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Experimental study of acid-fracturing-induced fracture permeability
in shale in Fuling area,Sichuan Basin
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Abstract ; Volume fracturing is a necessary technical means to realize commercial development of shale gas,but the effec-
tiveness of its stimulation mechanism and various auxiliary production-enhancing measures still needs further exploration.
The effects of carbonate content,acid type and concentration and proppant on the permeability of acid-etching shear frac-
tures in shale reservoir were investigated through experiments testing the permeability of acid-etching fractures, and the
changes of the microscopic pore throat structures before and after acid etching were studied by CT scanning. The results
show that when the carbonate content of shale is about 2% ,the best acid etching effect can be obtained by using the mud
acid formula of about 11.25% HCI +6.75% HF ,while for the shale with a carbonate content of 15% ,the acid concen-
tration should be about 7.5% HCI for the best acid-etching effect,and for the shale with a carbonate content of 25% ,the
acid concentration should be about 2. 5% HCI. If natural fractures filled with calcium cements are well developed in shale
reservoir ,optimal acid concentration should be raised appropriately. Nevertheless, if open natural fractures or fractures
filled with calcium cements are not well developed in the shale reservoir,even acid with high concentration cannot drive
through the cores due to the extremely low matrix permeability in shale. The experimental results provide more valuable
information for the design of effective hydraulic fracturing in shale reservoirs.
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Fig. 2 Post-acidizing permeability of self-propped
fractures vs. volume of acid injection in shale
reservoirs in Fuling area, Sichuan Basin

a. FUEALBUE ;b e R TUE s o B AU

J  TEARIRE] 150 mL i), B @R IEAT E . il B
YHEB B (K) JWE N 13.08 x 1077 ~ 59.10 x
1077 pm® , TRPS B 3% % (K) {8l 7.86 x 107 ~
58.60 x 10 7 pum’,

FIEHRRBREE S B 2% 24, e 4 AR i
IR B R 15% By ERme it 47, 25 3R WoR | °F
TR S AR B B R AN KA, T HZ
1 S AR B SR A W IEAR B, o HriA o, T

WEZH A BRIRER & B MK, S ERIR O NIAR S , W B i A5
M AR o FEREEEA |, SO 10% HCL + 8 % HE Bt J5 (1)
MR, AR RN BEE 5 R SN R AT, A R Y
BIEAREIEHT T, S A B E R U R ) 20 % 42
A, RUNZICTT T R LR A R R SOV 58, S BEH r
it B BESEAN SR 14 T8 T 24k SR T DA SR T S 7
SRIENEE T EB B TR

ey BA AR BRIRER & 20 15%, 1 B ik
F 15 % MR , 7 S BLid B vh BB AR AR A LR 1Y
$em, FIEARRYESS , B BRI SGE WK, X B
BRI N JFOR B 7 2 25 % W A A, TR v SO 3ol B
B S % ERIRAEAT IR I, B 3 AR A K, BEZ AT
AR A A o

EBRIFA N RIREE & & 25% e b, B RA
15 %ELMR ,FATZ B 1 5 A R I8 8 R BE A SO 1Y E
FTiB L T b, B B R AW 20% 247, T H)Z
SRR RN B R B B RIS L ROR,
REIGE &R IB YR 1. 44 7%, SR 10 2 50 19 Je
W, B BRI, IFRE R BFORB BRI 18% /4
A TRA SOV A BE o S Y% AR R , SNt AR R
7 RPN AR K, (H R e AR 8 A R B 15 90 % /i
A7, LT 5 % 1Y ER IR L o 1 1) 6 5 P 4 IR b Ik B2 A A

