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Abstract

The Killing fluid in the drilling and work over operations of the Sugiao Gas Storage will pollute the
reservoir, resulting in a decrease in reservoir permeability and a reduction in the injection-pro-
duction capacity of the gas storage’s injection-production well. In order to solve the situation of
reduced injection and production capacity caused by pollution around the wellbore of the gas sto-
rage, the matrix acidification technology is used to acidify and remove the pollution around the
wellbore of the injection and production well of the Suqiao Gas Storage, and according to the car-
bonate rock of the Sugiao Gas Storage Reservoir features such as high temperature, high pressure,
and depth of burial have been tested in-house, and the acidification formula and acidification sys-
tem are optimized. According to the actual acidification construction curve, it can be seen that the
acidification system has a good plugging removal function and can effectively remove solid par-
ticles near the wellbore. Pollutants such as mineral particles and other pollutants have little pol-
lution to the formation, effectively solving the problem of near-well pollution of the injection and
production wells of Sugiao Gas Storage. The acidification system has excellent ability to enhance
the conductivity of reservoir fracture channels and improve core permeability, and has broad ap-
plication prospects in the removal of plugging operations of gas reservoirs in carbonate forma-
tions.
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2. HbBRRERAHE

TSI AE NIRE A =8, RS R DME R4 @I LRE LI, REERIA
RE, ERBONHHEEILBRA, 2 LBUERBCNE k. 62 F IR KRS E YN 07175, &
TR, T SR R R L K R MR ARG . HUE K CI & & 4386.9 mg/l, M LE A 9682.5 mg/l,
N NaHCO, . Hor, 75 49 L FIEHZE /1 48.92 MPa, JE/1 5% 1.06, HZRE N 154C, HA
Gi— MR ERIE SRS, BT AN 0 1 5 S T il I SRS BRI 3 5 BT 55 R K AT <K

3. WEERERAREM

TRl SR R A 50 X FEE AE [ A Mt e rh AR R — TR K bk . B BEERILAE

D) RN, T 5500 K, BRI T REE LR, SEmibRi W, 2) W, PR
29 140°C, DMl BRI R SO FEDR, RFLEE B . 3) HALME A, Wi, HIFF TRE
F2, KHRIRGEH, RIRBEEE, HWEMREAE4]. ZE, TIM iR SUE R i 2 IR MR IR
SN B AT, e A IS IR A PR R R, SR TR SR A ek 4 4% R ) VA 3

TR SR BRIR £ R 5000 m DR, MRIEEERT 120°C, RN RBUL, AUKE. Az
HNA, R R AR AE N T, IR R B IR A BOR AT i R 0, TS BRIt T5 e, A
HRGEH R A . RIS, ERRBUA R P INA SRR, SINRACE R . MHTEERE AR + 5
IR 2 [ e [l R, AT IS HE S, FEARAg 20, T EL AT DA 51 AL, $R MR CR

FEBORSEEY: EN AT E AR, MR TS5, RN TSRS B RRE R + %
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4. tHARIRIEANEE

SIS RO RIR Y, — ORI BRI N E R T 2R, RAEENLIL R SR TS
BRIR A JZ AL, e S e AR PO Ve F . SEFE AL, 2RI, ERERVE MR R VE T L
fisEFED GRS, FRAES AR T, BDARRR 15 gy, LR, SRIRVBCE I BiAL TR UHAR NG A1 R 4%
FL R, HSHEmRM, §RREE. fL. F6]. FENFRNAA:

2HCI +CaCO, = CaCl, + H,0+CO, T )
4HC1+MgCa(CO,), = CaCl, + MgCl, +2H,0+2C0, T 2)

FERI) CaCl, fil MgCl, Rl VAV EEEFRER Y, SHIE e ptes — B E a2 b HE H b . JRA 2
SRS THZE, Ny K%, e TBER, ERMRET. BIERENHHEB .
4.1. FEER

TV R A2 AE SRS TR S IR g e R T VE 1R VES A = VR0 G B R IR AR &, LR 1. ] 2.
VES &4 RS R A TER, BA LRE, 0 REE, 153/ NERE, v 3o, Kbt
NRAEIRBIEMRE, SIAEFEERNSAE. ZREIEREA BIFRZEMERE, Al s e,
AERIE IR M K E, HoKTPIABE AT LN BERHN/KET 30%~40%, FEFHERBRE A
KHEE T .
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Figure 1. 20% HCL clean acid and fresh acid
B 1. 20% HCI & EBR BB

