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Laboratory Study on High Temperature Drilling Fluid System Used in Well Xuwen X3

Chen Jun' Li Sheng® Hong Jinfu' Wang Xuejun® Liu Guichuan® Liang Ding'

(1. Anhwi Branch, Jiangsu Petroleum Exploration Bureau ., Sinopec, Tianchang, Anhui, 293121, China;
2. Sinopec Research Institute of Petroleum Engineering ,Beijing,100101,China)

Abstract: Well Xuwen X3 is a key exploration well with a design depth of 5685m,the bottomhole tem-
perature of 184 C,and the maximum deviation angle up to 34. 67°, Offset wells indicated that mudstone
section in Weizhou formation caused wellbore shrinkage and collapse,and brittle black mudstone in Liush-
agang formation was prone to collapse. In order to solve these problems such as deep well, high bottomhole
temperature,unstable formation, and long open hole cleaning, the laboratory study on high temperature
drilling fluid system was conducted. The orthogonal analysis method was used to study high temperature
treatment agent. The rolling aging test method was used to optimize the additives. Compatibility testing
was conducted on the optimized drilling fluid and the drilling fluid system was obtained. After rolling aging
test under 180 C,the drilling fluid high temperature stability and the drilling fluid compatibility from sec-
ond spudding to third spudding was studied. The results show that this fluid is stable under high tempera-
ture. The drilling fluid performance is stable from second spudding to third spudding. The drilling fluid can
meet the requirement of drilling operation in Well Xuwen X3.

Key words: hole stability;lubrication;sticking prevention;borehole cleaning;high temperature drilling
fluid; Well Xuwen X3
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Table 1 Polymer additive dosage test

DSP-2 { st % %1 $600 $300 $200 $100 $6 $3 API JE% /mL
_ R 40.0 20.0 16.0 10.0 2.0 1.0 7.00
> 200 C/16 h 65.0 46.0 38.0 31.0 21.0 16.0 7.20
R 51.0 33.0 28.0 19.0 6.0 3.0 7.80
> 200 C/16 h 56.0 39.0 31.0 22.0 10.0 5.0 7.20
B 58.0 36.0 28.0 17.0 5.0 2.0 8. 00
o 200 ‘C/16 h 73.0 50. 0 41.0 28.0 11.0 5.0 6.00
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Table 2 Optimization experiment of sulphonated fluid loss additive

SPNH i, %  SMC . % A $600 $300 $200 $100 $6 $3 API 4% /mL

R 12.0 7.0 5.0 3.0 1.0 0.5 5. 20

2.0 2.0
200 C/16 h 4.5 2.5 2.0 1.0 0.5 0 8. 20
R 18.0 11.0 8.0 4.0 1.0 0.5 5. 40

2.0 2.5
200 C/16 h 5.5 3.0 2.0 1.0 0.5 0 7. 60
W 16. 0 14.0 9.0 6.0 3.0 0.5 6. 20

2.0 3.0
200 C/16 h 5.0 3.0 2.0 1.0 1.0 0.5 6. 80
W 34.0 11.0 12.0 8.0 4.0 1.0 6. 00

