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Study and application of a high temperature foaming agent in anionic—nonionic system
namely HDHP: A case study of shale gas wells in Dongsheng Block, Sichuan Basin

ZHANG Longsheng, WANG Weiheng

(Research Institute of Petroleum Engineering, Sinopec East China Oil & Gas Company, Nanjing, Jiangsu 210019, China)

Abstract: The shale gas wells in Dongsheng Block of Sichuan Basin are in deep reservoirs with the maximum depth of 4 300 m,
with high stratum temperature up to 140 °C and of high mass concentration of calcium and magnesium ions up to 2.8x107 kg/L. All
these characteristics result in the low flowback fluid volume and poor effect of foaming agent. In order to solve these problems, the
fatty alcohol polyoxyethylene lauryl ether sulfate sodium (AES), fluorohexyl ethanol polyoxyethylene ether (FT), modified silicone
oil resin polyether (FM) and metal—-chelator(EDTA-2Na) are adopted as the raw materials to prepare a high temperature foaming
agent in anionic—nonionic system namely HDHP. According to the orthogonal experimental design, the effects of different ratio of
AES, FT and FM on the foaming ability and foaming stability are studied, and the optimum addition are determined. The
comprehensive performance of HDHP evaluated in the laboratory shows a good effect of temperature and calcium and magnesium
ions resistance. In the test of three wells in Dongsheng Block, the average gas production per well has increased by 30 %. The
results show that HDHP is suitable for the foam drainage technology of ultra—deep shale gas wells in Dongsheng Block, and has
good popularization and application value.
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Table 2 Screening experiment of main agent of
foaming agent

FHARR SKIR AR V,(mL) V,(mL) (%)
LAS 550 405 26.36
A0S 540 400 25.92
AES o 580 429 26.03

0B-2 i 520 385 25.96
FT 560 423 24.46
PKO 480 340 29.16
LAS 460 317 31.68
A0S 440 314 28.95
AES 150 ‘CEAL 550 408 25.81
0OB-2 24h 415 301 27.46
FT 510 385 24.51
PKO 430 314 27.98
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Table 3 Orthogonal test results

FF5  AES.FT.FM )5 b V,(mL) V,(mL)
1 1:1:0.05 475 329
2 1:2:0.10 485 338
3 1:3:0.15 550 405
4 1:4:0.20 525 400
5 2:1:0.10 500 350
6 2:2:0.05 550 412
7 2:3:0.20 360 188
8 2:4:0.15 335 155
9 3:1:0.15 390 220
10 3:2:0.20 540 396
11 3:3:0.05 510 355
12 3:4:0.10 375 205
13 4:1:0.20 550 405
14 4:2:0.15 530 390
15 4:3:0.10 560 410

16 4:4:0.05 550 405

AR K o 6 W76 85 B B 7 B VR B T A K
t, EDTA-2Na & 1x107 ke/L I, 3 558 24 A V6 %
A S ORI VAR I X Y R BB G S R R A
YU A6 S 304 e R T AR A R HE K T A 1 R
5% EDTA-2Na (e

3 BH-ABR R & I v HE SR HDHP 4
BEPEMY

5 55 N B =3 R 3R i i 6 HE R HDHP R 4740
T MERE RN HUASBE B IR REVEAY , I A B 08 i 1 4
Rl HE 7R 547 25 A P REXT L, T34 HDHP ) 25
APEfE, H KDOT FIXHO2 328 54 A B e i
PEES TR INEPER, GY03 T3 R4y b Z 4 £k 35 1
RUFG PR, BZ04 328 o0 R ik 98 56 7 5 1 e i
TP

3.1 fHiEitkee

A ST R R BRI R
FEW /N MR N SR 5 T SRR HS N, UK Bl 2 %
24121 B DL R D0 6 HE 7 M R ) B AR AR 2
— o fE£% WK HDHP #1337 Ut A 9 36 i 71 KDOT |
XHO02.,GY03 #l BZ04 #E A7 PERE X LL 5256 o 5 Fhfu HE
FIFE LA 2x107 ke/L (40 £ e S8 W, 43 50l 26 AN [+ Tk
JE R AL 24 hs, s VR V. SIS IR B4R R
70.90.110.130.150 °C, 525545 L& 2 F1E 3 o o

T L S IR K Fe B L 5 A HER Y vt Rt b
REXIBETREE TR R . S35 2 %) 4 i HE )
TE 110 ‘CLAN RYPERE R4, 7RI 2 130 “CI, 4 R
HEF Y v, AV ] 5T B, e PERE B 19 KDOL Y
V55 R R T 42.86 % F137.06 % , Bl 1R TH 5
TR TP AR ST F B RERS N, LR R I, (75 Y M2 v

%4 EDTA-2Naxf HDHP B4R & 1 BE RN
Table 4 Effect of EDTA-2Na on comprehensive
properties of HDHP

i (%) V,(mL) V,(mL) (%)
0 530 400 24.53
0.05 580 465 19.83
0.10 580 465 19.83
0.15 600 505 15.83
0.20 600 505 15.83
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Table 5 Performance comparison of five foaming
agents in field flowback fluid

Wik % v, Vo e || &KV, V.,
Ao (mb) (mL) () || F M (mL) (mL) (%)
HDHP 600 460 23.33||HDHP 550 404 26.55
KDOI 4 560 421 24.82||KDO1 3 457 257 43.76
XHO2 ft 550 403 26.73||XH02 fk 433 234 4596
cvos W 530 407 2321|[GY03 /T 302 208 46.94
BZ04 550 409 25.64 || BZ04 414 224 45.89
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Fig. 4V at different concentration of Ca®™ and Mg™
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Fig. 5 Production curves of Well-SY19 in Dongsheng Block

of Sichuan Basin
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