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Abstract

Due to poor reservoir properties and high temperature in WeizhouXX oilfield, it is very easy to
cause reservoir damage during drilling, completion, workover and production process. The main
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causes of reservoir damage were found by using laboratory experiments and software calculation.
A set of compound plugging solution system is constructed. Laboratory experiments show that the
system has strong ability to prevent secondary precipitation, good corrosion inhibition perfor-
mance at high temperature, and strong ability to remove damage from the fluid of drilling, com-
pletion and workover. The daily oil increment of 60 m3/d was obtained in the well application.

Keywords

Low Efficiency, High Temperature, Damage, Plugging Removal

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

P XX g TSRS, #EM0EZE, Btk s, £ F BT RE Pk S 2 251
SRR AR TIURL A 0 35+ [RIERHAE N K h 8 SR B B B 5 - (Cal™ - M), 2K v & K& HC O,
PRI HT BT P 8 5 AL CIE LR [ [2] [3]e AT FE Py A EE P A AR 3 08 7 R v A g8 o 8 It )
FEN) iz, e RIRIAR R I R S AN e, BT FARMEZ38 2R B HE . IR R %, A 2RIR
iR T 7 Tt B B B PR B AR R B RT3 28, IS REIRII i BR 22 P 2875 4, R RICR B2,
A BOFE[41-[9]. 0 H AR H B SEBRIE L, ASSCB R B S g0k it 2409 35 1 B3R, RN e H
PRAEJE R U — B SRR K 2 SRR R, SRR B ARl Z 10 E, IR REM H (1.

2. {RF=HIR

B XX 7 24, 60 HAE R IRRGFEOE AR 16 Uk, Rl 10 Hk. HEKH: 6
HR o AR FEHBAMEFIG Gy 10 K KIS HH 4 K, HRRH 2 Fk, LB
REILE T 3.5 /iy

3. EGED
3.1. KBGE

KB A bR T IR AR SR A I AR BB LT I SBUKMEE R TR MAE SR T
LS. = ARHIFEINEE K% D. B. Bennion $2 1 (/K B4 L APTi AAYBEAT H AR 2 KB 35 7900 »
FIWr A bsfit 2 ARSI BRVERE S, DA RAERS e BRI R b R A AR BT 3, I E L 1. H
Prf# /25155 1.3~86.8 mD, J& TRZ k)=, NI BT 0 5 2 7 A (1 2 2R Ao AR K 1-1,
THERIA 2, HARXBAERSKBIE, Rk 1, 3FFX. =8, mEk 4 - XELR T 25
507K -

APT, =0.251g Ka+2.2S,, (1-1)
A APT——KBIFEEL;
Ka—SKBE %, um?;
Swi—— R ABE KA .
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Table 1. Evaluation index of water lock damage degree
= 1. KRB ERE TN

IKBFREL P FEE IKBFEEL 1 E R
APT,<0.2 L& 0.6 < APT;<0.8 T S5 55
0.2< APT;<0.4 b 0.8< APT;<1.0 59
0.4< APT;<0.6 o S5 5 APT;> 1.0 7
Table 2. Prediction of damage degree of reservoir water lock in target oil field
2. BfrhBES @B ERETU
X3 SRR (%) ”f‘fﬁ? T fgﬁf? KB iR
1, 3HKX 48 6.9~15.7 11.3 0.57 rh SR 5
A2 X 48 4.9~54.3 29.6 0.67 45 55
Pi—H 48 5.6~38.5 20.1 0.63 b 45 55
ez 48 4.3~20.2 12.3 0.58 Hp 25 R
PE=5k 48 14.0~23.2 18.6 0.62 rh 45 55
B3 KX 48 8.6~143 75.8 0.78 2 R 55
B4 X 48 5.4~22.3 13.9 0.59 rh SR 5

32. A\HR*EGE

E b FHAE 22 A b A B R IR . BRI e IR se I, R AR o R B R i A 55
JEERGHAT I, NS SYIT6540-2002 (HSHMRTEH T M Z BN PN ITE) o 34T T AR
RO F A, S8R I 3~6. AR SLIe R T LG BB SE B S R
RO FIRTE], SEFEPR L BGR, T ZONRHUT RO BURL (7 L) A 7 B 35T R 3 2 o TS 3
e, VIRHTEZRAK, 73 RS S oKBUE R Ui E T2 7 T AR ERRL, &
WHIE, VEIERUR. RN L ATUAE Y, GBI TR, R i CE R

Table 3. Evaluation of sequential contamination damage of drilling and completion fluids

