ISSN 1009-2722
CN37-1475/P

TR L SR

Marine Geology Frontiers

%40 B oW
Vol 40 No 9

T8, RS, 1P, 5. RS A 2 Wil R Vb 4] = BURB 682 Y0tk 42 R R XA R 62 100 (7] Wt iy, 2024, 40(9):

14-27.

WANG Yu, HUAN Jinlai, FENG Dan, et al. Main controlling factors and favorable reservoir prediction of low permeability reservoir in the
third Member of Liushagang Formation in Wushi W Oilfield, Beibu Gulf Basin[J]. Marine Geology Frontiers, 2024, 40(9): 14-27.

EETRAMEA WilERDEBA=E(KSHEE
W ¥ = A T 4% E T

EAN o

g et E A K E A

Q1 A I (P D A5 BRAS B 20 B, 1 11 5703125 2 Frifia i (D A BRI T A28 51, HET 524057
3 EhIREALER TR PR 7 TRER RAFSE B, 1T B 062552)

W EARAHKRER AR IRARF ZHBEARTFR, SFHE AT L e Wik
W A5 GRS R RV B B AR B AR SR P 6 AR 3 R R B BT T IRABE R, S B
JM A, B W R AR SR E) SR A B TR AR st T T A A A ik b 6 o

Ak L, AAREAN: Qi =g ibass &SRR F LIRS

,HEFETERAAR S I

WE TALHMRRE, b, EH R XA E A P ILERS; & TEM R 5 T4 R 218 69 30k
R A o 3RS i R R W A PARIL T 5 Qi B4 b AR AR A % 25 AE R 69 3R B 3 )

FTEATAHARR (EL) RREE . HH (BE . EBRS

) AR Ae sk R e AR RS

@Azt Ik E R AT 2/3/5 R A T H A d i, AR AEEERF R, mAast g btk B
R $45F 8.9 R, AAA At EZBATFEBEIR,
KL W GR ZE ARE L B TR E W R AR AL BTN b 2

hE 53K S:P744.4; P736 X ERFRIDED: A

i

0 5l

HEA 21 40, B IR & 0 AR R A
FIE R, 75 A 2 T W A i < I BT
R T S, T R RS 1 1 PR AR AR 2
FEFN T SER ., TR 2
FFEHZ RATRSE , PE T B0 A F A g2 4
A7, B 2 A A RT3 S
B ATEAR IS Al S A2 “FE A B S T 18 5
T A TOEREE ™, LIRS R o 7 o
il L B D DR LR DU 4 M0 25 X P

ris A EA: 2023-07-18

BENE Pl A WRHIRT R - 2000 T35 S A
58" (CNOOC-KJ 135 ZDXM 38 ZJ 01 ZJ)

F—EE: TE991—) %, FPR TR, F2 A I & 5 5 T
BYRFFE TAE. E-mail: wangyu20@cnooc.com.cn

*BIIEE: ARGk (1984—), B, WL, Wi TARIW, 2N Fm %
JEV 7 E A SE TAE. E-mail: huanjl@cnooc.com.cn

DOI:10.16028/j.1009-2722.2023.182

TRIT ke rp B A B B N FH AR 1E|Likbl’[ﬁliﬁ

TARE S UHE I, 24V SR E
BB, B R | R I ) T A, lﬁ'ﬁT

5 X T4 A MR B AR R . ASCHERTA
{0/ 2 S O N EaR (A SRS R AT N EEE 5
BT = B (LUN AR = B0 ) 2 0 ik e
T TARBHIE, LAa B s B
W ROCAE Z RSB AR T Be, T 47 Wl
i = BUS RS RS il = 1 D0 PR A 2 v sl N
BEATIRANIIE, 7347 B RS i = Gk e Mk 04 = 42
PER, JF RN S50, 80 oA A S AN [ I
XAt S P e TR ASE Y, [] % I 1] 4 it 2 A 247
PEAFBEA RS ARRAL, P B A2 P B AR 0
fLB X, D% X S0 Wl TR0 A i 7
AL DI E S R A5 8 S LR SR A

1 M s

Byt WA LT ] g PR S V AR L


https://doi.org/10.16028/j.1009-2722.2023.182
https://doi.org/10.16028/j.1009-2722.2023.182
https://doi.org/10.16028/j.1009-2722.2023.182
mailto:wangyu20@cnooc.com.cn
mailto:huanjl@cnooc.com.cn

%40 5o W

EE, & LSS A W I RV s = BAs 682 W00 45 P R I i 2 T 15

LA MR, #9375 132 EW [a], NE [a] 2456l
TE R 2 ARG KB, # 3 e, W72 25 [ 2
ERFE I, AW R T (D A
2010 4E ISR AR T 4 ORI AR I, 7R = B
PAF T R AR BoR, EIMA L M4l 3%
= BHEZ WAL K B T NE 71, A ke = A PG
OB, A2 AR 5 4%, AL ERIE A SRR &
WMAME)Z . 11 HUs BN R4 Hr s s, i
I8 XA )2 LA BRALAD A FRLRD 2k 2, 35540 R Al —
b . MDA A A RAILCE B A KA s
JBHA R, HAORK A AR A —hrbaa
ARRILCE B A A B A s 3, AR
ARBWAE G D #H2EA AR A A2
fiE: o AR CE2 R 7.0) | 4544 B AIG L T
BT CE¥1 R 3.4%) FIE 2549 & i (CE 3428 3.5%) 11K
(F 1) SRR (RIREI R 77.4%), I8
SEM) BRI A (8] 20) M R A4 E L5,
S CER 2.7%) s KO IkIREL 459, LA
I ECEY R 0.43%) (K 2d), ILAMNAA 224k
W CF¥R 0.25%) . A A CEEIN 0.13%) o KA
FLBR 3 4 B CF2 5 B SLBR Y 74.8%), DI AT %
fLoA 3, RS AL, B ok Ak (& 2e. o

; A A
T
ﬁ:\ _./’\ :(‘I.L ..‘~\ / 7. =l
NS g
o !

o Y
e

] (@] [a] [O]
ERWA AR Bl AR BX

B1 SAWHAGEEE"

Fig.1 Structural location of Wushi W Oilfield"”

2 fEEEEYTERAE

FRAEHIF ST X BE O I P S B e e, I
=Bk Z R IR LB M M B 22 (K] 3a), A R AL
R AL 0.48, BEWAFLIREE RIS 5 R MR/ . 45
- Rt SR AL A L R (L 4), B rpra]
DL = BeFLBR I BARAT 13%~24%, BT S
WETERI3 A, FIEAT 19%~21%, /A, )

{H 4 18.5%; 515 4 B 4 (2.0~256.0) x10 ° um’,
7RI A, FIEAT(16.0~64.0) x10° pum’,
T4 48.8%10°° um’ . SIBEIE AAIE SR
Ui = Bt 2 SR DL ALK IE O =, B4 W ARAL
FRE o fLig .