D 55
1.3 BEMEXEFRERUSEZRMNR

FE SRR AR L, R 4070 B B RL,
JEH 0.25 kg/m* YEFT L2 SCEERI A 10T Pl S 4%
FIEA A AR TR B i R DL R 3, BRI HE= N
2 mL/min , #% BB S B S RN SE SR A 0.3 mm
THE, BUBT A FR R A TR 20 26 em/min,,  [A] £ T LA
FE A A DIEEAR AR 75 min J5, B85 R HA
T . LR B SR RS B R INTE 7R 11,43 x
107° ~650.89 x 10 ~° wm®, fR 1lt 5 15 3% 2 1 16 1B 7%
10.07 x10 7 ~710. 65 x 10 > pum’,

TR A AT 2B 1 S A AR 20% i Eh
FRIR I, e I35 35 22 /N I i Wb 3t o2, 445 & Je iy 5%
59 AU A B R . X PATIE L 2 S
FER 15%HCL +3 % HF fHC 7 g 17 B i, 45 SR80,
PR SN 55, X5 3 A B e AN R AR A TR (B L R
FH 12.5%HC +5. 5% HF [ 5 % 52 B 1 525k
HEATER N, 25 R I BC T B R BC T WS B R
AR I s R CR R (B, 11.25% HCL +
6. 75 % HF FRCT7 % B2 2 S FE e TR bl , 25 2R
RULIC T RCR B A, B FE 1975 3 M 468. 20 x



6 34 DHUET A5 UMb i il X DU R TR A8 08 A S 1339
—=— AR H1(20%HCl) —e— P RI(15%HCI+3%HF) B ,12. 5%HCL {7535 R K I 5, 10 % HCl i 155
—— mEEH1(12.5%HCI+5.5%HF) —&— 8 # 2 H#2(12%HCl+6%HF)

L6 . AR E LR /N T 12. 5% HCL, 7. 5% HCL %t i3 i3
Hr A BRI B, RS AR 3 R BESE AR S A L,

<3l FEUCR I B, (] 6. 25 % HC X 3 B2 2 2 454

E FERRD, FRS SE1,6. 25 % HCI XHE 5 55 8 1 2k

%05 AN 7. 5%HCL, SR FH 7. 5% HCL 2 BE (107 3 S

84 111.38 x10 77 wm® £ F] 171.06 x 10 um®, N JF A

02f f 1. 54 4, 5o e Bh 33 2H S A R R it SR vk 2 Dy
% 50 16?}y§§/m]15|0 200 250 7.5 % i A7 1) HCL BRI R et

B R IPAUE AL BT IR T A5 B A 45 212 15%

A SHC) e 0O }EI.CI (»;%EK FEARAR K ,S "{oP‘ICI éﬁ;ﬁj—ﬂt rlléggﬁﬁ': K,

. —o— FHJZH1(12.5%HCl) —A—F & 2 HE2(6.25%HCl) ) Hiég E’J@ﬁ%%ﬂ)ﬁﬂéﬂﬁ@ﬁ%%ﬂﬂﬁﬁo [E]ﬁéﬂéfﬁ

(KIKy)

1.

@ .
%0.8-
04 r

02F
0 L L

1 1
0 50 100 150 200 250
JERR & /mL

Zal

—u— PLEEH(75%HCl) —e— P42 FH2(10%HCI)
) —o— FHZH1(12.5%HCl) —*—FH JZFE2(2.5%HCl)

1 L L J
0 50 100, 150 200 250
TERg R/ mL

I3 b st DX e PR A B S PR R AR IR AL
B AR £
Fig. 3 Post-acidizing permeability of fractures with
single-layered proppants vs. volume of acid injection

in shale reservoirs in Fuling area,Sichuan Basin
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Fig. 4 CT image comparison of natural fractures before

and after acid etching in the Wufeng Formation shale

in Fuling area,Sichuan Basin
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Fig. 6 CT image comparison of natural fractures before and after acid etching in

the Longmaxi Formation shale in Fuling area, Sichuan Basin
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Fig. 7 CT image comparison of natural fractures before and after acid etching in

the Lujiaping Formation shale in Fuling area,Sichuan Basin
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