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Experiment and evaluation of capsule scale inhibitor for oil well in
low permeability oilfield
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Abstract : In order to control the downhole scale problems of oil well, it is necessary to prolong the validity period of
scale prevention and reduce the difficulty of daily management.In the light of the issues of low fluid output,large number
of wells, frequent artificial injection and relatively high cost in low permeability oil fields,the evaluation experiments are
carried out on physico-chemical properties, release velocity and scale inhibition effect of A-type capsule scale inhibitor.
Furthermore , the adaptability , evaluation methods, and next research directions of this type of scale inhibitor technology
have been proposed after on-site tests on four oil wells.

Key words: capsule ; scale inhibitor; release regulation; effect; evaluation method; low permeability oilfield

T AR 7 2R GE RS Y [P RELEEAE 2 52 R ALt 13 H R RO K ad R v, eI A0 25 30 Jal

T AR G IE A RIS ™ , 25 B A B FE B
T IF b 2 A SR xR R A2 B
TR F2 27 1 Z DR BT 1 B Y 0] i 3 25 10 i
SRl R AR 2 50 R TR AR R A 9L
L 25 75 0 ) R 0 By 9 R T Bk T ey
FHBU FP A B e 79 Tk BE AR A K

B33/ RS 35 i T & TP AR AR B 7 A
XHIE 2 BT A S HI, A DR FEEE X L i
AR i 600 T+, PR =8 F C ARl Eol i

SRR BEUB IR B A 7 AR AR
TR O Z KT &, WEAKZ AT
1 AP S KB B, HE £ 4E CaCo, 3 @C 4 A
INZEEALIEA 225, CaCO, Z535 7N B FL
@ULEAKIG, I HLZ K Ba®/Sr™ & &, 10
AJK SO¥ EEwE(>1 500 mg/L) , —F ™ AR,
SHUE R (JUHJE MR RS P TE L BaSO,/
StSO, Y5, BiiAMERE R (LR 1) .

PH B9 CaCO, k2Bl 3 £ AR A 45

F 1 ERSMEH B R KB K REFIEXS L&

BT RETRE/ (mg- L)

i Na* K* Ca® Mg Ba** Sp2* Fe?* Cl S0%” HCO;
El KRR X 14418 15200 1205 638 1280 1060 — 60600 — 146
MR ONTTHEI 5388 44 400 76 — — 5317 960 228 18860
JE A Al 7] 7081 414 628 15 9 284 — 12355 284 401
HRIE IR 10502 5530 1781 200 12 57 25500 320 330 43664

s B 7. 2023-01-30; & [E HEA:2023-04-13
TEE B 5 (1974-) , 5B W4, — 9 TRRIN/ #0082 s S T AR, BF 55 07 1 Sk il <0 H R A i Ak 2 ik 5 05 B R Sl iR R lqw_

¢q@ petrochina.com.cn,



* 206 - LA AL T, 43 BIET 1
il B RERE/ (mg- L")
i
Na* K* Caz+ Mg2+ B32+ 51_2+ Fez+ clr- Soi— HCO;
S $EE Thistle!®) 8500 180 260 60 45 48 — 1330 0 980
YL [H Forties! ') 25990 1050 320 43 765 33 — 40440 13 2920
REE Oseberg Sor 13256 321 756 125 128 148 22247 4 635 13256
A Gydal] 65340 5640 30185 2325 485 1085 167400 0 79 65340
2 [ Bakken!'?/ 79900 6700 818 386 55 156200 531 154 79900

1 Jey B - OFF 1 B 5 1 AR A i, 5 5 32 i -6
JEFE )T B ok fith 2 2 3 1 ) ol it RN A LT
B[R] s @4 4 T 7 B L B M T N R G5 7%
MELATERE 32 0 A 2 1™ X BC 2 @1 T AR
B U5 s s N 25 H AR 32 1 TR AR A 245 7]
PR F7 , AEAEME LAk B HAERR

KB SAS 8D B8 A A A B RS JE
TEREFEAZG ) T K W B A2 3 4 [ A
HFE 2 —

52 4% I 415 79 94 B A WL B 3 5 R 70 B I
AR BE A | M 2R AP 1 7 3 8 Fr) et
AT 25 P = R YR ) B U AR B R I S Bl R A
RO BE T IR AR R B AR R E A T
FED s RO B8, B R A UK (3 M A A
1 S A B R e s BRI & T HER A
W AERLE R, = S 2 D s e B3R R LT T D4
R K RS BRI 4S5 e

