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Batch Scheduling Problem of Oil Well Considering Ramping Constraints in
Oilfield Production

LANG Jint?2 TANG Li-Xin®*

Abstract Batch scheduling of oil wells in oilfield production is to determine the optimum work ways of oil well in oilfield
production during a given planning horizon, which includes the start-up and shut-down status in each time period and
the yield of production so that the total production operation cost of oil wells is minimized while satisfying the demand
of oil recovery and considering the impact of the bottom pressure variation of the oil well on its start-up/shut-down
status, ramping constraints and minimum start up and start down time of oil well and so on. Because a large number of
oil wells leading to large-scale conventional mathematical programming model is difficult to solve, the nonlinear integer
programming model based on batch modeling strategies and parameter aggregation methods is established. According
to the characteristics of model, a variable splitting-based Lagrangian relaxation (LR) algorithm is proposed to solve the
problem. Due to the inefficiency of ordinary dynamic programming method in solving the decomposed single unit sub-
problems with ramping constraints, the state space reduction strategy is put forward by taking the feature states as
the representatives of all states which have the same stage, thus the complexity of the proposed dynamic programming
can be reduced from O(n*) to O(n?), so the algorithm’s efficiency can be significantly improved. Compared with the
commercial solver CPLEX, the variable splitting-based LR algorithm can obtain the near-optimal solutions for small scale
problems, and the algorithm can obtain high-quality solutions in a reasonable computing time for the medium and large

scale problems.
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Fig.1 The process of well divided into batching
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e RASTY A 2 [R] ) 2 2 4 HH Sl pal /b
3.2.2 K#EENFioE LR2

)R8 R AL B Tk, SRR EEH
CPLEX Kfi#, 55 M@ R ) AR e ST
K. T TS Rk

Ui E X E = (70 + Ny

2 Xie > 0 B, vie =0, uy = 0, E=0.

2 Xy < 0B, yir = P, ug = 1.

PRI AT BRI S, ik B -

HH T ) 188 RS AN IRAS B R = B R iR
A 2%, R TR B AR AE B9 3 S EE R O vE R AT SR
. Y421 CPLEX (b ik iz ¥ b)), Bp
/NI, 75 2R R ST E]. F I, A
SO TR AR, B SRR, AR 2 A
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R, PRUESRAS RS B A AN R e Bt gk
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S, 41 =1

BB 2. FIBR W R R, R,
MR 4, R, NIRRT 3.

P$] 3. HIWTHHIRE, #F we = 0, RIEY
W (6) THEBENUG R EIIE. & we = 1, FIHH
HEIMERM R KA 'R, 2 pit < pi, W
Ty = o, 25 pot < pin MM ¢ =1 B2 Fi R B,
HE T 1E B/ DRI P BB, 2 2y = 0.

PR t=t+1, Ht>T, HRLES.

B 5. BIEE IR, REMI ¢ B R
%
3.3 BEARKARNAITHEAME

T A St TP AT Ao T Dt ) AU 2 AN R AT Y,
] RE Sl SR AR, /5 20T A SRR L
P RIAT . AR T A AR, 225 IR M R
AiE, BN ()B4 52 3 = AN E AR H 20 e/
TFRAUIF TR 2951 . TR LY AR SRR, X =
ALY R A LRI, Xl H B R IR S B i
K, e 4 Fros. RBEASCET 1 P B A U
TRRFR B IR A B B IR AL PTAT IR S — B BOA
S SCARUE 2 1 H ) foe/ N AL SR T 25K
5y BORARYE S — P Bek 5K i 1 fe N AL
HF I, BRAETH I P AT el 2SR e 5 JE TC i 2 K
T T R SR S 1) A I B R b A JE I P B B
JE K A EE AR 2 1wl A7 AR R A% O SR LY eI H
PreR R EAR I — A R

WAL AR

W TT CHLA A

T R AT B2
O
Bl 4 Z=AZIHTHH S s R 52

Fig.4 The influence of three constraints on

O sl

the start-up/shut-down
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FEUST v T S e T HME.
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S, AT BUEBD, FEE SN, B R
T iy N AE R UGEA SR 24 20
TR, 18R A7 1)

91(61) = Dy — Z Tit (15)
1€EZ),
95 = Y — T (16)

FRUGE IR T B R LT i 22 3K, BRI
Hort iy A i J2 BAALT ) RBURAH I SR AR
IR A B JRE 04 7 1) SEOT e 1, R — A1)
AR AR 35 3T 242 X
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5 AT MR YOS AR 31 SR 4 2N R
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4 IEWHRITELER
4.1 SEIFMBIRLER

T B T AT AR SR R A, ST
() A LR AR PR RIS B e M A Ay AR PR B O A
A, e Ab fw] DAEHE R Rk 4k CPLEX 11.0 3
frokfiR. ByEH Visual CH+ MEERY, £l
MEBEELE PC L (3.10 GHz F45i#1 4.00 GB N 17)
AT I
411 HSHRE