2.0 3.5
200 C/16 h 5.0 3.0 2.0 1.0 1.0 0.5 6. 40
R 8.0 4.0 3.0 2.0 1.0 0 5. 00

2.5 2.0
200 C/16 h 4.0 2.0 2.0 1.0 0.5 0 7. 40
gl 9.0 5.0 3.0 2.0 0.5 0 5. 40

2.5 2.5
200 C/16 h 4.0 2.0 2.0 1.0 0.5 0 7.20
R 10.0 6.0 4.0 4.0 2.0 0.5 6. 00

2.5 3.0
200 C/16 h 4.5 2.0 2.0 1.0 0.5 0 6. 60
gl 12.0 7.0 5.0 3.0 1.0 0 5. 40

2.5 3.5
200 C/16 h 5.0 3.0 2.0 1.0 0.5 0 5. 80
R 8.0 5.0 3.0 2.0 1.0 0 5. 60

3.0 2.0
200 C/16 h 5.5 3.0 2.0 1.0 0.5 0 6. 20
R 10. 0 5.0 4.0 2.0 1.0 0 5. 20

3.0 2.5
200 C/16 h 5.0 3.0 2.0 1.0 0.5 0 6. 40
R 11.0 6.0 1.0 2.0 1.0 0 5. 20

3.0 3.0
200 C/16 h 5.0 3.0 2.0 1.0 0.5 0 6. 60
IR 15.0 8.0 6.0 3.0 1.0 0.5 5. 20

3.0 3.5
200 C/16 h 5.0 3.0 2.0 1.5 0.5 0 6. 80
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Table 3 Optimization experiment of high temperature thinner for drilling fluid

APLIBS/ HRMHE/ BYEFEL/ 2/

i R0 K it A $600  $300  $200  $100 $6 $3
ml mPa * s mPa ¢ s Pa

R 110.0  77.0 61.0 40. 0 20. 0 9.0 5. 60 55.0 33 22.48

0. 3%SF-1
200 C/16 h  105.0  67.0 53.0 35.0 10. 0 3.5 4. 40 52.5 38 14. 82
R 96. 0 65.0 51.0 34.0 16. 0 9.0 5. 20 48.0 31 17. 37

0.5%SF-1
200 C/16 h  104.0  67.0 53.0 34.0 13.0 3.0 4. 80 52.0 37 15. 33
R 112.0  77.0 63.0 40. 0 20. 0 7.0 5. 60 56. 0 35 21. 46

0. 8% SF-1
200 C/16 h  94.0 61.0 47.0 30. 0 8.0 3.0 4. 00 47.0 33 14. 31
R 100.0  67.0 54.0 35.0 13.0 .0 5. 80 50. 0 33 17. 37

1. 2%SF-1
200 C/16 h  86.0 56.0 45.0 28.0 5.0 3.0 4. 00 43.0 30 13.29
R 105.0  74.0 59.0 40. 0 20. 0 14.0 5. 60 52.5 31 21.97

0.5%PST
200 C/16 h  108.0  70.0 55.0 36.0 13.0 4.0 4. 60 54.0 38 16. 35
R 115.0  82.0 68.0 48.0 24.0 19.0 5. 00 57.5 33 25. 04

0.8%PST
200 C/16 h  109.0  69.0 59.0 38.0 12.0 4.0 4. 20 54.5 40 14. 82
R 118.0  85.0 70. 0 49.0 27.0 20. 0 4. 80 59. 0 33 26.57

1. 0%PST
200 C/16 h  115.0  73.0 58.0 38.0 13.0 4.0 4. 20 57.5 42 15. 84
R 126.0  88.0 73.0 52.0 23.0 21.0 4. 60 63.0 38 25.55

