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Study on the Influence of Acid Fracturing Technology on Increasing
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Abstract: Geothermal reinjection is a reverse exploitation process. Domestic research has mainly focused on the
key technologies of conventional reinjection and the influence of reinjection on geothermal reservoirs. Few
studies have been conducted on the influence of acid fracturing on the reinjection capacity of carbonate reservoirs.
To address this gap, the current study carried out acid fracturing and reinjection tests in a carbonate reservoir
geothermal well in Beijing, and comparatively analyzed the exploration and reinjection capacity before and after
acid fracturing. Specifically, the study explored the effect of acid fracturing technology on increasing the
reinjection capacity of carbonate reservoir geothermal wells from the aspects of exploration and reinjection
capacity, permeability coefficient, skin coefficient, and scale of geothermal reservoir reconstruction. The results
showed that acid fracturing can significantly improve the exploration and reinjection capacities of geothermal
wells, and that the pressurized reinjection volume after acid fracturing is significantly increased. The evaluation
results of acid fracturing showed that the permeability coefficient increased by 17% and the permeability

increased by 16% after acid fracturing, with an obvious overall improvement effect. The skin coefficient of
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geothermal well was reduced from 1.44 to —3.33 after acid fracturing, which not only removed the damage near

the well, but also increased the original permeability of the initial formation. The evaluation results of the scale of

geothermal reservoir reconstruction also confirmed the effect of acid fracturing.

Key words: acid fracturing; carbonate reservoir; technology of increasing production; exploration and reinjection

capacity
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Fig.1 Bedrock geological structure map
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Table 1 Date of nearby geothermal drilling well
H= SEFAE FE/m i 8 b 2 Pfig 2 B/m HKIREE/C KR/ (mP/d)
JR-54 1990-08 165431 Q. R, Qn. Jxt 1530~1 654(R %) 53.5 1337.00
JR-62 1998-10  1630.88 Q. R. Qn. Jxt. Jxh, Jxw 1 528~1 630K %) 51.0 1 144.00
JR-65 1998-11 1858.18 Q. R, O—C. Qn, Jxt. Jxh, Jxw  1782~1858(K%) 49.5 1 200.00
JR-70 1999-10  2188.18 Q. R, O-€., Qn, Jxt, Jxh, Jxw  1883~2 188(K %) 52.0 2308.00
JR-71 1999-10 2130.00 Q. €. Qn. Jxt, Jxh, Jxw 1 811~2 130(K %) 59.0 1 099.00
JR-87 2000-06  2403.33 Q. 0—€. Qn. Jxt. Jxh. Jxw 1 811~2 400(FK %) 54.0 1 662.00
JR-102 2001-02  2470.00 Q. R. €. Qn. Jxt. Jxh, Jxw 1 887~2 470(R %) 65.0 1 853.00
JR-125 2002-07 252250 Q. R, O-€., Qn, Jxz, Jxh, Jxw  2235~2 522(K %) 525 810.00
JR-143 2003-07 220888 Q. R, O-€., Qn. Jxt. Jxh. Jxw  1620~2 200(K %) 60.5 2768.86
JR-183 2011-11  2400.00 Q. O. €. Qn. Jxt, Jxh. Jxw 1 613~2 400(K %) 54.0 1019.26
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HI% 300.90 m, N A ¢339.7 mmx9.65 mm J55 4y
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[ 2 A Z I 22 S A/, ERFRIREAE 20%H X
PR R . [, AR R R v
BUNWERER, X = AR 2 M S8 IR, R
WA FIBE R 50, ANREIE A 2458 Wk B R 1Y
R 2B AR, SN TR, R IR A W i
Ko RIEAR RSB 20% A0 58 R R AR R BRI
23 EBRiEAEIRE

SRR BE K 4 895.07 m, EA2°M 152 mm,
I -l 28 K 43 1) 4% 2 A0 RN A 0 A R R A3
K2R, HEZSRTE 2 095~2 652 m FEE
RN, ABLEIKEE 557 m, XHRFLAMAREN 10.1 m3,
PL2:1 8 AR R 298 20 m®,

