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Research and application of oil-based drilling fluid technology

for Well Wanye — 1HF
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Abstract: This paper addresses the performance requirements on oil-based drilling fluid for drilling of the horizontal
well Wanye - THF. The drilling fluid system with density of 1.3g/cm® and temperature resistance of 120°C was
optimized and evaluated. The effects of 5 main components: emulsifier, auxiliary emulsifier, wetting agent, organic
clay and filter loss reducer on the system performance were analyzed to find out the optimum ratio of the 5
components. Then the density gradient and temperature gradient were evaluated for the optimum formula to

determine the drilling fluid system suitable for the shale gas block. The system was applied in the field at Well
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Wanye - 1HF, and achieved good performance.
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Table 1 Optimization components and levels of the drilling fluid system

ES
AKOFAFFL/ BHIFL/ CIHEEF/ DAEHL/  EREKH/
% % % % %
1 2.0 1.00 0. 50 2.5 3.0
2 3.0 1.50 1.00 3.0 4.0
3 4.0 2.00 1.50 3.5 5.0

R2 EXXWER

Table 2 Orthogonal experiment results

] e R BT Ak Wyl 44/ ES/ FLurue/
5 @600 Y300 P200 Ploo P& P3 Pa Pa v mL
1 95 59 45 30 10 9 4.5 4.5 453 19
2 110 70 54 36 11 9 4.5 5.0 490 5
3 146 95 74 50 14 13 6.0 7.5 499 2
4 101 64 50 34 13 12 6.0 6.5 577 2.5
5 125 79 61 42 14 13 6.5 7.0 593 2
6 66 36 26 16 5 4 2.0 2.5 356 4.5
7 88 52 38 35 7 6 3.0 4.0 618 2.5
§ 88 52 40 25 7 6 3.0 3.5 561 3
9 104 63 48 32 11 10 4.5 5.5 684 2.5
10 111 69 52 34 11 10 4.5 7.0 490 2.5
11 87 52 39 25 7 6 3.0 3.5 455 2
12 87 53 39 25 6 4 2.5 3.0 441 4
13 111 68 53 36 12 11 5.4 6.0 558 3.5
14 76 42 31 19 5 4 2.0 2.5 508 2.5
15 110 67 51 34 11 9 4.4 5.0 567 2
16 98 59 45 31 11 10 5.0 5.5 675 2.5
17 95 57 44 29 10 9 4.5 5.0 639 5
18 71 41 30 19 6 5 2.5 3.0 535 2.5
x3 EXTWHERLE
Table 3 Processing of orthogonal experimental results
e AV PV/ YP/  ES/  FLuwu/
(mPa * s) (mPa * s) Pa \% mL
1 47.5 36 11.5 453 19
2 55 40 15 490 5
3 73 51 22 499 2
4 50. 5 37 13.5 577 2.5
5 62.5 46 16.5 593 2
6 33 30 3 356 4.5
7 44 36 8 618 2.5
8 44 36 8 561 3
9 52 41 11 684 2.5
10 55.5 42 13.5 490 2.5
11 43.5 35 8.5 455 2
12 43.5 34 9.5 441 4
13 55.5 43 12.5 558 3.5
14 38 34 4 508 2.5
15 55 43 12 567 2
16 49 37 12 675 2.5
17 47.5 38 9.5 639 5
18 35.5 30 5.5 535 2.5
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Table 4 Drilling fluid PV treatment results mPa « s

K6 FhABES REBLER

Table 6 Drilling fluid ES treatment results \

K # K1 K2 K3 k1 k2 k3 R
A 2828 3159 3712 471.3 526.5 618.7 147.4
B 3371 3246 4082 561.8 541.0 513.7 48.1
C 3375 3235 3089 562.5 539.2 514.8 47.7
D 2925 3311 3463 487.5 551.8 577.2 89.7
E 3008 3284 3407 501.3 547.3 567.8 66.5

HZE K1 K2 K3 k1 k2 k3 R

2.3.4 SEIREEEER(FLap) B (HE 7

R7 S$HHFEFLump L EER
Table 7 Drilling fluid FL yrup treatment results mlL

A 238 233 218 39.667
B 231 229 229 38.500
C 230 229 230 38.333
D 201 227 261  33.500
E 217 224 248  36.167

38.833 36.333  3.344
38.167 38.167  0.333
38.167 38.333  0.167
37.833  43.500 10.000
37.333  41.333  5.166

HRAE e 4 rpl 25 (5 1 /I o 52 g B Y ) 98 4
i PV R 2 e 52 i B2 HE)P IR K D>E>A
>B>C, 2 JRBPEORG B2 BN B Y SR A R T
SRR B AR R T RO N A HL
2.5% FEUERF 3. 0%, FF 4. 0% HiFL 1.50% .
TEH 1.00% ,

2.3.2 XS YPO R (L 5)

x5 HhABYP REER

H# K1 K2 K3 k1 k2 k3 R
A 34.5 17.0 18.0 5.8 2.8 3.0 2.9
B 32.5 19.5 17.5 5.4 3.3 2.9 2.5
C 33.0 19.5 17.0 5.5 3.3 2.8 2.7
D 33.0 19.0 17.5 5.5 3.2 2.9 2.6
E 39.0 17.5 13.0 6.5 2.9 2.2 4.3