SRR R YRR, SR AR C++ g
FEsLms, 75 PC #l (Pentium-1V 2.83 GHz CPU) [+
PEAT I, ARSI, AR 5 1 2otk B B
B 4 R H 3k CPLEX 11.0 #Fgk47 3K
fit. CPLEX fWHVAR KBTI AR E N 1800 F5.
HAthry CPLEX &% B R FFEAF 0 BRIARE. X T4
F A H AR BN, BEERE R PR R R AR: X
R B AT S ] (FP). XHEEEE % 935
AT B bR R EUE ZU (8 — A~ B3R 8
EXHERBE ZL (SRR —A A, FERLA
YEREIE Z L, feaietbsim s gl B3R
AEFF AR P R B B/ H AR R . DA
KB E BN T 0.5 % sk AR ENT 500 fERE
VR 1 5. B BE SRR 24 /N, WIIRIA )
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WeIedz A, 52 [400, 600] [H13Y 2] 7040 HoAteihH-Z
WA 1 gy Hve [ 1 ST R 2

F 1 SN RIS RO A S

Table 1  Range of values for parameters corresponding to
oil wells
SR (BA) TR R
2 (barrel) 30 100
xzax (barrel) 800 1200
pa* (psia) 6000 7000
pPin (psia) 2500 3500
psiver (psia) 6000 700
7o (h) 1
o () 1
T, () -8
S: ($) 70 150
C14 0.10 0.20
Coi 0.02 0.65
Qi 40 70
az; 0.02 0.30
> 9.00 9.30
D,, (barrel) 500 1500
D,, (barrel) 500 1500

4.1.2 SEINEER

AT Bk e AR A O, B TR
SRR 3 TR A4S SR B B B R B N 3 B s (]
fryer. 1) M CPLEX Bpiskfg. 2) R LR 77
¥, T8 CPLEX Kf#, #ric s LR-CPLEX.
3) A AR & LA B RiA% B H 53k, 1R
i F CPLEX 3kfi#, #5iCk LD-CPLEX. 4) A&

BT Y - 0] T A R 75 25 [B) 2 17 SR i 2 T8 i
SrE LR J7¥k, FRich LD. 45 A BE AL
AEFSRAET 10 4, N = 10 fI N = 30 /Nl
L, N = 50 £] 100 A, N = 300 %
N = 900 J KA B TR LR MR 2 F15k 3
FR, 22 MR 3 g EE AR 10 4
SN EAE. 2 2 T EUE A H AR R BUE I
H, BRI PRAE B B oRASHY B An sk $0E 5 BT 33k
SR P B ATLASE Y AR B i A H A R R0 B /ME
A, B AR, = Z;/min{Zy, 25, Zs,- -+ , Zs},
i=1,2 3,---,8 ¥, Z/7 5 CPLEX 4
SR A EAL B R R AR ARG ) B AR R AU, Zs/ 24
7~ LR-CPLEX 43 51| 3R fiff B ATLASE 2 AT HUAS AY 1145
) H AR R BUHE, Zs/Ze #7n LD-CPLEX SKfig 5411
BRI A AR AT 19 B bR bR BUE. 27/ Zs 378 LD
SR 53 30 SR At FR LA A A A 3R A5 1 H B ek Z0fA
7% 3 P BE R R A R SK A 7 VAT SR A B LB AL AN
AR R i L) T SRR (]

5 BARUBERUA L, HERCAY B S PRI T [ R4 4,
WERRALT AR BRI DAL 24 x 30 R, HAL
B RS BN ECH 6481, 0-1 28840 2160, HE
FREECH 38 300, ZYHAECH 13 704; T AR A
(A8 BN 649, 0-1 ZZ &K 216, EFHR
BAECH 3830, ZRAECH 1392, MR 2 MIZE 3 1Y
THRZER, TS R T 45ie:

1) BERYAA R

a) M 3 /AT CPLEX SRARZE R ]
PAF H, S ASE A SR AR i) 3 52 B A0 T A LA AL

b) M 3 LN CPLEX 3K 45 5
FIAE th, 24 P BLTE fe v I ] N R RE AR A5 A
fRE, ALK IR BRAEAE 45 2 1) B 1] PN SR g2 1) A

2 B SREIRAIERE AR

Table 2 Computational results of the LR algorithm and the CPLEX solver

FUAL CPLEX LR-CPLEX LD-CPLEX LD

Tx N AR; (JEHl) AR, (dit) ARs (ML) AR, (dit) ARs (Ji#l) AR (dit) ARz (J8#l) ARs (dit)
24 x 10 1.00000 1.01340 1.00442 1.01340 1.00440 1.01339 1.00467 1.01340
24 x 30 1.00000 1.00463 1.01224 1.00885 1.01201 1.00885 1.01224 1.00885
24 x 50 1.00000 1.00224 1.01004 1.01388 1.01004 1.01258 1.00999 1.01388
24 x 70 1.00000 1.00113 1.01075 1.00761 1.01049 1.00762 1.01124 1.00762
24 x 90 1.00000 1.00078 1.01140 1.01146 1.01089 1.01119 1.01107 1.01160
24 x 100 1.00000 1.00037 1.01330 1.01016 1.01178 1.01020 1.01196 1.01016
24 x 300 1.02071 1.00000 1.01223 1.01016 1.01195 1.01008 1.01209 1.01059
24 x 500 1.08078 1.00000 1.01254 1.01145 1.01243 1.01131 1.01249 1.01156
24 x 700 1.12516 1.00000 1.01278 1.01191 1.01256 1.01152 1.01257 1.01154
24 % 900 1.15323 1.00000 1.01217 1.01129 1.01477 1.01133 1.01181 1.01124

