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Abstract

B reservoir of an oilfield is a medium porosity, medium high permeability reservoir with edge and
bottom water, and interlayer is developed. After a long period of high-speed development, the
distribution of remaining oil is very complex. Bottom water coning is the biggest problem faced by
the development, while the existence of interlayer controls the movement of oil and water in the
reservoir, especially the upward movement of bottom water, so it is very difficult to understand
the law of oil and water movement. At present, reservoir B is in the stage of medium low water cut
development. In this paper, four kinds of macro remaining oil distribution research methods are
used to carry out the fine remaining oil distribution research combining dynamic and static com-
prehensive analysis and numerical simulation. Through the understanding of the distribution law
of remaining oil, the remaining potential has been realized by dividing the well area from the
plane and the small layer from the vertical. The research results provide strong technical support
for optimizing the development and adjustment scheme, and a set of scientific and reasonable de-
scription technology of fine oil reservoir for the oil fields of the same type and similar develop-
ment stage in the future.
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1. EASMARIRR

] P A/ JE /K 7ok 110 61 3 e 7F 9 7 T 2 B R SR K HE TS o I 7 S R L 7K i) B L 2 i [ 250X =
ANERIFR. “IRA R XM R ik E TR Dupuit 7E0F FOMF Gkt N 7K AR il J I 2, AT
FR2Z N Dupuit I A2 &[1]. 1935 £, Muskat Il Wyckoff [2] 8 Jc#2H T /KHEBES, HRHE & PR 5L IR 7
&5, BT —ERRERKHEHEEE . 1954 4F Mayer A1 Garde [3]H2 H /K4 A2 B F B [ A LA G T 0 B R HCT
5 T A R RS A 3R S LR I P S IR R A ST K I BT R (1) 42 Henley, Owens I Craig, 1961
B, AR LGSR 8T TR BE . B IR R RPN R, 5 RE
B, AR T B RIS A BB AR RE A R R A B S R 2 . 1993 4, B R BT TG B in)
2223132 K2 N7 51 323 Dupuit 15 572 &, 1515 T Dupuit A 30(1993 4F), $#2& RT3 %0RE R 5E I 7
PRI TTR(1993 ). 1997 4F, e I [4] 55 38 i OB BT VR TR E/K I UK HERZ W TR 2R . R
PR SHFRRRE . WKREBELL. JREE. BEEI. KEBRDNKME. WETREE. WKKEE. 53
1999 4 M. R. Islam [5]42 Hi SR 7K H IR A Z — PR sl K EE R ik . (HESACP IR EIRHMERE K. s,
BRI 7 AR IR/ s R R o HBE S AP IR BOR AW R R 53D, 7KP I bl Rtk 22 (1 B F E D &
JE B T R R . Bz, TR KB A I BEARA W RE, 2004 4F, BRI I[6]) 5L A B REACE T K
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BROPRAZ T 7Kt R ) 4% ik 2 AT AT 7

BRGTHARPR A R FIIEAL L, AR5 TR B, L TR UK T I & BT B BE A B A
M, SREATAFRIE ERR . BFFFAF TACH GBI BREE . ACTPBALEMA K2, 20 4 90 4
ARUASR, AN 7 [ AR W AL PG ) M AN SR — T BURM IR, 5838 TR S, (R
A IR A T BRI (7).

2. MIRXHbERBER

I AL S A A T S I R VIR B S b, B R AR AR A T M PR ISR R . 7EMR
WPt EWL. REL, WIURIMBES N TR O . R s A AR e, Bk R R
AEXS AR E B BERFAE o W VE A BRI X b S T R DU T AR &R MR E TG
MelA, TS, @RI, B 0a R BRI S BT T MR, 2 IRIE S
RIERA BB, HZE R B4, FH B sOHEIR & 5000 m 47, HUEJERE 23.8 m, L4 12 /M0
Z o WA RUEE 1.0 m~2.0 m, KEFHEE 0.55 m. EEFLBE 15.5%, &B3ER 235.7 x 107 um?,
NI R B LB E . T 1999 RN K, HTFAEDLRK, RERZE, RAKT
HEEIFBAE I K, I HAinh X AR R AR Be B R 5 ¥ i Kt &, i s R R SR RE s K
B 2012929 H, BAMMBECRHEFREE 23.3%, ZR6 0 /KE 65.3%. Sl BB R EE A K fS, Flai
AT, KIS AR R