*2 BMLBER
Table 2 Results of acid etching test

BB mmiaE ARERNRT CERERNE  gphk
7 JE/% /mL JiiE/g JiiE/g 1%

1 5 100 50 18.18 63.44

2 10 100 50 12.13 75.74

3 15 100 50 7.96 84.08

4 20 100 50 485 90.30

5 25 100 50 5.20 89.60

6 30 100 50 6.82 86.36

E2 BUEHREHREE
Fig. 2 Sketch diagram of acid fracturing

ESKZEFRR 557 m JZEBEN, T 2R3EE)12
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HERRR AR 19.3 m? . L5675 AR R 1L 241
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WEEEFFAC I T I MH; Rt 45 o s 7 B ek
Heo FEERI, B 207 8 1280 (E, B 1k R 6E )2
[v] B s o) RV FE R, R R R VB v, R R D 1
W, FRACS AR N K R HE, Bk PH (E FFHR A
TLUE -
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1% NH4CL VB Mt T4 R B 1RV E ith
EERERAERE A, AR IA 240 kg WEE
0.6% I F7 B R (2% 1l 771+ 5 TR 1))

Rk 240 T 45 A e, SR FH R UBLRUEE T
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T 24 /NI,

3 BRACEZA AR 5 R A A

R 5 AR F R Ak s 24 i S b R 1 7 B AR O,
TERRAC R 25 43 BT I AT TR . /b =A
AR KRS, 3 AT ARG F AR WIE 56 A 3 AT
B e [l G

Hrp, AR FEAHIK ELLR R 3 K, ik
S AT AR S R, WIS 1 K. flok
TR E SE I () N A KL KRR & IR
TR T 14 LI K A7 o B THRR B a0 AR e AE L
BN /NF 72 by, PE R4S 5 T 2R T 5 U5,
FELLET AN /NT 24 he [0 2000 AR A2 130 ) ORI
BER 54K 5 AH R
3.1 KK

()i Fe 45 2R

FRAL 2T, hKIE6 25 1 R GR 3), TEFEIR
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FEUR 41.26 m B, JH/KEN 948.48 mi/d, FEFFIR
18.22 m B, /KA 559.20 m¥/d.

FRfb 245, KR IR B R (€ 3), TERRIR
67.32 m i, HIFAIFIHK &R 1 457.04 m¥/d, 7ERETR
38.24 m i}, Jf/KE K 1021.44 m¥/d, 7EFEE 17.15 m
BF, 7Kl 538.80 mP/d.

()%t He a3

4l 7K Jr 2 0t 2 26 80 0l 55 1R Ak s 2
T A I o TR B b PR B TR K B (R 4), FF A 4 b
PO R HACRIR TERE, 23 TR Ak 240 IS AT
# O-S HZE KA 3),

R ER, MEHE/NT 16.3 m B, BRALEZA]
AT K RE S gy, HUBARIIR K R R, 2R
KT 16.3 m B, Bk e 245 s AT 0 7K RE T AR
(USRI ERNNER: A SRl S IR
FHACRR AL TR 24T, SRR 30 m B, ML RS /Y
ARG 10%; 2% N 50 m BF, FRILEZ)S Y
TKEIII 19.2%; MFEERHK 70 m B, Bfb RS
H TR K S 25.7% 0
3.2 BAEERR

(iR IR 25 R

A o M b A K, i A 1 T ) 2
I, 254 3 RTHRE MR I6 (3£ 5). SRR, %
IR AL R ZETT A B K B SR B = R 213.36 mP/d, iR
R Z IR K A 2R BIERE 770 440.40 mP/d.

