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Abstract: A seawater-based drilling fluid has been developed through selection of key additives such as fluid loss
reducers, high-temperature stabilizers, and optimization of the components to deal with the problems encountered in
deep drilling, such as instability of the borehole wall, unstable rheological properties of drilling fluid, and large fluid
loss. The comprehensive performance of the drilling fluid was analyzed, and the results showed that the drilling fluid
with density of 1.5g/cm® had an apparent viscosity change rate of 2.5% after aging for 16h at 230°C, and the HPHT
filtration loss was 23mL; indicating that the seawater drilling fluid could resist temperature up to 230°C with good
high-temperature stability, high-temperature rheological properties and low filtration loss at high-temperature and
high-pressure, and it can meet the requirements of deep-sea high-temperature drilling.
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rheology ; ocean scientific drilling

0 35 T R LR S I, [ SE i K Bl R B IR )

Bt % GV B IR IT R R R FERL AR TR B ENAMF R TR Z MRS M TR, #ln,
S, - GAT UR B S S , Bl B b )2 H R s IR Hr 1t fﬂxﬁf \ 5] W 19 Envirotherm NT 46 ik & |
e ek B B R A M ) A 3 T 7 R G TR KR I T AR Bl vl ik 232 “C7EXXON 2 7 KAHT & i 54 W ik

Y is BHA:2021-08-31; fEE B #:2021-12-27  DOI:10.12143/j.2tgc.2022.01.007

E S TR < v [ 5T A £ s T A 0T G B PR R 5 TR SR I st R AR AT 52 ) (4 5 : DD20190586)

E—EE ARE B R 1992 4E4F , D BT AR, A, DN S B TR B 5 5 0T C AR G R UE XS B K 29 S 4R T, 18511761125@
163.com.

WEMEE ARIESR , U3, DU, 1985 4F Ak, oy 9 T AR W, 1 - 76 33, DS B0 R OM R WF 58 55 0 1) A b 5t Tl 96 B X 27 B i 29 5 8 TR,
xiongzql012@126.com.

SIAMES AR K AR IE S 2 AR, 2F LT 230 “CRy i T /K B I 90 = N SR S [T ] B R TR, 2022,49(1) : 49-56.
ZOU Zhifei, XIONG Zhengqgiang, LI Xiaodong, et al. Laboratory research on 230°C high temperature-resistant seawater-based drilling
fluids[ J]. Drilling Engineering, 2022,49(1) :49-56.



50 AR TR

202241 H

R R LAl W T — & s R KRS A R
EHT, I s 2 i A 1 28K v 39 <0, 33 1
TR i R 3k 215 °CHY 5 R i A Sl i = N ATF T,
KT —EH0 200 °C i K &S W, O B 2h b A T
R 5-4 3, IR 5359 m i SR EE 193 °C, B
FH 2 IZ A, H v vk e RS , 4 b i B0, m i 2 U
TSR 7 il 22 450 7E HEM IR K B 1A 2 i
Bt b, P62 g 38R oA 2 K S R0 3R BIF A S TR 3R T 3k
180 °C 1 1y ik ¥ 7K i W 1Ak &, I 7E B9 1 LSX-13F
BT R, RS U BE 151 °C 5 X R 2D R P
180~200 ‘C 1y 2 & ¥ K& 1E 2K 57 BDF-1008S | 4 1] 5
BDV-1%  f## T —E&Hi 200 “CHYJC 7 = I K
Bl WA 2 L 3T A6 B 3 XX H L B, o8 B s
FE R T A 204 °C o R H RO & 19 7K L
TR AR 72 SR 07 FH il B AR AN 3 220 °C

SR T A TR I AR R R R 2R B R T
TR BB IR B SR L BB T R T 230 °C e iR K
Bl T Y Ak 3 R0 A0 1 B 5 A AR I 5L ST T 9 K
FE W v R R M | R AR T R A

1 WEEREBKEFBREARES

T oo i P 7K U AR o SR AT (1) IR
WO H 2 R A ER PR RE L 7 U iy TR AR E M 22
BRI S B4 S5 (2) W K B IR b Y 4% R Al
IR AE LT 2 R R I LR SIS e B AE AR A
SRR B AL Bk K HEAERE ) 22
A5 [a) R, N R R oy T OB O AR M Tk R R
AR5 (3) R Al R TR TR I 2 1 )22 T RE A W
R IR K B OF OR & KU R BT 58 90 RE 1R
B 5 (4) M2 TR 1 R BUB AR, 5 B A R R
A7 B 1 2 P T PR

