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Table 1 Mineral composition analysis of 5 shale gas blocks in US

X bt S DRl wle Sk iR Ak He o K0 EER EBE A SR FH%‘?‘T&&‘?&
fl%  fal%  Aal% A%  fl% 1% £11% 1% 1% W% 1% JZ /% 4%
Haynesville — 42 — — 13 21 5 2 17 — — — —
Fayetteville — 24 — 1 — 40 10 1 — — — 24 8
Barnett — 41 2 6 - 33 — 6 — 6 6 28 —
Marcellus 4 25 — — — 47 3 10 6 — — —
Eagle Ford 6 — 2 — 55 29 2 2 4 — — — 5

EEINHN 4% 6%,
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Table 2 Percentages of WBM for horizontal wells in
4 shale gas blocks in US

X He IKIE/% h3L/% B I %
Haynesville 14 86 —
Barnett 20 80 —
Marcellus 36 — 64
Eagle Ford 19 76 5
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Table 3 Aging and contamination performance of WBM in shale gas block of Haynesville area

925 7R Z2 % X . .
e TR Z A S ) 1 71/Pa — E5iE s )
B 600300 200 100 6 3 B 10s 10min 30 mi Kl JeZRoKk  pHIE J1/Pa
r/min  r/min tmin  /min  r/min  r/min  (mPas) (204°C)/mL

1 122 67 47 27 5 3 55 6 5 7 9 4 — 105 —
2 85 48 34 19 4 3 37 5.5 4 5 6 4.4 20 9.1 37.5
3 89 47 32 18 3 2 42 2.5 3 5 7 5.0 20 87 475
4 116 67 49 29 6 4 49 9 6 7 8 4.6 18 9.0 45
5 182 108 80 49 12 9 74 19 10 16 18 34 16 89 675

E: 15 —%22% P 2.1 glem’ Bedy 65°CE 3N 3 h,49°CTF KA 78 K A8 38 3~600 /min #9452 5 —% 2.2 2.1 g/em’ B 65°CIE 3 3 h,204CHEAL
48 h,49°C T KA FE K Ak B+ & 3~600 r/min 4932 40;3 5 —5 2.2 % P 2.1g/em’ AL 7 +C0,(1.38 MPa 2 /& )65°Ci& %) 3 h,204°C#£4¢ 48 h,49°CTF K A
8K A 3~600 t/min #9384 5 —5 2.2 W 2.1 g/em’ B +6% 1K %5 E B 48 65°CIER ) 3 h, 204°CH AL 48 h,49°CTF K 78 K 46 & 3~
600 r/min #9335 ;5 5 —5 2.2 7 2.1 glem’Be Ty +129%A% % JE Bl 48 65°C& 3 3 h,204°CH AL 48 h,49°CTF K A 78 K A5 317 & 3~600 r/min #9352 ; H
W 4 Fe 55 694K % E 1B 481k A vA Haynesville % 3k F= Bossier 25 5 Dyo/)» T 10 pm VA 1: 1 )] b,
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Table 4 Rheological properties of HTHP of shale gas WBM in Haynesville area

TENE 600 t/min 300 /min 200 /min 100 /min 6 r/min 3 t/min
1 49°C,0 MPa 12 146 85 63 40 11 11
2 93°C,35 MPa 10 104 62 49 33 12 10
3 149°C,52.5 MPa 12 84 51 42 31 13 12
4 204°C,70 MPa 14 71 43 36 28 13 13
5 204°C,70 MPa,24 h 12 87 53 43 31 13 12
6 149°C,52.5 MPa 10 97 60 48 34 12 11
7 93°C,35 MPa 10 125 77 60 40 13 11
8 49°C,0 MPa 10 169 102 78 50 15 12

EMRAE R RN F 22T F 2.1 glem’ B

%5 Haynesville i X 51 & & h B R
Table 5 Shale rolling recovery rates in Haynesville

Fe B/ (geem™) IR %
1 1.86 98.0
2 1.98 98.7 (a)
3 510 98.5 B KEHEHFHERNENER (a) SihEHEHE

R EmERE (b) Xtk
Fig. 1 Cutting roll recovery rate contrast between
WBM(a) and OBM(b)

VE: R % B Haynesville 3o X Bossier ¥ & 5~10 B R &, #R I 30 g, 2R
J&iL40 B 7F M

6 HEE Haynesville X TUES KT FH ok B eh Hik 5 A 1t aE
Table 6 Application performance of WBM for shale gas horizontal wells in Haynesville area

