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Key parameter limits of water injection quality in offshore low permeability reservoir:
A case study of Liushagang Formation in Weizhou 11-4N Qilfield

TANG Mingguang, LIU Qinghua, XUE Guoqing, ZHANG Jiqiang, LU Ruibin

(Zhanjiang Branch of CNOOC Ltd., Zhanjiang, Guangdong 524057, China)

Abstract: The unclear understanding of the micro pore structure in the offshore low permeability reservoir affects the determination
of the key parameter limits of water injection quality. Therefore, water injection quality evaluation experiment is carried out based
on the characterization of reservoir micro pore structure in Liushagang Formation of WZ11-4N Oilfield studied by indoor constant
velocity mercury injection experiment, then to evaluate the influence of the key parameters of water quality on the seepage
capability. The results show that the throat size and distribution are the main factors that determine the seepage capability of
reservoir. There is a good power function relation between permeability and mainstream throat radius. The throat radius of the first
section in the Liushagang Formation is about 4 wm, while 1 pm for the third section, and the former has strong flow capacity. The
increase of the particle size, particle concentration and bacterial content of the suspended solids in the injected water will greatly
increase the injection pressure but decrease the core permeability. Taking the damage degree of water absorption index to reservoir,
20 %, as the lower limit, the key parameter limits of injected water quality of reservoirs with different permeability levels are
established. For the first section of the Liushagang Formation, the water quality of the recommended injected seawater are of the
concentration that the suspended solids particles is less than or equal to 2.0 mg/L, the median diameter of suspended solid particles
is less than or equal to 3.0 pm, and the number of bacteria per milliliter is less than or equal to 100. According to the guidance of
these above data, the effective development of the main formation in Weizhou 11-4N Oilfield is realized by the combination of
water injection and seawater softening treatment technology.

Keywords: low permeability reservoir, key parameter limits of injected water quality, mainstream throat radius, fine water

injection, effective development

Yo B H#A:2020-11-25,

FE—EEENAPDE(1986—) 3 AL, TR, F= 4 SRl TR 87 A BFTE AR . ol ) A8 T il Sk DX R i — I, BB
%ifi%: 524057, E-mail: tangmg@cnooc.com.cn

EETE 1 0 GBI TR 0 g ¥ P VARSI TR S BRI T (20167X05024-006) o



710

DL, A5 i E ARSI AOK FUOCHES B A RIS

2021 4F
F11E 5

T T P S 4 B IS il i A b A e
TRVS AL P TRV U ALK 2 AT A ROT & I 2t it
X PR FE KRR IR 2 B LR E AN E il
FRIGTF R AR T RELE, HhEKIF & &
N Z ROR B R R R R T X2
—H RIB M  FEE A0, 7R K R A K
JIAN bR ) 1 UK JZ B B R TR, B 5
PSR AR VB 425 Tl A A ot R e A T K T
WK BE A1 KA 7= I A OB e [ L, 3 B2 Ji R ]
IS5 8 W 2H B P R R AN BC AL L 3 A 7K TR 3t
REEEFESF AR, R, IGIE B il T KO & B
BT B 1R (R FE K OK SBUAR I BOK B il HoAR  H &
T K AR I, 3R 20 T4 1 KO FAR o 3
S22 N OK bR, IR LS AE LB 58 % BN
1994 A4 H 14 A2 T ATl s v CRAR i 265 ek 8 1 7K 7K Bt
HEAFHE bR B2 3BT )5 15 : SY/T 5329—94 ) Wi A K S fas
il F bRt — 2 A4k, 43 2 g il 48 A A A Bh MR
B, I3 B =AM )28 08 22 S A 8 T 245 il Fa b
I3 3259 G, AT IAT b AR T g A TR K K T
Fe R K 71 - SY/T 5329—2012) X itk — 4143 Hy
5B ARG W I R AKIK R K &
PR T HEAE AR P8 A5 18 BUE R M EAS 7
M, AN AR YA SE PRI O, 7650 SC R0 SR
i P C K BEAR A X — ASE AR E N S
BT XAt 2 IO L BR A5 A RR IR 37 5 2 AH DR A
IR L EES T B S 2 T RS 20 7K T