3. SFHIRASTHIBINF SR ERRETN

Yk KA PH 1em
TAEM 1RV A HlT Ko Kat Ka/Ko Kas Kga/Ko
1078 pm? 107% pm? % 107% pm? %
g - SE 0d D49 6.35 3.04 47.8 6.52 102.8
g - SE 7d D14 7.05 3.91 55.4 5.56 78.8
i - SEH 30d D22 6.58 3.62 54.9 3.65 55.4
Table 4. Evaluation of kill fluid damage degree
= 4. EFBRGEREITMN
Yk KU YIF 1cem
TAEM VO ] HE Ko Ky Kai/Ko Kas Kas/Ko
107% pm? 107 pm? % 107% pm? %
FEFE 0d D22 6.33 470 74.2 4.85 76.6
JEFE 3d D26 5.78 3.65 63.2 3.75 64.8
JESR 30d D31 6.23 3.89 62.4 4.02 64.5
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Table 5. Evaluation of temporary plugging liquid damage degree

*® 5. EHERAERETFMN

EILG] KU YIA 1em
TAEW TRV [A] HOE Ko Kat Kat/Ko Kas/Ko
107% pm? 107% pm? % 1073 pm? %
B+ AR 0d D51 8.33 6.02 72.3 89.0
BN od D54 7.04 0.58 8.2 42,6
B 7d D56 6.76 0.65 9.6 42.3

"

Figure 1. D56 cores immersed in temporary plugging liquid at 150°C for 7 days

1. D56 A LS HERF 150CTRB 7 XE

3.3. AHRNRGE

X E AR AL KRG REEAT 8, AT AL A, TSR 6, 48R EIR AR
JHHH SR O B BRI, SRR, R R AR S B, AR B SO T R R
PRAT “YedaiE” ME Rl pTi R, &) 2 S5 5RRHT H pnith F A2 SO AR A A i i, 22

PN]Y b N

Table 6. Four-component analysis of oil from Well Al

5 6. AL HEHMUE 5 o Hr

TRZH B (%)
5 e e FE PR E (mg) I (%)
iopip 75 1& | V=it
Al FF Ji it 28.6 69.3 9.8 18.0 2.9 15.36

HEEEE (g/cm2h)

5 7 10
HERE (C)

Figure 2. Wax evolution rate of crude oil under different temperature differences
B 2. FEIRZE T RiMmtTiHRETLE
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3.4. FNKGEIRGE

MFE T ENIKFIHLZ KBS TR TR G, H ARl EENKE LN 24,673 mg/l 45, SHBKE
B PR 5 (Ca® W Mg™), #bJZ 7K Ay CaCL, /K24, 468 4y 23,075 mg/l 76 4, 2 K i B 8 F(HCO; ).
Kltk, 7EEKIEFEFAAEEYRTTRE. ST AR SY/T5523-2000 H (4% A B i TiE AK 51 E
KA LR A JE YR SEB0 AT, IR 8 HISEIRZE SRR, AN K G E KRS A E AR A

Table 7. lon composition analysis of water sample

=7 KB TFERDN

FHE T 2 i (mg/l) W12 s (m/l) }
BERR U pH P
K* Na* Ca?** Mg?* HCO, o} cr (mg/1)
HEAIK 8.15 282 8866 200 155 120 1450 13,600 24,673
HEK 7.94 258 7767 324 386 666 574 13,100 23,075
Table 8. Evaluation of the mixed scale of injected water and formation water
8. ENKGHEKESEREITFMN
60°C x 12h 90°C x12h
R A Hut1 (5:5) - - -
FEEEIR R H (%) WIEERE(m/L)  BSEERARE(%) SREE R E(mglL)
HEATK 8.38 82.18 17.68 189.22
o W= oK
N IK+20 mg/L By 37T 0.41 3.22 0.56 3.49

35. BEGENE

AT R 2 BT RBAU SR B8 il LR T XX I B R R RSO F AR L R GE: 1) Bis
i ZARILIRE, NFFRAE S SRR B E: 2) HbslZ Bl i, st £ 24 ML
VIS ZE: 3) FERTIEL e A TAR ML R, A ERG SEHFRUAE R B . B RS & Wi
FEMZ; 4) FENKGHZARAAEAARARING, 5 BGLH T IS T 1 €

4, BIEBRERWE
4.1, WERERK

T 25 BRI, A2 R, TR SO R s ) o R K SR AT, R R B
FE7 T AR RO B AR FR R0 &, BA LR A RBLZE . N B ZE A T B ZE . AL
RSB 22 2 UM A WLV TR, R RIAUR I SRR, A AR HE 1 RN o R TR I B B Bl it e
TR B Y B R . N USSR A ARIR . AR, BN K B AR . R A AL
SRR G LSRR S SR RS, A BIIRE A, MERRAY. URCKER. EHEMER: Fif, 5 ca®
M Fe R REAY, Bk kyiiE i .

4.2. RIETRAR

BHUESER: AT PF-STO BE3EEH .

