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[ Abstract] In order to efficiently develop the ultra-deep thin interbedded carbonate gas field, the development well of Lei-4 gas
reservoir in western Sichuan gas field adopted a three-spud casing program. The first spud section was drilled into the Penglaizhen
Formation to the third member of Xujiahe Formation. Due to the large variation of soft and hard sand mudstone, and the existence of
mud shale or sand mudstone is easy to be hydrated and denudated, there will be falling block, collapse and other problems. The second
spud section was drilled into the formation from the 3rd of Xujiahe Formation to Maantang Formation. The formation shale and coal
seam are interbedded frequently, the uncased hole section is long and high pressure fractured gas layer, these factors are prone to risk
of wellbore instability, well loss and even blowout. The third spud section was drilled into the fourth member of Leikoupo formation.
Due to the alternations of limestone and dolomite, the stress difference between layers is large, and the formation is broken, it is easy
to cause local instability of borehole wall, and even collapse, stuck drilling and other downhole complications. In the face of
challenges, through theoretical research, laboratory experiments and field application optimization, potassium-based polysulfonic
drilling fluid technology was used in the first section, the compound salt strongly inhibited polysulfonic anti-collapsing drilling fluid
technology was used in the second spud section, strong plugging white oil base drilling fluid technology was used in the third section,
have been formed to solve the technical problems faced by drilling fluids. The successful application of more than 10 wells has achieved
remarkable results in speed and efficiency improvement. . Among them, well PZ5-1D has a drilling depth of 8 208 m and a drilling
cycle of 252.79 days.
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Fig. 1  Rock mineral composition and content chart
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4% ~6% PrilfPrit FAER T,
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R2 AREEHHAEEETHIMEREEIE (120 °C.16 h)
Table 2 Performance data table under different drilling fluid densities(120 °C,16 h)

W= p/(grem™?) FV/s PV/(mPa-s) YP/Pa Gy /Pa G min/Pa HTHP/mL IR R %L
1 1. 60 60 30 11.0 1.7 9 3.2 0.12
2 1.80 61 30 7.0 2.0 10 2.8 0.11
3 2.00 56 35 8.5 1.0 8 2.8 0.13
4 2.20 61 68 6.5 5.0 10 1.2 0.11

Hp WPV O TGRS BREE PV IR BRI s YP WS H I, G,y W BRI I 10 s 5 BT BV T BRI Y 1+ G g o R I
10 minJ& BFI Y I3, B 4401 F1 s HTHP Ay e i 5 e 2R 7K

®3 REIREEE THARRELER

Table 3 Drilling fluid stability experiments under different temperature conditions

TR/ C I p/(g-cm -3 ) FV/s PV/(mPa-s) YP/Pa G,y /Pa Gy min/ Pa HTHP/mL S S

1 2.00 75 92 2.5 4.5 16.5 1.4 W R

120 2 2.00 60 69 11.0 6.5 11.0 1.2 120 °C x 16 h
3 2.00 79 72 20.5 11.5 18.0 1.0 120 °C x32 h
1 2. 00 75 92 2.5 4.5 16.5 1.4 B

140 2 2. 00 63 56 18.5 9.0 16.5 1.2 140 °C x 16 h
3 2.00 100 75 35.0 15.0 29.0 1.2 140 C x32 h
1 2.00 75 80 2.5 4.5 13.0 1.2 B R

160 2 2.00 80 84 28.0 7.0 12.5 1.4 160 °C x16 h
3 2.00 80 93 27.0 5.0 12.0 1.8 160 °C x32 h

x4 HHBRIMEEIE(120 °C x16 h)
Table 4 Drilling fluid salt intrusion resistance data sheet(120 °C x16 h)

i p/(grem™3) FV/s PV/(mPa-s) YP/Pa Gy /Pa Gyg win/Pa HTHP/mL
e %Ny 2.00 60 67 8.5 4.0 17.0 1.3
FEARWLTT +2% NaCl 2. 00 63 70 10.5 11.5 16.5 1.8
FEARRFL T +4% NaCl 2.00 66 72 11.0 11.0 17.5 1.9
FEARLTT +6% NaCl 2.00 56 76 13.0 10.0 15.0 2.0
HEARLTT +10% NaCl 2.00 71 77 13.0 16.0 18.0 2.4