3 RIEEYNE TN R T

2 2 T 0 4 A 3 B OB A L1
JH 2 AR R R R A Pk
(9 CH R 2, TR A R | BB A s T
PURAEAE, HE— Bl TR A o
JCAE P2 I 2 B 1 R R 2 —, 2
VR IN—r I, HA M CREBUR BB ) 1524
PER R P T R R A 2 s T OB
HAH 2RI, K- F FITE W B3, G HoA
FEZ AR

3.1 RERXEE RN

3.1.1 RARsAR

Ly Wl H = B i = A AT & DR,
FERBKT B TR AR (E5) o AR5
A, Ly I 4L I o5 6 2 400 0 S 1 o A1 B
(B 6) : 35 4 U8 X fith 2% AL B B2 AH X 388 85 (17.5%~
19.5%, R fL ), w38 L B AR X 45 (16.2%~
18.0%, RyrffL) , il X LB AR XTI (14.0% ~
17.6%, AL ) 5 1198 3% R EAH B, 35 P TR X
(6/5/3 - DX) it |2 W FEIRE, BB RN (1.6~6.7) x
10° um’, HB(1/7/914 F5 X ) KA, BBEE K
(11.5~41.5)x10 " pm’, PRI (8/4 FFIX) iz,
BBEH A (68.3~182.0)x10° pm’. HIXT & FLER
WA 2 SRS, AR FLBR B (68 )2 B g,
A RE 5 5 WA VR I BGR A o A 56 . He
FEAZ VIR I, FR 2 e A E s )
/7 R W TR BIE R (U 01 2 i) =i = e R d 24 7 = A
Tt BT RN LA EE AR, W 2% BRI AH
Xt 4238 B 7K R 43 AT A Bk LD A 2 BT
RS, YT o R AR, O RS R B s, W
AR
312 REAEE

WO R R AR I BR Y, ZERR IR AR L BRI
[l A, X218 0E A W A .l R IR
FAS [R) DX JBx 11 5 o A X6 b 43 (BT 7)IAA
FrRRRD A DBk R T A B ARG, P ms



2024 49 A

20

~

T BT

Marine Geology Frontiers

16

88~1'1 €1~7T0 61~S1 8'GC~6'¢C 88~1'1 61~S1 (do/qquun)/ 5] We s fift
L1'T vy 1'681 L1re 144 (P/,um)/38 e YLl
T T WEE  WER T W WEE W T, W, T,
s 1o TR I 1 = 1 I 472 B2 7S 472 472 b2
SUEW  GHEN  GWE EHE EWhEd  EHE S 3 S AW ETh
06 9'SL 6'C8 6'SL 0'%9 0'€L 9°¢6 9L 0°LS ¥'69 09 %/ I8y A VE
a4t 9°¢l 9°CC 0°C8l1 S1l1 91 99 €89 L9 6°S1 Sy NS:\_ Ol/=ZZ
A . . , . , : , . , : T
791 0°Sl 081 €91 8'LL g£ol 76l 9Ll S'L1 S8l S6l Yo/ ¥
7w = T - i T o W o Ww | wxwe
T STy T s S
7 34 —Hk . _ gy p " ‘ gy o
B S W mE BEWBE B Bl BOSWE Bk WA RE l—dmE HEOBE | mH
~
SWEI SONDHT RO SeHZD SONRED SeRUME  gess  gewy  gess 00N gas R
A A
- - o1 = 0c 'L 73 I's S8 0€l I'L Ca+4)/2O+ T OXE B Wl B 1
€L I €91 I'T1 L'yl 901 191 601 ¥'Cl €81 [ Yo/ 32 IH
8L £€9 €1 [ €1 e SY 81 89 't 80 (A%
80 L0 80 8’1 Y 9T €9 99 ¥'C 6'¢ V'L (57 3l
00 ¢0 80 L0 I's 0T 09 o VT I 8 G 7 B
: : : : : : : : : : : o
00 00 00 S0 0 00 00 00 00 €0 L1 NIREE2
0 0 00 L0 00 €0 00 00 00 00 00 H2H
90 00 00 00 00 €0 €0 9C 00 00 60 B
'8 L8 L'18 88 8L €8 veL €8 8L 0LL T'6L Y E(
29 0'S 149 (34 (34 81 vy 0'¢ €T €1 8T [RE=4
L'L 96 I't 96 96l '8 9'¢ 8°01 6'S (4% 0L 53
%o/ B B
€0L 8'9L €TL 0'1L 98¢ 1'€L 'S9 9'69 €0L SIL '69 W
£9¢ 8°6C 1'9¢ 0'¢ce [4%3 Sy44 I've €8y 9 0'¢T 801 R
0've 0Ly 91 6'LE v'ye 9°0¢ v'le ¥'1C I'v¢ S8 98¢ U By
9 81 0z S1 8 9 u v 8 9 8 T
IS4 Y4 868¢ 08'6LLT 0vI9C $'€89¢ 0°0SS¢T SgeIst §L06T Y9 ILET 1€0trc 0¥ELT Wk
~0°006C ~0'608¢C ~EGELLT ~0'6SCT ~§97CT ~0'0LET ~0°L6TT ~68SY T ~G8°L9ET ~1evIve ~0TPsT =
vl 1 6 3 L 9 S v ¢ z ] T

PISUIIO M IYSnA JO mNNm_ QU UI SONSLI9)ORILYD JI0AIDSAI JO AIeWIWInNG [ 9]qe],

WAMHEHHE=YHE M ZTEIFEEHESEIF 1%



%40 5o W

EE, & LSS A W I RV s = BAs 682 W00 45 P R I i 2 T 17

" 5 = 250 ym

(a) PURLHES B2%% , 52 M1 -2 A, 9 T, 2 696.3 m, ML (b) ZREREEIE, 14 JF, 2 900 m, TEACMR:

(o) FLBFRIEHUE ROtk e84, 9 I, 2 777.58 m, FHliHL B (d) A se AL, R REEE €, 9 JF, 2 780 m, BIM KR G;
(o) KATRINFREZ, IRINGE 52 24, 8 IF, 2 374.5 m, JRDG; () KATKINIESL. $5EAL, 9 I, 2 774.64 m, SRt
(g) ZIMOT TR BERBA I, 9 IF, 2 774.64 m, HhiDt; (h) A 3K A INGAREEE, 1 9F, 2 650.5 m, it
2 BREWHAR=REEFERR
Fig.2 Photographs of reservoir characteristics in the Ezl3 of Wushi W Oilfield

R TR SCVE RS, TR AR FLBR AR fE e hy, /D i
YR STORT FL B8 AR 5 M AN R I Jd 5 TR 2 R S A TR,
b I8 B 2 2 M R A I S, 4 11 R IX
(i = BEHRYR 2 809~2 898 m, IWLF 1),
313 EE

it 25 AR E Y /N i TR ALk 14 43 A, A

AR TR I, R BE R R
RS (L B, P AR AL L BT, FLIREE L B
75 R L v (L TE AR G, AR T A, £
P R AL IR A, AR T 7, 9 = BokiAg h
(R0 20 8 6 1 S 2 L AL T, LR 2
SRR 3 e AEXT B, LB A B 2 117 LR K,



Marine Geology Frontiers ML T

202449 H

L 4

L ”l
X
-

=

- -2‘“‘

o TR
LR
= b
X YA

18
1000 1000
*

~ 100 | ~ 100

§. 1=0.030 103170 ® ’:"0’ g.

S s
= 10 = 10
1+ ; 1
0.1 0.1

0 30

FLBE/%

(a) Wi = Betb LB

L4 o Wb

FLBREE/%
(b) T = BER RS A LB

B3 SR WHHER=ZRBAETLSHEXYE
Fig.3 Correlation of porosity and permeability in the E213 Member of Wushi W Oilfield

0
13 14 15 16 17 18 19 20 21 22 23 24

FLBREE /%
(a) FLBREE 53

30

1 2 4 8 16 32 64 128 256 512
BERN07 pm?
(b) BEAHRI A

B4 BAWHHEHR=ZRBDEDESF
Fig.4 Distribution histogram of porosity and permeability in the Ezf of Wushi W Oilfield

Fp I8 44
[ [ ki
KT KT
2 s B v
[ At [ K A
IO ik [ ] ST

it LIRS RS AL R O R G E L L 5B B R
AORR PSS (18] 8) o 7RI — BUhilt = N BT, & BF/Ab 1R

E5 S5FEWHBR=ZRIHARAKEFEEE

Fig.5 Sedimentary microfacies plan of Il oil formation in the Ezf of Wushi W Oilfield

AR RN LIRS, AR A 62 R B
FURE, By b i 2 R B R P LR SRR S



19

40 oM FE, S A S A Wl ER US4 = B AR AR E P 4 R R KA R T
25 1000
19.4 19.5 °
20H18.5 175 7 17.8 18 17.6 "
162 163 5 E i 68.3
- 2100 415
) = 22.6
g | g 15.9 115 14.4 13.6
= 10 8 ok 6.7 6.6
)
5 -

BRIV N TR B VNIRRT By N A ST TR
(a) FLBRSE S Al (b) BB

6 SR WHAR=ZE HARRRRBHEEEYES %
Fig.6 Porosity and permeability distribution of different sedimentary microfacies in the Ezl3 group II of Wushi W Oilfield

30 —
a o SHRDE
%l LR
= b
Il R 199520 @ B
= R=0.5053
= 18 |
14t -
10 1 1 1 1 1
o 2 4 6 8 10 12

P15/ %

(a) A [RVREZR D P8 5t 5 FL B REAR DG

BIBFR/107° pm?

1000

b o FHRE
* R
100 | = b
® o X YA
_)F227_397e’0’47(”‘ ’ *}]\@4{]’
1ok R=0.636 1
-,
] L
-
01 1 1 1 1 ’ 1
0 2 4 6 8 10 12

PP /%
(b) ANIRPRLZE R BT i 515 B A e

E7 SAWHHR=RERSESHENEXR
Fig.7 Relationship between shale content and reservoir physical properties in the Ezl3 of Wushi W Oilfield

30
1HX @ 23X
X 3R X S
® 6JFX @ 8JIX -
ol ® 9JEIX 11X -
o\\c o 14JFIX X. *
1
&=
=
10+ y=2.809In(x)—0.447 1
R*=0.499 4
a
0 1 1
10 100 1000 10 000
R /um

(a) WP RiAR P A S FLBRBEAR OE

BIEHR/107° um?

1000

1HX @ 23X
X 3R < SIRIX
ol ® 6 X & 8JFIX
I & 9HFX 11X
e 145X
10 |
1k y=0.000 4x'3%83
R>=0.699 1
°
b
01 1 1
10 100 1000 10 000
R P {E/um

(b) WAt B 55 B AR

8 BAWHHR=ZBENEZTESHEUEXR

Fig.8 Relationship between median particle size and reservoir physical properties in the Ezf of Wushi W Oilfield

R VR A R YRR T b, TR
filt 2B S TR e 4 (18] 3b)
3.14 HBAH

(1) a4%

WP D = BEZ A1 e d ey, B AR
TIURL I3 R 22 b AT 05 v AR08 R D 5 22 it
FR PRI, DO T R P TERE
A I R I T2 AR, P R G, e

75 AR IR LT 8, MG R B R 3K 80 -0.79
([ 9a, b); il ZWIPERE 22 A7 5 5 R H ST 7247
Thi, BB IEARDG, Hor, B R Tk R B U 2,
HIX B R 355 078K 9c. d) . AT Z A1
TR AR 5 i 5 SR R D S SE AR S, 0 S LA
Pt = AR PN DR HE AR, 22 A0 S A e P RO s S P i
JAL B s 1] 75 ) — R BE DR B, A0 ORE I,
TEFERE IS R AR IR AR (18] 2. h), 23



