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Stiff Foam Drilling Technology in Drift Sand Formation
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Abstract; Heavy drift sand formation exists in the upper formation 250-750 m of block 1 in Yemen,so
concurrent problems such as wellbore instability, serious loss circulation and low ROP present during the
drilling of this section. Those problems can not be solved through conventional drilling with lost circulation
materials, blind drilling with fresh water as well as air drilling and stable foam drilling. Therefore, this pa-
per proposes the ebonite foam drilling method. Through foaming agent optimization test of ebonite foam
drilling fluid in the laboratory,we selected FMA-100 as the foaming agent based on foam quality,anti-con-
tamination performance of foaming agent,ebonite foam half-life,and economic benefits analysis. In the test
it demonstrated the optimal added amount to be 0. 3%-0. 6% ,then preliminarily optimized the drilling fluid
formula. To prevent wellbore collapse and lost circulation with low return velocity and appropriate equiva-
lent circulation density, this paper optimizes operation parameters,drilling equipment,and forms program of
drilling the drift sand formation applicable for Yemen 1 Block through theoretical calculation and analysis.
The program was then applied in Well Abyed—2 of the same block and it not only successfully resolved the
lost circulation and collapse coexisting problem in the large size loose drift sand formation, but also im-
proved the ROP of drift sand formation to 3. 2 times the average ROP of adjacent Wells. The successful use
of ebonite foam drilling program in this well lays solid foundation for forming drift sand formation ebonite
foam drilling technology.
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Table 1 Influence of foaming agent dosage on foaming performance

- Ikt o.1%  mEt 0.2 M o0.3%  ndko.42%  niko.5%  Jmkto.6%  dnAt1.0% ik 1.0%P
e Vo/mL (0.5/s Vo/mL 0.5/s Vo/mL w.5/s Vo/mL t.5/s Vo/mL t.5/s Vo/mL t.5/s Vo/mL w.5/s Vo/mL t.5/s
S-FOAM 510 471 435 532 476 513 525 500 561 530 578 520 560 470 502
FMA-100 400 387 413 492 423 517 522 420 579 510 665 475 716 452 658
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Table 2 Formation water analysis of Well Abyed-1 of Block 1 in Yemen

B BT E / (mg » L) B/

JH K* +Na" Ca?* Mg?" cl- HCO3 SO} (mg+ L™

2 096. 00~2 105. 00 12 426. 03 1 871. 30 620. 60 22 067. 60 2 856. 50 739. 20 40 581. 27
1 982.30~2 018. 90 11 991.10 3 226. 40 698. 90 24 715.70 2 422. 80 141. 58 43 196. 64
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Table 3 Influence of inorganic salt on foaming performance

S Vo /mL .5/
K +0. 3% S-FOAM 486 533
WK +0. 3% FMA-100 423 517
2. 0%CaCl; 0. 3% S-FOAM 460 531
2. 0%CaCly +0. 3% FMA-100 435 1032
10. 0% #h7k +0. 3% S-FOAM 460 610
10. 0% #h 7k +0. 3% FMA-100 430 725
10. 0% £k 40. 6 % S-FOAM 475 656
10. 0% #h 7K +0. 6 % FMA-100 465 795
HAEK40.3%S-FOAM 480 522
A4 K40. 3% FMA-100 435 1127
HAEK40.6%S-FOAM 500 562
24 E K40, 6% FMA-100 450 1210

T EAEKR 2.0%4CaCly+0. 5% MgCly, FH.,
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Table 4 Experimental result of foam’s anti-cuttings contami-

nation property

V5 Y WL Vo/mL  w.5/s pHIH

100 mL /K +5.0 g /8 +3. 0% S-FOAM 460 562 7.0
100 mL /K +5.0 g )8 +0. 3% FMA-100 450 657 7.5
100 mL 7K +8.0 g &J8 +0. 3% S-FOAM 470 520
100 mL 7K +8. 0 g &J8 +0. 3% FMA-100 425 610
100 mL K +15.0 g #7JH+0. 3%S-FOAM 435 536
100 mL /K+15.0 g 5 J8 +0. 3% FMA-100 415 665
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Table 5 Influence of kerosene on foaming performance

