Advances in Porous Flow 2% /172§, 2021, 11(2), 39-46 Hans )0
Published Online June 2021 in Hans. http://www.hanspub.org/journal/apf
https://doi.org/10.12677/apf.2021.112005

=R E AR FKEEIE R 77 AR

£ OH2 R FT FUEY, EHEY, AeAY

Uop A R ARSI AT, KPS A BR ST A W BT R TR, BRIT KR
PRI ME B 535 ) TSR, BT KR
Email: yuanm@petrochian.com.cn

ks HiA: 20214F8 H10H; FAHHEM: 20214F9H10H; KA HM: 20214F9H22H

H E

KX =u R G IR 5K EREGVIR HITKIINEHEEK. P EYEENLE R, WA T
FHEKII REN =TSR MK AE AN .. SRERRY, =nR SRR 5KEFRiHE
HIFETR 910 mN/mBES, MAKKEH A4, WMBENAN2.3%; RE=TTHEWRHIFKER
EEREENGE ) SRHMBRLRLER, xR ERINGKESFYEE. SHEBRKERLT,
HEH=ThRERREENERE 5SS B KEH=THRRELE, N17%. BR=TEERKBEK
DLEZEEHRE, XNARE=TR&4ER,

XKigid

=REERRHTEK, FEKIT, E, BmE

Discussion on the Treatment Method of ASP
Flooding Produced Sewage Back Injection
and Oil Displacement

Min Yuan!2, Yu Zhao'2, Shaojun Yu!?2, Xinjiang Wang?!2, Yuhan Jin12

'Institute of Exploration and Development, Daging Oilfield Company, China National Petroleum Corporation,
Daging Heilongjiang

2Heilongjiang Key Laboratory of Reservoir Physics and Seepage Mechanics, Daqing Heilongjiang

Email: yuanm@petrochian.com.cn

Received: Aug. 10", 2021; accepted: Sep. 10", 2021; published: Sep. 22", 2021

Abstract

The produced sewage from ASP flooding and polymer flooding in Daqing area are both weakly al-
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kaline water. The effects of interfacial tension and viscosity on oil displacement efficiency of ASP
flooding produced sewage were tested by using the laboratory physical simulation experiment
system. The results of the experiment show that the interfacial tension between ternary flooding
produced water and crude oil is 10-1 mN/m order of magnitude, the oil-water viscosity ratio is 4,
and the oil displacement efficiency is only 2.3%; According to the experimental results of the in-
jection capacity of the ternary flooding produced sewage compound system and oil displacement,
the enhanced recovery rate of the ternary flooding produced sewage compound system is 17% as
compared with the ordinary ternary system under the condition that the suspended matter and oil
content of the produced sewage compound system meet the standard. Therefore, the produced
sewage from ASP flooding can be directly injected back into the formation, and can be com-
pounded with the ASP system.
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2. RWFRHRFAE
2.1. KIAM. K

1) =N SEE AR 2 K B O B b 2K BEORMEC T e, 40 FE 6770 mg/L.

2) SEB K B ECE B 1 =00 5 A IR 5 /K ARYE S 86 75 Zhd i A FE . Beflim e, AT IE A
I 2% 1F T IR A TR IR BRR ISR

B F . KRG MER ] AR-G2 YAt ARSI & (0 5 i B 45°C) I 45 R R

a) RN AR RAR, BTV R 7.34 (Is), K5/E N 9.8 mPas, WLIE 1(a);

b) AL Z KON R A, BYY)E S 7.34 (I/s), KiEA 0.62 mPass, UL 1(b).
2.2. BILKESR

RAE K PO H S8 ST U7 1 R AR 2 OFEf, BERV BN 2.5 em, KFE 4~5 em (A . B S2E
43 H8/NF 100 mD. (100~300) mD+ (300~600) mD #1(600~800) mD.
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Figure 1. (a) Stress-strain relationship for simulated oil; (b) Stress-strain relationship for water

1. (a) #EHUHRIRI N - RALHA%E; (b) HRKMIN T - A%

2.3. SCIRIREHREE
SIS AR R AR IR VS, X EEE N 0.2 mL/min.

2.4, SLIGBR
1) Buts, e, Mg amORASH(CE LR, SRBERE);
2) ‘HOBAMEKERE S e OREZE, HEILEER PV,
3) B )Z K. FENIKAIALIAI 2 A BE 47, ORI FE R, SEI0EE 45°C;
4) HZ/KHEZS R 2s, TEAKIRIRHE 2R, WA, TS S v v R
5) W& R

HiJ2 KR % 4k 98%, ik 0.2 ml/min, *&ﬁﬁ@&ﬁhﬁ, HEAMRBEE, I

TR Z K KBRS

= E AR 5K E 50 PV BRI NI, HHE =0T KR E e i AR . S fE iR
TEE#YE, IXEE A 0.2 mL/min,
3. ZRXEAREXRHBKKEER
31 ZREARRESKFMERTESE