x5 DIATSRERITEM

Table 5 Evaluation of anti-gypsum pollution performance

i p/(geem™)  PV/(mPa-s) YP/Pa Gy ./Pa Grown/Pa HTHP g /mL  SCB0Z6(F
AT )T 1.67 30 10.5 3 14 9.2 140 °C x 16 h
AR IT +0. 5% CaSO, 1.68 28 15 4 15.5 13 140 °C x 16 h
x6 ShHFBEREBETEN K7 SHARSESERTMRE
Table 6 Lubricity evaluation of drilling fluid system Table 7 High temperature and high pressure rheological
ey p/ (R RS R beAe =) properties of drilling fluids
7 S ; " ,
(grem™) A A ik TR/ AV/ PV/ YP/ G/ Giomn/
FrR— 1. 60 0. 14 0.053 7 0.109 0 < (mPa-s) (mPa-s)  Pa Pa Pa
P 1.80 0.17 0.0429 0.1200 25(HR) 48.7  58.00  9.30 1.8 7.5
LES 2.00 0.16 0.044 1 0.1273 140 65.6  78.65 13.05 5.2 14.0
) 160 543 65.60 11.20 2.0 4.0
3.3.1 =B KA 180 5.7 59.35  7.65 2.5 8.3

PR 1 52 5 S 00 11 2R 8 157 58 Al A R
FHLEHGRET, RWRTE YR K U i # A BT 3.3.2 aralix
BAA, N 7 B A 140 °C I3 iR ok, LRI IR H TR TR 3 [l s 238 T 32 o 1 DA 8 T YR
R RGO, GRS s FLR T T HVR AT SRIRCR , R Sl MDA A R 41 )
BUE AR RETE R B BT oK UEBZAR R IR AR E . 2 BB IR MO DU 10 R O 7
LR rEReL 5 ) (NBT 10121—2018) #A TR Bl 528, iy T
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STIHRAE AN ARG — , G5 AR S A K D
2, KL, Foa A v e I A A B AR AR o B A T
P2 A T SC R R E A IR, WD T R T KRR
B K bR A DR 2 51 A SR 22, il A5 S0 HL
AW E B, G 5. O8I RIEF.
350 mL; 7 8 iR 50 g; @ BUHE 1 40 19 5
350 mL fE A ZALEE , PR ATER HRR A T 2 E A
BT IR A, E 25 4 e B o, Sr D
A BT 2 SR R TN @R IR
HR AR b 2 08 B K PR R] . 16 h (A& 3E 7R SR ]
FERE AR 16 h, TR BhZE o RV BURE I vk ) ; @GR
JE TG  HORJERESEIA 40 H (0. 425 mm) Fi -, X
AOK R A2 0, BB KT N 1k A A
S5 B, AR 52 00 O, 4 5 T8 40 BN B0k IR
O TEVEG A B 105 CHERR , ML 4 b il T gs
WA HI B =R R, BRI R © KR 50
Fr— RSN G B 2A s T 40 B ST R
B, IR B R ZE 18K $AR T B AR 4l 1 )2 L B
BLR, PIRRTE A 16 h,

—WRTE B A R R Bt K X VR B A R
ARIR), — R B B A R B I, IR B A
SRR, R S R AT DL o A O
TR HIPE BB Ak 1 | &2 A R 50 310 o] 2R sk 7 358 4
W R ISR B Ik 94. 98% |, Fe KRR ] 1T b )2
TTUA BRI , a8 PR

®8 RIExE

Table 8 Rolling recycling experiment

B e 7 — W % I ER /%
K 4.08 —
A ER DRI I SR BT 3R AN 98. 04 94.98

3.3.3 WiFgH

A2 G 5 0 ) SR B 35 B R A BT e v
YA BTG YL FPT co, i5 et gk 9 iR, &
J8 AR AR B R 5 0 ) SR A B B A T A
HORGPR I RO B R T B R TR R R B R
{HIE IR /N, N 52 e 1E 5 Bl 1, U0 IR 2 Ak 5 41 4l
RBEBH YR B B AT B P A B 15 YL R Co,T5

