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The Development and Application of High Performance Water Base Muds for
HTHP Wells in Yingqiong Basin
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Abstract: High temperature and high pressure deep wells drilled in Yinggehai penetrated formations with narrow density windows.
Conventional polymer sulfonate drilling fluids become highly viscous and difficult to flow in complex geological environment, and
false thick mud cakes are generated. These generally result in resistance to drill pipe tripping, pipe sticking and lost circulation. A
high performance water base drilling fluid has been formulated in laboratory with new high temperature polymers replacing
conventional polymers. Laboratory evaluation shows that the high performance water base drilling fluid with density 2.50 g/cm’
maintained its thermal stability for a long time at 240 °C, was resistant to the contamination caused by 50 g/L drilled cuttings, 50
mL/L formation water and 5 g/I. CO,, and performed well in reservoir protection, the return permeability reaches 84.6%. This
high performance drilling fluid has been used on a well in Yinggehai with formation pressure coefficient of 2.20~2.40 and
formation temperature between 190 °‘C and 200 °C, which conventional polymer sulfonate drilling fluid has failed the drilling
operation previously. This proved that the high performance water base drilling fluid had good high temperature stability and
superior rheology. The successful application of the high performance drilling fluid has provided an reference for selecting drilling
fluids for HTHP complex well drilling.
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0T 1 o I VG R A 5 — B A R A sk =K
o L e T A TR B X 2 — (B R 45, 2017 5
ZMFAE,2017) 302 TR ) REUR IS 2.40 g/em’, H42
Pk %% BE 7 11 /N T 0.08 g/em®(FE fil 30 %5, 2014 5 fa]
JEE AR 45, 2016538 98t , 2016) . 76 5 P 1R i © 46 5 I
R A R R 233 CL I R I E 2.4 ¢/
em?, 76 1H 75 4 O 4l v I e R O TR T AR
TE R 75 5 52 B0 R (i 1 3645, 2015) , 76 & Hb
JZTE )T I BE By R A o 19 1 R % M U Ok AL H
B R E GO, IR IR T AR KRR e
BOE RS, 2016 5B P4, 2016 3k =45, 2017).
el B, 7 9L 5 OB A 2 TR HL A
A J2 P 47 45 ) AR i 7™ R . 7 i 0 2 48l s L v
JEFE b IR /N T 190 “CR 35 2 v Kk BE 4 0, TR
JE KT 190 CH i 1l 3548 T (9 0 R 0 e 4%
2004 ;25 4 745 1 2015).

T Bk D B — A Y I T
FERR 63 LU0 w5 T o B T Tk S E — b
AL BE 77 (Annis, 1967 ; Huang et al., 2004 ; T f 1€
2016) 3 = 5| A PR B0 A SR 40 700 L O 3 T Ak B
P T 5 A B R R R R e Al A A
(% B 4.5 g/em®) VE I E ], DI A £ T — 2 7 7
R R KRR B IR OMRIR R, WO R om T ik
2.5 g/cm®, i i3k 240 °C.E NP S F W,
BB KRB I AR R A AR I R R R
TE 18 00 DR T B, AR R A B L R Al R R
W00 20 A O R R LA R 1 I 8 M R e e T
M e R U R RGBT R R R T
il 2 PR AP ROR BT

1 SEEEMNR

o i e TR 7K R R R A R G A A T R

JE W PE B 5 P e TP R B R AT BT Y g
B2 Cf 3, 2016) . 75 22 B FF W i 1k R 4 2t L &
LEE BUTs Ge vk B B R R A 2R LR A
ESIX R
1.1 FBEGHBEREE

BALES AR R R B LA R PR IR RS
Yy AR hn EE R AT e AR R A A i R
SRR R I DR £ K A Ay BRI BE T L BRI
T A Ve O R ARG T DL R R B TR R A bk
JEARAP R T 1 R B D B IR VR AR A PR IE
250 F B B Ml Bsf ) B Jo o

FERBEL Ty : 2.5 % Mg 7K B2 19 4-0.6 % PF-PAC-
LV(RAE 744 %) +2%PF-GBL (L) +
2% ~3%PF-SHP (LB Jig ) + 3% ~4 % PF-SKCH
(FEAL BB F2YUHTFL(M S BB &) 1%~
2% Drilldillute 47 = I B 7 +0.5%~0.9 %0 He i +
4.5 g/cm® = 4l B A A TR E R B Sk GG T Bl
W ERE AN 1.
11,1 MEIFIRIE 8 a0 A 0 B 45 3 0k 3k
FRZS TR B 0 95 W0 0% BE (A, 45 2R W oR 1R 4
HCOOK 1Y FE W i flk (W3R 2).