= E AWK TG K BAMK P E O REEY) . RG] S LS = T4 B (B R I J5 1A
BRONEE . JRAEE), AW NEIFY(R S L EAEE N B REE +, B 4008 S KAl 4 @ik &),
Horp— e Bz Mok R HAEEREAY.. RETEER . WMEAHRS. £ 1 A=0E SRR 5 K&
Waag, TUELREYSER S, NA4T46 mo/ll; EFYSENE S TRESWIRE RIS K, WH=
TCEAWRE T HEE LR A A B ER A REIER, =nE S8R5 E e L S ok
BBk TMERXT BRI BRI A ER, F S S B SRS KK E T ARG K.
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Table 1. Statistical table of various ion contents in produced sewage by ASP flooding

* 1 ZEARREISKFHER S S BRITR

o4 REM R 7 R B EE TR IR B BRAi
i H mg/L mg/L mg/L mg/L ANImL ANmL
& 474.6 324 57.8 81.6 300.0 25.0

32. ZnEAEREBEKENETHISE

Rl = e 2 A IR V5 K & RS F gy, 4 2 WG, ZnE AR IHK PHAEKRT 7, S0l
SR A R, Oy 5687~7094 mg/l. =IoE AR HIT K P AEMOH) B FEEH N0 mo/ll, £
WIS G NaOH D28 7E = R & RIS I F rh 58 42T #E, /KB SR 2K B RIS KOK B — 3, #9859
I(NaHCOg)® . = e E A IR 5K i HCO, 85715 Ca®™* . Mg i WA= Bk 5 sl Bk R B D e, B
PR R M R KR B AL R 2 IR S5 IR IR

Table 2. Statistical table of various ion contents in produced sewage by ASP flooding

F2 ZREAERHSKEMEFRISESHITE

. H T3 B (mg/L 99 55 ¥k (mg/L
, AL O 5 73 £ (mg/L) B FE (mylL)
IKFE PH & (ma/L)
9 Na"+K' Ca® Mg cr SO> co” OH  HCO;
ZI6i5K 1 vk 8.13 7094.5 2037.1 50.9 13.8 880.1 6.98 0.00 0.00 4105.5
=Jei57K 2 ¥ 9.10 5687.5 1883.9 32.8 7.45 848.59 58.9 720 0.00 2135.7
R 2 7K 6.9 6778.0 2316.4 10.1 11.7 2464.7 62.9 0.00 0.00 1913.2
FEREK 8.21 5224.5 1668.6 45.4 15.0 1170.2 9.9 289 0.00 2026.4

4. ZLEAEREISKIFMBRELELER
4.1, =R E AR HISKEKIE R MRS

Wt 5 R DR FE i PR AN S R AR RS TR AR, Sl e 7 R /2= 25 7K AN e T
ZUCK I B ARSI HOR LB, SRR - (22 AR IR . & IR A 22 70 3R e S R U
FBEEREH =R RE: —RMZ AR R, AR SCERIA FEER, 2R R AR
FOREAT IR SR, HRER TR IR RER AR ORI B, IR LR RN AR RN TR A
B e BH LR, R R EOMOR s =Rl TR AR R R R, 2R A G A A T NGRS
P

SEIE N ZNCORS B2 iRy, IR I R DR A IAE FEE LR AN (RIS AR FE L peolpow BRAR), BEA )T $ /K B R0
. SnEARRFRGYN S RERR S, HEMERY. W LR EE, ZnE A IR KR E
FEARTY 2.4 mPass, JHZKKEEELLBCRZI Y 4, AREA BRI L R H[6]. 34h, Al = uE &R TS
K S A ) I 7K 70 5.8 x 107 mN/m,  H1 T = 05 A BER H V5 /K 8588 (NaHCOg) i 43 A K 4 11 i 7
FIE BB, PR K K 0 K SO i 2 AR B BE RS, e A 25 L K 3T B i v R
#2.3% (WA 3). MRS RMERE: —uE IR ITTKAI I RN, &5 BB S
R TR S R BRGS0 R A VR B, R FLAGh R RE 0 ORRgS, X 2 MAEE
TER, RIEKIRIM R R 5 R b, IFARE[T]

DOI: 10.12677/apf.2021.112005 42 BRI R


https://doi.org/10.12677/apf.2021.112005

Table 3. Experimental results of oil displacement efficiency of produced sewage by ASP flooding
3. ZE AR ISKIFHMELILER

7K JRAG 7KK B4 e
FEM S BIER TN PRES P& Pl HiE
(mD) (%) (%) (%) (%)
X16-2 34.7 48.7 41.2 426 1.4
366-2 89.8 56.0 415 436 21
372-4 149.1 58.1 47.1 50.9 3.8 =ILi5 /KR
TR 3 v
222-4 241.4 64.6 46.2 483 21 T 2.3%.
452-7 48.9 58.4 429 44.1 1.2
452-4 66.8 49.8 45.7 48.6 2.9