20 Marine Geology Frontiers I 7 b BT Hif i 2024 49 A
30 1000
a b
. 1=-0.130 3x+21.726 -
. R*=0.5275 o 100 —77.682¢ 006
g y . €
. 20 2 SR R=0.6263
= S i
= @_ 10
= i
T 0 b
N 1k
.
. .
.
0 . . . . 01 . . . ..
20 40 60 80 100 0 20 40 60 80 100
FLARAYE /% I/ %
(a) B AT B e AL BB AH S (b) AN I BB A A O
30 1000
c d
.
o 100 -
- 20 g AN
= 2 jf
T =6.496 8x"2736 fé\
y—RZ;O 58)(5) 3 e 1k 1=0.405 10071 4
=0. R R=0.610 4
.
0 . . . 01 L2 . . .
20 40 60 80 0 20 40 60 80
Z AP % Z AT %
(c) Z A9 i G FLBREEAH S (d) Z Al e 1 BB A
30 1000
e f
*
.
: . o 100}
< 20 . . * . . : PP . . ) mg- ‘ * R * ¢ * R
2 /%—‘/ = 1o} w
E . . ¢ s -
= ¢ %) A e o
10 ¥ .
= .
. Lr *
. .
.
0 ' - 0.1 — -
4 8 12 0 4 8 12
e R %)) R a /%
(e) KA & B S ALBREEAENE (0 KA & 5B BRI
30 1000
g h
.
.
. be o 100}
s X ’ooi““ ¢t mg M i ¢
e *® : . = 10+ *s
&® . . ¢ ¢ 5 . .
= ¢ &) . .
10 @ LR
. .
* L PS * *
.
0 . . . . 0.1 . M S .
2 4 6 8 10 0 2 4 6 8 10
HIE % HIEEE%
() A8 i 5 FLBUEAR S (h) A B i i A
9 BEWHARZETHNEESHEMEXR
Fig.9 Relationship between grain content and reservoir physical properties in the Ezf of Wushi W Oilfield
THEYINE. (K 9e. ©)o HTFALUER], IRXTZETKAE

(2) k4%
ME=BRK A S8R N 0~22%, FHH 6.2%, 52
FLBREE B A S 38 A AR S Ik, B R
B 7 P e B TTBE I e, L A R AR A i

ThFRAZ, ORI AL . FBAL (15 2¢, ©), SEUE)Z
FLBRE S R B[Rl Wl 5 AR BN A2 2%, 2 1B
PEAI S A —E R AR T RA SRS
XAHZEAN K, HAHZ P2 2 2250 N 20, 38 hl



%40 5o W

EE, & LSS A W I RV s = BAs 682 W00 45 P R I i 2 T

21

it 2P S KA S A AR AR i, (R
(R FEAER SN A AR
(3) &5

T BCA E MR R = bR S oAy
AR A N A, LA R I S M A
BAAE . TR X = B AT L R
R XOR RSP N R £, 58 &
AR AN i (& 9. h) .

25 FAYMTIN R, B LA X6 2 v R A
A WA HIVE T, B = A AT i K R S e i
A AR, 6 2 P PR s SO0 T T i )22
PIVER I IR 32 B0 e B A B i L REAR K/ L B JE A
Yoy & AR G

32 WAEIERXtEEEEYERFNT

Fe SR AR S5 A s i B A1 Wi FH =
Bttt /2 ALIRE B A4 e o BB RY 2 MU VR, T
AR T AT AR FLBR A5 AL, Al 2R A R/ N2 5
3 FfSCE AR IR LR RO, AN, G At
MRCAE R o ST
321 EEARLEAEA

W E R BOR, IRIEH R SRS A W
T = Be i PR AR B EZCA 1R . A

JESEAE R, Je 4 A I 1 1) 52 i R G 85055 , B 7
25
a
20
S st
B
S
= 100 UFX ¢ 2JFK
B3R X SHREX @
5| @ TIIX @ 8FIX
* 9JFIX o 11HEIX
o 14HIX
0 . . .
20 40 60 80 100
JE SR %
(a) FESHR S AL AR
25
C‘ o
0883 o %,
:0
<4 ¢
S spe K e
M ]
& . . .
= 10| ¢ JFIX & 2JRIX
® m3JEX X SHFIX
sk ' THIX o 8HIX
¢ 9JEX e 11HEX
* 145X
0 . . .
0 10 20 30 40
JEEE5 2%
(c) M4 S AL A S

BEF/107 pm?

BER/10° um?

X R SRR S LAAL, HoAR I X35 55 e 45, i =
B2 B e 25 32 S 02 W1k TG B A G (& 10c.
d), RREEERAAREHISEZ Y FERE
TURR W) ) SR A AN 32 A AN
TR S Ve RE . A A RS, ST R
FLIR A, ST X R = B R S S L
MBERLRE LA, PERE— NI
F (& 10a, b) o He S A S0 R BE AN ], X LB
FIsE A A] ] o VAR b, BIFFY IX I — B R
TN, i SEAE AR %, v B . R K
1/9/11/14 F: DX B R SE AR FH I B i fLBRIR B R, &
SR, R TR ESCX (] 10a, b) o B8 PR
MELT] UL, A ge KA 4B A ST SERE 58
A I Ry 52 5 T HES, Ve S L o BT
JESERE 755 W SR AL 4y AR Y, JOkE 2 M1 -2 422 i
(Kl 2a. b) o [FEE, Y rfof 2823 PR > 2 600 m
i, BB T A A E (] 11b., o).

3220 EAkFeER BAE A
VA PRRN A S0 2 s IR — Betg 2 Wk i &
BRI RCEE R

Lo Wl i = B 2 kT KA ek,
FEARATVRE IR AL . BIAL, J IR = 0 AL
B BEAT B BTRR, T35 i85 A< TE B 1A B JE W] i 2k
A, A A R R T AR AT BN A R, )2 i

1000

100 F
10
1 -
01 1 1 (] ° 1
20 40 60 80 100
JESER/%
(b) FESR B 5 RN
1000
d x
q
100 |
X:§ 2L TN
ve
10F,e ¢ ¢
¢ * ® X ®2HIX
. ® 3R X SR
1te 7HIX. @ 8F:IX
o ¢ 9FEIX e 11FEIX
s * + 143X
01 . 1 1 1
0 10 20 30 40
EAE 2 1%
(d) B4R 5188 M G

10 5A WHBAR=ZRBEERSHEENEXR
Fig.10 Relationship between diagenesis and reservoir physical properties in the Ezl3 of Wushi W Oilfield



22

Marine Geology Frontiers ML T

2024 49 A

BIBHR/107 pm?