#3 BRUERABEMARESERE
Table 3 Results of pumping test data before and after acid
fracturing

W Ak —
e S o BRI BOEK
ERE KfLH {7 .

oy m o QUmYd) kmY/dm) s
W /m /m

iRk 1 68.57 86.79 18.22  559.20 30.69 53
JEZ 2 68.57 109.83 4126  948.48 22.44 55
Hif 3 68.57 157.65 89.08 1388.88 15.59 56
ik 1 68.52 85.67 17.15  538.80 21.60 53
JEZ 2 6852 106.76 38.24 1021.44 26.70 55
& 3 68.52 135.84 67.32 1457.04 31.40 57

x4 BRUEHBIBMAKRE 0=AS)XAIILR
Table 4 Comparison of Q=f(S) of pumping test before
and after acid fracturing

e AL AL AL AR i
WK BRRCTKRE WA SApmAkR HOE

O/m¥d) /(mi(d'm) Q/m¥d) (m¥dm) W%
10 393.5 39.4 364.3 36.4 -7.40
16.3 519.9 31.9 519.7 31.9 0.00
30 736.1 24.5 809.8 27.0 3.20
50 984.9 19.7 1173.9 23.5 10.00
70 1 193.1 17.0 1499.2 21.4 19.20

80 1 287.5 16.1 1652.1 20.7 25.70

B3 HRFHERE R AKX L
Fig. 3 Pumping test curve of geothermal well before and
after acid fracturing

()%t H A #r

MR fL R 2RI, MG B 2K [ R ) 22 5 4
K, BRI HIE SRR EZRTIN T 106% . ML
KIREE O-S Lm0, KRR R 1 [ 8K [l
BRI TG, Shm RSO R EI(K 4), FERIEZ
FERRBOT R R TERE A9 AR R0 A AR R
H(#E 6).

PR AL R 401 5 R YK E AR R E ) O-S IR T & 22
SRR L BRAL R 2R, O-S ML AT 22 0 W 8 0
ORI BCRE AR, B0 I AR IR ORN K, A fE 3.2~
3.8 mYd-mEHN ., BRILEHE, 0-S kLB 1
AR R BSCREAE,  BRLA [E B [E  1%) 1 Jon v J
FEAL, AN 10 m B, B4 IER R 19.2 mP/dm,
FHFEH 70 m B, BRA [RIEE &R 6.5 m¥/d-m,

x5 BRUEHIIEEAREBELARSERE
Results of natural reinjection test before and
after acid fracturing

Table 5

B @K mpm
JE Kfm (i ﬁﬁ %Ei i ﬁf
Wm wm ™ 2O m)

sty 1 68.57 50.19 18.38 65.52 3.56 40
E# 2 6857 2636 4221 143.28 3.39 41

il 3 68.57 0.00 68.57 213.36 3.11 42
sty 1 68.52 55.63 12.89 210.96 16.4 40

FEZ 2 68.52 2459 4393  366.72 8.35 40
J5 3 68.52 0.00 68.52 440.40 6.43 42
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4 BRERTEBRENERLE Q-5 HhikE
Fig. 4 Q- curve of natural reinjection test before and
after acid pressing

*6 BRLERAEBREE O=AS)XAXLE
Table 6 Comparison table of O=f(S) of natural
reinjection test before and after acid fracturing

S W 1 I 22 ML IR 2L Il
 TRIERE Rf iR R P{y bR
Q/(m¥d)  /(m¥d-m) Q/(m¥d)  /(m*d-m) i

10 38.1 3.8 192.0 19.2 404%
20 71.3 3.6 261.0 13.0 266%
30 102.8 34 312.3 10.4 204%
40 133.2 3.3 354.8 8.9 166%
50 163.0 3.3 391.6 7.8 140%
60 192.1 3.2 424.5 7.1 121%
68.52 216.6 3.2 450.3 6.6 108%

1% Ak s 24117 e Tl 9 0 194 R A e 2 [ 3 1 1) 3
TNREAR . 24 THE N 10 m B, BRAK R 2480 I Y [0 98
0510 38.1 m¥/d Fl 192.0 m¥/d, H4lE K 404%., 24
TR 60 m B, FRAL RS 0 B 5 R
192.1 m*/d il 424.5 m3/d, WiEH 121%, BEIER{L)E
5, AR, RIRECEE .

