R B IRAR R I/ R/ ( ) FLy/mL  FLypw/ml BE%
EE2 1 R k/m wIE cm ~apr/ ML ~rrhp/ ML
~e WA % Kr/ %
—Jr REWKZR 1996 1.10 6.0 28.0 28.2
YYP-3 ) ‘ 2592 1.20 2.8 10.6 73.4
=JF R Al I
3433 1.23 2.6 9.8 78.2
—JF RE ARG 2074 1.05 5.2 20.4 32.6
YYP-4 - ‘ N 2615 1.27 3.0 10.8 71.8
= T H TR
3494 1.30 2.4 9.2 79.4
—JF Rk R 2028 1.15 4.8 19.6 33.2
YYP-6 B ‘ N 2605 1.18 3.0 11.2 71.6
=JF B U
3225 1.18 2.2 8.8 79.8

M3 A I B 37 8 1 1 B0 AT, Rl R Y
REVIERBCRBERR L b KoK 8
K, G E B R REACR AL 300 A4, #3412
e a2, S YYP3.YYP6 W 11 JF — JF & &=
2400~2500 m f1 &+ 218 5 B ) B s I A
SO AN RE A AR T R BE L T T B AR N BRI
B 5 7K e Bl IR RS A0 5 VR B 5, APT
KK BEFEHAE 3.0 mL AN, B & BRFEIKFE>T70%,
W7 3 BE 7 WE R L b T AR P BE R AR R R
FE L TCAR R PR E A R A IE TR R
A RCE IS T B TN

4 Zig

(1) AR 40 XoF SIE “22 A< 35 < FH Ml )22 - B 2R A LB 4
BT, G 22 25 3 4 U 00 b J2 B AR A v B L )R
ISR A7/ R AN =S = I R LR ]
HI A AR 7K A B RN B0 R S 300 )2 i
B R AIG , 2 3 LG T I BE G AR i R D A

(2)3# 3 % 3 E AL F ] RHPT-1 A1 CMI-2 Al
e TR KGR A B RS B I G A
R FR AR MR K R MR A, H R A AR A
MBI Y AT E /R ST .

(3B BT I FH 3 K3 A7 R pe 1 4 %2
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