BIBEH/107 um?

001 01 1 10 100 1000 001 0.1 1 10 100 1000
2200 . . : 2200 ———————
a b
2400 2400 | o
A A
©
04
]
£ . £
i3 2600 - ° B 2600F ¢
- ] S
° 04
° L]
L]
L]
2800 | 03 2800 N
-6% =6
o8 o 83
. 09# - ] 09#
* 2 « 1DJf =147
3000 3.000
(a) TR (b) BT
E11 A WHAR=ZREEXZEEBRIR

Fig.11 Relationship between permeability and buried depth in the Ezl3 of Wushi W Oilfield

WAL 2E, FECT B BRI, X OWR =B =
Bl RS ALBR A2 (18] 3a) BRI 22—

P = A I PR E R A R, 22 A0 SR Y
P A s S92 P 3 B AL B 2 B 45 ) — i AR AR A
B ORGP, A6 R A F R R AR T Rt i
2K 2g. h), BEE TRV AB BN, KRG
OGRS HEYTEOCHEBER) LRV B
IEAFER R (& 9¢. d) .

3.3 fEEMEEMMEEIERES R

R, i = Bk s R 2 R (RS0 |
FHECRIE A A AR Lt . JRERTL
SURFAE CANUCRRUAE |« sy, R . TR & 55 ) /&
fEZ PR e il R 3R, A 1R R OS2 L oA
T 54) it 2 A 5 T Vo

L 1T 3101 28 J2 00 e 52 DO RRUBRRE R 6 FH )
FeRlE ], o7 AR 43 H 3 R TR A e R F LA — I
BIX . AR LIS X LB X
TEIR R FLAFRIB X 4 X7, 45 X0 1838 2R 1 1
Sy AFRIETT

(1) 2/3/5 3 R (R HAR b FUAK—4F 1K
BR ) CITEK T A, R PG HER, 4
e, R 2% 5 e AL IR R b 4, e SEAE v
55 A2 B AL 18.5%~19.4%, N h 4L
Ji B E AR, K (1.6~15.9)x10 ° pum, FLERI%EE
62 I Y Pl e o SR T AN S E X I O U
T S 25 B 5

(2) 48 kK (SPFTHFILPEHER ) M=
G RN @yl N3 T TR CIBIE YT AW = S a5

>, Gy A IR R, FESLVE T i, Ko i
fm B A oA E R, 682 LB E 16.3%~17.6%,
WAL ; 525 2 0 (68.3~182) %10 pm,
FH N R E B ERLEE X, B, Ytk I
ZUUBUSAR T f O = F P ANRTZR K R 43 T3 A
A A BT ) 5 SO0 L, A Tl 4 FH G T 4%
SRR TR R

(3) 7/9/14/1 R (&% FIAKEK ) M
ST K TS & F X, S R
i, SR b & —sm BN, B iifE R . AR
K Bl T3S 1 RS Dl V6L AT — 2 1 s,
AESERE RN A T VEH, BB FIEE >,
B R FEAIL, )2 BeALIBRUE Ry 16.2%~19.5%,
BiEHE R (11.5~41.5)x10° um’, 14 JFXAEZH K
W VR AR SR, (R IE A N 2%, FEB B R
B, kA2 i T UURM, SO0 b 32 RS2 1E
SR

(4) 11 #R ( PAKILIRER ) N =M
ANETZEE IR GRS, A PEAR A, e i & bl in; #ECR,
JESEAE SR B, i 298 35 ARG 6 2 FLBRJE K
15%, BB RK 13.6x10° um’. Ytk 2R
Ve B i AN R SEAE FHZR B 75

4 =B ARB R R Hr

it 22 1 T — 2 9 P B R B T
TEBTE AR B T AR R A T A,
FHUURR, B S A, it 2800 A2, T A A
{9 7 1 AT 2 4 P 000 Al LA — S P 5



540 4% 55 o TE, & A6 a2 oA Wl R u A = B iR 2 i R = LA g 2 Tl 23
=S e +0.001DT

4.1 FLEREFHEITUN

4.1.1 IUIER AR EEZRIE

P T R 2 0 1 T s DR 3R AR A TE G TG
HURE R )22 B A, AR Bt TP | VR BT & i 55
ZH00] LU S 80 B A R BR . IRgEY &
SR L a) 7 b o R L R I S Rk
85 R, NSO T AL B T
Ty, L, H LAEZFLEE S5 GR. DEN, VCL
Je IMP FH G

ZREFLBRE R R AR L, DA Wl ER
[vi] W7 B ke XAt J2 O AR ORE AR Ak B, PRk 43 9
IX ST fifg )2 9 PE OIS A . e B SRS (GR) |
% B (DEN) . VCL(Je i & i) . 7 i (DT) 55 R B
Z UG 0 VA 07 B AT Ly T 2 ) FLBR JE (o)
.

1 #F: 9=0.918-0.333DEN-0.1VCL+0.001DT

2 #F: =1.381-0.001GR—0.496DEN+0.029VCL

3 J: 9=—1.209-0.001GR+0.595DEN-0.019VCL

LB/ %
34

4 3 . 9=0.894-0.001GR—0.288DEN+0.016VCL
+0.001DT

5 3+ 9=1.132+0xGR—0.397DEN—0.079VCL

7H : 9=0.423+0xGR—0.133DEN-0.125VCL+
0.001DT

8 H: ¢=0.641-0.001GR—0.186DEN+0.019VCL
+0.001DT

9 J: ¢ =1.056 — 2.675E (=5)GR — 0.376DEN —
0.068VCL

11 #F: 9=0.641-0.236DEN—0.118VCL+0.001DT

14 H: 9 =0.895+2.231E (=5)GR—0.343DEN—
0.092VCL+0.001DT

Mop BRI A, 158 Ly T4 3D fLEREE
RS (& 12) o X Ly 119 20 A3 500 J2 20 47 AL R
S8, A5 30 3200 2H P 34 L R - T 4 A R E]
(1 13) o ZE S IR FLB W & 8 4r, T
AR S LB & B XA T 2/3/5 X, 7 - Lim
AN