WkH mEFImE, % Vo/mL t.s/s WA T
0.3 210 183
S-FOAM ;
0.6 335 870 WK+15%
0.3 422 1106 JEIH
FMA-100
0.6 455 1056
0.3 200 508
S-FOAM
0.6 310 910 HA K
0.3 380 1106 415 %0 55
FMA-100
0.6 425 1256
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Table 6 Experimental result on the reuse of base fluid

) it 0. 3% ik 0. 3% Ak 1.0 i 1. 0%0
R L5
Vo/mL lo,s/S Vo/mL to.5/s Vo/mL to.5/s Vo/mL to.5/s
S-FOAM 480 536 430 485 520 560 470 502
FMA-100 420 510 410 467 475 716 452 658
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Table 7 Compatibility test result of foaming agents and in-
hibitors
5 W nl
S-FOAM  FMA-100
1# K +0. 4% K& Hu5 498 540
2% 1% +0. 4% KLASTOP 460 521
3 1% +0. 8% KLASTOP 424 533
4% 1% +1. 0% KLASTOP 495 561
5% 1% +1. 2% KLASTOP 487 588

2 7 al 20, MH5) KLASTOP S 30 7 2 3 81
S AN AL AT A S 300 550 e A 45 .
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Table 8 Rheological properties of foam base fluid
s W/ MR
it it % - $600 $300 $200 $100 $6 $3 = ¥4 /Pa
(kg « L7H) (mPa * s)
0. 30 1. 005 20.0 12.0 9.0 5.0 1.0 0.5 8.0 2.0
CMC-HV
0. 40 1. 005 28.0 17.0 12.0 7.0 1.0 0.5 11.0 3.0
0. 15 1. 005 8.0 5.0 4.0 2.5 0.5 0 3.0 1.0
XC
0. 20 1. 005 11.0 7.0 6.0 3.5 0.5 0 4.0 1.5
F 9 FUBFITE K ERE RSN
Table 9 Influence of foam stabilizer on foaming performance
Vo/mL .5/s
SRIubl A, %
0. 4% S-FOAM hno. 4% FMA-100 hin 0. 4% S-FOAM hno. 4% FMA-100
550 530 520 658
0. 10 450 460 840 1227
0. 20 420 405 1335 1644
0. 30 380 350 1925 2 376
CMC-HV
0. 40 340 335 2 880 3 441
0. 60 305 280 4477 5375
0. 80 282 250 6 216 6 385
0. 05 530 540 535 712
0. 10 480 490 908 1312
XC 0.15 445 460 2098 3536
0. 20 450 450 3524 5 049
0. 40 370 440 13 895 15 842
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Table 10 Evaluation on foaming performance at different temperatures
Vo/mL to.5/s
ARt Ko #®
fmo. 1%S-FOAM fimo. 1% FMA-100 fin 0. 1% S-FOAM fmo. 1% FMA-100
500 405 468 386 R I
530 410 380 360 40 ‘C/4 higBhIA
536 385 362 310 60 C/4 hiE#)E
Vo/mL to.5/s
R 7 Ko = &
fin 0. 4% S-FOAM fino. 4% FMA-100 fin 0. 4% S-FOAM fino. 4% FMA-100
0. 4% CMC-HV 360 355 2 189 2 020
40 ‘C/4 higBhIA
0.2%XC 340 350 13 758 14 345
0.4%CMC-HV 380 370 2 006 1 841
60°C/4 hiKzh5
0.2%XC 360 355 13 755 14 343
F 11 ER—RETERIAENERNL@EEE
Table 11 Foaming performance at different temperatures after foam stabilizer added
Vo/mL lo.5/s
Rt R, % ZWFng, % %
S-FOAM FMA-100 S-FOAM FMA-100
0.1 500 390 398 382 KIRD)
0.1 530 360 360 312 60 °C/8 h #ig
0.2 0.4 380 350 2 006 1926
60 C/8 h &
CMC-HV 0.4 0.4 370 1841
0.4 0.4 420 360 1912 3070 60 °C/16 h #&
0.2 0.4 360 360 13 755 14 343 60 °C /8 h #&
XC
0.2 0.4 430 370 3878 9 547 60 °C /16 h &

