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KEKMBEIEARBRATERKFIRE I EI0MBEA R KT E RS HIN . 8B.5%
F HASRBH, ZEHEAKENAKEREHRREAEF. KKK HHERERXOHFRE
ZH,AREN 120X, SUBTFHOO.EERFAENRRRAE 62 OH, SOETH
47 A, — Ba" ¥R ERE mg/L, P HH X 1000~ 1700mg/L, B RE X 75 H K
1674mg/L, B8 11 3 X 1612mg/L, B — X & 10-15 # X 1014mg/L, XESNE FHHOHE
Ky —RBAIFBREEF. FAFEAKBBETNEK, & SOi” & 1051mg/L, HF A F Ba®*
B3, —RE SR SO, M — X 7-15 # & SO~ Bk 8019mg/L, LFREEEEHA,
mABXKFSHRESFESFRNE, FHIRFERE, ENEP R E BT HRe
g3, MIREESW, HPRBRELE 23.95% ~77. 7%, FEWAER 112 O, 435H 38 028,
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ASE Bl EHE K. ENHERRIATZROER. RERANENRTREXR
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AP KPYRE P bar(10°P) EATH K ME K (DK 1 bar (10°Pa) E /1 F B9 K {8 AK®,
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i, BRENEmEK.
2.2 Pitzer 58
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nYiex = 1ZuZs|f + 224 5 ma(Bua + 1 Cus + 226> +
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+ (2 + 1202107 + 5 Dmme P + 1ZuZx100) @
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B2 B R4 4R, 85— 84 W8 IE 49 Debye— Huckel & REE L f, K op
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X8 A, Jy Debye—Huckel R¥, I AR TERE. HEARAH THAEEMLERMBENS
He R, X H '
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Bij = ﬂi&m + é"—;f[l - (1 + alfm)exp(—" 0111/2)]‘*"
1

+ %};[1 — (1 + a,I")exp(— a,1'*) ] (5
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AEFMEES, BEBWELEEA Ba?".Ca** . Sr?" . SO{™ \Na™ .Cl” Mg* ¥ BT, H &
DEREZRPETEAR BENE) WXRRRAN, EEERKREMESN T RENME
R RN Ay, XM R AR AL 7 B BaSO,.CaSO,.SrSO, KV 3H7E R ME.

B:, = (6

2.3 BMEXRAE
ERABERT, YERT M HHERF X" ERIEY MX i
M?** 4+ X*= + nH,0 = MX + nH,0

K, mx = mymx¥u?x 0 = Qb mx?ia 0 &)

Hepru,7x AM X 0938 ERE V,0 B AKKITE ERB Qoo BT BALE BB B F 71
H LR

- ansp,MX = _%anlp,MX + lnny + %[nyngo (8)

%t F i & % W (Ba, Sr,Ca)SO, —H,0, (Ba,Sr,Ca)SO,—NaCl—H,0, (Ba,Sr,Ca)SO, —
MgCl,—H,0, X B — &8 B E 1 F BaSO,.SrSO,.CaSO, #) ¥ ## B JiE © gy, fy st 2k 18 —
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Fig.1 A flow chart of the computering procedure module

3 WME R4

PASCER O. ]. Vetter M M. D. Yuan #B# G. Atkinson S W H BT HFTHETR
BB P ITANKERBIOE 1.

21 SN ARKERR (R .mg/L)
Table 1 The composition of the used water samples

KETE W

K6 Rl RW.1% RW. 2 K SW.1 %k SW. 2 %k Ak Bk C K
Na* 98512 98512 72076 772 43817 39292 44275
Mgt 511 511 464 188 1422 1270 1215
Ca?+ 21663 2166 1805 289 7930 6977 6967
Sr2+ 1106 1106 0.5 0.5 560 565 550
Ba?+ 495 495 0.7 0.7 - 0 0 0

cl- 192190 159276 113483 1490 85555 76148 83957
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an
S P2
KR RW.1 7%k RW.2 %k SW.1 % SW.2 %K . AKX Bk (oF 3
SD§~ 1.5 1.5 2348 915 210 540 100
HCO}~ 363 3.63 726 145. 2 232 311 360
COi~ ] 0 0 0 0 0 0
K+ 524 524 0.5 0.5 0 0 0
Fei+ 485 485 0.5 0.5 0 0 0
MR 1,8, 9 A RIEBRE 2.% 3.

%2 SrSO, Wit MG RELB (T=230T . p=1133. 9kg/cm?)
Table 2 The results of predictions for SrSO, scale

B 7 ik 1. Y. FO. SD.

K& EHL® i EHESW® BT pug: ii): o PidE & (mg/L)
A K WL 1.04 wvise WoiE 1.05 32
Bk PLIE 1.70 JLdE sl 1.73 467
(oF/ 3 AULRE 0.72 RULE RULRE 0.74 0.0

£3 MBHRLAENULER
Table 3 Comparisons of the simulated predictions for the sulfate scale

WA HAKSW. 1 #EKRW. 1 BA p=20266kPa, T=100CH A7k SW. 2 #i 2k RW. 1 B4, p=20266kPa T=100TC

7;/7}? BaSO,(mg/L) SrSO,(mg/L) CaSO, (mg/L) BaSO,(mg/L) Sr80, (mg/L) CaSO,(mg/L)

%)

