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Joint development and production replacement for development
optimization of multiple oilfields in deepwater oil region
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(1. School of Petroleum Engineering ,China University of Petroleum ,Beijing 102249 , China; 2. SINOPEC Star Co. ,Lid. ,
Beijing 100083, China; 3. Petroleum Exploration & Production Research Institute ,SINOPEC , Beijing 100083 , China )

Abstract ; For a highly efficient development of overseas deepwater blocks composed of several oilfields, one should make
an optimized master plan for producer on-stream sequence and production replacement,and tailor field development strat-
egies for each oilfield according to their unique features. This also ensures the maximum project profits through the effec-
tive development optimization. Based on the features and requirements of joint development of multiple deepwater oil-
fields ,we suggested three studies to be carried out to optimize reserve development and production replacement in various
scenarios of combined deepwater oilfields development. (1) We established the evaluation standards for reserves ranking
through comprehensive mathematical evaluation methods,and clarified the reserve ranks for various oilfields; (2) We es-
tablished the prediction models for key development indexes for varying reserve levels via the analysis of main controlling
factors for production and operation in deepwater oilfields, which can be used as the basis for the calculation of production
operation under joint development of different oilfields; (3) We established the mathematical model to satisfy various con-
straints and to maximize project NPV profits. Process control theories were applied to select the best combination pattern
and the optimized drilling sequence for varying ranks of reserves. Application of the methods proposed in this study to the
development and deployment of XF deepwater oil region based on the actual oilfield data,we calculated the petroleum re-
serves for development and the strategy of production replacement to optimize multiple oilfields development under differ-
ent conditions. The results meet the actual development requirements,so ultimately enhancing the reliability of deepwater
oilfield development decisions.
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Fig. 1  Steps of joint development and production replacement

for development optimization in deepwater oilfields
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Table 1 Evaluation index system and classification criteria of reserves in deepwater oilfields
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Fig.2  Schematic map showing the changes in annual

oil recovery rate at different development stages

KB AR FE o X At AR R 5 2% 7 ) ik
FH e JRLE 8 R 1 2, 7 3ol i 4 8 A7 30 398 0
(R R B, T & RIS S S 50 R

FEF TP R URK I FF & RUERA T, 45 G- T TR
FSHFF A LSRN E AR, 137 TR A [R] 45 2
i TF AR BR TONHT A AL, TN A 76 rp 45 SO A
(Y L < T 78 3 2R 4 100 x 107 ~ 3 000 x
107 wm?® , # T RS FE A 0.1 ~ 100 mPa - s, #4f) /&
24 1.0 ~15.0 MPa, 7ERH-HEH 500 ~3 000 m,

TS 8 FH 06 3% TR AR R b BNy « (DB R
Hid 2 000 x 10 7 pm’ Ji ,—FHARE TRB 900, ik
SEBRIEGS 3 K T A B S8 - BR A, PR i %
e BRSO A AR 5 (> b4 25 KT 15.0 MPa B,
— R T R b 2 T, SRR Y SR AR R s AR X
FOIE LA AT TR B N, — AR AS 23 B ) 32 R
(4 TR, A S SEZ o T b P 2 K T B 760 S 4 1
BIR A, e 45 i A0 1 22 1 BIR X6 bz (14 J A 7
2.2.1 ARFRAR bR E g E

XF AN [ i 45 5 A i T, Ol BR R i 5
A JFHRG BE AT 22 LU R R BE AR Y B AL O

A HIFRIR o
— R ORI 5 24 2
Viw =5. 64-6(L)1'007 -0.232, 0—0. 04y
1 000 0
-1.79
1.096p,, +1.417)°% (D
(- 0%, + " 000)
TR A PR ORI R (R A R
K 1. 004
Vim =6. 211(7) o 0 256 0—0A271 y
1 000 o)
-1.765
1.241p,, +1.49)°%8( D
(12417, +1.49)" 000)