3.3.4 HEBR®

AR E F X6 VA 2R 1) T B R A
[ R PR HIR B Bl V% B v, i — A T X
B TP B I SR AR A T FR A e E
ZHRE 2R BOR B 2250, AnEE 10 o, Hods v
RECFEME 0. 15, e DF R R KP4 0. 14,3
INFIKBEEG O BE B AR %50 0. 2 ok, U BH R ANl 2
it 7 335 ey Y %) LA T T v e

F10 SHFwEREEE
Table 10 Lubricity evaluation of drilling fluid system

5 p/(g-em™) EP R RAL K
1 1. 60 0.14 0.054 2 0.110 0
2 1. 80 0.16 0.043 7 0.118 3

TE:EP AR I ¥ R A

HITHEEE R FHREA
JIVPES H 26— FF & I PZ4-2D  PZ4-4D /K
BOfdi i B3 = R VA R PR R |, 2 1400 e
FERSEI | & A i e | JEE BHLR R T 4 PRI HE | BHL R ™
FHEMM, N TIRBERE ST EHI, % _IF
IO I FE G AR R AR B, TR A IR
A PUIRYE WA, Y5 YR 1 9R EET,
FHAE = TF K Bl I rb g B0k ) 37 A0 1 625 b )22
Bk | I O H B X AR T e O AL R S R AT
it & BN T B UG R4 B /R 1,23 pum, B K
946 pm, H O fLEE KT 50 um 5 R
64.73% , KT 125 pm 75 Fofe @i (31, 40% ) , KF
300 pm 5 11.6% , 0 By L e R ~F 2 v 7
50 ~300 pum,, 38 Hb AN TN, M i S 4% vE
FEFE R b b 77 R R 2 4% TE AR 47.7% ~
T 7% JEHLR 1 25 1 M2 24 48 58 1 2 4L
14 ~ 157 wm , A 26 9% i 355 35 50 3R 40 T B Ak i
BE T Pl R 5 K I S B T VR TN K O O
B AT R — & A 2 3 R IR
HA,

FF Hm B E I P Ok, e E T
B R )2 A T S VR I T R A

3.4

R HUSRMERBAERE

Table 9 Performance of anti pollution types

o s . . p/ PV/ YP/ G/ Giomn/  HTHP,g ./

RGeSl A I SR S . pH 10
(grem ™) (mPa-s) Pa Pa Pa mL
B 5 i 7 150 C x16 h 2.02 9.5 38 9.5 4 10.5 8.8

“ S
Bty +3% ‘=8 150 °C x16 h 2.02 9.5 44 12.0 6 14.0 10. 4
$i CO. 5 b fic 7 150 C x16 h 2.02 9.5 38 9.5 4 10.5 8.8
A

: B/ + CO, 150 °C x16 h 2.00 9.0 40 11.0 4 14.5 11.2
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FEAR T B2 0 B il A R R B .
80% ~90% [ +4% ~6% EF. +4% ~6% HHF. +
0.5% ~ 1% L7 +20% FALEG K (W EF 20% ~
25%) +2% ~3% GHLt +2% AWK +4% ~5%
RETERF] +2% ~4% WITEEER] + 1% ~2% B4R
YR +1% ~2% WUBEEIER] +2% ~3% RKIRWIHE +
AR + TR IR + A I A5
3.4.1 RFHBAATHE

S B I LB HEIAE 160 °C T KB [E] & 1k
Ja A EA RAFR AR R RE , AR 11 R, 168 h &
S5 B FEEERE K 35 mPa-s, SIPEEEE N 29 mPa-s,
Y1 J1h 6 Pa, s =0. 2, BFLHLE >600 V, 3§
Kt <5 mL, BB ET ] 240G iR PE R AR
AR T 20% 15 HA B3 A Re Azl ik
P, R I TR

F11 EIHEMEBSFRIEESH
Table 11 Performance parameters of strong plugging
oil-based drilling fluid

EAREE X AV/ PV/
it ] (mPa+s) (mPa-s)

YP/  YP/PV/ HTHPq ./ ES/
Pa [Pa-(mPa-s) '] mL \%

160 C x16 h 42.0 35.0 7.0 0.20 3.2 763
160 C x72 h  39.5 32.0 7.5 0.23 4.0 746
160 C x120 h 36.5 2.0 7.5 0.26 3.8 753
160 C x168 h 35.0 29.0 6.0 0.21 4.2 776