TE IV R B 1 100 mL Z8 KA — 8 i B AIE R R ML L 1 8 000 BEBgF1 4% S B BEFE 1 min J5 I3 096 IR SRR,
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Table 12 Performance test result of low solid content foam base fluid

B8 52 96 VA i FMAE/ (mPa » s) IHPEFE / (mPa « s) to.5/s Vo/mL # IE
1.2.3 R FH O

4 33.5 16 63 263 350
5 27.5 14 51 244 330 HEEEIN

6 10.0 8 45 646 370

7 14.0 8 32 421 320

8 16.5 10 38 752 300

LW 14 0% g+ +0. 2% PACH+0. 2% CMC-HV+3. 0% KCl

BT 2 R 4. 0% I +0. 1% CMC-HV; it 5 3 4 4. 0% g ++

0.3%PACH+0. 2% CMC-HV+3. 0% KCI; Bt 5 4 A 3. 0% [ + +0. 3% PACH+0. 1% NaOH; B & 5 0 2. 5% il + +0. 2% PACH-
0. 2% CMC-HV+3. 0% KCl; e 5 6 4 2. 5% 38+ 40. 1% PAC+3. 0% KCL B 7 2. 0% I 4 +0. 1% PACH+0. 1% CMC-HV +
3. 0% KCI; e g7 8 2~ 2. 0% gl 4 +0. 1% PAC+0. 1% CMC-HV,
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B A K $660. 4 mm 25 HEE+ VR +$241. 3 mm JC
WEEEHE (L AR + 6241, 3 mm £ #E (2 A1) + $203. 2
mm 58 (3 #) +$165. 1 mm £ #E(3 H) +$127.0
mm M &5 FF (15 AR) +6127. 0 mm &5 FF + 77 1@,
BEARZH R A 2.0 (C/100 m, 2 5 POk %
2.4 g/cm®, R E 1,293 kg/m?, B IR E
20 °C, MU 16 m/h, KR 4% 33 mm, A
RS ECEEA T 085 I TR AR 35 A 68 ) Y R
o B L3R 13,

MG 13 MBE . B HE S &R 42. 47 m® /min,
WM 3.15 L/s, [MJE 0. 51~0. 71 MPa, X4 & 1F
BEPEEAIAE 0. 32~0. 43 kg/L Z 0] f%, XS H0]
PRIE A 3 08 2R 8 (87 ~ 112 min) ML /N b IR 3
JE L U/ BE
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Table 13 Cutting-carrying capacity and ECD of drilling fluids with different air and liquid injection parameters

FE 262 m Ab%k

HR HWE/ HEAES/  BOaE % 262 m Ak SRS — BNES RIRE/ FH IR IR N
(m® » min™!)  (L-sD) MPa $1/MPa ) & 71/ MPa N - B, % (me+s™ 1) PEIAJE /min
R/ (kg + L)

42. 47 3.15 1. 43 0. 36 0.61 0. 24 92 0.110 67
42. 47 3.15 1. 50 0.51 0.83 0. 32 92 0. 090 87
42. 47 3.15 1.93 0.71 1.12 0.43 91 0. 070 112
42. 47 6.31 1. 15 0.21 0. 46 0.18 93 0. 130 54
42. 47 6. 31 1.61 0.51 0.92 0. 36 91 0. 080 95
42. 47 6.31 1.77 0.61 1.08 0.42 91 0.072 107
28. 32 6. 31 1.18 0. 21 0.58 0. 22 88 0. 062 102
28. 32 6. 31 1. 90 0.61 1.31 0.51 85 0. 040 175