H 1994 458 584 70 B FE VD HF Ghawar I H |
BRI AL ) North Alwyn Y bV HB X ) Thistle 3
IR T T2 0B PR3 SR G M R 1 7
T P BRI 700 2 5 1 Tk 0 Ak 8 % R Bl I 1L 485
RIS T RS 5 7 R AR Al A5 A
KUY Ruiz 257 GE T RTRR AE [ 2009 4F R F
JEEBAT 600 F1H (i 2E B I A3 0, He v il
TSI 0 11 5 20 B U 390 5 1 2 - 348 300 L/ 9,
e L ATt 6 A~ H A 20 ; PCH-801 S i i
S5 1M 22 UAE A, e 15 2 B 45 7] 100 d
J& IR R E TR, B YR A ST 174 d
HAna) 300 d AL,

7 N BT T B30 AR B 52 56 AT F
3%, N4 JE P IS B R A A AR S T A T
7 1]

1 X 51

1.1 K5
A T BERG IR B A E A Pitze 23 7 7= o

kiR 280 ToK S AEs A Abah  E LB oK
RN AL S EREE Y R b et
1.2 {Y=5
5110 RV BN A 55 B F 1R & g 64X (1CP -
OES) , 2 [H Z24# 18 /3 7] £ 77 ; Nicolet 1850 RIZT 4P
TN, PRI R R BH A wl AR 77 YRD - 11 8h AR 4540
TR &, KPS A A "l AR T 25 et , b
UK EA R A BR 2 ®l N T, PHS-25 # pH it I
AR B2 e A A BR A W) A 77 5 YSBK -2 AU 4]
LA s A, 75 R R R A R Rl AR 77 5 AL204
HL TR, MR ) - FE R 2408 ( i) AR A A,
101-2 #Yr 3R X146, Jb 0 B K 24 A2 FR
INEVAEFE 500 mlL B TR B,
2 RREBRFIEZMHEETM
SRR b 27 KA AT iR 2 s
2 FimESEMEKAR
. B FRRIKIE (mg- L) W
Ca¥* Mg® Ba¥* S&* HCO; SO7 «I C
25 7605 676 13.5 13.5 275 3.3 74559 8.2 70

2.1 ESFhRTERE

A BABIRF A GEAT T ER R A A [ AT 2 I
3B R R/ INIBE 55 44 O A0 3 301 5 HIGR) 4 i, 52900
PEADEEh, A TR I B U 00 AL UL TR 1, T e A

e 3,

Bl AR R 36 FB AN W 4 A B R
3 ABBKEHEAREGODEELE

. W/ BHFE/ D)v4 B/
P (grem™) (mm?-s7") C C
3.5~5.8 1.10~1. 14 212.7 >100 -24




2023 £ 9 B

XoF B 5 750 Je 20 AR it 1A 08 VAR AT L A, i
T F B TR AT OUE U 2%, i L AR 4y 100 ~
300 wm PERIREBUR LAY, 22 WAME B HAZ 1~3 mm

FIRHBE RS HEBHRENBFISEN SN - 207 -

AR IR . FHELAMGTE A7 By 3 70 ) A 2 2k
B, R AT e AU e AU | 22 KGR i e e
SEOBUSE WS BB A RETRRAIE , TR 2 PR

100

90

80

T0F

60

BEL %

50

40} 2017 460m 3, 43.88%T

30t

_—

1068.46cm 7, 34.05

1 1 1
4000 3500 3000 2500

1 1 - 1
2000 1500 1000

B /em!