S5 5 PN BE R — By A M 0 H 2 T R AT R
UL R K 5 25 8 VR 2h DR 5250, A 3% 5 17 H 40 4
F AR FE B 7 o A CSE 9 NaCl 5 HCOOK, il
FRER I WORE A 16 h IR M I R N & 3 TR, 45 &
2 AR AT, R H HCOOK 1R b &5 JF W 1y
150 350 AT LA A A IRV TR K 1 T B T B LA R R
441 441 9 BT 5 K AR
1.1.2 §EBFIME SR EC T oo A [A] Fp 2
F 0 B RS R AT AN VAR &R i R RO (5R
4) S A5 B LA I W 70 2 RE L IR R
BT X R A R SR R AE A R AR b AT T
A 8 B R RO

F1 FETETHERE TR
Table 1  Property of drilling fluid under different density

) R SRR EEIRvIp] [ a7Ib] e L o T K
p(g/cm?) pH
(mPass) (mPa-s) (Pa) D6/P3 (mL)
2.1 50 45 6.5 3/7 6.0 10.0
2.3 56 48 9.0 3/8 6.3 10.0
2.5 59 51 13.0 3/13 7.1 10.0

TE: 280 451N 240 “CEAL 16 h.
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Table 2 Activity index of saturated salinity

iy VBT 44 SRR A (26) TR B
1 AT R EF HCOOK 3.307 0.145
2 LA R 8 HCOONa 5.250 0.236
3 LRI HLER KLS-1 6.101 0.290
4 TR HLER KLS-2 6.705 0.325
5 A S AL EH Nacl 7.045 0.368
6 LA AS CaCl, 7.525 0.420

£33 HEIMEREITEM

Table 3 Inhibition evaluation

Wiy LKA () R (%)
LR TT 22.23 68.5
H i B2 J7 + 10% NaCl 17.23 89.2
AL )7+ 104 HCOOK 15.02 96.4

T 986 45 F R 240°C# 4k 16 h.

x4 HHFABEBENLER
Table 4 Lubrication test result of drilling fluid

i3 iR e
FERRTEC A 0.201 3
FEREEC )7+ 1.5% PF-BLA BU/INEK) 0.164 2
LRI T+ 1.5% PE-LUBEGH M 8 7 6181 0.158 9
FERIEC T +1.5% GRA(f £) 0.151 0
1.2 Sh#FRERMERETM
1.2.1 BRI ATHREMSE &M

IR G ¥ HTEL R0 = i A B 5 Drilldillute 47 200
GRS R /e o TR S T B3 G o KT L R
R 1 & S AE 3% LA A v U e e K A
TR A T RN ON BT RCEE PP T %
2.5 g/cm® B Y = R e K FE B IR A R 2.3
g/ em’™ R IR A 1 U R R K B AL R B, 5 PR M
4

MESA LA, % 2.50 g/cm’® B9 8T 7Y i
Toi T 7K 3 4 W AR 240 °CTF Pk BE A2 A6 AR X 470N 5 1
W 2.30 g/em’® ()RR B IR v R K L AN IR AR
180 CF My MERE AR A A X A K S 45 R W, n A
2% PRI B AW HTEL e W] W3 & A i = T
T T PR
1.2.2 MR 5 H0E I WBIR Y & i e R
St FEHEAHR)ZET, N PF-GBL (B A6 5 75 ) %
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Fig. 1 Filtration statistics of HTHP drilling fluid
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RPN T2 ,/NTF 0.7 mL/min, £ C R 755
O 1Y 3 TR 1 A 20 B 68 08 BHL 1k 08 0 [ AF 2
AN B T R G 1% b 1 R R SR

1.2.3 MERBTREEN W AUKILE I W m biis
YL e B 1 H A B B EREF HCOOK E
Bl WA AR R0, KT AR B T A R 4R SUHL 2 1Y
HUBR P 1 HL 0 ) P A e 0 o 6 A5 5 ek A
Bl TR 2 T AR TS ) MR BT R ORI R R
SR L R MU — BhU A 0 2 T A S R AT
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BLHE A 2 58 FE M TE 1 B — T 0 O AT
BiE R AT g, NIRRT AT LR B iE
FRWREAH R 90% LA b, R m i & R A ik R B
A BRI HA6Z T O