4 WRHIRE I B

Xl 1 X $660. 4 mm HIR 4T T WL I
PR ATE SR 14,

5 LY E BRI PR AR B B
VLU E KB I HOR LT 1 B8 Abyed—23F

MMy EFATTNHE, NMHFEFRRS A
660. 4 mm,243~300 m F-E&Eh R AREC T R 0. 3% ~

0. 4 Y6 PAC-R+ & 7 + 25 K+ KLASTOP (41§ il
F1) 2 W] 40 min; 300~584 m B &l AR )y
9 0. 3% ~0. 4 %PAC-R+ &5+ 235 5, 2 5] 40
min; 0K S % 0. 16~0. 35 kg/L, IR HS%
WL 15,

I 584 m — JFHh sg A, T AL 5
WA 17 h iR £ R YEH: 3 hy iES & 17 m’ /min,
FEWE A i 0. 21 m®/min; ¥ UK B AR O R
3. 00 % 3 4 +0. 20 % PAC-R+0. 06 % NaOH , 3
W &G 80~90 s,
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Table 14 Supporting equipment for Block 1 in Yemen $660. 4 mm section foam drilling
W filiik Ko
23 JEHL W5 Ingersoll Rand XHP 900/350, &4 25. 48 m?/min, JE J1 K 2. 41 MPa 8 &
- 5N Joy WB-12, s KIG ARy 12. 76 MPa, XFREHEH 4 43. 89 m® /min; it /NE AN 9. 65 MPa, X B HE 4 A
60. 88 m?/min
FLE 5 National J-60, %1% JE J1 10. 34 MPa, i HEf 0. 23 m*/min 2 f
=231 M YN HEHE 0. 076 m®/min 2 G
e s o Sk T Williams 9000, 3 3. 5 MPa. 8 R 7. 0 MPa. ji 4 % £ 28
ST MGS-1500 i 22 ¥R B i B8 TAEE ) 1. 05 MPa, A B AR R 184 X 10" m? /d Ab BRI A RE 9 300 mP/d, 1 &
IR $139. 7 mm AR 1E B 58 ] ] 15 4 RS e
HEJB B LR A% 203. 2 mm B 254. 0 mm, JE 77 0. 34 MPa 1%
EPNGEE A% 50. 8 mm,13. 79 MPa 1
ISR TTH T 5P 133. 4 mm. }F2 76. 2 mm 28
R 15 Abyed 23t iR BERAF S H S H
Table 15  Ebonite foam drilling parameters of Well Abyed-2 drift sand formation
o PN Ny [P
e
243~257 70 20~40 3~4 0. 147 0. 69 22.65 0.5 10
257~272 70 20~30 2~3 0.151 0. 69 22.65~24.07 0.5 12
272~339 70 10~60 2~3 0.151 0. 97 28.32 0.5 10
339~350 60 20~40 3~4 0.151 0. 86 22. 65 0.5 8
350~410 60 20~50 3~4 0.151 0. 83 28.32 0.5 12
410~493 60 10~100 3~4 0.151 0.83~0.97 28.32 0.5 9~12
498~560 60 20~40 3~4 0.151 0.83~0.97  25.49~28. 32 0.5 12
560~584 60 20~40 3~4 0.151 3.10~4. 14 25. 49 0.5 8§~10

Abyed—2 MR EEH XK R, —FF LI )2
o Z P AL 3 5 m/h, ML AR T 3. 2 1%,
HAahstd B h R kTR & BB SRR ] A,

6 ZEWiE

At % R M AR P PE A L AR R X 3 UK 1 B
SR AUTINS(URY /i~ 8 RN ) ol N DA AT iR R URV N
PERE IR 50 L R 2k T R R 3 VR Al O AR Y & i
FMA-100, 345 & B Iy oK 4 it T 2 i ik 2ok
HEAT TEFXFETT 1 X8 $660. 4 mm FHHR A9 A% e i
REFF &I E. Mg TWwi] 1 XE Abyed-2H R
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