BT R EOARME A TR R R T K R S T
Bt I B AR B O IR IR AR E M i
P PR RS JeE e

2 Shtmik R R

TRl R B 188 1 52 2% b J22 4 5 LA 4 1 22 A
JE )= 3 D I BE AR S K i R B O
i RE ) 75 &, 1B HE AR [FRH 20 o3 BB O 0
T K A7 AE R <6 T R T, A I A T K A
LKA 8, S BURE AR s S Mz . &R
W58 A A 8 00 5 4 R M2 10 L il b, $5 P BT RS

R 3 SRR, T 48 i Al A A R AR Yl A
PR E R . 5] G 8 S AR S pH R
0 AR R B WO pHAELTE & BEKF- At 2E RS £
Ko BRI & W) 00 KAk, A T b B K 45 B A
ROAPER o A2 HERN - B S8 B O WA PR 1 IR
R il N U < P B A5 A o X T TR 2 R B R R
e Uk By 45 700 R i AR A R B O e AN 5 pe AL, AT
R R B 5.

3 Mt230 CHRBASEHFHEEAFAR
31 MRk

(DA HL AR S I B < R T A [ b DX g 7K
A BEANTR], Ay DR UIE S5 36 45 4 — 250, 2R AR AU 7K e
Bl JF W, AL K B )7 A s 1 L ZE UK +1.65 g
CaSO,2H,0+8 g MgCl*6H,0+3.48 g MgSO,*
6H,0+27.2 g NaCl, & 3¢ B J5 o~ « #52 $ ¥ 7K +
1% NaOH+3% #hHE i + +2 %0 Jrhph + .

(2) M4 325 5 XGRL-4 AY & i 78 7 i #4
B R AT Bl R TR A SE 5 R F HTD 13145 AU oX
TR e Rl B I3 A B o AR PR AR T TSR R
i (AV) SRS EE (PV) 880 )1 (YP) LA K 3h 48
Fe (YP/PV) ;2R SD-6 %1 Z Bt rb TR 3% 2% 4300 3 4l
FJEW ) APTIE R & (FL ) 5 2R F GGS71-B A 5 il
o R A8 4k w8 R 2 AR S B W R HTHP 38 2%
H (FLyypyp) 3 5% Fann 50 SL % 25 36 &5 7R 3 28 43 )
TN VR v IR R R AR PR R
3.2 SCHEAL P

R A0 v I BR BE T Al WA AE 78 M e DL 4
il \HTHP 8 26 i K AR UE M 25 45 ) 1, & T )8
fiif 230 °C i ik 1 7K Bl W R P T e B 0k Ok ) L
ek 575 335 300 R R R R 7R 45 S R A R A 3
3.2.1  PURPER Uk AR AL

TRV B AR VR L I WK 20 2 P i) Ca® 't  Mg? %5
G2 )8 BT 23 5E 2R S A BN R KRR L =
FOAb B B8 G 1 7 4 e B, DR Al - 9 Ak )
AR BBTERTERE . A, IR IR B A i R A
Wy b B R IR T S B i 2R %, S BUR O MR K
B, YR T e A B =2 A 2 AT 2 25 AP BEfiE D
T 40 R BL T 2 A S e 0 2 TR0 1 B A . AR S
G WCER T 6 AN [ R U8 2 581, 4 230 “C32 4k 16 hiif
JE B A APTIE A HTHP 38k &, 45 R L%
1o MSESGEE A0, 3G W B U8 2% 50 DDP 7 1 7K



B A9 1

AR AT I 230 “Can LI A B I DN S 8 5T 51

HOELAT R BB ORG A, O ELAE R e R AR Y
U8R B AR, AR 2 DDP S EREIE R R AW

B8 50 GSP-1PEREU 2, W] A by Al Bl e 0 511

F1 ARMEBRAHBEERFAEEITINER

Table 1 Test results of temperature and salt-resistant fluid loss additives
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Fig.1 Test results of different high temperature

anti-collapse agents

T HTHP gk &, 70 sy GST i K4t
PR, AE 5 IR 2 A BURAR DR JE vk ek U B
i, BRI AR A R M7 M IR BT, U
7 AL e L T 44K AT DL A b i AR DR FL R L 4R
e R BT R AR R B K i, AR N R B R 1
SR RERSE M R B P I EE A ME . R, O