3. FIKmiARAERE
3.1. FRBARTEARIELE

MABCOIH AKEENH . SN TOR, SRR ARG 7O ORI REUE R, Rl
JEHURIAT 4% R A 2 A F TR AR I i BEER A, 7/ NRGEE 2R A ith 70 AR (P 1)
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Figure 1. Distribution of technical routes for remaining oil
research
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(K1, AN 2 A RH R, IR AT REZ M BERHEAT Ao £ I P AR SCRRIAIR (8] [9] [10] [11] [12],
TPF T A S FL AT 7 5 B TF RS 2 05 HRR AR L W TR BRI A S O o By
555 o W T AT B L AT B TR A A PRk s SRS ol e A AR SR AR A TSR I R FEAN [ (73

ZE G SR E FRIR R L AR B AE . IR T TR A R SO KRR R, i T RN
S/ ST 7SN Y 1B - = N o el e AT R (T DA SE L P T 0 S S S

3.3. MRMMRFERNERE D

KB O A 3% N SR A s TGO B, AT AR AL 2R IR s R GL, 7K
WERDL, RIARM AR B R i, W DAE M EIPNIR . RHRIZE R R BRI, KM, B, JE
MR EA AR %, PR KA RS iR R IR FLBRES AR BN SR A i B2 [9]. (HE A
AL R R R, BTN AR

IKHEJZMHARRETT 25 KRR LE R, BORL R, (H l1 T AR 0 g 1 AR AN AR T AS
[, BUBHPEREAT & 5 B AR

AL MR E BT A, B E TN S AR AIRDE, SR SRIBURH L R St SN I
BT, PREE A RS AR . I E NI U IAT, BHUERERE SR K
FOK BT SRR ILACOC R, SRJE LI AR R B X REEAT AT M0 R SEH) 704, AT 7 4
H(XBOIF KRB Be. TR TR SR R & . — D B 20 2 0 7= B T WA ) T 5 M
kL MAFER ARBMEEEIT SRR, TP ARG ERI ARG 1. (B2 30 kg e
P, JF HBURHhE D

HOBCEUE R % RE T AR A, ERESHE, UEAEERR,

o H HATAR T - ARE AT RBN G, RAT 4 MR IR AT FONESE ST, AT
%, AP A I EOKE Z ISR ik, ShE SR M i, i SRR AR AU 5 VR S R A [ SR
i J2 A Al 0 A

4. RFMIMAERR
4.1. WEHEMFHEEKTRR

B2 ST Al A RTS8 7 D RGO R I BORE, WAL R L5 2R RS AR AL, 7K
HERDL, X252 2 I Bl RTIR DU A I A3 R s BEAT 20 PO

4.1.1. HEMR. KBERPEHETEEZENKE

M Z F12 IO A 1 JZ K BIR DL 2R & f 2R B B2, Al B ARAE = FhK PR, Aok, 59
KPR ARG, HA TGRS & 18.1%, JEE/KEE 5 36.4%, HBIKEE G 45.5%.

KSR LA K BE R E, KB IEE SRS 2 LB 84.6%. JERER T 2 m i 2 /KB FE BE e s
IKBEJEFE L 5 93.6%, JEFE/NT 1 m BT E K BEFR S %, /KPR B L o5 69.9% (1] 2). &I XKk
FREAZES, Hrph HD4-32 JEXOK PR i s, KBEEEE LB 5 94.1%, HD1-2 JFDXOKPEREE &R, /K
VEIEEE L5, 16.4% (14 3).

