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Assessment method for remaining oil recoverable potential in ultra—
high water—cut reservoirs based on projection pursuit model

LIU Chen'*?,FENG Qihong',HE Yifan*, ZHANG Xianmin',ZHOU Wensheng’"’
(1.School of Petroleum Engineering, China University of Petroleum (East China), Qingdao City, Shandong Province, 266580,
China; 2.State Key Laboratory of Offshore Oil Exploitation, Beijing City, 100028, China; 3.CNOOC Research Institute Co.,
Ltd., Beijing City, 100028, China; 4.CNOOC (China) Tianjin Branch, Tianjin City, 300459, China)

Abstract: The factors affecting the remaining oil recoverable potential in ultra-high water-cut reservoirs are extremely complex, ex-
hibiting substantial variations in their impact. Conventional methods often rely on singular indicators such as remaining oil satura-
tion or remaining oil abundance to assess remaining oil recoverable potential, which fails to guide tapping remaining oil in ultra-
high water-cut reservoirs effectively. By considering the factors affecting the remaining oil recoverable potential in these reservoirs
and comprehensively characterizing the heterogeneity of reservoirs, the scale of remaining oil reserves, watered conditions, and oil/
water flow capacity, we constructed a quantitative assessment indicator system to tap the remaining oil recoverable potential in ultra-

high water-cut reservoirs. In addition, according to the control degree difference of the indicators on remaining oil recoverable po-
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tential, we determined the objective weights of each evaluation indicator by combining the accelerated genetic algorithm and the
projection pursuit model. We constructed the remaining oil recoverable potential index to form a new quantitative assessment
method of the remaining oil recoverable potential in ultra-high water-cut reservoirs. Taking the NmIL sand body of the main produc-
tion layer in the south area of Bohai Q Oilfield as an example, we quantitatively assessed the remaining oil recoverable potential in
ultra-high water-cut reservoirs. The results reveal that the new method can comprehensively characterize the effects of reservoir
physical properties, remaining oil reserves, and dynamic characteristics of oil/water flow on the remaining oil recoverable potential
in different locations and realize the differential quantitative assessment of the distribution of remaining oil recoverable potential in
NmIL sand body of the main production layer. In addition, the dominant recoverable potential area is clearly characterized, and it is
taken as the potential area for the subsequent adjustment of infill wells in the NmIL sand body to accurately guide the deployment of
infill horizontal wells, thereby offering a novel perspective for tapping remaining oil resources in such reservoirs.

Key words: ultra-high water-cut period; remaining oil; recoverable potential index ; projection pursuit; dominant recoverable poten-

tial abundance

2o JLH AR T &, v 2R K 9K ik 2
i FE A 5 K F R K TR R B B, MR R Ay i
I3 A T RARE S B A A i B AR R R A
PR AR FA I TR R = K
FHOR A0 VR L3250 RS T R AR I S BT AR, T
R i S A — D B B R IR A AR

A2 3 25 I PR IO sl A W e
NS IR B AR A T B, SEEL T R AR v
SRR AIAL A AREAR T SR F M AN 48
B A VA F6 % T v o i, HURE B it PE AN SR A
AR B, T JC Ik S A S RN AT R AR R
IO A T A R i o o B RD AR AR 11 T AN
R Z YA 25 A PE R S TR
ST ARRE R LIU 45 2% R g8 ) L n] sl
FUEE | Hb 2235 85 1 R 0 S5 IE 8 % ™ fig i) s il 4
T AR MR R H A . MOLINA
SR T — R TR R I Re BO T AR
KARIM %5 i — 20 25 5 iff )25 0 S T B SR AR, 4T
TR BTSSP AR e K R 2 i
KA AT &, it J2 A 25 o o 8 3 K 43
fiE 22 S K, AN TR A 7K T R I 114 22 1) e R 25 T
KRR T EL R 22 5, 5 R T A v v D1 VRN
TETER R S K E R BEAE o Bk 57 5525 R 4y
M T RE 715 S KA RN BE 22 [R) A7 7 1 S R LR
KZ,BIAMFE 1 7 R AL RAE & 5% K
1) TR % T T ) A AR T A S R
P 7= o s e A FRAE HP i B K R AT o A
W1, IF S = B R S A 00 = B VR AT TR
P2 o X R 2 A DAL 3 it a3 B Y O 35 0k
JI0K U B8 T BT 2 ah AR A T SR A B I R AE
BRI, SR R R A K S R R A T ) A 1Y

DB ISR LA A i, T LA 52 00 R 26 36 dih v
(18 2 ) R A7 A S 5 2 S, LRI A SR T
i T 0 5 DR R AR R U 2l E ) =2 A A G
R, W T A TR i AR 6 R A aih v B A o R R
25t

PRI , X8 R s 35 7K Tl R dih v 0
A7AE B TR, 7 T A ] R it o K IR B0 A K fi
JRAE Y B B A AL RAE R REA -, B TEAN R HE AR
X ) A T O 47 T R R ) 22 B ST e K
T it m] SR AT Tk, S BRI A n] R
1o A B EEE PR, LUYIA RE o 25 7A ROR] A A2
TR LRI AR T