12 5FA WilH L; 1 HARFE2E 3D FLEEEEE
Fig.12 3D porosity model obtained from regression in L3 I oil group in Wushi W Oilfield

4.2 BERHAFE DTN

AT Ly T2 225 R i O o BT, 7T LAAS
HBEREESILBE A RS EEa %
PE, SXF R A 2240 (DEN,, DT, GR 4§) BA
—E MM R, HOEEALERE () . % (DEN) |
FPE(DT) . AR (GR) XS B RT3 X
I EVERLA, (S EIBIE R RS,

AFFFX A SLBRETH R AL 205
HRFRAN, M Ly im0 Z DU L 2=
P FLBRESRRAE | SEEREEP- [ S0Pk, 453 AN
HX BT X BIER B . @i ZoEA, @A
[FIJFIC Ly T2 A SR B E 2 (K) BERT

2/3/5 HF X ITIFHLAT A TRASHERUIRES X

K=-425.341+5.277¢+365.769DEN-3.133DT~
2.887GR



24 Marine Geology Frontiers ML T 2024 9 A

LB M —

26

24

22

20

18 O

16 6

14 ‘ g

12

10

:
13 BAWilH L HAFLEETES R
Fig.13  Prediction of porosity distribution in L3 I 0il group in Wushi W Oilfield
4/8 JHIX: B3 =AM TS B X B EIREIA 2, /558 Ly 04 3D BiE R
K=-4091.016-1.73¢p+1480.741DEN+9.603DT  HiAI([&] 14) . X432 W5 5 RT3, 15 5]
—0.389GR Ly [ 20734995 325 2328 18 43 A 75000 1] (181 15) o 45

9 JFIX: B = FAMBETZAE X B A5 W A I B R RE (3R 1), B Hh S 6

K=—628.349+3.065¢0+225.928DEN+0.784DT— 2 V- EE/ 4 1E 8. 9 X,
0.259GR

17 X B = FAMRTEILE X 5 Zhi
K=—358.357+0.38GR+178.87DEN—0.921DT

14 F: X Jad =AU AT ARE X (DG =B i i8)2 Bk hfLIks .
K=-240.974+0.753GR+2.035DT YRt )Z R T A LRRIE, s GE YR 5 i)
11 X b =AM IR X U5 2 18] i 2 0 TR F LIRS, S iR XA 2 o0 IR FL
K=174.072-0.1599—44.81DEN-0.639DT— &, BBEFVFE B S FLERE L EHRA

0.095GR [, fiff 2 LB FIB 3 R 2 (R A DG/ N
BiBFR/107 um
1 000.0
-100.0 /.6

10.0
1.0
0.1

B 14 57 WA L HADERS2E 3D SERER
Fig.14 3D permeability model obtained from regression in L; Il oil group in Wushi W Oilfield



%40 5o W

FE, % LIRS A DA Wl s 2 = BRI 2 Wk 3 1 R 3R R oA i = T 25

BIBEF/10° pm

0 500
1:40 000

180.000 0
.000 0

=
(]
oo

SO —— N
DD —UINDOORIN DTN
B e e e e o e e
S eSS E BRI SESESESSD
I e o N e e e e e e

1000 1500 2000 2500m

14

®

B 15 5A WilH L; [mEESERFEFmS AN
Fig.15 Prediction of permeability plane distribution in L3 Il oil group in Wushi W Oilfield

(2) i 2 A SR 1 2 DUV A0 LA A
I, 4% P Z IR RS2 | AR ORE L A A
o) AR B . e, ISR UTARREIE (4N
DUBURUAH oy RLEE | YR & 555 ) 2 IR Mk 0
JepRE i R, HR Sz A e RS2 i e )
S

(3) S I -2 80 22 n [l 3 Xk B v R AT 045
A 3t o R A ST AN [ DX 2 P P T A 2, 3
1 TR = B T 2L A e fL B X A, A A
TERE A e Ha T & A

SE 3Lk

[1] BLOCH S, HELMOD K P. Appoaches to pre-driing reservoir
quality in sandstones[J]. AAPG Bulletin, 1995, 79: 97-115.

[2] WALDERHAUG O, ELIASSEN A, AASE N E. Prediction of
permeability in quartz-rich sandstones: examples from the Nor-
wegian continental shelf and the Fontainebleau sandstone[J].
Journal of Sedimentary Research, 2012, 82: 899-912.

(3] dwoohk, B4, MK, 5 AL Sk = uBf

JR RN [7]. PLRRAAR, 2011, 29(6): 1023-1030.
MENG Yuanlin, JIAO Jinhe, TIAN Weizhi, et al. Reservoir
quality prediction of the Member 3 and Member 4 of the Quan-
tou Formation in the northern Songliao Basin[J]. Acta Sedi-
mentologica Sinia, 2011, 29(6): 1023-1030.

(4] doohk, BIBE 2800 T, 45 BUR KA m K 2 S
AR BT . LA - 25000 I ST 4 1] (). A i R AR
S HJ, 2014, 35(2): 244-252.

MENG Yuanlin, HU Yue, LIN Xinning, et al. Controlling
factors on physical property of tight volcanic rocks and reser-

voir quality prediction: a case study of the Tiaohu Formation in

(5]

(6]

(7]

(8]

(9]

Marlang-Tiaohu Sag[J]. Oil & Gas Geology, 2014, 35(2): 244-
252.

MORIE, 30, HARM, 55 A8 2 BUEBUERBUBT T IR K
HEJRE [7]. B E2EHR, 2017, 46(5): 1084-1143.

LIN Chengyan, WANG Wenguang, DONG Chunmei, et al.
State quo of reservoir diagenetic numerical simulation and its
advancement[J]. Journal of China University of Mining & Tech-
nology, 2017, 46(5): 1084-1143.

VEH W, Pk, 5100, 5. JEARE Za st iU 12-X i FE R0 £
S B ZYMERE S M R (7], RALARE2E ), 2020,
44(3): 46-56.