4.12. EXHBERNRFEBARBK BT HIFR

MAS S Geit 45 R, AR AR, WEREEE LB 63.0%. JEJERIIHZEAREREX,
JEFERT 2 m i 2 A VO RR B i, R VR SR B LU 78.7% (Pl 4), % IX R P FR FE R HD4-32 F: X F R (R
Ve JEBELLHI R 44.6%), HD4-15 [ HD4-60 F: X AR P B2 8 5 (R BE J2 FE L1 43 301l R 79.4%F1 71.3%) (K 5).
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Figure 2. Distribution of water washing degree of vari-
ous oil layers in each well block
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Figure 3. Distribution of water washing thickness
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Figure 4. Distribution map of degree of UN washed oil
layers

4. BLBERAREEST

100 r

1|II

HD4-32 HD4-15 HD1-2 HD4-60

e}
o
T
-
—_
w

[=2]
o
T

RECEEHH %)

o

Figure 5. Distribution map of undrained thickness in
each well block
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DK PRV B 5 RV SRR 66.6%. JLrEBEAE 1 m~2 m AT 1 m B2 WK 2 AR B
R B EE LU 4354 82.7%F1 100.0%) (] 6), 123 HD4 H-IX A1 HD4-60 FF X /K 2 /K e FL il (R e
JEJEE ELA9 33 100.0%) (] 7).
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Figure 6. Distribution of water washing degree of various
oil layers
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Figure 7. Distribution of water washing thickness in each
well block

E 7. EHERZEESHE

4.2. HEFERIES BN B K B MR 75 7R Sy 4 R B R Rk B4R
4.2.1. 7 ahSEN AR ER K BE N

AP B A BN BRI A IE SR IR LA B BRI, FRONBIEE, R — R, MR NEIZE, T
IR, AR ARSI o GETE Rl AL ) LEE A [R) A2 2 M K T SRR 1)

Table 1. Production status of different types of oil layers in water injection wells of an oilfield (6 wells)

= 1. XMEEKHTREEMERN AR ARG OHF)

A7 LT W JE P (m) BT (%) 2 (%) K zh (%)
e NEE WA AR NEH wE AR MEH wE A% MR BE AR
>2.0m 4 11.24 9.93 2 51.51  55.49 2 48.49 4451 / / /
>1.0m<2.0m 24 34.21 31.99 13 55.57  55.55 6 23.53 25.16 9 20.90 19.29
<1.0m 42 29.22 12.08 21 43.87  50.00 12 28.61 33.86 14 27.52 16.14
it 70 74.67  54.00 36 50.38 5430 20 29.28  30.67 5 20.34  15.04

TR, ARUREERT 2.0 m 2 iE M BEEMERMRZE, SRR %, BIKE
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B WU L B JZ 30 1 10 Le B 35038 50% LA Es B Z BRI & 25%~45%; KRB EITEET] S 15%~20%:;
A X EKFIEAE T 15%~30% 175 %05 & A 5 FH 8 sh F 2% .

4.2.2. KEEMNFBREZHER K HED

PO DISRIE T X — 3545 14 CURTHIT B 7 K# 2 R(E 2), PRRIEERUEE 112 m, Hf
FUKAEEEE 2.3 m, JEEEHLBI L 20.8%, EELHE]E 10.6%; FKAEE 2.7 m, ALY 23.7%, E%
ELB 15 10.6%; (/KRR 1.3 m, ERELGIE 11.5%, EELEE 12.2%:; KRKEERE 4.9m, JEREES)
17 44.0%, JZECELH I 66.6%. RAKERIARIKAEEE L 6.2 m, JERELH] & 55.4%.

NPT 73 A5 (PE 7K -5 7R B335 0 S 7 96 2 B 1) 23 A, /K3 T 320 K I J2 3 2 3 /K v 1
B R s DK JZ A R BN ) K AR AT, 7KV 2 5 AR T2 IR, LR i T J2 /K v 00 ot 1 o

Table 2. Statistics of water flooded zones of new wells in an oilfield in recent four years (14 wells)

2. FmmAENEHAKERSGITERER4 OF)

- 7@;5( INEA B oK ki K
JE FZ (m) ™ %)  EE%) BH®%)  BE%) BH%)  EE%)
2008 3 28.18 26 15.4 21.6 7.7 14.5 7.7 7.1
2009 3 17.3 24 8.3 5.78 12.5 28.3 12.5 38.2
2010 4 40.82 36 13.9 14.45 11.1 10.3 16.6 52.2
2011 4 38.45 37 10.8 13 18.9 43.9 54 7.02
&it 14 124.75 123 12.2 11.51 10.6 23.7 10.6 20.8