TEHUBET: WKINIEIRE K + 5% HLER HCW-1 + 1.5% G HLEZ £k HCF + 3%p= i 28 1h 71 HSJL-3 +
1.5%85 7K 8l 7] HAR + 2%k +Fa 52 71 HTW

T IRAKIGNIENE /K + 1.5%P)5 7K 457 HAR + 290Kk L8 € 7] HTW
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4.3. fRIEHERE

1) BRAVLIEER

ENFIH 1085 (AL 55 110 C)BIIRBR 2644 T HOENLIG, A FEA HLA I L iR ae, i
EBAE A VUSR] AL O HhsEIREE T UG 1, A HLIAF] PE-STO XA HLYG ¥4 il 68 71 i 5k
A B GAF] 70°C), MHifE SR (-20°C).

Table 9. Performance evaluation of organic solvents PF-STO
9. BHLAER PF-STO MEEIFMN

BRI FIHIED) TR AR ] (min) AR ZE (mg/ml/min) [N H(C) {3 5. (°C)
O#%EIh 108 10 0.580 110 5
PF-STO 1080 10 2.69 70 <20

2) EikRE
ST AR SY/5886-2012 (Rb & SRR PEBEVFH i) Bk, HEIHUMHE O 824 8
MRS, SCIRE R ML 10, TOHLARE IO 8 2 0 JE T R 8% i fi, 5 HIRMILE, 22584 60%LL L.

Table 10. Dissolution performance evaluation of reservoir cuttings by inorganic plugging-removing liquid system
= 10. THRRIE RIS AR S BAA M RETM

M ST [E] ERERE JEALT = Tk e R il kiR
(h) mo (9) m: (9) mz (9) (%) (%)

2 5.0050 1.3743 6.1101 5.38 66.08
IR R 4 5.0002 1.3704 5.9776 7.86 61.30
16 5.0030 1.3614 5.9287 8.71 62.75

2 5.0021 1.3593 5.5679 15.86 -

+ 1% 4 5.0043 1.3391 5.3270 20.31 -

16 5.0076 1.3626 5.1993 23.38 -

3) BRMERE

REVMRD TR T, 278, B CO H0 AVN TG, i 3 fos, i
AR ARG L, HE AR R S P REWS AER MR Al 8l R IR HE R, AT AR 2R A b 28
M 1L R SRI A T A Y, AR EARIRIEA Y, AR R R PR AL 2 92% LA |, BB B ARIAF
95%, TR I ARGV A RE R -

RATFRED CO,. H,0 FKAT

Figure 3. Principle of polymer breaking under acidic conditions

3. RAMARMFH THRRE
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Table 11. Evaluation of viscosity-reducing energy of host acid to temporary plugging liquid system
e 11, ERBERXTE iRk R AP RE TN

5% LR R 1 BT Do WS e —
©) ) (F#) (%) (%)

P 120 4 212 228 WK, REREHER
120 16 212 204 38
. 120 4 212 16 925
+IEH R 120 " " N -

4) ERZEeE

FERLRAA R AT T BB A R PPy, SCER S RN 12 132 13, SERREE IR AT UG
TERRYET PN 3%Z2 k7] HSIL-3 Ji5 B A i 3 0 4.28 g/(m?h), 34T K& kg 2y 14.04 g/(m*h),
AN TR 1k 1 Sbrife o

Table 12. Performance evaluation of corrosion inhibitor HSJL-3 in plugging removal system (Static)

@ 12, M5 HSIL-3 FERBHE IR IR R R I BEITEIN (B27S)

JE A 5 e TR JE ok AT 5T 5 () JE R 5 (g) RE(g) JE& ki K (g/(m?-h))
T H 7052 8.1505 6.7812 1.3693 251.71
7% 9 +3%HSIL-3 7053 8.1234 8.1001 0.0233 4.28
% [1+5%HSIL-3 7054 8.2038 8.1826 0.0212 3.90

Bk AT 150°C, HIESHET 4h.

Table 13. Performance evaluation of corrosion inhibitor HSJL-3 in plugging removal system (Dynamic)

= 13, LZM5F HSIL-3 FEMHE R IR R R I BEIEIN (BH7S)

Qe EEC EMPa myn  WEERE HEREE RMURRE REEE TR

Ig /m? Ig lg/m?h Igim?h

7059 150 5 4 8.2701 0.00136 8.1878 15.13
14.04

7060 150 5 4 8.2640 0.00136 8.1936 12.94

HE: 0 HSIL-3 gl 3%, A

5) REGKSE TR

AR I — Bl 2 O IRALIRIB 82, SRR AR HEAR LUAC IR 3, S SO R A A = T R T
IR G, N EEMIE, SRR pH (B, RS SR RITENiE . EAZRATHR SY/T6571-2003 (PR
WHIBR S TR E RITEREVEE 7LD K SY/T5672-93 (i H B3 ML REVEE Tk ) 4% Gl E ik, XTEHL
LB G RE JIREAT VRO . AR 14 T SRIR M vT AR 1, TE MU BB R AT IR O PO 28 5 BR/ 0 15 1