XU Yueming, YUAN Binglong, ZHANG Hui, et al. Reservoir
physical characteristics and influencing factors of the third
Member of Weizhou Formation in Weizhou 12-X Oilfield,
Beibu Gulf Basin[J]. Journal of Northeast Petroleum University,
2020, 44(3): 46-56.

o, b, AUEHE, 55, S MR Xl Vb vk 2 = Befi
JEBUEAES AT (9], AT S TR, 2020, 34(5): 49-53.
HUAN Jinlai, YANG Li, DAI Baixiang, et al. Reservoir sensit-
ivity analysis of the third Member of Liushagang Formation in
X Oilfield of Wushi Depression[J]. Petroleum Geology and En-
gineering, 2020, 34(5): 49-53.

WITERE, XS5, TRAH, 4. A MBERK LRI RSY
TR [J]. VYRS RS SE AR (HSRBLERR), 2016, 38(4):
27-36.

HU Desheng, DENG Yong, ZHANG Jianxin, et al. Palacogene
fault system and hydrocarbon accumulation in eastern Wushi
Sag[J]. Journal of Southwest Petroleum University( Science &
Technology Edition), 2016, 38(4): 27-36.

R O U AR 1 AR R SR B [D]. 35 & thE Ak
2 (4E7R), 2014,

HAN Shuai. The tectonic characteristics and forming mechan-

ism of Wushi Sag[D]. Qingdao: China University of Petroleum


https://doi.org/10.2110/jsr.2012.79

26

Marine Geology Frontiers

TR LTI T

2024 49 A

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

(East China), 2014.

Wi, BEARE, WK . Ly T A 3 e o il <
FYREIR [9]. DY R RS2SR (H ABRERR), 2011, 33(3): 41-
46.

YANG Haichang, LIANG Jianshe, HU Wangshui. Structural
features and impacts on hydrocarbon accumulation in Wushi
Sag[J]. Journal of Southwest Petroleum University( Science &
Technology Edition), 2011, 33(3): 41-46.

SREHT, SR, T T, 45, JLTTS A S TP AR DX =
BeUUBUA F % 7 FRAE M AR R 2R 200 [9]. o B R 41,
2015, 34(5): 8-15.

ZHANG lJianxin, HU Desheng, HE Weijun, et al. Development
characteristics of sedimentary system and control factors analys-
is of the third Member of Liushagang Formation in eastern
Wushi Depression, Beibuwan Basin[J]. Geological Science and
Technology Information, 2015, 34(5): 8-15.

B ARER, EAE, 55 S0 Wl FR T e 2H 42 2 ik 2R 4
WF5E [R]. T thifg ol (h ) A R AT 2R A 6, 2018,
QI Zhi, HUAN Jinlai, WANG Meng, et al Detailed study on
complex reservoir of Liushagang Formation in Wushi W Oil-
field Group [R] Zhanjiang: Zhanjiang Branch of CNOOC China
Limited, 2018.

AEAES™, E AL, SRMFL, 5. PR A RIEANE i KA AT
FREFIM A ARZ M I SY/T6285—2011[S]. dbat: Al T
Ak RAE, 2011: 1-15.

REN Yanguang, WANG Cheng, WU Haibo, et al. Evaluating
methods of oil and gas reservoirs according to the oil and gas in-
dustry standard of the People's Republic of China SY/T6285-
2011[S]. Beijing: Petroleum Industry Press, 2011: 1-15.

SRPER, BB, NLRAE, 5. AR SRR M), LR
ATl T R, 1997: 158-197.

QIU Yinan, XUE Shuhao, YING Fengxiang, et al. Terrestrial
Hydrocarbon Reservoir in China[M]. Beijing: Petroleum In-
dustry Press, 1997: 158-197.

AT, WIS, TR, 5. A FIHE R PG BERE R A 4l
=Bk Z RRAE B 2 [0, AR AL AR 2424 i, 2018,
42(4): 75-84.

LI Huiyong, HU Anwen, YU Haibo, et al. Reservoir character-
istics and controlling factors of the third Member of Dongying
Formation in western steep slope, Shijiutou Uplift[J]. Journal of
Northeast Petroleum University, 2018, 42(4): 75-84.
BJORLYKKE K. Petroleum Geoscience: from sedimentary en-
vironments to rock physics[M]. Berlin: Springer-Verlag Berlin
Heidelberg, 2010: 113-141.

IR, 28058, XV e, 4. L M L R SCE AUt E M
I ZRBEFE [7]. Rl <R, 2017, 24(5): 72-77.

YU lJiasong, JI Youliang, LIU Junlong, et al. Study on con-
trolling factors of reservoir properties of the Paleogene Wen-
chang formation in L sag[J]. Special Oil & Gas Reservoi, 2017,
24(5): 72-77.

BRI, X5 2, AR, 55, = MMIMTT Sl 2Rk s 12
FARUEEAE: LAKAF I -0 H 2R 60 X Ll D4R B 7). Z- b

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

AR 241, 2019, 43(3): 78-89.

CHEN Xinkai, LIU Jinyan, LIN Xioanhai, et al. Architecture
analysis of extra-low permeability thin sandstone reservoir in
delta outer-front): taking Qingshankou Formation of H60 oil
block in Dagqingzijing Oilfield as an example[J]. Journal of
Northeast Petroleum University, 2019, 43(3): 78-89.

SALIA, JUi, FRUEA, S5 I PG R 6 A FH AR R = B fi
ERHESAFIRZ AT (). RICAIREER, 2017, 41(4):
24-31.

WU Shijiu, YOU Li, ZHAO Zhanjie, et al. Reservoir character-
istics and favorable reservoir distribution of the third Member of
Liushagang Formation of Xieyang Slope in Weixinan Sag[J].
Journal of Northeast Petroleum University, 2017, 41(4): 24-31.
B2, B, 2550, A NVEALHL X i & GE iU ARAH B N
REIZ S [J]. FEFRIIAGHEE, 2017, 24(4): 60-66.

LUO Lan, WANG Xingzhi, LI Yong, et al. Sedimentary facies
in middle Permian series in northwest Sichuan and its effect on
reservoirs[J]. Special Oil & Gas Reservoir, 2017, 24(4): 60-66.
WU, EARLE, R, S AN A AL AR = U Bk R )
PERZIR P ZE 0T (7). HUBTRLF, 2011, 46(4): 1025-1041.
MENG Yuanlin, WANG Weian, GAO Yuting, et al. Controls of
reservoir physical properties of the Quan3 and Quan4 Members
in Northern Songliao Basin[J]. Chinese Journal of Geology,
2011, 46(4): 1025-1041.