52 AR TR

20224 1H

Wi T GST VE M i 230°C = I v 7K 4 - 7 & L B
el
3.2.3  EimAEE Rk

e T AR R T — i B SR A SR A R ORE, AR
FHOEAE S A 1T 5 80 1 W s i T A A R
S o VB R b 0 A A o, DT U 2D 43 -
B Sk A0 i, B8 1R R 5 0 Ah B R RN AR R L
TVERE o R USCAR Y 4 Fb s R AR E VAT PR REIE AT
B BC T R FE K+ 106 BEUE R 3 DDP -2 %% [ i
K GSP-1+2% & i B 3 ) GST+ 3% & il B 3
R GFD-1+2% il e 7 o W e i A 4l A
230 ‘C& 1k 16 h il J5 M9 i 28 PE B L APTJE 2K 2 X
HTHP JE % & 45 LI 2, hE®Es R, 230 C#
LTS L & WTD-1 85 W 0% 3 00 K B2 AH X F8 e
HTHP gL 8%, £ WTD-1 1 LR R &Y 7
T4 AE = i A AL R E R B R R A
MR EME . S EOC M GHTS M5 21k 5 %
MR JEE AR R AT, HL HTHP 38 25 42 K 3 i, 158 B
HAE R B 2 . ik, ik WID-11EH
fiif 230 °C i Tk 5 7K 4B V8P v il A R
3.3 i 230 °C ey ¥ 1 /K Bl H W BE O R Ak

i 3k X AN [ Ak B 5 G AR B T R IE O AR Ak S
5, Ak s — 2t 230 C e i i KBS Wi g, HAK
s BEALIE K + 3% R I E + 206 PR R 1+
1% NaOH+1.5% F% & & 5% DDP+2% F% & 2% 5
GSP-1-+3% & i b7 ¥ 57 GST+2% = i 3 3% 5%
GFD-1+5% iR fsE 7 WTD-1-+ & fh A By, AT
BT R T PR RE DL 2 20 BN IR S N AT L)

=~ 1 [*2]
(=) (=) (=}
T T T T L T

w
(=]
I T

WID-1 SED EOC

RAAEFE/ (mPa * s)
. =

801

HTHP & %% & /mL
> ol
o o
T T T

w
S
— T

GHTS

WTD-1 SED EOC
e A E 7
2 AEGRBERIE K FiRIERENMm
Fig.2 Influence of high temperature stabilizers on the

performance of seawater drilling fluids
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Table 2 Properties of 230°C high temperature seawater drilling fluids with different densities

o/(geem™) S &PF AV/(mPass) PV/(mPass)  YP/Pa Gel/Pa FLyw/mL  FLyrye/mL
. Bl 47.5 32 15.8 4/6 3.6
230°C.16 h 52 34 18.4 3.5/4 5.2 21
L3 i/} 60.5 40 20.9 5/19 3.6
230°C.16 h 72 50 22.48 4/11 4.4 20
e R 81 51 30.7 4.5/13 3.2
230°C.16 h 83 53 30.7 5/11 5.2 23
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Table 3 Performance of the drilling fluid after aging for various time periods at 230C

MR %% /(geem™)  AV/(mPass) PV/(mPass) YP/Pa Gel/Pa FLyp/mL  FLypp/mL  AVEER/%
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Fig.3 Rheological properties of 230C HTHP

seawater drilling fluid
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Fig.4 Results of shale inhibition performance evaluation
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Table 4 Results of anti-pollution evaluation
L EA M AV/(mPas) PV/(mPass) YP/Pa YP/PV/(Pa/mPass) Gel/Pa FL,»w/mL  FLy/mL
0 i ek 45.5 32 13.8 0.43 1.5/6 5.2
230 °C.16 h 57.5 36 21.9 0.61 3/3.5 6.4 24
IR 61 42 19.42 0.46 2/9 4
w0%me T
230 °C.16 h 58.5 41 17.89 0.44 2/5 4 29
W TR 57 41 16.35 0.40 1.5/3.5 4
10% 48 -
230°C.16 h 60.5 44 16.86 0.38 2/2.5 6 32
*5 AEBKEEH RS
Table 5 Property comparison of different seawater-based drilling fluids
Tic 3¢ 7k S &M AV/(mPass) PV/(mPass)  YP/Pa YP/PV/(Pa/mPass) Gel/Pa FLw/mL FLyp/mL
PUAE P
s i 47.5 32 15.84 0.50 4/6 4.8
RN S . :
230°C .16 h 52 34 18.40 0.54 3.5/4 5.6 21
e Wl 43.5 31 12.78 0.41 1.5/7 5.2
K .
230°C .16 h 61.5 37 25.04 0.68 3/4 7.2 16
o R 42 29 13.29 0.46 1.5/6.5 4.8
T VK .
230 °C.16 h 61.5 38 24.02 0.63 3.5/4.5 6.8 24
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