B2 A A3 E R ok

JE S B SE PR T 38 A e L S AR R R
Jovfn = 790 R 22 o 2 1 ik LU AT BB AE 28 [ 45 75 1)
PO B 45 i AR OB Tl i, (Rl 7™ R VU
Sl R RE M, AR K R SR RO — R 2
ASH S0 ) AT e S R E TR B B R
B YRR B I 7 AU EE 7, ] S K R A

HRAE GB/T 16632 ¢ 7K Ak P 551 BH 45 44 BE i ) 22
BRFRES IR ) | 25 N BC 3R 2 Bl 2K, A
A B FEBTRFIRE S 10 .20 mg/L, ¥FAH A [l Jin v i
FETFXF CaCO, FRMIBTIR 2, SLIR 2 /BN, AL
iR B 10 mg/L B, 4B D & IR U UE; kO
20 mg/L B, PR HR G060 TC UL UE , I v I B 77
B, LI EE RN 4 PR,

T4 A BT RSP ENR K%

AR HEAK HEK 60C

. BBy Bidh  BidRER/
W/ RBY ARV fHR nou
m A I %
(mg'L’I) mL mL A /h
10 200 200 500 24 /DEVINE 46
20 200 200 500 24 EULE 80

2.2 EhEFYRMERE

KB EEIR VRN R G AE 7™ Hh i e il e e
TR RGN PERER 18 5 MPa, f5 = i
200°C M P2 R BH S 3R K BB 37K DAAH
[ 238 R 7 A B0 I, PRI Rh SR /K AE I B A
BN RGBSR B (B
BT 316 L, K 1 m, NHME 2. 546 mm/1. 6 mm, £
KR ENEE 10 mL/min,70°C ) , 4B P BEN TG

BRI T R B, 2 B 28 5 7 A8 v R 25 (— e
eI P 6.9 kPa I, w5 11 5286 ) | 3 2 2
22 -t ) 9 28 il 2k, AT H0 DB 235 405 6 A R4 B U
FIRCR MR K R 2 HR 3 2 2 PO T 1 A0 455 400
JEK,

N S ASZER PP R SR, X A T B U 70 A A
P JZER AR5 Y5 R IR, DA A2 25 (1 25 i
] ¢, 2535 R ATES 18 min, JEEEMIZ RS
FERIE FER K R IR I — R SRR B A R 3%
BRI G , A 20 A e /MR RIS ]S4 2. 5, min,
MR K PSR TR ZER 2] 50 min J5 , 53] A R
PTG 0 B A RO FE (MIC) 2y 15 mg/L, SE5%
gEIRINE 3 FiR,

40 :
1 2

30 34 4

20 j

10

0 1020 30 40 50

30
B 18] /min

JEZ /kPa

60

1—0 mg/L;2—5 mg/L;3—10 mg/L;4—15 mg/L
K3 TRERRERE A BKER 5
XA WL R K 7 3 3K 4 R
2.3 ENERMERE
A BUGE R AT IR A 485, 5218
R B IR, F e L, AR S AR
PR DRI S P 24 50 A RO R S B
PRz — o Jd i ) B R A I 4 By 3 7



- 208 - FAX AL L

A RECHERE , IE 3R - DEL 100 mL 1Y A 7Y e %
7 405 R i RS BE A LA A1 ) SR A, T 48 A A
2 FR B 2 ERoK s @ 3l & A R AR K 1Y
FES HHE T 70°C FE IR A F B XU TR AR 9 B
SHTECHR IR ARV, FORT I AE S R R K BT
TH VR SRE S B S IS e 92 245570 ; @ 1CP sk - v
W P RWKE,OER LIREOMEDS, HE
R I3 3 B YRR A S AR T MIC, DS R
ks s,
£S5 A BRERYRRIZERIME K R E R
iz 8
BT S5

(R 185. 878 nm)

P IR & A

(KK 213. 618 nm)

WkE MRS Eq W25 EH
(FRE100 f5) /7 &i/  (WRE100f%)/ &&d/

(mg-L™") (mg-L™") (mg-L™") (mg-L™")

Hi1d 4.88 488 5.82 582
%3d 0.81 81 0. 86 86
$7d 0. 66 66 1.01 101
%14 d 0.53 53 0.71 71
%528 d 0. 41 41 0.52 52
542 d 0.33 33 0.34 34
%556 d 0.23 23 0.18 18
%560 d 0.16 16 0.19 19

A T4 75 9 77 B RO R % pH 5 C1 WU
P, pH L R CU SR I B e tg . MRS
AR ZEBHUSE I T 3B JZ K PR h A Ui
B PFIR AR, 7 d 5 2GR RO TR E
55 60 d P PRI BB AR RE AT MIC {H,