624 5 KRR iR

539 &

e B RO I B R BT 5 N

V. =6 336( K )1'046—0.2““0 0284
e 1000 ° 3
1,755
1.586p,, +1.428)0%(_D__
( peb + ) (] OOO)
DU it e W IR R I B TR A =R
V. =5. 984(L)1'0136—0.234% -0.286 o
lim 1 OOO o <4)
_1.746
2.201p,, +1.272)"% (D
( Pa t+ ) (1 000)

X Vi, IR SR AT, % ;K MB EH,10 7 um?;
W, REIHREEE  ,mPa -« s;p, AR ZE , MPa; D ik
HHE, m,

2.2.2 A& F A1) 69 FR M

XFFAS [l B SF i L FE 2 e SR, Hofa™
) 5983 R IR IHORG BE | M if R 2% VSR IR FILR
LS IR AT IR I E

— i AR I [R) A F  H

(—4.888Iny, + 16.079) V07 mwa=0521
T, = vV, <V

o lim

0, V, >V,

(5)

im

— iR AR B P T 2 50

TR I ) 8 TR S R
(=5.072lnu, + 16.466) V" 70531
[ vV, <V, (6)
0, V, >V,

A RS I T 8 T 8 A -

[( —=5.177Inp, + 16. 644 ) V> 77098

im

T = V<V (7)

o lim
0, v, >V,

O S i e e T (8 T 2 = h
[( —5.384Iny, + 17.048) V" ¥l 0-97

im

vV, <V, (8)

0, V., >V,
AT, AR I Ta],as V, Dyl FERAME B, %5 Vi, N
RBRRMHE , % s K BB ,10 77 wm s, A TR
J¥,mPa  s;p, AU ZE , MPa; D 9 RIFH, m,

im

2.2.3 RBAEEGTAN

X T ANl R A R I R e 2R R LU T
AR BRR T B AR 300 7 B A 7, HER MR JE 8 i R
TSRS B P P 2 | R B SR 3 B A A= 7 I )
f5C 2R AT 70 2 Ik o

[2.303V2 (InT +9.136) T —24.499 JInK™**" x

> T,
R, = {(u, +0.328) "™ (p, +37.911)**InD"* +8.263, ’ (9)
Vo Tw > T S Tw
IS R R R Y T 28 2R
[2.34V2° (InT +9.653) 77" —25.945]InK ™" x
> T,
R, = {(u, +0.29) "% (p, +44.123)**nD"™ +7.892, ! (10)
VnTw, T < TW
= IR R A T A XA
[2. 417V (InT +9.857) T —27.744]InK "™ x
Tr>T,
R, = {(u, _|_0.25)—0437(peh +34.06)" D" ™ +7.615, W (11)
V,T,, T<T,
PUA fif g R R A T 2 3
[2.414V0 % (InT +9.254) T - 26. 802 ]InK™"** x
Tr>T,
R, = {(p, +0.41) " (p,, +29.478)**InD"* +7.752, ! (12)

V,T

o"w)



3 ]

WREHE , 45, BOKIM X 2230 B4 5 T & b B e A 625

R, M R B RE, % T, T, 43 5 2k 7 i
i AP a; V, ki R , % K WIBEK,
107w’ spa, S JECHRE JE L mPa - s; p,, o H T 22,
MPa; D) i RIFEE  m,

3 Bk Z WA &Ik e e
itk

3.1 FAkHmBEEsAEN

GO XA H AR T & 500 H — B il B, 45 2
AN (A% A4 Bl 4 e BN
FH AT RE S B 2 A XU AR IR, X 26 7 f) DX HR A D
PRATIFR N S il B AT