1. 5%PST
200 C/16 h  105.0  70.0 56.0 37.0 11.0 5.0 4. 40 52.5 35 17. 89

x4 MREHBLEFMLIE

Table 4 Optimization experiment of high temperature-anti caving agents

337 45 75 X I A P s $600 $300 $200 $100 $6 $3 API €2k /mL pH A
i 125.0 83.0 65.0 40.0 15.0 5.0 5. 60 10.0
3. 0% HQ-10
200 C/16 h 105. 0 62.0 46.0 29.0 8.0 3.0 4. 20 9.0
R 105. 0 69. 0 55.0 34.0 13.0 4.0 5. 60 10.5
3. 0% HX-1
200 ‘C/16 h 113.0 70.0 57.0 35.0 12.0 3.0 4.50 9.0
Wi 80. 0 52.0 41.0 27.0 7.0 4.0 5. 60 10.5
3. 0% OSAM-K
200 C/16 h 82.0 54.0 45.0 28.0 7.0 2.0 4. 80 9.0
W RS B 5 4. 0% A 4+ 0. 2% Nay CO3 +0. 5% NaOH+1. 0% DSP- 2+2. 5% SPNH+3. 5% SMC+1. 0 % SF- 1.
IR A T LAE s B oA B 3 R AE 200 x5 maRGFREBENMERE
C %{ﬂ%‘l?ﬁ& {E =R ;H\: ik /}5 i3 ﬁ'é A4k ﬁ /N, PE ﬁlé L= Table 5 Optimization experiment of lubricants
. B iR FNEIGE 16 h 5 API JE 5% ¥4 B i 7 T8 W 0 R JEE BH 225X
/N SRETH R AR R EK 1 0 0.224 5
2 1. 0% 8" ¥ 0.122 3
2.5 shFFiEEEENMRL 3 1. 5% 5 P 0.114 7
4 2. 0% B Wi 0.107 3
T ¥ 05 il M 1) JEE B 2R B8 R AT B 5 2.5% 5 Wil 0.105 5
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3 Ve 9 A e Z Rl 7 L5 06 [ A7 82 0.108 8
W KA AE G 2 2 ) B O 0 B B R BT N F . S — o102 1
0. 1(ZEK D, 9 2.5 % & A % 0.100 9
H i DA b6 W T 0 AL, 9025 3% B 4 10 2. 0% H P+ 1. 0% B A B 0.100 7
fid 77 M. 4.0% B W + + 0.2% Na,CO, + 0.5% 11 2. 0% B Wil + 1. 5% [ 4 A 5B 0.099 8
NaOH+ 1. 0% DSP-2 4 2. 5% SPNH + 3. 5% SMC 12 2.SAF U+ 1. 0% ik 0. 1024
13 2.5 %0 Yrh 1. 5 9% [ 4K 7 B 0.078 8

0 _ 0 _ 0 B _
+1.0%SF-14+3. 0% HQ-10+3. 0% OSAM-K + T BT LS AT I N 4. 0% i+ + 0. 2% Napy CO; + 0. 5%
2. 0% B Wi +1. 0% f1 8 +BaSO, . NaOH+1. 0% SF-1.
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Table 6 The effect of bentonite content on drilling fluid performance

N 4 i 6 A $600 $300 $200 $100 $6 $3 APT %% /mlL pH{Hi HTHP JE%/mL
B 128.0 78.0 56.0 32.0 5.0 4.0 2. 60 11.0
&0 180 C/16 h  88.0 53.0 38.0 22.0 3.0 2.0 2.00 9.5 12.4
Ligi 130. 0 76.0 54.0 31.0 5.0 3.0 3. 20 11.0
o 180 C/16 h  106.0 64.0 49.0 30. 0 5.0 4.0 2. 10 9.5 12.0
r R 150. 0 95.0 63.0 38.0 14.0 10.0 2. 80 11.0
>0 180 C/16h  114.0  73.0 55. 0 34.0 6.0 5.0 2.20 9.5 12.0

R 5 0. 2% Na, COs 40, 5% NaOHA+1. 0% DSP-2+2. 5% SPNH+3. 5% SMC+1. 0% SF-1+3. 0% HQ-10+3. 0% OSAM-
K+2. 0% 5 il +1. 0% A 8+ BaS0, .
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Table 7 Evaluation experiment of drilling fluid performance in different densities

odis st $600 $300 $200 $100 $6 $3 AP1 g% /ml. pH{H  HTHP % /mL
R 112.0 69.0 50. 0 30.0 6.0 4.0 2.40 11.0

190 180 C/16 h 90. 0 54.0 40.0 23.0 4.0 2.0 2. 20 9.5 13.0
H 126.0 82.0 59.0 35.0 7.0 4.0 3.20 11.0

b9 180 C/16 h 97.0 58.0 42.0 24.0 3.0 2.0 2. 40 9.5 11.5
R 130.0 76.0 54.0 31.0 5.0 3.0 3.20 11.0

10 180 C/16 h 106. 0 64.0 49.0 30.0 5.0 4.0 2.10 9.5 12. 4

AR T R 4. 0% I 4+ 0. 2% Na, COs +0. 5% NaOH+1. 0% DSP-2+ 2. 5% SPNH~+3. 5% SMC+3. 0% HQ-10+ 3. 0% OSAM-
K +1.0%SF-1+2. 0% & #ih +1. 0% 5 %+ BaSO, (A VAL B ) .
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The effect of different high temperature stabilizing agent on drilling fluid performance