V. Y. A. SD. V. Y. A. SD. V. Y. A. SD. V. Y. A. SD. V. Y. A. 8D. V. Y. A. SD.

0 0 0 0 ¢6 o ¢ 0 0 0 0 o0 O O O O 0 O O 0O O 0 0 0 O

10 480 450 483 0 0 0 0 0 O 0 175198 188 ¢ 0 O O 0 O 0O O
20 620 620 528 619 0 0O 127 95 140 30 0 O 360384390 ¢ 0 0 O 0 O O O
30 556 0 0 449 0O 525505449509 0 0 O O ©0 O O O
40 500 480 410 482 0 0 556 486 880 410 0 261 475 480405479 ¢ © 0 O 5 0 0 O
50 345 403 0 O 567 405 633 420 410 343 406 20 0 O 100 70 0 O O
60 390 340 276 323 0 O 418 31815001200255 981 335 340 275327 22 0 8 179150 0 O O
70 200 243 0 O 274 226 1282 255 260 208 247 7 70 38 185245 0 0 O
80 160 170 139 162 0 0 143 12919401425 4551482170 170 139 165 0 100 58 120 340 5 0 O
90 69 81 0 0 19 23 19601400 73 1412 70 70 70 82 0 60 52 0.94440 0 0 O
100 0 0 0 06 0 0 0O 0 104010 0 355 0 0 0 0 O O O 0 160 0 0 O

HPpHMb % V. =Vetter™, Y. =Yuan®, A. =Atkinson'®, J. =Jacgues!',FO. =Field
Observation™,SD. =RAIFF MBI R, NBRERR 2. R 3 TLUHEH, ROGMHHER
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BEFHEATERIBRPHITRLEFAR.

4 KREKHMBEMHFSHER B

KEDUWHHBERIEFRERRERGF REI.E 10 MBH B KPP ERENE
FMESBREH EAZXEAKNEF K SERAFMRMR. A 1979 FRUR, EZXH 108,
107,103,203 B MY R A MM LI, SR —LMARMIB LR, EREL T,
R R P A FRER.

He 8 i AY A 46 BX T o vk EE R K 5 0 A K 84 BB 43 AT BE R LR 4, 0 MR BE O FIE BE
FHERES.

F A ERAER KRR (R O, XEE 75 FHBK. B 92 B KFE R EA KRS EH
B&MAGESH THITRETM, Kb 2 taBKMBHEAKBESEMBERMG A TEATN
ZRRA 3,

XRE 11 HBEKMR 7-15 HRBRR KRS, EHBE&HE B THEATMSER A 4.

FMERFAERERMEWMERMH TSR 2,3).

£4 HABEGKEDRHERBKSEAKKERY
Table 4 Compositions of the formation and injected water in Changgqing oilfield

FEH TR (mg/L)

‘ B LE
B TFHE #5
* Na+t  Ca?* Mg?* Ba?!t  Cl'=  SO§j~ HCOi~ (g/L) *u
B923 34575 5092 665 488 64371 0 203 105. 39 CaCl,
wRK  WI5H 32866 6265 444 1674 64549 0 195 107 48 CaCl,
B 11 ¥# 40077 7343 837 1612 77566 0 149 127.58 CaCl,
MK  H7-15H 16476 694 304 0 21398 8019 305 47. 20 Na;SO,
HEAK WH K 758 67 31 0 445 1051 259 2.61 Na,SO,

s WAEMBMLESHmEBEE(COKE
Table 5§ The pressure and temperature conditions of the oilfield

MERE FEXKE HOKE WREEH HERER HEERE HOBRE 2 HERERE

WEEAGA 140 50 10 1 60 50 25 20

WEXH®B 200 160 10 1 100 100 70 20

. latm=101. 325kPa,

O BEFZ. KKEBHERIKWE — B KBREENENR . KRAEMBERE, 1902,
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Fig- 3 Predictions of sulfate scale after mixing formation water '

of Nan 92 Fm. with injected water of L.uoche Fm.

(mig/L)
42101 11 © BaSO4 12 601 11 7 BaSO4
1 12 1 CaSOs L 12 1 CaSOy 12
3368 481
2526 1 36[ \
1684 24[
842 12[
oo
100% 50 100% 100% 50 100 ¢
WEA HEAK MR FEAK
(mg/Ly (3 THARBRER R £ U5l 45 T (b) REFARIEESE 58 % MM
40} 11 : BaSOs« 501 11 1 BaSO,
32[ 40[
24[ 30f
160 20f
3: 1 10:
100 % 100%  100% 100%
3.3 Ak HEK HEA K
(o) HPmEsRaY RN Cd) i WLAR AL 45 1508 45 LM
B4 f 11 MUBAKFE 7-15 HEAKIR G 6B £E 35 B

Fig.4 Predictions of sulfate scale after mixing formation water of Nan 11

Fm. with injected water of Nan 7-15 Fm.
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PREDICTION AND SIMULATION ON SCALING TENDENCY OF
SULFATE IN FORMATIONS IN CHANGQING OILFIELD

Yuan Yirang Liang Dong Rui Hongxing Wang Wengia
(Shandong University)

Ju Quanyi Luo Chunxun
(Changqing Petroleum Exploration Bureau)

Abstract

In Changqing oilfield,there is a large amount of Ba**,Sr** ,Ca’" in formation water and
SO?% in the injected water (Luo He water). Since 1979,the sulfate precipitation was discov-
ered in many places of the oilfield. The problem about precipitation of BaSO,, SrSO, and Ca-
SO, is considered in oilfield operation. The prediction model and the numerical simulation

method for sulfate precipitation are studied.

Key words oilfield production sulfate scaling numerical simulation

Changqing oilfield prediction
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