Figure 2. 8% HCL clean acid and fresh acid
2. 8% HCI FEBBREEER

TR TR BARE S8R 2R T 77 0 AR BR VB ] 7 A ORI, TR R R 2% ik, T R iR
TR R HORERE o AEERIRIRIE 11%~20%0, HIURIRZS TS IR A SRR LU, FEAE 5 MR s Eh IRk
BEA, SRAERL Ca®', fEAFSRMRRNE T o, TERGEHR, RIEHIT, W K. EERAEHE A 3 J5/
Iy I BERE RUONIE K 35%, HAD R . BT R, AHBUUERE, PR EE O
MfiE AN, W 1.

Table 1. Experimental results of damage caused by gel breaking fluid to reservoir cores

= 1. WRRRH iR DA E KRR

bnowme  UEEEEE ey OTY mee UEEEEE e,
1 30 51.47 TSR 2 8 51.09 0.73
2 30 38.98 TSR 2 8 38.37 1.57
3 30 27.42 TSR 2 8 26.65 2.82
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Continued
4 30 0.147 THEIR 2 8 0.138 6.1
5 30 0.253 THETR 2 8 0.24 5.1
6 30 0.245 LR 2 8 0.206 15.9
7 30 0.271 HEAL R 2 8 0.236 13
8 30 0.301 AR 24 2 8 0.211 30
9 30 0.196 AR 24 2 8 0.127 352

TR TR BRPRE R R T PR A SO S, AT DAAE 5 A BRI AL 2R T T B AN o A 2R T
TR BTIEE, D828 H RIS A% 18 PR A 5 A T P A i A TP S S22 B ) — S P A A 30 A L o B ) £ D

4.2. EEO)Eg

Femm R thiR + RIS VEFM AR &R, AR R b, RIEEVE 2 7 IR, BERRRE AR,
BEE RN, R RE) HIREEABIFEC, pH (MK, RIS VR 7 oy YR . BERR
ERBIEEAT, R Ca®' . MWK 5, RIS R T I8 s R R, B iE
JZ, ERRIBAENE WA TRIRAL, TR BN TR — R R R [ 7] B4 IR bW RUBRTE B A sl AL 7 SR
o WL, BRBIER B8], BRI SR HER R MREAE W B SR, TERRIE, B TECH, X
JEE N, BRACER .

4.3. Be5HEiE

TE 90 CEMT, KM 5%~25%EEEE Nt 75 50 - 5118~5168 m & B2 2 /PN, 10%K 1 EhER RE 14 5
IR 98%, hEIHTHIRIKE 12%, FHREBIKRE 20%, WK 3.
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Figure 3. Core dissolution rate at different depths
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Table 2. Comparison of reaction speed of different acid systems

2. TRIBRIRISZ R R BE X EE

&t BRI B SR E/C LSV JZ REFR ] /min S R (mol/s-em?)
Wi R 20% 130 510 2 7.473 x 107
Lzl 20% 130 510 2 9.813x10°°
JBe 20% 130 510 2 6.454 x 107
TH R 12% 130 510 2 1.291 x 1077
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Figure 4. Comparison chart of conductivity after acidification

4. BB SREE DXL E
4.4. FMMFISUIE
TERALHE TR A, BRITIERSS B EE M, SEHFTE B AR AR, &R HE S
AT, i ELRE e A R R TR — e PSR E SR TTE, B EBRAE L A .
ISINZE A2 B AR e BRAL VeV S vh e 8 ST, T KRR B B R W & i ik, SE K R O A
FEa, ARIERRALHE TR E4T 9]

Table 3. Corrosion inhibitor selection

3. EIERE

\ FMH wE Wer e = JISES

fic 7 o I /b MhET e/ WE=R/g N ofnh

20% HCL + 4% LHH 11.5039 150 4 11.9595 11.8913 0.0682 14.82

20% HCL + 6% LHH + 5% HS-1 11.5649 150 4 12.0311 12.0118 0.0193 4.17
0 0 B 0

20% HCL + 3% ZXD-3A + 1% 11.6662 120 4 12.0676 12.0295 0.0381 8.16

ZXD-3B + 2% LHH
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WIS EH, 150°C, 4 /MR, 2205 LHH 76 20% HCL ik 14.82 g/m’h, W% 3.