1o T R R B M $600  $300  $200  $100 $6 $3 API %% /mL  pH{i HTHP E%/mL
R 112.0  65.0 47.0 28.0 7.0 6.0 2. 40 11.0
0. 3% SP-80
180 C/16 h  93.0 56.0  42.0 25.0 1.0 3.0 2. 40 9.5 12.0
Wi 108.0  63.0 16.0 27.0 7.0 5.0 2. 80 11.0
1%Nazs()g
180 C/16 h  89.0 55.0  41.0 25.0 1.0 1.0 2. 40 9.5 11. 0

AST) 5 DR ok 3 45 b T 7 e Ak 3 5900 00 Ay A HE R AO BT

A EN .

3.2.2 AhHRAEGELMT LA T
Ry PR AIE B H O R R R R A EE T T

BRI R 0. 5% () PAC-LV, F & 45 F: W it

4. 0% g -+ 0. 2% Na, CO, +0. 5% NaOH +
0.5%PAC-LV+1.0% DSP-2 + 2. 5% SPNH +

3.5%SMC +3.0% HQ-10 + 3. 0% OSAM -K +
1. 0% SF-1+41. 0% f1 S +2. 0% & ¥k + BaSO, (il
#HZE 1.40 kg/L),
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Table 9 Stable performance evaluation of drilling fluids no the high-temper ature stabilizing agent added

M $600 $300 $200 $100 $6 $3 API g% /mL pH {& HTHP J§%¢ /mL
R 210.0 134.0 101.0 63.0 12.0 10. 0 2. 20 11.0

180 C/16 h 102. 0 69.0 52.0 31.0 6.0 5.0 2.20 10.0 11.0

180 C/42 h 87.0 51.0 39.0 25.0 5.0 4.0 2. 40 9.5 13.6

180 C/72 h 75.0 46.0 35.0 23.0 7.0 6.0 2. 60 8.5 12.0

& 10 SR RRE R X863 ik A IR E R BT 0

Table 10 Stable performance evaluation after adding the anti-high temperature stabilizing agents

M $600 $300 $200 $100 $6 $3 API 3§ 7% /mL pH (4 HTHP % /mL
iR 185.0 114.0 84.0 49.0 8.0 7.0 2. 20 11.0

180 'C/16 h 102.0 69.0 52.0 31.0 6.0 5.0 2. 20 10. 0 11.0

180 'C/36 h 98.0 60. 0 45.0 28.0 5.0 3.0 2. 40 9.0 10.0

180 C/72 h 96. 0 61.0 46.0 28.0 6.0 4.0 2. 40 8.5 10.0

Sy AR 9 v B R B O TR = IR TR B
Jo s FER LR BETE AW BEAR . I A PAC-LVJ5 . 4
FE W e I e R R A BRI R AR . L BE TR B B
(TR SO - A 513 N A N NI N T £ o B
B 42 h 72 h 5 B PR RE AT LAE L A O R AR
PEREASAb AN K . g T = R 8 R W B A R R Y AR
1t

B2 10 AT, A AR 2 LS B R
WL B FRR I ) 1) A2 T AR AIG 70 iR R A R 1Y
A FEZ R T REW AL ERE 52 1 &b
FEFA L v U A 1T Y AR A A A DT 4 S T A R R
(A M

Akt =40 180 C il B IR IR &Ry 2 4. 0%
% 18 4= 4 0. 2% Na, CO, 4 0. 5% NaOH +0. 5% PAC-

LV+1.0% DSP-2+2.5% SPNH + 3. 5% SMC +
3.0%HQ-10+3.0% OSAM-K + 1. 0% SF-1 +
LOY%A & +2.0% 5 il +0.3%SP-80+1.0%
Na, SO, +BaSO, (& % 1. 40 kg/L),

3.3 ZFEAHBREZFEHBMEMEITR

Ry DR IR K B VRO A 5 Ak Sy = B
IR I EAT T = IR IO B

TR S N 4. 0% g £+ 0.2%
Na,CO; + 0. 3% NaOH + 0. 3% PMHA-2+0.2%
DS-30140. 6% NH, HPAN+3. 0% FM-2+2. 0%
LYD+3.0%QS-2+1. 0% & ¥ i + BaSO, (i & 5
1. 30 kg/L),