TR 11-4N I F VDb 21 0 2 2 AR UGS )2
3, RS B MR 2 R NS RRAE B R

[l T rh s e AR RIS AR R & k)R 2
THALMRES Y RAE B T T 22 57, S R e A
AFFPB L ARE ST, A PGl HRZ B AR 2%107 wm Y
i )2 ] A SO A R DRI B 2 R 2107 pom?
(it 2t LA SO o 238 N N SE IR A JEE
R 8 A R R R S0 VB 20 I D s 2 4% X A
JEWOMSLBRZE R RRAE , 2 HH DR TE il = B A I
AR TR T R TEAOK BN S5, 57 T4
[F)7537 R YU 2 BT A K BOCSES U BR , bt #fE
gy T 114N 3l TR — B RS K A SO0 %

1 O BREEH FF A 5

Sy B 220 T 1 1—4N S O V0 v 46 2 RO
FLBREEH , e H AREE X 9 B D AE S IR A R TR
H 3R R 5255, >k ] 36 [E Coretest 23 A il 3 19
ASPE7301H# R AL o #ERFET10~6.9 MPa, ik
HE 0.1x107° mL/s, 7 5 5 L4 fil ff 2y 140 ©, S
3K 7128 485 mN/m, #H D SRS EOL LR AE R WL 1,

A9 B A FLAE 242 A 242 A1 R B (
1 E2), Fr DB iE R R 22 7 (HHALE R AR
EAK, EES AT 100 ~ 250 pwm, T M E A2 K
INRGF AR 25K W T AR A AT AEAE 4 DX 2 /s
F1pm.1~2 pm.2~4 pm, KT 4 um, BiE R 5%}
R/NVF1%107 um? (1~ 5)%107 um?, (5 ~ 50)% 107 um?
KT 50%107 pum?, 5375 5 BAIC, Wi 2 428 53 A1 31 B
78, HEE T TE/NLIB MR 1B 0% 2K, Wk IE 42 55
A7 3 FEIER B8 , P b 16 B FLAE AR AN 25 I8 38 R (1)
FEHEZR, SHERB EE N T 22 Ml 2 s

F1 ERERIEEOCERTHRER

Table 1 Basic data and results of cores used in constant velocity mercury injection experiments

T PN ) A U e 1
]y M re e G T e it i) S 5%
17-2 WZ11-4N-6 LIV 22116 2.77 12,5 5.0 1.629 1.288 0.534  0.279
WZ11-4N  20-2 WZ11-4N-6 LV 22240 78.40 20.0 7.2 5.471 5.085 0.245  0.737
5-1 WZ11-4N-6 LIV 22205 30.28 14.7 7.1 2.735 2.455 0.509 0335
26-1 WZ11-7-1 LIV 2508.0 0.46 12.2 3.0 1.134 0.975 0377 0351
WZ11-7  24-2 WZ11-7-28a L.V 25325 1.47 13.2 5.0 1.591 1115 0.505  0.278
22-2 WZ11-7-2Sa L'V~ 25373 296.60 23.9 14.6 11.419 10395 0255  0.757
8-2 WZ11-8-2 L1 2985.0 1.67 10.3 3.6 1.524 1.284 0.474 0376
WZ11-8 9-2 WZ11-8-2 L1 29875 0.14 9.8 L5 0.781 0.651 0345 0490
12-1 WZ11-8-2 L1 30034 0.80 10.1 3.0 0.923 0.692 0.536  0.263
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Fig. 1 Pore radius distribution of cores with

different permeability

—K=2.77x10 *pm’
20 F ——K=78. 4x10 *pm’
——K=30.28x10 *pum’
——K=0. 46x10 um’
16 - —K=1.47x10"pm’
——K=1. 67x10 *pm’
—K=0. 14x10 " pm’
—K=0. 80x10 *pm’
—K=296. 6x10 *pum’

I3 A B (%)

0 3 6 9 12 15
38 2 42 (pm)

K2 REBER G OIEIEEAR A
Fig. 2 Throat radius distribution of cores with

different permeability
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Fig. 3 Cumulative contribution rate of throat to permeability
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throat radius
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Table 2 Mainstream throat radius of different blocks

BiER PR RN )
(107 pm*)  (wm) (pm)  H)

fLBREE

Xge B (%)