1 PR bRAO A

i 1 K e T K rh S H T ok
oA RO 2% A IR E LR H R AE KB U
R S5 S50l A4 W R A, )2 0 sl B AR
Pt — 2B 358, DTS5 20 7K 70 i RE 7 1 22 5% 2R
SR, AN [ B A2 7K T B2 ) 2 31) R R A 1 K 23T
JTBE R ZES 2, W MR A i i ) R A DT 1%
C 0L A R B 22 5 o R i 25 K R A il
O3 BE A3, HOT A 01 52 2 AR B B R
T ] SRR AL KR AR 0 L B K 23 it e ) 55 22
R AR o PRI, 7587375 AR i 5 7K R
AR AR e R A SR L 25 A R E AR
PR R R MR SR RAE AR Z AR Bk R
T AT SRAk R RS TR HEIR D L K itk 23U BE 7
PEPFOHERRAR R AR 70 B e 5 A B Al mT
KA T, W Ry A [ 085 13 980 A B9 2 42 1 B A3t
2%,



$31% 1 X FREAE TR TR R S5 K R Al AR PR Tk -139-

11 BRESRY

BICAE T BB B AR RS B AR R Y
PSS BO R 2 0 U B BE T B RE I, SR A J= P A B
LR I — % Vi 1B P A IR0 A B0 9 45 X6 15 1 R ML
R R, AN P 5. 38 7% B ) R BT
P, AT AL K BT 40830 ) A% B G 22 [] A9 A i
SCHRAETT o HOTHE T R BOR , FR MK HLC 5 4R
AT O BT 22 1] ) 3k A S 48 R T e, IV 35 1
SRR TR HH A0

Ccol,; =

(2)

il
(K) — Mo i+ 1 Mo ij (3>

1.2 BRRIKHAEBEBENEE

Tl 1 T Bl FH A 5 M R0 SR AR A O,
52 W ER A TR AN B A O, A2 A8 298 AR PR 5
Mo o AR T A T o MBS ik R A
AT B T R A dh T SR TR, R A vl
it it 3= BSOS W Ry TRTRRL b 1) ) S i i i BLASE T
Tl 2% Y AT R A e o R IR T B R AR A T T R
&, 288 T AT Sl AEAS [R5 K A R TR B 43U e
T TSI L Bk 70 = BEAE TR A A = R Y SE
b B2 T i S AR I K 43T BE T BE K
MO AR RS AR fE O 2R, WE AT R AE b T 3 A% v ]
SRA B FUE , ST R W v 5 K A U2 PN R e 1
TEE I 2ZE 5 . FRITHI AL RIS ) F R, R
TG A TR K . HA R AR
Wﬂw=%i€(c—SJ%W{SMU)—&JX¢thMXNTGJ

(4)

1.3 BITEimE
TERE R 5 K et 2 7 A K R B 2,
FEAET™ S KO X8, 3% X8R W R W e/ . R
P Leverett 1 73Ut e ME /S, 208 B 408 S AE 10y

SR, TR A A 2 U (RIS im0 BT A U

1
fi=1=f.=1- =1-

1

M, K, My 2 b8

1+EK—rw 1+Ee (c=S,)e™

(5)

Xf T J2 P S AN TR B 2 H Tl K

HH AR X 125 A TR , BRIV 55 3ot o6 02 AR ) i A

SIRBEWATE o X TR R — A BT, 25

T2 AR IS, TR A B9 e F AN IR A . — i

ke 158 T 4 il 9 43 A B O B TR0 A vl AT SR )
R

2 PPUPBRL Sy

SRR TSRV ) 1) 2% M BT A B A A
DR R A A i), LA DR RS S il R v )
AT R BE A Pl A o R it v 1 B F
FEAEAEAC LA A7 i o R B2 el il i R 2 B
—FRARVPAN TR ARV 7 e LA 0 T e K
PP ST ot

ES(RS ey S EIFSTRIP S IR L v i
SR AT A I U EE T AT R 3
PR BR LA AU SR , I %E SR F8) A%l ] R v
JIHEEL:

ROI = VOI* x COI* x f.” (6)

o, B,y F TR R 25 H8 A AE J 4 i ] Revs 484k
rh i SRR BVA L AR BRI G A D 4 AR
XA i ] RIS TP B LR R . AR B
DL 3R PR AL A AR S A s R S H R A
FEAR W AN]SR SR AR, v AT SRV 0 48 Y
CIEGEE R AN S 1 PSR Ak =g S G =R
1o, AR X IR T A T P R ) e