B 3 724 #1103 924 m b IS A =T
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Table 11

Compatibility experiment of drilling fluid from second spudding to third spudding

(59 At $600 $300 $200 $100 $6 $3 API JE% /mL pH {4 HTHP 3% /mL
17 TR 72.0 49.0 39.0 29.0 14.0 13.0 3. 00 8.50 14. 0
- gl 143 92.0 80. 0 58.0 35.0 33.0 2. 40 8. 50

180 ‘C/16 h 94. 0 64.0 52.0 35.0 9.0 9.0 2. 00 8. 50 10. 0@
5 R 179.0 123.0 100. 0 73.0 39.0 38.0 2. 00 8. 50

180 'C/16 h 102.0 69. 0 57.0 40.0 14.0 13.0 1. 80 8. 50 10. 0@
4% R 71.0 50. 0 41.0 31.0 19.0 18.0 3. 00 8. 50 12. 09
- R 239.0 161.0 129.0 89.0 34.0 32.0 1. 60 8. 50

180 'C/16 h 107.0 68. 0 53.0 34.0 8.0 8.0 2. 20 8. 50 9. 29
o O 246.0 166.0 132.0 92.0 32.0 31.0 1. 60 8. 50

180 'C/16 h 90. 0 57.0 45.0 29.0 6.0 6.0 2. 00 8. 50 11. 09

E:OHM 150 CTRYIEL ;@M 180 CTFRIIEL . Bl 17 . I3 742 m) s il 27 : P EFFM (3 742 m) +20. 0% /K +0. 5% DSP
-2+1. 0% SMP-1+4. 0% SMC+2. 0% OSAMK+1. 0% PST; Bt J5 3% : Z P45 H (3 742 m) +20. 0% 7K +0. 5% DSP-2+3. 0% SPNH+4. 0%
SMC+2. 0% OSAMK+0. 5 % SF-1;lit 5 47 : “ A5 (3 924 m) s E 7 57 « “IF&i - (3 924 m) +20. 0% 7K +0. 5% PACL+1. 0% DSP-2
+4. 0% SMC+2. 0% FST-1+1. 0% SF-1(6. 1 g) +1. 0% Na,SO; +BaS0, (106 g fin T 3| 1. 35 kg/L) ;B 7 67 : Z I8 HK +20. 0% 7k +0.5%
PACL4-0.5%DSP-2+44. 0% SMC+2. 0% FST-1+1. 0% SF-1(6. 5 g) +1. 0% NaySO; +BaSO, (106 g MEF| 1. 35 kg/L).
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a9 2 = T % il 1 B A R
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(10 55 T AR 4 B IR AL g TR R T 0 38 i 8l O
VB2 L B 0 4 W AR (EL X Al S 9 0 i R
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G FRA W PAC-LV F1 DSP-2 25 kK 4 41
fiff . A T A R R AR A R S TR AR M
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1) 223 PN X e Tk Ak B8 7] 1 R 36 R C 7 35 B
UL T B R R AR . X R T T =
P T R M B R R L R i O A P RE Y PR AN I
PERBRRE , il = TR U8 R BB /2 180 C &4 T /1
F 15 mL (%R,

2) AN IE WA R I PN A R Ak B R 4K
J5 TR AR R I MR R AP TE R A R K
AR TR BE B 52 L AR E PR RB AT

3) M I AR R B B 5 R O e = T B
AR E IR & - = TF B4 W8 IE W fe 06 18 4
W B A B =TT SR B Bl I ¥ ELER AL T G e Al )5 R RE
FaE

4) B L B TE R B IR UL R A (R
R T S D R R A AR /N T R O A
AAF T or T R IR B W Ak R 7 AR A DL R
B ) 2 T B A o o T AR A ) 1 3 TR 3 4 R RE 4
B VR B R PR T A R 0 R R B Y AR E 1
il /b Ak BRI P
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