WZ11-4N #i—Bt 157  104.30 6.88 5.36 il
WZ11-7 W—Bt 147  47.14 5.94 4.04 *H

WZ11-7 =B 107 0.84 1.18 0.96 gl
WZ11-8 =k 10.6 1.31 1.71 1.13 4l
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Fig. 5 Relation between particle size and
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Table 3 Basic data of cores in suspended patrticle size/concentration experiments

e X RS iR R WHE(m)  BER(107um’) LB (%)
WZ11-4N 5-1 11-4N-6 LIV 2220.5 30.28 147
NG % WZ11-7 22-2 11-7-2SA LV 25373 296.62 23.9
WZ11-8 8-2 11-8-2 L 1 2985.0 1.67 103
WZ11-4N 20-2 11-4N-6 LV 22240 78.40 20.0
AN T e WZ11-7 22-1 11-7-2SA LIV 25373 234.51 24.0
WZ11-8 08-3 11-8-2 L1 2985.0 1.03 103
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Table 4 Mathematical models of water quality damage and productivity

BIER ANTRIK ST e A ANTRIZR T 7 R 2 M i A5 A 8
(10 pn’) RIFRRE R R R RIFRRL R i e
1 K=-22107+2529r+3987  K=-1.130¢" +20.01c + 0.629 Q=f(k) ,K=f(r) Q=((k) ,K=f(c)
50 K=—-1.8387 + 16.56r + 2.011 K=—0.737¢* + 13.77¢ + 0.767 Q=f(k) ,K=f(r) Q=f(k) ,K=f(c)
250 K=-0.555" +6.028r + 1430  K=-0.395¢> + 8.829¢ + 0.524 Q=f(k) ,K=f(r) Q=t(k) ,K=f(c)

1 KNBER 107w’ s o HIRCRIAR , wm s ¢ HEIFYI R R E , me/L; Q 77 fiE, mY(d-MPa)

®5 EMRIBEKK RIS R

Table 5 Test results of seawater quality in Weizhou area

FH &S 7B % (mg/L) FH B BT i e i (mg/L) AL Hi ey ik TR AL i CO,
K +Na* Ca® Mg cl- S0~ HCO," (mgL) P (mg/L) (CFU/mL) (mg/L)
10 500 333 1280 18538 2353 165 MgCl, 33351 79 7.2 160 7.2
F6 FANELIEAERSE
Table 6 Morphological changes of bacteria before and after core injection
TEAMA i (4>/mL) EARRIES It R B 1 (4> /mL) TR EIEE
ZEPEW T, TR ATR HREATE
LOX10° AEWEYI I, BRATIE Lox10* A FTIE

F#(0.2 ~ 0.5) umx(1.5 ~ 2.5) um

F#(0.2 ~0.5) pmX(1.5 ~2.5) pm
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Fig.7 Influence of different water types on reservoir permeability
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Fig. 8 Influence of bacteria quantity on reservoir permeability
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3 M

TP 11-4N 3l B 3 — B A K Dok, ™A% 4% IR
5% J2 SOM AL B 45 4 DC 2 (%) 78 7K 7K S5 S AL R
AT, A K LSRR B A& & R4S 35
5] L, 3 7K W 7K BB D1 PR e, Hb 2 fig 515 B 4b
I8, KA I A B A 2805 0 4.2%107° um 1)
WZ11-4N-B1OH H-5Z8L T H P23 50 m’ (2288,
WZ11-4N-6 - X iR RIS T 10 % ~ 13 %,
TR TR 32442 155 10.0 % ~ 15.0 %, A5 4T
IR B2 i — Bk s AL B S AR i 10 % BT
£ 60 %, T2 B B4 79%10° m*, B RS T 1%
XALB AR A
4 458

1) W T 43 A7 R it J2 18 T E 1 1Y 322552 )
K2, 0B B AR, I E AR U R H 5
T FEL D, T 114N T FE 3 0 2 it J2 0 A2
WAFTE 4N XA/ T 1 pm.1~2 pum.2~4 }Lm\j(?
4 um, BiEFR S FERMEIE LA B R REBOCR,
B i B R R AR F S TE4 wm 1 um
LA T I B RE TR

2) FEAKPEIFY RS R B R
S TR B 2 40 23 KO BE B N K R T, BRI O
BB G0 B3R BA E O, X = B

K7 AERPENKKREESHAR
Table 7 Key parameters limits of injected water quality in different blocks

, BIER SRR AR e ORI vk Eliles)
X l —1\] ﬁ:‘ e 22
X5 St (107 um®) (pm) RURRAS () (mg/L) (4~/mL)
WZ11-4N m—B 104.30 6.88 <5 <4 <100
— B 47.14 5.94 <3 <2 <100
Mo 0.84 1.18 <1 <1 <100
WZ11-8 =B 1.31 1.71 <1 <1 <100
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