NGE—FER R B i 44 D9 — G2 FK il T i 24
NGRS R 24 0 =R/ A PR, R T AN
BRI EL, ATHEAR By Z2 A 7 B it BT X RERS T2
IS I A, WA Sy 22 A 7 A BRoC i 24 5 F
KRB AR o KN VBT R fifh i sl A
JEU g - X T 23l 1 (il B D) 416 T %, SETT
J 1T, AR AR 3 ) A B FRLITIE W 5 %) A
AN (R B ) 20 0 R AT Al 55 G POV,
filf i KN CSERTE /N ) TT K e By (58 50 Ja ME) 7Y i
DU, AR i R S AT AN S5 R AT I AL HE S, T e BT
RFEK,

3.2 BRI EEHER

3.2.1 AL BAFL5 AR

ARG TR T o i MR, 22 T2 5 01
Loy g B A BR o  AEAS R AT e TR AL
TE BRI 6] AL ZRAT B R 8 SRBU™ i

TERATT S R, 75 B LR G H I8 AR IR R EF
TEA BEKSF , AERp AR P AR E A2 ™, AR AR
A A A BRE TS N o RS 2230l 21 50 F
KRR

1) SXF AN (i B ) SR UG, SR BOE WA 7,
B L7 HEAT, KR TR, R R A X 22
A RYEEMOR UL, Z e I AR E K, 5 2 E
fiff B BTG N A o

2) BEFH N (MO0 W2 PRI 2,
(AR R AN BE R A A7 Ak R (52 B R i e i
Rk B AR PR ) A A A R 3RS A B R RN
PR

3) TGO K 5 5 B AR,

HHAFRBE I S BUA REAE— 2 T

4) BAFRRUBA e S —E R, DL A0 S A
PEBBTREI RN

L L RTA, 220 AL T R b ™ B3 Ak i 4
KRN A RBOT S, 250 T B 00 M ™
P A] AR HRORAR il R/

3.2.2  aAREEA) kR A

BN (i BT ) JT R R o OfE —
AN (A B0 ) B Al AR SR AR AR R AT S8 L, >
AR AT 57 5 ) T (B B0 ) 5 AR 7™, il R A
REAS TR s AR 7 It ik = SR L < iy 1 3 5 f
T, SRAMEUE RN BT R R B, S
B U P s A7 2 HE s @REH TR 24T, 4F
M E AR B IR, AR K B AR

M2 (it i 500) 218 T R, BT Kol fe
PRI R - DR 5 = 25 807 il B (ff &) 77 i
15 @ AL 877 B R, 253l (i i B 0T) 12 IR 8
PR HERR B ATT 5 25 A7 il FH (il i BT ) 420
B e, B TR B ) AT OOF R AR BE B0 TR ) , &=
RS SUN RS AN

3.3 ZEHRRUEBMEL
WETAIRLT TR ARRE

ST LA AR H AR A 7 i DR 2R 23 B, A A
REJT A R f AL i, HAAR LA 2 5353,

x2 A/FRIBRPIIEFTE

Table 2 Controlling variables in the process of

3.3.1

joint development
eSS Hrer ik S Wi
by =1, R i MR FITN b AEITHRBEATT

PR A (by) RA by =1,j=k, e ,m
P (Qw) Qg =biVics, N
PR Q) Qg = bVl
PE(Qy) Q= 0wk,

‘L?Eﬁ;%(Pij) P, ;=b,;(PO;; +PL;; + PW, ;)

HArmhiE Q,, HArr= i A2 X[, (1 -

9),Q,(1+6)]

FE Ve 0 A CRERE A 0T) , 550 kAR TT 2, 1648 J 4R 1™
S V), 5 Al (30T TE58 & 4R TT R Bwl ih
PR N, A AN (R T B BT S R, Sy
RRliif=a

HABECH)




626 5 KRR iR

39 %

®3 ZHEHASFELIRPHITELE

Table 3 Calculation of variables in the process of joint development for multiple oilfields
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Table 5 Basic data and evaluation results for varying oilfields ( reserve units) in XF deepwater oil region
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Table 6 Results of joint development optimization of multiple oilfields in XF deepwater oil region
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