3 REMEFIIIHEE

FER S5 7 X H A R i 4 By 3R ) Y 4
CESCs, ATIXSE I N 45 CaCO, Ji S8R, =
B L 10~270 m WM NG 2R E R 2 ~
4 mm,

BRI IR i, U B i 2 AR B2 A2 b
f, HARVEML AR Ry OB P -6, B 2 & F
1% H MBTIRFIAI7K 300 L; @253 A A B
BRI AR TR 04 I 1 28 A B sl B 45 A7) 4 1
BRI, T F 5 A SRR, v AHERE S 200 ~ 300 L/min
(I SRR VA RO Y T e 22 B 35 7710 19
e ARYE IS 1 S B A5 B B Y 7R B
MEEART 1.5 m’) ;O H 1.6 m* &H 1% %
PR3 70 B 7K IR sk ; @G 24 b I 2E 784300

55 43 HIBT 1

[ HGYS =N
BRI R R 200~400 L, 52565 B W
TR R A5 IRHEER | IR PH S 1B 5 770 5 Ay e
YT R RIE B AT IR AT S D ik, 4 OS2 5
I A 7= e oy Bk FE AR AR N 6 TR,
6 TRANETRMBREEL

SRS 155-6  159-14 164-101 174-13

72 C4+5 c6 C6 C4+5.C6
I 4ETREE/m 36 18 20 22

H =i/ m? 1.64 1.72 1.02 1.08

K/ % 38.2 25.2 66.3 47.2

KR/ m? 314.5 465 272 316.4
Byl A/ (mg- L")

%590 d 10.5 17 30 22

%5180 d 0.5 1.4 0.5 2.3

i 48 B 5 3R LR B IS 1 48 )5, T oA = e R
e 14 g 20 975 35 700 A RO A3 B TSCR I AT DA s R
P LR SR T oA IR, Hod 159-14 IR
oA BB HE DI 77 200 L J5, XF R H WK 3% 2 BURE
180 d(HI 2 d/ Wk, JEH 7 d/vk) |, Wi o3 By eI 5
FHPILESE, 90 d %6 145 d WRHBHH P
ESEY =10 mg/L, 55 180 d (52 1.4 mg/L, K2
SR B 7 LR35 AT DR R TR 145 d, P
JLER BIYHOR E h 2 (1Al 4) Wa — Iy
Y= (1.03 x 107" £2.34 x 107*)x” +
(-5.01 £0.83)x"> + (67.13 +£5.26)

60F ~
5 oa0b "
0 N
é -
% 20 e
18 .
[-% - -
0 I ) L .-
0 50 100 150 200
) /d
R NewFunction( User)
F Axx? +Bxx"3 +C
22 B
A 1. 03867x107*£2. 34165107
B ~5.01426+0. 82841
c 67. 13502+5. 25987
Reduced Chl-Sq 18. 81701
R2(COD) 0. 92607
G R? 0.91683

K4 159-14 #XHBEP TELEL LA



2023 £ 9 B

FURE TS E AN JE A 33 2 GBI, T4 T —
PR, & AR N B B Hl B LS Fickian K AR
Fickian § BRI F A sh) SpLmimss &2
RV JZER KA 505 3 10 e e P S MR ) 3R 5
BEJRE, {52 PR 0 1 57 1 1) it 3R 5 ) 2 A o T R, 3
FEIE B R R 20 5 P9 o B 1Y ph ey I e 22 B
& | B e SE BB A TR B 23 HE

4 ZitERE

JEE By Y ) S BOE T /N T 10 m/d
HIFR AR R T 30 m 193l TR AEI D8k
WHECEINZS A2y s, —RIMEA AN ATAE] 60 d
DAL, ATB 1k CaCO; ,CaSO, Faits LAY I AT 2 55
SRAMBCAE S WAL o A T BBy Y 70 B 255 5 1
AE E 2 i B PR RE | Sh R S B R P RE AN 2 N SR
LI AT AN

LY SR A e B 905 S o e, UL
R 2RI 4% B Hh R DA 36 T — SR o 0 22
PR, BEOILA e AR N B 1 R R
Fickian }3F Fickian 9 B il B ZE 5 .

JE BT B A i S 7 BRI 5T 20 S i A
FEBNAS IR 23 AR B O 7RG R i, TR AL
BaSO, Bjj ¥ AR R WA, IF 4R R g DR A K F- B
IR A =T3RS

S 3k

[1] Kan A T,Tomson M B.Scale prediction for oil and gas production
[J].SPE Journal,2012,17(2) :362-378.