1.2.5 MEREMETMN AL IA &
TR AW HTFL $5 i & T & e 2R K A2 B i [ 2
P, Al VRO R S T R G YR, T 2 18 1 50 Ml R e F
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Table 5 High temperature stability evaluation of type A novel HTHP drilling fluid and type B conventional HTHP drilling fluid

. S 0 ,, M 78k 21 LI ol ik T 90 K
(g/cm?) (mPa-s) (Pa) D6/P3 (mL)
il 2.5 41 8 2/7 5.5
A IR 2.5 48 10 3/10 6.2
wrE i 2.5 51 13 3/13 7.1
= 2.3 44 9 7.0/12.5 7.2
B MR 2.3 49 16 8.0/14.5 8.5
wE e 2.3 55 21 9.0/16.5 9.6

T A TC 5 PR (9 S8 A5 PR 240 °C 16 h, # 1k A ST 86 2 PR 2 240 °C W 7 d; BEL T BVR B9S2 45 SR 180 °C L 16 h, LS 86 A 1 2

180 °C #f 7 d; A BT 5 %= WITAH i /s 34 T8 5 A DT

K6 MHEHESREIBER

Table 6 Anti-cutting pollution test result

. o UL SRR 271 w1 B

W (g/cm?) (mPa-s) (mPa-s) (Pa) D6/P3 I8k & (mL)
ESEE S PRl 2.5 59 13 3/13 7.1
10% #5815 Y 2.5 61 14 4/15 7.5

x7 HERPITENER

Table 7 Evaluation result of reservoir protection

S K,(mD) Ky(mD) BRI
10 # 1.496 1.376 92
13# 4.435 4.124 93
*8 MKEBEETFMERGRER
Table 8 Evaluation of sag stability
IR [ Ak I NS IPIRT mEEX Uik
JE(C)  wE(g/em?) W ¥ (g/cm?) (g/em’) KT
70 2.2 2.31 0.11 0.512
240 2.4 2.53 0.13 0.513

U ) TR A e M 0 P T 2 0T R 0 X v IR v A
MR NENRIIN Uk i o e o s LA i R L NE RN S
T SH AKX D #ATHHE AR WL 8 WK AT LU
Bl A AR R TR 4R 72 0.51, RUMA R
HA RAF DA e 1 .

S=Onotton/ (Ovottom T 01cp) » (1)
A S TURE B T 5 0poon. IR ST T HB A W%
(g/cm?®) 500, IR J LA BN H W% B (g/cm?).

2 MLk

2.1 MIFELEEBER
X1.X2 X3 &0 T3 —Bae 285 n 30

R R X1 X2 X3 R R T R Bk 2.22
g/em’, 2.21 g/em’, 2.37 g/cm’, b 2 IR BE 4 B R
190 °C.210 °C.220 °C. X1 H:{d 0 5 flf i v i &
KA W X2 X3 I ik e He I B felt R R Ui
o S 7K LB 8, B T R b o S BB R o R A
LA S T T B EE W ARk A R AR R 2 R
FEL 25 00 S S R B 25 R S8 S VR T ), 8 R
I B A7 2 B rp S HOAS R AR AR A VY IR T
LT 1A e e Rl S YA L
2.1.1 SRIATHREMILE B &SRS K
pI N TP OB e A s R S DTV N )
FasEvE WL 9, N2 9 AT LU Y, & I W e B ok o 7
R Y R B AR S R R A AR A X BN L 5
BRI R 8 v R o TR K B IR L g, iR TR
f e e PR AT
2.1.2 $HHREMREBEXEL /INERPF-BLA Bl
PE I ¥ 4 R PE-LUBE Flf7 8 GRA J& 1R 4 (1% i ¥
I, AT LA B 7 4 JE s 2 T, Y i W AN
T BC AR 3 LR T R O O R A AR A
AT A 50 o8 AU JEE 4 3R 8

Bl i 2 R v X1 X2 X3 114 Al YR L 5 40 L
7 10.