4.3. HEFSTI A EMREKEEN

AMERBR B B ASRHIE . RZ TR AR K AR R R, BHEE(123 FIF 12
ANEVE T RIS T S MR (R 3, K8, 1K 9):

Table 3. Statistical table of remaining oil thickness in an oilfield

3. RMARKHEEEREGITER

» P& SHL

BRI R gk s iy
W& (m) ELA1(%) A %(m) FLA(%)

JeJ2 T RAK SR TR IR B e 2 B AN AR 100.4 325 48.7 28.2

KL WK HE L L5 LA e 107.6 34.8 63.8 36.9
To I p ] FAFRIEAR, BRI, M To = 40.2 13.0 232 13.4

Y% JR R AR 2 (R 2 HE R B i) 19.9 6.4 10.5 6.1
HERAEH HF KA B AR T e B R R 5 41.2 133 26.7 15.4

/N 309.3 100.0 172.9 100.0

WETCRI, SRz i R A2 th TR H R ZAEAE, BOKAREFT I RIE, RBERESR, EAE
BIJE b FABZE BT RO R RS BRI R R RFARI[10]. XA TR MG N IE
P B A, SRR RUFE 48.7 m, TR BE 12.4% 0 AT FLIY TR AT R A EE
DRIH KXot SR AL RN LA 5838 EE BRI INZBCAGHFL . XM TR A R 284.5 m, 5 AR
B L) 72.3% o IX AT A 2% L BRI AR TR FE 65.1%, &= Ftill AR S FL AR A =2 AT 7 X
Rl Auh EERA, R T R R HHZE M E S Rk 3, 8, [519).
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Figure 8. Residual oil saturation profile of well HD4-H98~HD4-13-1HP (201203)
[# 8. i HD4-H98~HD4-13-1HP (201203 )34 et Fn & 2| &
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Figure 9. Residual oil saturation profile of well HD4-H98~HD4-13-1HP (201203)
9. i HD4-H98~HD4-13-1HP F#(201203)%| 4 m i F1E 3w &

e XS5 T 4% o 2 AT A RS P E B e T I OGS AR (G I FE RS, AEAR R K O sUR, s
TR, KOS F395); Rz, WA HRET 700~800 m WX R AR Mz, 7E X
T D AR TG W 4 1) Y e i i, iR R TG RURE 232 m, AR RIMEE R 5.9%. B TRMAZE
BN, OKIEAN S, B TS LGRS L) T K ARG AL L) A TE e B R R4, 1K
S A R IGE B TG R TR B R A 5 5 B R (] 8, 1 9). i#)Z AR 35 5 M %o 7 4 voh 43 A T 2 1R
KIIFEMR o J2 N ARS8 o M A 0 S 9y 8 B A CE A M e 22 8 A, X b 28 B 3 s v ~FA 1D b 3 B AE AR R
LR R A AN 37 4 22 (N G5 7 DA SR A4 2 K BRI 7K A 2 T A, R A el ' 4 o I SR B i A AR
10.5m, 7 R E B 2.7% (35 3).

4.4. HEBERIN S ZHRFRME D

AR H T SO AT A5 B0, FRATHE I B 7KL MR I 9 B A8 A0 43 Bl B LN B B S A
BN E K, ARG RIS AR R EARRRE . X — i 2 B R B G T N K 5 TS 5L,
HA AR KEAMARERE . HIBER AHXNEIE AR AR 11] [12] [13]. @i IF
A PIPLE B S A XA .