AR REL ifrb) J1/Pa WIE  EEEE
FORR LR B IR
=] /m (g-cm™) 600 300 200 100 6 (mPa-s) Pa 105 10min 30 m: gk (204°C)  pHYE
r/min r/min r/min r/min r/min r/min ® mn M 7K L
1 3832 1.80 101 60 45 30 8 7 41 9.5 3.5 6.5 8.0 5 16.2 10.4
2 4578 1.99 115 66 48 30 8 7 49 8.5 4.0 6.0 6.5 2 14.0 9.3
45
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21~22 mPa-s, 3] J1 4 17.5~19.0 Pa, #4171 10 s.10 min.
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Table 7 Properties of WBM in Fayetteville shale gas horizontal wells

AR R AL @b S1/Pa
o S SILERE Eh gk /
F5 HiMm 5y 600 300 200 100 6 pHAL
(g-em™) (mPa-s) Pa 10s  10min  30min mL
r/min r/min r/min r/min r/min r/min
1 1774 1.08 77 56 47 3610 21 17.5 45 6.0 7.0 48 107
2 2321 1.08 82 60 47 35 10 22 19.0 45 6.5 75 48 109
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Fig. 2 Original shale and the shale were soaked in 3 fluids after 24 hours



RHESR2016,34(23) &
S

I R R L prseey —
I 2 s == — i
I RS -

Fayettevillefifiil 7k B i H:] =~

k3%
O =W U001 K000 S S DR

=

ochohobobhouohouhooinoho noinouno
~

10 20 30 50 60 70 80

o

40
6f /b
El3 Fayetteville Ml 7k Eh ik 5 Efth 3 Mk Esh H % LSM X LE
Fig. 3 LSM inhibition of WBM and the other 3 WBM Fayetteville contrast
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Table 8 Property comparison of the inhibitive WBMs

e Wiy e/ AR SAPERREE Bk EUII/Pa ks BUAE
(g-em™) 600 r/min 300 /min 6 t/min 3 min (mPass)  Pa 105 10min  mL  YF/%
1 K EESL IR 1 1.08 75 45 7 5 30 75 2.5 4 3.6 62
2 AR IEEN T 2 1.08 55 35 6 5 20 75 25 3 2.8 79
3 BarnewfMHIKIEEHW T 1.08 82 49 8 6 33 8.0 3.0 4 5.0 93
4 BametPHIKIEE 2 1.08 87 52 8 6 35 8.5 3.0 4 5.4 99

& : Barnett 34 K B 45 3R 1 P AR 353 1.42%, Barnett 374 /K 2L 45 5% 2 b 2202 354 2.84% , 7 MM K8 E 27°C s A 3 A A dp ) K R 4R iR 1 Ao
2, Barnett ¥4 7K 45 R A AR 300 T 2 EDIE i@ i ) Fe Al S AT AE ) Bk R0

&9 Barnett TUES/KFH RIS K B 50 H ik B A 1Ak
Table 9 WBM application properties of Barnett shale gas horizontal wells

AR REL Y] 1/Pa

D o I WYERRE sl WK

JP5 IR 600 3000 200 100 6 (mPacs) P , p
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r/min  r/min  1/min  r/min  r/min  1/min

1 2147 1.09 61 41 32 22 9 7 20 10.5 4.5 12.5 6.0 11.2

2 3602 1.10 62 43 34 24 8 6 19 12 3.5 8.0 5.4 11.1
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micro— emulsion fluid to clean oil base mud filter cake damage in

Advances and application of horizontal-well water—based mud in
US shale gas reserviors

WANG Zhifa'?, JIANG Guancheng', LIN Yongxue’, YANG Fan’
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Abstract Horizontal drilling is one of the core technologies in US shale gas large scale exploration. Oil based mud (OBM) was applied
successfully at the beginning, however, due to its environmental reason and high cost, water based mud (WBM) was developed and applied.
Three typical WBM cases for shale gas are introduced in this article. In the Haynesville area, a condition close to downhole environment is
used to evaluate drilling fluid anti- contamination properties, including 1.38 MPa CO,, 12% solid and hot rolling at 204°C for 48 h.
Rheological properties are tested by stimulating well temperature and pressure variations during the processes of fluid flowing in, staying
static in bottom hole, and flowing out. In Fayetteville and Barnett areas, the interaction mechanism between WBM and shale is investigated
to form drilling fluid formulation using SEM so as to analyze the morphology of soaked rocks. In Haynesville, with CO, contamination and
204°C temperature, the ROP increases by 8.5%, compared with adjacent OBM well. In Fayetteville and Barnett, the sliding drilling speeds
are 9.2-15.4 m/h and 7.4-24.6 m/h, respectively and the rotating speed is 30.8=77.0 m/h when using nano-silica—alcohol WBM. The
development and application of US shale gas horizontal well WBM are worth learning by China.

Keywords shale gas; horizontal well; water based drilling fluid; drilling fluid formula; SEM analysis
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