33 EEERE

(D525 -

Ak 2R, @k 3 YO RIE R, 2508
R(FT), TEFH DR S70.20 MPalt}, i K EIHERE /1
318.00 m*/d; EH 1T J7 0.35 MPa i}, fk [FIVEAE
F1°4 497.76 m*/d; fEHTT1ETT 0.51 MPa B, f K [ml
HEBE TN 607.44 m¥/d,

MRACER)S, Eat 3 Yo R R, 2585
N(FET), TEHOES0.21 MPalt, i KEIHERE 1N
521.52 m*/d; H 1 Fy 0.35 MPa i}, e K [BIEfE

x7 BRUEHAIEMERELBRLSERE
Table 7 Result of pressure reinjection test before and after
acid fracturing

WAL e
e kfom gy O PR, o W

7 /m  Am’/d) /°C

R/m_ /MPa /(m*/(d"m))

ik 1 6857 0.20 88.57 318.00 3.59 42
JEZ 2 6857 035 103.57 497.76 4.81 42
] 3 6857 051 119.57 607.44 5.08 44
ik 1 6852 0.21 89.52 521.52 5.83 42
JEZ 2 6852 035 103.52 723.84 6.99 42
A 3 6852 050 118.52 845.76 7.14 44

A 723.84 m3/d; H 1R J1°8 0.50 MPa B, e K B
it 71°M 845.76 m/d.

()X He o Hr

PR 0-S KRN, XFRIEZATE
R [ A A TR, 2 R pRBOC R (] 5),
TR IZ R pR O T SN [R) THRE TR A% s [ i A
AL R0 (% 8) o PR AL R4 T N [ 1Y)
O-S HHZRILASAHL, #B B B 8 ) e R BICRFAE, B
AR IR g BN [ o B A T ) B i TR A1

FRALEZ4 T, 24/ 1M 0.1 MPa F+£ 0.7 MPa
I, BRI [EE R 19.8 m¥/d-m FE % 11.2 m¥/d-m,
FENE R 43%. ik R34S, X —(HM 37.4 m*/d-m [
£ 16.2 m¥/d-m, [N 50%, BEIEZSEAR, Rk
FEZEHT S, HASH A mE RE S AEE— e 25 57
PR A T 2L I 8 A0 s [ S ARG R AR T 224 i B (2 42

5 BRIERIEMEREKLE 0-S #ikE
Fig. 5 Q- curve of pressure reinjection test before and
after acid pressing
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&8 BRUEHAIGMERLZE O=ASXHEXTtLF*
Table 8 Comparison of Q=f(S) of pressure reinjection
test before and after acid fracturing

RO BRUCEHATEMAI=RE-EELE NXTE R
Table 9 Comparison of exploration and reinjection
capacity before and after acid fracturing

" I A R 2L R AL IR 2R I
IFEAE, —— e — e g
IMpa VIV L7 IRIWER [l GERTVAT b S

=4

O/Am¥d) /(m¥/d'm) Q/(m¥/d) E/(m¥d-m) I

0.1 197.7 19.8 374.1 37.4 89%
0.2 322.8 16.1 555.0 27.7 72%
0.3 430.1 14.3 699.0 233 63%
0.4 527.2 13.2 823.3 20.6 56%
0.5 617.4 12.3 934.7 18.7 51%
0.6 702.5 11.7 1036.9 17.3 48%
0.7 783.4 11.2 1131.9 16.2 44%

Tt AR Tt B R (B A 38 i B AR . 24
>} 0.1 MPa B}, [FIVER GRS 89%. k1AM
0.4 MPa Hf, [l S HIEN 56%. MK JI{ER
0.7 MPa B, [FIHE SRl 44%.

4 BRALERBUR G
4.1 [EIEERENEN

FEH A TF R R R, T KR A I AR ) %
PETR f0 BT 0] 85 87 3 7K R 1) FU (R BT TR
Y IHEBE S (RTAAAR A, 2019), — ST, 450
Ak H 24 1) 1l B 81 VEE e ) B 1R Ak R 24 T A P i 4R
Fho AHFFE T M B B2 Ak T 240 5 A SR [ 5
BN IR K AR EA T3, PN R Ak e 24 AR X
A [TV BE 1 A5 ] o AR 1 e B HE 198 b 7K R [
R, TR T IZIE R RE-ERE T R (R 9).
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Table 10 Permeability coefficient and permeability
parameters before and after acid fracturing
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Table 11 Calculation results of skin coefficient of geothermal well
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Fig. 6 Fracture profile of acid fracturing
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