RS IR A& 68 oA BE (8 10), 22012 4= 3 F 4 im 35 BERAE S 78I P ) 42 i = B4
o HD4-44~HD4-69 25717 ; AR 070 4 vt 2 AR W fE HD4-7~HD4-17 DARS X 380; JH1 8L R 0 7 4 il 32 B4R
HE HD4 11X o 55457 53 B (0980 4 )5 B S50 B 23 A X AR — 5. NS/ 2 B AR i 2= 0 AT R (K 1),
BEEIREEIG N, BRI, FIRMEEIZED, Wm EFEESAMLE 3~7 NE, SRR ER 82.5%.
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Figure 10. Distribution of superimposed re-
maining reserves in reservoir B in each layer

E 10. B @B MR REES S

Figure 11. Abundance diagram of remaining oil reserves of reservoir B by numerical simulation

& 11. B BB ERI &S NER R EEFEE

4.5. BFEMyHHE

45.1. PRMEFE LN

FESFTH RS AR S2 R U A SR A O RO s, EVERAN ], ShARR AN, 4 & EFe e
HAF[14] [15]0 ARIE S XA R TE 3 o I 4% AR RIA S FLAEAS [ 900 42 Tk 2R B AE 5%/ 2 A0 A1 3
A XS AEE A, AN =R, SRR KER AR REamE. FHOAE. R X EA
AR LR AN, BIREBEE 42X 56.3%: A REEE/NT 1.0 m KRS H A 5(56.0%)
Do
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Table 4. Plane distribution of remaining oil in an oilfield

4. ZMARKHFESBHERE

B ZEBARSIH )
N N N FRmATH
H3 >2.0m 20m> AR >1.0m 1.0m> A >0m
Kl N
el N N N WA 755&
s Y wE EER WA 3
(m) (m) (m) (m) (m) (m) =554 Lkl B Lkl
(m) (%) (m) (%)
S 0.0 0.0 26.0 19.7 28.8 14.2 54.8 17.7 33.8 19.6
JEH 8.4 6.8 48.9 36.1 123.6 54.5 180.9 58.5 97.4 56.3
pNIIEA 0.0 0.0 19.6 14.9 54.0 26.8 73.6 23.8 41.7 24.1
&t 8.4 6.8 94.4 70.7 206.4 95.4 309.3 100.0 172.9 100.0

4.5.2. FRMENE LS
WHERMA 4. 64 3+ 5+ 7/ NEMIRKREERK, 250 HFROEBZER 183% 17.8%. 16.6%-
15.7% 9.1%, (£5), HEXSEHAMEEN 4.27% 4.15% 3.86%. 3.64%. 2.13%.

Table 5. Statistical table of vertical remaining oil distribution in an oilfield

5. RmAARFFRMSHERGE IR

EX AT B ZEBARSIA o7 LR A v L] o4 X LA
= b R WA H WA HH WA H
(m) (m) (m) (m) (%) (%) (%) (%)
1 23.8 22.5 52 33 1.7 19 0.58 0.45
2 57.5 52.1 25.1 14.1 8.1 8.2 2.82 1.90
3 139.0 127.2 48.8 28.7 15.8 16.6 5.47 3.86
4 162.6 134.9 61.7 31.7 19.9 18.3 6.92 427
5 156.4 130.5 49.6 27.1 16.0 15.7 5.57 3.64
6 142.5 1158 52.3 30.8 16.9 17.8 5.87 4.15
7 106.8 79.2 29.9 15.8 9.7 9.1 3.36 2.13
8 56.4 44.7 23.8 14.2 7.7 8.2 2.67 1.91
9 37.0 28.5 11.1 6.3 3.6 3.6 1.25 0.85
10 9.1 7.7 1.7 09 0.5 0.5 0.19 0.12
/N 891.1 743.2 309.3 172.9 100.0 100.0 34.71 23.26
5. &g
1) LRI BRI ACGHER . MR NS ERE « FE bR R B A S h P 3R A% o 43
il 4 AN EFEEE.

2) RMAKMERGEG Az H], VR EPERNE, 72w 2l IR W2 RK Pt fl
w, LWEATENE, R REMBAAR.

3) i R R MR R A S B . REFFLAL SRRIEHIR., I Wz RYPEAR 2 5 Fhoei,
i L CUR RN, i B 3~7 NE, BABORIIHER )
B W

I BIF 0 RS AE 40 A [F) A ot T RS QPR T 58 B, I H S8 BT, AlATT#R AT TR
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