. YP/PV S sh U 5 S B LA, R sh 9 L, 38R B9 VDG
PSR ES ; BS Ay A, - FL s

3.4.2 BRI

BT S e Tl R TR A HOPE BE L AR
TE PR R 25 5 & A LR, R TR BE 7 A
TR IR TS B DR B 78, TR B (8 5 DT R
BREIT | 16 BH AL TR B DT AR e Ml SR B b
RN VR AR R FT TR B R 68.6 x 107 N, 48
11160 °C,35 MPa 9 7 d #HEIRSEI0 )G, SC04h S an
N2 Jiow, UURERL 1 TR AT Y 68.6 x 10 7° N 34
TR IS 1149 98. 0 x 10 =° N, 5 % He A5 B 1T B B
(EIG AR L, AT ZWEAS T, 0 B 53 df 3% 1 90 L 45 T
TOTRERR e PR 7R I ) S IR 8 R N ARSR LA
R A B o Bk e 1

F 12 H$hHHFEHFHIERINENITERENE
Table 12 Settlement resistance value before and after

static constant temperature of drilling fluid

(A R RN HrEEE /N
g e RSP ] 68.6 x10 73 98.0 x10 ~?
PRyl 78.4 %1073 1254.4 x10 73

3.4.3  FHEEa

S EHE IR AR R 10 ~ 150 pm P
FAATEE S, HB B R YK #1077 mD 251, 40
R 13FR, M £ 0E T B U8 DF-F R 6 i, 15 1
AL H I A 0L 0 A P 5L A% PO R T B
2, W 8 Fk, PZ6-1D B4 I W B 1 5 i 3
N

R 13 EHE +2%WEF-3000 HfE &2 SSI6 5E

Table 13 Ceramic disk sealing experimental data

Pl ¥ A A%/ um 10 50 100 150
1 h JEW L/ mL 0.1 0.2 0.1 0.2
BiER/mD  1.84x107° 3.77x107° 1.82x107° 3.58 x10~°

I——

(a) 330/ Mg RE A 1) IE 1T

(b) SR 5 M REA 1 T T
P8 S M e 2k A A T T [

Fig. 8 The front and back of the ceramic plate after the

experiment

3.4.4  FiFHM

T SN BR R DF A 1 i el T A TS ek
W4 iR, BEE BRI 0 & i3I0, B Y
TN, VI b 2 5, 109% 581 N 0 s #8 te
0. 29, Bl H e 0 HHRE T RE 0 A3 BNk i LA
Bt 25 5% T 1) hn £ BTG, A 45 48l 0 v 2L Ak M g AR
iR RS 2.2 mL ¥NF] 4.8 mL,H
{5 8R ELA 38 1 R K s BB L R TR A A o A s
TR ZE R V), B FL R R RS, M A 2
T g BB B R e A 2 H A
A A UE IE 5 B B T R A IR AT
Pris gtk

BB B 1R AT B R RERZ /N gk 15 BF
7 o KB AR A 2 FREAR T K B, Bl & K 4R

R 14 REMEHRIEES MR

Table 14 Effect of residual acid on drilling fluid performance

parameters
o AV/ PV/  YP/ YP/PV/ HTHP, ¢ ES/
(mPa-s) (mPa*s) Pa [Pa-(mPa-s)”'] /mL \
VSYHT 39.0 32,0 7.0 0.22 2.2 777
5%%5%%  44.0 35.0 9.0 0.23 4.8 530
10% 5%82 53.0  41.0 12.0 0.26 3.2 535
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A BRI AT — S, g O A T in
BEIFWAY T FL R SEAS PR AR AR, B FL L R OR T
450 V, R BA RIFHIBTETE AHUK IS YEE T
AR A BAR B T K935 BE , (EE X B
TR ERESZ AL /N, W36 16 FT7R . 10 TC/K B R 45
SR AN K LA BEAT R [F] I e 7L L T
700 V, il HREAT A PR TS ARE T .