TE ©149.22 mm /N FEHR 5 A IR i R K 3
Bl S PR L Y R % IR, 29 0.05~0.08 g/cm”; 7 Y
o T 1R T 7K L A VR B Y % AE ©212.73 mm
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Table 9  Stability of novel HTHP drilling fluid
o . R FV memE o swh B 'E””Egﬂﬁ
(m) (s) (mPa-s) (Pa) (Pa/Pa)
(mL)
it 368 2 2.06 43 27 8.0 3.5/7.0 7.5
it 3736 2.17 45 30 8.5 4.0/8.0 7.4
1 it 3773 2.24 52 34 9.5 4.0/8.5 6.9
= 3811 2.24 56 44 9.0 7.0/16.5 7.5
180 C# 1k 120 h 2.24 59 55 21.0 9.0/16.5 9.4
I ##E 100 hJF iR H 2.24 61 56 20.5 9.0/17.0 9.3
ik 3991 2.11 41 20 8.5 3.0/7.0 7.4
X2 it 4025 2.16 44 22 8.0 3.0/6.5 7.0
ik 4102 2.22 47 26 9.5 4.0/7.5 7.1
ik 3796 2.03 39 21 8.0 3.0/6.0 7.5
ik 3881 2.15 41 24 8.0 3.0/6.5 7.4
i ik 396 3 2.39 48 31 8.5 3.5/7.0 7.0
X = 2.39 45 24 8.5 4.0/7.0 6.7
200 C# 1k 120 h 2.39 57 54 13.0 8.5/14.0 8.4
I #E 100 h 7R H 2.39 59 56 13.0 9.0/15.0 8.5
F10 I HEREBIE I LR
Table 10  Drag and friction comparison of drilling fluid
4 R (m) @ | pegp(mm) @ jg:(mm) o(g/cm?) PGP HE (L /min) 0 e (g/cm®)
X1 3811 244 475 212.73 2.24 1.300~1 800 0.10~0.13
X2 4102 177.800( & 4%) 149.22 2.22 700~1 200 0.05~0.08
X3 3963 244 475 212.73 2.39 1.300~1 800 0.05~0.08

F R e 5 B 3R i R R R K 3L Bl AR 0.05~
0.06 g/cm®, M\ T 56 B 7 78 g 3 0 R K 56 6 1Y)
L AS P R T A, B I A R T R A R 4
Hi 2

2.1.3 BUipshHAHRIERE LI IEE IR,
PEReE IR R E B, EEA UL E A (D)
A HCOOK 8 3iF B F W& 14 310 1 6 4 7K 16 5 ik 1
PERE , 45 WA B D R R AR 5 (2) 38 i
TIA R B 2R KR B iR 3R A HTF L K £ 4l =
UL v TR g 2 B OR | 3 8 mLL/30 min, 3 HJE i R
HRURYE; (3) A PF-LUBE 45 18 9 77 DA T 42 5 %
J V0 I T 5 (4) 2kl R T v L A A R AR I
PHRE AN IR W S RS M B R AR N T
B 1k v T T 00 & AR R R RN O TS 22 0 B R M g
PHAE T O AR RIE A A BT TR T L B R
B B RUAT REAR 5 (5) 3 23 in A A K RN B8 B, B A el -
W pHAA A 10~11, A — 5 By ik 52 A K, 48 g i 7R
Gl S W0 B R SR 4 35 YL RE T 5 (6) 3 0 S in i

s T D 11 2 8 9 B 0 O X 4 o S A i
4 R 14~23 g/em® (5K #F 55, 20155 8 £ 3t
2016).

3 4Eip

(1) 3 3k 30+ 300 0 v 590 0 2o A 2 T S R s 3R
K SR AR R E N REITE A S5 R R L
FR i T R R K SR R TR A B L AR A
JE 15 Yt 71 0 R AE )2 O 3 M Be DL ST R AR E M
Y3k 8 T % — T4 M = I S TR T B BT g
R

(2) B3 W R 7 & % 2.5 g/em’, & &
240 CHEE T T B WA R4 09 Bt e TR A i
AR BRI A v T R D R P R A IR R T A AR
B T B0 7 Bl R T I 5 Ak SR L) M)

(3) Ay 1 A 780 v ek e R K 6B O W A R
Al , 37 1o FH 3k R v 1oz SR BROAS ] 445 e 20 4 7 4 B 2 4
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