AVE 1.03799 1.00225 1.01119 1.01102 1.01113 1.01081 1.01101 1.01104
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Table 3 Computational time of the proposed model and algorithm

FUAL CPLEX LR-CPLEX LD-CPLEX LD
TxN FAAL Ein FAAL i LEiN it FAHL it
24 x 10 120.44 0.03 9.62 1.19 14.37 2.59 0.15 0.05
24 x 30 247.45 1.25 27.64 2.50 36.82 3.77 0.17 0.03
24 x 50 3600 26.65 48.07 4.23 68.40 105.18 0.34 0.05
24 x 70 3600 359.45 72.52 6.06 96.70 11.65 0.42 0.05
24 x 90 3600 788.54 97.53 7.70 287.47 216.25 0.49 0.05
24 x 100 3600 342.16 116.42 8.75 1074.90 866.45 0.51 0.06
24 x 300 3600 3600 557.95 28.69 789.05 241.23 1.70 0.17
24 x 500 3600 3600 1273.16 53.08 1810.21 183.56 2.80 0.28
24 x 700 3600 3600 2329.22 78.07 3250.06 307.01 3.93 0.39
24 x 900 3600 3600 3597 105.56 3600 734.70 5.07 0.50

AVE 2916.79 1591.81 812.91 29.58 1102.8 267.24 1.56 0.16

c) fALTLRI PR B FE SR AR B b, MR 2 19
CPLEX >R it /NHUBE i) B ) 45 S v DA S, 24 B0
BB AE B E N BB 8 AR A5 B DL R, BB 1 oK A
K EEAL AR T 0.902 %. o Fp R BIRRE [) f, B AL AR
75 BRI R] P S BE SR ASH B (10 A s, FHEASEZRY ) o it
2 R AU P393 o T 4.692 %.

2) LD B3yEA 3k

a) M 2 B /N ] DAE H, $E
LD 55 CPLEX #H L, BAMUARE T () SR s 1 1%
i 1.196 %, FHEAEEY ) KRS BEREAIL 0.716 %. K
LA R T DAE ), LD #3k5 CPLEX M, H
HURLZR SR ks B He CPLEX 42755 1 8.373 %, Ak
T By SR ffks Bt CPLEX 841 1.123 %. M3 3
AIPAAE ), Jeie s SRR B B A S LAY, LD 1Y
KARZCR A B AT CPLEX.

b) MR 3 WML A H, Toit & spLial
LA, CPLEX 76 fRE A (3600s) HE
ZICTES B R B R, Bty LD B TLie
X T MUY A 2 HUAE 2R AR B A% Rk Ml A5 3] )
AT AR, LD SR A i 4 A AR G~ 3 1
S EY A 0.16.

c) M 2 i PAE H, A LD SHyA R LR-
CPLEX ByEM E, LD SRABHUELRL -3 SR A
{XBEAL 0.002 %, (HMFR 3 Haf PAF H, LD KAFRL
FIHE T LR-CPLEX K55

d) MFE 2 [ AEH, # 1 A9 LD SFkER LD-
CPLEX FyEM E, LD sRARHLBLEY ) T3 KA
IUBEAR 0.023 %, (HMF 3 [ PAF H, LD RARRL
FHH AT LD-CPLEX [153%.

e) MR 2 fIZk 3 iy LD Skl LA H, it
BOAY LY BB [ - 35 SR A BE AU AR T 0.003 %,
{ERFRCRSE S T 8.75 £,

PALEZIRAEW, 4 Y AR A R SR IR I i
LT AR, SR LD 59K, A QORI
o, TESRRRCE AR 0T Ak

5 ZHip

RSB R AT H 8] i ] 52 17 A, 255 Rt
TR BRI T AR, T L SR R/ NI R
R, AT )R P B R 2 S AT IR, et T
HAA SRS I B2 AR A R SRS A 734, DA
SRAM AN B/ N A AR B AR AL TR A RO R A
BB CPLEX Ty A stk i@ i
RERS, AR SCHRE R TR RO R 0AS B H 2 Rk
BEATSR AR R TR SRRSRIBACR, RIEsh SR
ASSFRAE, 2t 7 AR AR R — B BO R A
[ P R4 AR PR AR 2 ] 24 o S, e (R R A
B, AT m AR e, 1 AR A Ak
M PERE, BEPL™ A4 7 RE RT3 SL g, 450
FW, TERCAL T, BT R SR A AL R At
PR R AR T MR R AR, SR TR ARRCR
FISRAEARE: FECACSARET I, $2 i T A B0 B
) LR Bk, RERSTE & BLA0TH SIS [A] PN ZRA5 o ot
HAfiE.
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