[2] Mackay E J, Jordan M M, Torabi F.Predicting brine mixing deep
within the reservoir and its impact on scale control in marginal and
deepwater developments[ J].SPE Production & Facilities, 2003, 18
(3):210-220.

(3] Zenh, S8, A A2, 45 I Al 25 35 B R B R 5 1
[M]AEsC: Al Tolk iRt 2022 183-192.

(4] ZERe Sl G RRERIG (i 3 R B BORBIE ST [ D] P4 % . P9 %
AR, 2017.

(5] EPRZR, SiHamg , ARG , 45 Jish F H3 DX H B R R B 5T
(1] AL TR ,2017,36(5) :53-56,61.

(6] FERR. /N H i AK S e 3 R B BT R [T]. N5
ML T,2011,37(23) :8-9.

(7] Rk, MR, XIATT , 45 A i 5% AR A B 70 BR A
Woe[J] Kdn AL T3k 2005, (6) :4-6.

FIREE (B2 EHEBEHREBFISEN SN - 209 -

[8] ZEBKE:, 136k, REMALIEN 12— 1 i FH 3 45405 AR 537 St
AT [J] AT RIR AR, 2010,32(2) :327-329.

[9] Howard S, Anderson Z,Parker S.Solubility of barium sulfate in for-
mate brines—New insight into solubility levels and reaction mecha-
nisms[ C].SPE International Conference and Exhibition on Forma-
tion Damage Control ,2016.

[10] Fan C F,Kan A T,Tomson M B.Barite nucleation and inhibition at
0~200°C , with and without hydrate inhibitors [ J].SPE Journal,
2009,16(2) :440-450.

[11] Mavredaki E,Neville A,Sorbie K S.Initial stages of barium sulfate
formation at surfaces in the presence of inhibitors [ J ]. Crystal
Growth & Design,2011,11(11) :4751-4758.

[12] Mackay E J,Sorbie K S, Vinod M K, et al.Impact of in situ sulphate
stripping on scale management in the gyda field[ C].SPE Interna-
tional Oilfield Scale Symposium,2006.

[13] Thomas C K, Robert P K.Microencapsulated oil field chemicals;US
6326335 P].2001-12-04.

[14] Bourne H M,Heath S M, McKay S, et al.Effective treatment of sub-
sea wells with a solid scale inhibitor system [ C ]. Second
International Symposium on Oilfield Scale,2000.

[15] Paredes M,Silva L. B M, Egas L, et al. A novel chemical treatment
and well completion strategy to prevent scale and production losses
in shushufindi aguarico field [ C].SPE/IATMI Asia Pacific Oil &
Gas Conference and Exhibition, Virtual ,2021.

[16] Hsu F,Al-Zain A K,Raju K U, et al.Encapsulated scale inhibitor
treatments experience in the ghawar field[ C].International Sympo-
sium on Oilfield Scale,2000.

[17] Shen D,Bhaduri S, Minh V, et al. A novel solid inhibitor for an-
hydrite scale control under extreme well conditions [ C ].
International Conference on oilfield Chemistry,2017.

[18] Weghom S J,Reese C W, Oliver B.Field evaluation of an encapsu-
lated time-release corrosion inhibitor[ C ].Corrosion Conference and
Exposition, 2007.

[19] Ghouri S, Ali I,Shah N, et al.Downhole scales management in ma-
ture gas fields[ C].Pakistan Section Annual Technical Conference
and Exhibition,2018.

[20] Bhaduri S,Shen D, Gupta D V S.Application of solid scale inhibitor
in annular space to reduce well intervention cost[ C].International
Conference and Exhibition on Formation Damage Control,2018.

[21] Ruiz D, Jackson M, Fabian T O, et al. Application of encapsulated
scale inhibitors—Understanding the field success factors[ C].Cor-
rosion Conference and Exposition,2017.

[22] B GeRE R R A BT 51 & [ M. b at ., b B2 2R
Hi kL, 2006 :44-52.

[23] E.LATHTAR. O R R G h i AL B [ M 5958, 2208 L, %2
FRAE ST A2 Toll i ik, 2002228 -232. 1