R TN 2 LM B o 45 DA 4 Bk 0 T
FAFRE =5 B AT i T RWE 7, I ARG TR AR
UK Z2 AN FE AR A3 52 L — A B B E >, IR
FHM 38 A% 350 2O A 4% R 3 b R B DL TSR PR
B R R I B AR Oy 1) o AR AR e AR AR T 4%
g1t KRB A8 25 VR F8 bR 1 2 WA L, P A 200k
B N R A 0 32 L A 25 , B8 5 R e 1 7K B 3 4 il
ARV TV R 2 LA
2.1 FMIEtREAE

DA S5 R 0 b, S5 ASE A5 ) A% Ay RT3 T
25 0] 43 A7 T HE BURRE S50, 11508 & B /K 80 2 v
ARSI PEN B 3 VR 8 AR . X (6) X7 i B
XTEL:



-140- wmoR M B

20244F 1 H

ROI" =12 ROI = alg VOI + Blg COI + ylaf, (7)
X om A S BTG | 3 TR 8 A R R ) R
KEHEE x=11g VOI,,1g COL, g f.,} #47IH—Fk Ak
PRI PR A FE bn i 2N 22 59 sl B 3 1 22 S XA 45
RO . T UL 38R E FIE M s bR,
H— LA .
. VoI, - 1gVOI,
vor, = 1ggV01m - fg VoI .
. 1gCOI, - 1gCOI,,
cor, = 15001% - lgg cor .
o lgf - lgfo
o = g = lafo (10)
2.2 HEREISIREE
ik d=1d,,d,,d,} &I, 13—
HIPEAN FR bR AE AR B 5 x, =1 VoL, CoL. £, 5%
Jri R — e E 20N
Z,=dVOI" + d,COL" + d, f," k=1,2,,m(11)
T Wl e RACBESEAE Z, i bR U 22 S, 0 J= 3
SR E D A E LB Ty n), AT g L2 M A8 B IR AR
P poAa G B R, T8 bR pR AT R R

(8)

(9)

Q(d)=S,D, (12)
Hrr
e(z,-2)
S, = ; p— (13)
Dzzii(R—rg)Xu(R—ri,) (14)
=z -z (15)

2.3 LU EARIREE
AP TR ARG 5 25 5 I, 4552 07 1)
[0 i dl 2 5 e P 46 AR R O (d) R ME— 78
lii'e- Zisg INSE 8 S S FNEUN POV s A LR S
2 WA Foe LR T 1, W de A4 T 1) 1) SHARC )
FRILAY R SR B AR AR R B e KA [R] i, B
max: Q(d)=S,D, (16)

3
st >d’= (17)
j=1

IR ) R SR Y 52 e AR LR T AL, R FH 2
TSI B B ) T 3 A SR A TR . B B
TERRLI Fh bR v 25 S, AR RREE BE D, Ak T g A%
SL BRI IR, M AT I8 R AL Sk A 2 S HEs )
REAT 2 )R T, B R B Al B4 b R KR R
f R AL AR, B R S ER RO B e U T . AR
B AR S B DT M A i Sk T A%
DA B 0T 45 o 5 2K R A i TR 9 0 B4 R

*
i,
3 Bl Hr

Wi QU H AT IR R EET R LEENK
RV IR B A 1, 2 M W2 AR 2 E 2,
KRG 2% MR B 20, K H 55 M i TR
TR 15 JEH 9B . e FR PN 30 1T 2 0 1) R b AR 43 A v T
TR Q i VT 4 b X R X PE X 3 AN X,
A DX il R e o A B AR A 2%, NmlIL b A
S X E T T2 B ORI = e b R TR
a7, A2 AR AP |3 ) J5E B AR b K, SR
B () Z2 31T T RD AR B B A ORUARRAE TR S A
R RS KM Y MR IR, B X )2
B FLBREE N 32%, V- 24112 1% % N 3 689 mD, A
LS BEMZ ZEEER, EREImAS.
I Q Il FH A X F 2002 4F- 5 A #7, HRvERH M
B R 5edE  NmIL BH ARG Rl I 62 B, K I 29
F R HFEEE N 31.5%, 256 B K% 95.2%, &
AR = S KT & B B (1) o NomIL R {47 1 5l
MR 22 57K, B IUREAR YRR 4R B RRAE
e SHe DR A T R 1, 00 TR A T R S
8 TR IAZ EME K, Ry it — 2D 48 0k H S 142
W Bl I E iR B A R Ayl T R
Wi,

DAY Q 1 H R X ) 77 )2 NmIL A0 A A 5T
X4, F AR v B KT g AR S Tk O SR Vs O VE A B
580 FETM B AL A JER - LA R SO (E A LA
FUR J3 1) XA AL TT R A0F 98 0 42, 4 B Il A A 4
A B R AR OC S8 M 28, AR5 (1) =X (4) X (5) 5K
3 TS AR BRI Y 1 S FR A TR Al AL 3
F LA I (E 2), 0T LUE 6T 6% 2 901 4

Tl A it 4 i JEE
0.119 0.285 0.451 0.617 0.783

[ e - |
1 NmIL #HMEFEmF Kb H

Fig.1 Plane distribution of remaining oil in NmIL sand body
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