Table 5 Drilling fluid YP treatment results Pa

M#%E K1 K2 K3 k1 k2 k3 R
A 80.0 61.5 54.0 13.333 10.250  9.000 4. 333
B 71.0 61.5 63.0 11.833 10.250 10.500 1. 583
C 66.0 67.0 62.5 11.000 11.167 10.417 0. 750
D 40.5 70.0 85.0 6.750 11.667 14.167 7.417
E 54.0 62.5 79.0 9.000 10.417 13.167 4.167
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Table § Evaluation results of the optimum formula

P AV/ PV/ YP/  Gel/ ES/ FLuyrup/
(mPa+s) ( mPass) Pa Pa/Pa \% mL
Eoxtai 41 32 9  3.0/3.5 520
Eo A 42 33 9  3.5/4.0 735 1.8

PP S50 1 45 SR 3R B, P 3 B C O AR R S
AE 1 D0 Ak A5 SR AT 1 3 B S o R R ORE BEAIC, ke 2L L R >
400 V, 5 R JE A B <4 mL, BEAE I 2 g 7T 1HF
T FE S IR Rt TR,
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Table 9 Drilling fluid properties after displacement

o/ PVv/ YP/ Gel/ ES/ O/W
(gecm ?) (mPa-s) Pa (Pa/Pa) Y4
1. 30 38 8 2.5/7.0 660 75 % 25

(2) WA MRS, B T THF I T8 56 U & i
TR K ST BUI Hah A LU D A5G L 28 P ORG E fi vs
7 B 573380 2 A 1 Bl T [0 AR 5 e MBI K EE Y
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JEIER T 2K M [ 45 3 2% (4 4 1 02 T FH A

(3) FLAb R e Ml .l 2L H R A vl S
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R AL R B T 400 V. & 6 T v P fE g AE
Ak, IR 17— f 30 Ao 3 3 2 B b L A 70 R I I 5 e
JE %) 2Ok 45 e 7L R PR 5 TR) B 3 ok 0 4 AR A 1Y
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U R E T
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Table 10 Influence of the polysilicon fiber composite plugging agent on the rheology of well slurry

(S F3Ls AV/(mPa + ) PV/(mPa « s) YP /Pa YP/PV ES/V FL yrip/mL
- IR T 40. 0 31.0 9.0 0.29 437
i - ) - . .
PIRJE 34.5 28.0 6.5 0.23 1115 3.8
s Rk IR 44.0 31.0 14.5 0. 47 747
A IR I PR 7 38.0 30.5 8.0 0. 26 1016 3.7

F11 SHREAUEFERADABAHR
Table 11 Test results of the composite plugging agent
with 5% polysilicon fiber on the sand bed

g 5 o o UWIS/mm
BERE 10 min 20 min 30 min
I 120 TS 55 61 63 65
5% e 4 120 CHIRE 4 5 5 6
A 3% 3K

m % 10 6 11 AT, 5 % i B ik 2 4 52 5 35 U
TG A o 23 AR M i R R A /N L RE 8 L 3

Jits 575 K s R B A 5% Rk £F 4 52 & 3 A I
BBV R AH 55 mm %2 4 mm,30 min 12 A
Bl 65 mm (% 6 mm, B MEESCR R,

e T THF JF34 I H 5 0 5685 1 W vk fe L3k 12
M 13,

HIZ 12,13 KB 0 0 A% DL Al R0 23 5 4l
AR R PEREASE , I AR Mk 4, VAT T I T R 5 JE 2R
A B L PR R FL AR AR E R RAF BB AR A M 2
e 7T 1THF J /Y T 2K
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Table 12 Performance of oil-based drilling fluid before plugging in Wanye — 1HF

H o/ (g+cm™®) FV/s PV /(mPa * s) YP/Pa Gel /(Pa/Pa) ES/V O/W FL prup/mL
2019—08—13 1. 28 60 32 9.0 4.0/5.5 671 78 + 22 2.8
2019—08—16 1. 30 63 33 10. 5 4.5/7.0 773 78 2 22 2.2
2019—08—19 1. 30 63 34 10. 5 4.5/7.0 790 80 : 20 1.8
2019—08—23 1. 30 62 33 11.0 4.5/6.5 841 80 : 20 1.8

® 13 IR IHF #EREMEH I RIELE
Table 13 Performance of oil-based drilling fluid after plugging in Wanye — 1HF

H M o/ (g+cm™3) FV/s PV/(mPa « s) YP /Pa Gel /(Pa/Pa) ES/V O/W FL yrup/mL
2019—09— 23 1.30 67 35 10. 5 1.0/7.0 688 77+ 23 2.2
2019—09—27 1. 31 62 32 9.5 4.0/6.5 700 80 20 1.4
2019—09—30 1. 30 61 31 9.5 3.5/6.5 828 80 & 20 1.6
2019—10—03 1. 31 60 32 10. 0 4.0/6.5 798 80 : 20 1.6
2019—10—07 1. 31 60 31 9.5 4.5/7.0 713 80 : 20 1.8
2019—10—09 1. 30 60 31 10. 0 4.5/6.5 759 80 : 20 1.6

field applications of oil-based drilling fluid for extended reach
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