42. ZREARRESKAATEI=TE5&#

THZ LA R PR ST 5K T R MR AR S A R T A, SLBR R B TN T, AT
SN AR B RIEIE, = e AR AR5 R R i sk b, BERGE W = 2 S RO R . K&
FENMIGRIGRY, =I0E GRS Y BRI 5K /(<107 mN/m B gOms, AR/ i
KNI F7, (et AL ™ A, SRS B R 5 A0 2R T PR B AR D B 2 e R S B SR B AR . =88
ER RS JE ) ST BRI RN, BREE U R SRR IIVEIEE S, T =Ju B SRR KB RE
NP E M AACIIRRRE, BT = e R S U S R HL. AR = el KL = 2 SR R BEA R
R AR, ORI G N R ACR, SR R = e B Ak AR 5 el 18] ST 5K 7738 B RR A B 2

7K

SEEG A R AR 2K . = n B A IR s KIS = ok &, O E R, il 2, &3
Fizn, SRRHE=0E G KB I5KEH K =08 &R, 7555 15 (0.8%~1.2%) Fl 2 T 7% P4 57
(0.05%~0.3%) i FETu FE Y, fEs -5 3 A1IA 2% 1072 mN/m $E 2% ATk /7 .
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Figure 2. Ternary system interface activity diagram prepared by simulating
formation water

2. 1R RKECHIR = A R A EEMEE

DOI: 10.12677/apf.2021.112005 43


https://doi.org/10.12677/apf.2021.112005

A

(Wt%)

NaOH (wt%)

Figure 3. Ternary system interface activity diagram prepared by
ternary compound flooding produced water

3. ZREAREREFKEH = THARFTEEEE

B =GR TKER =R R R Z G, HEATE CIENBE LY. S0 TEA R R R
DB R OK AL K = e E AR REAT A OB LS, SRREANLIRE R, FEARAFRSTY & E
AR =t 2GR 5 KR K =B a1k &, 3t 25 ALBIAR, WEENEAZRAE . =7t
HEPRMSKEEH = u B AR/, BA™RiEh = u &R K hBFE & &, SilESEEK
fEFR[8]. [ 4 RABEEAKPEM. EAFSEDSTERMAT, =R ERRIGKECH =TE a4k
RMENBEIVH S8, SKIGSSRATLUE I, BB SIS BN, ARt ETHO]. B,
FEEE. BFYE BB T, EAERN ETHEEANE, BERTEREE 50%LF, =tk
B YRR 5 K AT AR = e AR & [10]
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Figure 4. Experimental results of oil displacement of produced sewage by ASP flooding with effluent
from ternary compound flooding system
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43 ZREERRNSKER= R FRBHESLE

T FT I = ORI IR, BRI TR AN AL ZE R LE IS AR S T R AR AR A . FE = R
T, FEAE AW S IREE 7, OK S0, AT 51 A JE T 7K 23 A R AN 4 A TR AU AR A [11]
S UK IR RO EE R ITHN R E . — RIEAKE R Sk S, @R, WK ATk
F1i% %) 1072 mN/m BRI, 75 S A8 R R S AR [ TG AR BN B IR, AT AE 2 T IR
TRRIENARRBPREEE, FENACRE BB R, DX R AR FE LR, 2R T R FE IR, A e v o
R IRE AR, RBOEATKOKICR B S . =8 &R 5K BB = ok & 5 I 1) (4 S 5k 7y
BEBZIAH] 107° mN/m 2k, KGEEA 54.2 mPass, REWEA R KhE K R BRI AR, $EESRICRIE A
£ 16.9% (W7 4).

Zr LRk, AR =02 &0k s KBk =n B a A R, BER R 1 R PO 5 KR0S 430 5
R R, SR ZIe B AWK KR E SRR, il R JER R, T v K A BT TH R OK &
BN, MGEIT K Bt i T A R T R L [12].

Table 4. Experimental results of oil displacement efficiency of produced sewage by ASP flooding
4. ZEAWRE SKIRHELIER

KM JEGs S 7KK 5328 et
FEM S BIER T KUK Pl SRR &
(mD) (%) (%) (%) (%)
1110-3 9.84 53.0 44.8 62.2 17.4
371-8 39.94 57.7 46.6 62.7 16.2 EVIREYIN IS
PR IR =
22-8 40.18 60.4 335 50.0 16.5 TR 16.9%.
1116-4 118.68 58.4 46.8 64.4 17.6

5. &ig

1) = AR HE K 5500 (NaHCO,) 5 3R T VG PE I 2 [MIA A BB AK SR 5K /7, RE W& 2 5]
I WRE S B JE R PG, 3 i = e S IR 5 K SR AR i AR AR 2.3%

2) TENREIRIGERERY, = nEERREIG KT UER =0 R, Hi5KhEFEE. s
W HILE 20 mg/L LA R

3) = E AR EIGKERMN =0 & REWRME RS, 5% @S KEH =0k 2 — K
i R 4 v L RSO

S 3k
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