TLIEIR. TR (M. JEaT: Al Tl Rk, 2013: 26-79.
FENG Zengzhao. Sedimentology of China (second edition)[M].
Beijing: Petroleum Industry Press, 2013: 47-93.

Surdam R C, Boese S W, Crossey L J. The chemistry of second-
ar porosity (in clastic diagenesis)[J]. AAPG Memoir, 1984, 37:
127-149.

AT, AR, RV, 45 TRIZ AR 2K AR AL i
PR 5 E A (0], AR S T &, 2017, 44(3): 359-
369.

GAO Zhiyong, FENG Jiarui, CUI Jinggang, et al. Physical sim-
ulation and quantitative calculation of increased feldspar dissol-
ution pores in deep reservoirs[J]. Petroleum Exploration and De-
velopment, 2017, 44(3): 359-369.

CHEN G S, MENG Y L, HUAN J L, et al. Distribution and ori-
gin of anomalously high permeability zones in Weizhou Forma-
tion, Weizhou 12-X Oilfield, Weixinan Sag, China[J]. Earth Sci-
ence Informatics, 2021, 14(4): 1-13.

Rk, B, Mo, 5. 8 R A MR 7 X BT A — B fik
JZRUE AR FIHLEL AL B AL (7). s BTRHECR AR, 2016, 35(1):
87-93.

HUAN lJinlai, QI Zhi, YANG Chaoqiang, et al. Diagenesis
mechanism and porosity evolution of the first Member of
Huangliu Formation reservoirs in Dongfang area, Yinggehai
Basin[J]. Geological Science and Technology Information, 2016,
35(1): 87-93.

ff ke, d B, BT AT, A5 I P B A A
AT 2 fF R (3], WrBm T, 2011, 18(3): 292-295.
HUAN Jinlai, HUANG Sijing, HUANG Keke, et al. Thermody-



55 40 5 35 9 1) FE, % LIRS A DA Wl s 2 = BRI 2 Wk 3 1 R 3R R oA i = T 27

namic interpretation of K-feldspar albitization of clastic rocks in reduction model of sandstone compaction trend and its signific-
the second Member of Xu Formation in western Sichuan[J]. ance in petroleum geology: a case study of tight sandstones in
Fault Block Oil and Gas Field, 2011, 18(3): 292-295. Permian Lower Shihezi Formation of Shilijiahan area, Ordos

[28] BEARD D C, WEYL P K. Influence of texture on porosity and
permeability of unconsolidated sand[J]. AAPG Bulletin, 1973,
57:349-369.

[29]  MORIE, £330, M, & B A TR SEAE 0T 5T B0R K it
& [J]. DUAR2EAR, 2020, 38(3): 538-553.

LIN Chengyan, WANG Wenguang, DONG Chunmei, et al.

Basin, China[J]. Petroleum Exploration and Development, 2018,
45(2): 275-286.

(31 2=k, XUXGE. I Zedb s & SCRRMT M. Lat: o £ Ak
fit, 2015,
LI Hao, LIU Shuanglian. Analysis of Geological Meaning of
Logging Curve[M]. Beijing: SINOPEC Press, 2015.

(32] gy, £ 2, FrEtl. MIFBORZEa MR [M]. JLat:

Status quo of sandstone compaction research and its advance-

ment[J]. Acta Sedimentologica Sinia, 2020, 38(3): 538-553.

. . . e B

[30]  ELf, XURE. MR, 5. B4 RS = SEAATMAL UL RO AR HITAE, 2013.
MR X ISR 2t B X B A T AEET LIU Jianmin, WANG Huiping, QI Baoyan. Comprehensive In-
AR B [T]. ARSI %, 2018, 45(2): 275-286. terpretation and Analysis of Logging Data[M]. Beijing: China
XIA Lu, LIU Zhen, LI Weilian, et al. Ternary analytic porosity- University of Petroleum Press, 2013.

Main controlling factors and favorable reservoir prediction of low permeability
reservoir in the third Member of Liushagang Formation in Wushi W Oilfield,
Beibu Gulf Basin

1 . 2% 3 . 1 .1 .. 2
WANG Yu, HUAN Jinlai" , FENG Dan’, YE Qing , ZHOU Wei , DAI Baixiang
(1 Hainan Branch of CNOOC (China) Ltd., Haikou 570312, China; 2 Zhanjiang Branch of CNOOC (China) Ltd., Zhanjiang 524057, China;
3 Engineer Technology Reesarch Institute, BHDC, Renqiu 062552, China)

Abstract: By using cast thin section, scanning electron microscope, cathodoluminescence, and other technical
means, an in-depth study was conducted on the causes of heterogeneity of reservoir physical properties of thick
sandy conglomerate low-permeability reservoir in the third member of Eocene Liushagang Formation in the
Wushi W Qilfield, Beibu Gulf Basin, South China Sea, and reservoir physical property prediction models were es-
tablished for different well areas via geological modeling with logging parameters, so as to predict the distribution
characteristics of favorable oil-gas reservoirs. Result shows that: (D The II oil group of reservoir in the third
member of Liushagang Formation has medium porosity and low permeability in general. The reservoir in near
provenance area is characterized by medium porosity and ultra-low permeability, while in the middle area between
near and far provenance areas is characterized by medium porosity and low permeability. The far provenance area
is characterized by medium to low porosity and permeability, and the trend of permeability variation is different
from that of porosity variation. (2) The physical properties of the reservoir are controlled jointly by sedimentary
microfacies and diagenesis. The main controlling factors are burial depth (compaction), shale content, lithology
(grain size, rock composition), heterogeneity of dissolution and fracture et and so on. 3 The relatively high poros-
ity reservoir area was located in the areas of Wells 2, 3, and 5, and in small fault-block to the south of Well 7,
which is a favorable reservoir development area, while the relatively high permeability reservoir area is located
mostly in Wells 8 and 9, which is a potential oil-gas reservoir development area.

Key words: the third Member of Liushagang Formation of Eocene; low permeability reservoir; main controlling

factors; geological modeling; reservoir prediction; Beibu Gulf Basin
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