IR At AR, BRVBME S (EIB UL IE T8 = AR 7B I B (FE 218 7K A H ) A B BRORAOS, (FE 25 W 5 A H),
SHUEE B IE R, S ESUE P AR [10]. 75 FR AL I 5 #84 InN3E 24 i 28 T 0 1 77 7T %%
PR BRI LA IR 5K T, T/ INBRBE 77, $& BV U Z TR v, B IEARERTE AL, $R IR
HEESE, $emBibit TR .

Table 4. Surfactant selection

4. REEMFIEE

2 FE/% FIfi 7k 77 mN/m FATH 5K /7 mN/m W FLA%
PZ-7 0.2 25.1 0.4 100
ZA-5 0.2 26 0.4 80
OP # 0.2 30 0.6 100
D-50 0.2 25.6 0.4 90

T SEIGE L IE MR : PZ-7 R AL Tk AR, F K SN 25.1 mN/m, FLTHTK S8 0.4 mN/m,
3% 4.

Table 5. Selection of iron ion stabilizer

=5 KB TRERIESE

EAS HEYPB T mg/ml T
RST-05 87.2 AL
ERZNIIN 62.5 S
LHT 87.5 AL

RS, BRI 5 T N EREMGEZE SRS T R AR, 4
BT, JRE— R PR A B YUE . BERACI BT, BRI S HZER], BE
IR LR B pH B R ETF, =Bk 74E pH JH2E 2.2 IWITAR R EVIIE, 382 FURR 22
RBTEIEPIEZE, EREREER T, MEREREO]. B, BB LA 75 5E 7,
Bk i TR pH M ETHSBU R R SR IR LI . B RAR A ), LHT W8k 72 & he
NS, BTG 87.5 BWHE T, WA 5, BRI LHT fE 75 U575 49K-P1 HFRR LI T
Mk TR o

5. JAN A B

S5 49K-P1 FHA4igE BT T3 SCLRI IR - (5 2B AT 5 49 W, B IRBON 5126.975
m~5261 K, fEHHRMZE R REON 0.62. B TR SEIHF R B FIR E AR BRI A 28, 77 R B E 22 AL
Ko FAETS S, MGG U BT R, N T REBENRE, RTHRIERAE S, RN E RN SR
WIrs, MBS + HINRAEER, Wk 6, RARIRIFE: 5126.975 m~5261 m, B35 AE
73

MBS Tl T AT A Y FERTE AR BL A /NE T Eh, RN Mk AT i,
BB RS SN HIREAT, MG, PR T R E . BB E NSRRI R, 51 K08 B,
RIEHIR IO RIRGLE, WA T —ERE MR ACR . I LR, HERdfET 8.4 < 10° m’
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FHE 23 x 10* m®, FIHE LI TR B T, IER] T AR + 12%IEVERR + 20%0 [ R4
EERIA SR, XTI e Z P SE I ) B ST B0E . BRIR L BOE R RCR . BEHR R E BB R,
AR ERE R, TRTHERREKIH 0.

Table 6. Acid formula
= 6. BAIREC A%

I Ab PRI LA b M + T .
LR At
10 m* 60 m* 30 m® 50 m’®
T T 1000 Kg 1000 Kg
31% HCI 21 m’ 18.5m’ 39.5m’
VES & i B 24 (VES-1I) 1800 Kg 1800 Kg
BRES T RAE S LHT- T 1000 Kg 600 Kg 1600 Kg
FERRRLZZ 7 LHH- I 2800 Kg 1400 Kg 4200 Kg
KCL 1000 Kg 1000 Kg
ZXD-3A 1000 Kg 1000 Kg
ZXD-3B 600 Kg 600 Kg
RSZ-06 200 Kg 200 Kg
EIK 9m’ 334 m’ 7.7 m* 50 m’® 100.1 m*
—ilE (MPa) —%J% (MPa) —HEHHERE (18) (n"3/Min) —#bIREE (1#) (kg/m”3)
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Figure 5. SU49-P1 well acidification construction curve
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6. &t

1) AL, RATAEERR + 12%i5 IR + 20%5 A RRAL SRR R 5T 75 49K-P1 AT IR AL fFHE
BT T BV BOERCR, bR 1 RIEI s g, w1 R IRER AR .
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