15 BMEHEAFREMERTK BT RIERE
Table 15 White oil-based drilling fluid basic system’s

resistance to water and drilling cuttings contamination

—_— AV/ PV/  YP/ AP/ G/ G/ ES/
(mPa+s) (mPa+s) Pa mL Pa Pa v

5 YL 36.5 30 6.5 0.2 3 4.5 704

10% &5J8 45.0 38 7.0 0.2 3 5 685
(60 ~100 A%EIE) ' ’

10% 7k 39.0 30 9.0 1.0 5 10 578
10% %5 )8 +

o Hi/R 51.0 41 100 1.0 8 14 536

10% 7K

F16 AimMESHFREMERIEATRERE
Table 16 Anti-salt pollution performance of white

oil-based drilling fluid basic system

— AV/ PV/  YP/ APly/ G/ Gy i/ ES/
(mPa-s) (mPa-s) Pa mL Pa Pa v

15 YL 36.5 30 6.5 02 3 45 704

5% FAAksH 37.0 30 7.0 0.2 3 5.0 702

8% H A4 39.0 32 7.0 0.2 5 50 712

0.5% JoKBRES 36.5 30 6.5 02 3 4.5 692

4 MAFR

TS A AT | EE S g AR, B
BT R R R BR , A Eh R i R
TR A I A | = /K P Bk 4 3 (1 i R 45 I
WRHEA DL T Bl 8 T I 1 B AR M R, ok ) g
10 APPSR 3%, IR 8 208 m 1Y PZ5-1D
RN A 4R 5 3 252,79 d,

BRIE R AR R EAE PZ5-1D JER A, A
FER S WV FH BN 820 ~1 638 m, %N
1.40 ~1.62 g/cm’, BAPEREEH 17 ~35 mPa-s, 3))
YIS 6 ~10.5 Pa, s1¥8 K 0.24 ~0.36, KK &
3.8 mlL, B R EL N B 1638 ~
3542 m, BN 1.69 ~1.94 g/em’ , FAVERHEETE 35 ~
41 mPa-s JEHE N, s J17E 8.5 ~13.5 Pa Jufl N,
YA AR FELE 0. 30 3 R K B AIK o 2. 4 mL, PZ5-1D
H—IFSZBrit T RECKH 45 d, e iHeaT 1712 d, 3%
FAHA-F T B A 9. 92 m/h, VDR i 21 19 4
MR 5. 80 m/h, T4k - A8 3R 6. 21 m/h,

R BN S R 7. 23 m/h 25 DU B = B Al
K417 m/h, —FFd R HPESFRE RERR E , #ERD AL
by TP

24 R 5 00 ) 2R A B 5 B R WE PZS-1D It
3542 ~6 046 m BTN ., Bh I WC% BER
1. 88 ~2.09 g/cmSO YAMEBL B AE 41 ~ 45 mPa-s 0
I, B 07E 12 ~19. 5 Pa BB, 3h 38 HE AR 57
0.30 245, B uE R iE A 0.4 ~1.8 mL, 5-1D Jf
TIT SR TR B 118.46 d, LRI IEE T
18.46 d, 2 =Bthu4hsE M 4. 92 m/h, 1 — By 4k
H3.27 m/h, 0 B-H — B R A 3O 2. 74 m/h,
TR R R AR B 2 S 034 m BF A
AT HEHE 6 016 m Fl1 6 046 m I &4 T BBH ., 453
WERPERERR E | HERPRIOCR AT, HHRE R RS

WEE AR W E 2 3 AN O B R N T
PZ5-1D% 6 F13f, MR SRR |, 5l 14 3 il L 4
FE R T KB HRCR, T = 220 U LT
ARIEREAK 97% . Hih, PZ5-1D F1 PZ6-6D i 1 37k
B 1800 m, g i & T 2 AR AE g &
R MR R E AP bF, HFRE R R, T LA
FH IR N AR %

5 #ig

(1) 2 H PG S T 22 4Bl 00 i 5 A e o
RI—FF - BE 4 1 )2 5 K AL # ph b e #5358, —FF I+
Brel )2 00 52 )20 IR ) s
FEHARAR Bt = I IR KR/ K H Bl i
U b BH)Z, KRS A am 3Kk, BRI ) 2 57
KN Z R, B 1 B JR i R A, & kA
PN KA IR TN R . A HLS AR SY B NS
KeBI7n; FAEAL , 163 AR gk & 4 By LRl il T
— PR SR A TR AR, R A S o 410 ) 2R ik
B A IR AR = 7KV B 35 3 11 i SN I
HoAR,

(2) B BB AAE TR 10 45, 42
RS B3, K 8 208 m 119 PZ5-1D 4k JE
W43 252.79 d, BA BRI ET R

2 % x #t
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