Table 14. Evaluation of inorganic plugging removal fluid stabilizing Fe**/Ca**

3 14, THRRE RIS E SK/AS B FREITN

Wi 5 Hety Fe**{fi(mglg) i Cafti(mglg)
ToHLAESE TR 990.3 664.6
FIERIR 780 -
EDTA-2Na - 750
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6) FERRTS FetEREPHT

HENZH SYIT6540-2002 (EFHMSEHMAR T IZE BN INE) » BT ge, )5 RIS RGE
ITAEHE . W3R 15 SR is HE AIA] 4~6 A DBER SIEAN PV B AT LU 1, REEREM R, P
BeA D HB BRI R ALY 5179 107.3%F1 102.9%, X1 W] 58 e bR 1 8L SE HMKTs 4L, [RINEx g2 —
SEMBUENE M. ERIERE, A ORBERIKEEN 96.8%, HKIREMER BB E.

Table 15. Evaluation of removing in-well fluid pollution by plugging removal fluid
= 15, RN FER IS RITMN

e o o S L KMBIER FLERE BIER K BIER K BIERWEE
SR s L (10° ) (%) D) (D) KJK)
4-1 AR 14.12 18.1 6.43 6.90 107.3

WZXX-3
4-2 B+ e 13.31 18.4 6.94 7.14 102.9
1-2 WZXX-3 EH 16.58 17.9 6.16 5.96 96.8
10 | I | | | 1
IRE5S] ”"‘M%ﬂ?ﬁ' |
9 EEEHES  IR&EH 3 IBEHELN Fagmixe |
i m EARERE T e .
— 8 178 7d 1 1 /R R |
% | | 1 Bi 4h |L\'7. 16h| 1
E 7 | I I | [
I 1 I
% 6 | 1 [ 1 I
% 5 I ! ! ! |
h I | I I
4 | | 1 1 1 I
3 I | 1 | I I
1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25
PV

Figure 4. Evaluation result of removing drilling fluid pollution (Core 4-1)
B 4. BEREREHRERINGERE (-1 S51L)

o 58 lzum 5850w |
o EMBUHRE | B ek ERBEES BB BRI pomeme
L e
S W '
8 % T I & "5 160!
3 | | (B AL 16h l
._E_ 7 " 15‘14hI I
| I |
lz‘rj 6 i I I
Py 5 | | | 1
o~ 1 1 1 | |
| | | | I
4 I | | I 1
3 | | [ | | | 1
1 2 3 4 5 6 7 8 9 101112 13P\1fdﬁ 15 16 17 18 19 20 21 22 23 24 25 26 27

Figure 5. Evaluation result of removing drilling and completion fluid pollution (Core 4-2)
B 5. B RERE RS RN ERE@A-2 SELD)
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9 [ 1 | 1 1 1 |
RE | RES | RE | REAE

s ERSONEH| % |pw#, EASREE | ma | sxs EOSARE
BHF w2 | B | @

7 I 1 | 1 I
— R IRCH | ORR .
Q6 I | | B | L 16h
E i | BL4h | |
M > | 1 | 1 |
o4 e | | :
" 3 I I I I l

| [ | [ 1 |

2 | i l I I | I

1 1 | ! 1 1 | |

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
PVE

Figure 6. Evaluation result of removing workover fluid pollution
E 6. MREIREMRIEHRISRITNERE

5. AR

2018 4 5 A 29 H~6 A 2 HREWAZLETE M XX JhHE AL Ht TN, BRI iE 254y,
SEHE 3 60 m?, I HAREEIE L5 4 P S — BT RS, 2018 SESEi i 1.08 x 10° m®, Hf5 T ARLFHY
T 2RCR NG, TIH N R L 16,

Table 16. Field application result of plugging removal fluid
I 16. SARERIANRAHR

TH filt s filts# f5

PE R (mP-d ) 27.73 89.10
P (mBd ) 27.70 89.00
FrKI% 0.10 0.10

6. &it

1) 2R AT K A OB SREG R, TR XX I PR 2805 K] 3 22 e e iy A7 LB 07
AT R A RO . AR AD SR S ZE =

2) BEXHIEH XX G E XA, H KRN ENR, W T - ER AR R TNIRE
W, AR R RGN IE IRTTTERE /198 RIRSIPERELF . MERRES SEIFIE I FRE DR . B S
R AR XX ol B -AL FERET IR, IR 25 e, SEBLS R Fag il 60m®, B BT
VI N2 P AT S5t

BE K
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