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Uncertainty problems in oil-field development and its solution methods
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Abstract: Uncertainty of personnel's subjective cognition results in uncertainty in understanding the reservoir. After analyzing
the cause of uncertainty in the process of oil-field development, the uncertainty problems in reservoir description, residual oil
distribution, oil production prediction and plan of eil increscent measurement were taken as examples to show that uncertainty
method is the key to solve those problems. Many uncertainty methods such as random medeling, fuzzy math‘ematics, mathemati-
ral statistics and optimization were introduced in the application of solving uncertainty problems in the oil-field development.

Key words: oil-field development; uncerainty;: solution methods

1 [EFR)REH

W RS RSN MM ML E R,
AR RO B A B R (AR LS
HEE) HEEBNRARNE, MR L5408 R
B2 B RS (LIS S B R A L 22 H 3K
%) . WEIFRFTEN AN SRR LT 2L TR
T, SRR Rl P B T R e 42
HEREMRLE S HEREE. BT HRAFE
BB PURA B (R ) o, PR iR
B PR e , B BRI WO A
Bt A2 Ay eh ST bR A, DA 33 AR M
B EBRIA IR R RIR

2 AFmEEE N EEREAR
THBE R 2 T H 2 TAR P M — TR R R T

e B 8. 2007 - 04 - 27

&, H B 2B HREHRE RS, 5T ke
YRR ABT (SCRE S LA R Dy Bl L B iR
B RAR T MR A AR R | o AR X A
PEAAERE | AT 37 = 4 5 B A0 P AR,

W RS S RBER, BRIV S H A G
BOURIER R AR EER) &8 MR s
B AFRERNER M. #2020 i
RELGHAOHT HR ARG fiE. 0
TR S MR RMEES S AL %
A — B T2 A9 E TR B SUE T 4R FE AT
BORASEE S T 7 e T BORNE  f0 AhE
MR, FENEEER DR ERRIRER T
—FA BT B, ZE R AR 8 = AR AL A B
AR T T R 0T H A RS, 31
EERGR T RERRMEZA.

HERERYLEAE S AR R 20 (42 80 4RAUA5

TEB® A BRAN(1937 - ), 5B (3UR) AL RIEA B0, 191 4 S AT IR T8 FF 6 207 U R THE,



#31% F2k

RN E R R b SUE . S - 47 -

BN M — TR MR R E A AR . B
T AR BERE T A R B 0 b R LR, R IR AT
FEMBENLYE, LR B MRt THAGERHAE
FA AT S5 B 45 12 b B B AT o ) A 2
R A I & AR DR T A RS S AT R T — 4
FERIE '

B HLE R Y 45 TR R P RS R - B B AL
w[z-ﬂ: .

B--BVE, AR SO BUT % (R R
2 ELAR T R BRI R R TR T R E T
%) RERRITE R A BRI L K LR S
3 FRISTRRARA 6 B RS R R B TR

BB 7R BB A e e L FI A
R (B F s iR E FREER#
Bl BRI R A 2R R KA EILE),
St A FPLAR R B A A e S B . TR —
Wi B, AR TTEUHE A I B3R Z R0, R AR SE &
HREELTER ML B S AR RA LT
AIEEH  SREUCE KR IIS M.

F--HrB g AMR L T EE AR B R
L5H, TSR B WHR 6L T 5 0 S MO /N
ML

K FIBEAL R B B T AR R R ELR B —A,
T2 JUA™ , B — 5 L Rl P A LR AT RESE B, LA AL 3
HH FF A o 0 — s XU 4 P A AR TE B 1, X 2 S
EHEEOTEMER R X TE—RERL R
PSBRG I F G A RIE S RGBS RAS T
STRER B, BT IR MR, £ PR E
R RN R RS ) B R, MR R
R R SRR IR AR A E R D R
BRSO MR AR N R %, dit
R ENERNER N —REE SR
AT
3 RATHERFRMSHORMBES

%

2 o0 53 A WA — LR T R P O T Y
T AR SN . BRI, AR BRI DIRGR
355 | MU 2 AR LA (R T R AR L 5 B 3 Tl 0 A B 3L
EHAR TR,

3.1 BREDHAHRAE

R ER R AR RHREER, T8
HIURGOAD, Mo S B AL BB A7 A S R Il
%0 RGEESIEAKEREPNES, B

MR AMPE S W EEER, BT REEHA,
PENG ERAE LR L Z A, HZ T
Ry R O, WA 1) T R o A L AD
KEMEBAR. BEREEELRESEN EMHT
[ HIR AT # T i oK iE 3 EEE R, R
R BaER T, BERARREENEM,
FKBERCHZE SR, ZENFEREN, 52
HEPERZE T HBERTS, L THBERAE
B INE T AT TSR, B MERFWZ A LW
TRMB B

3.2 WRESTRHERE

FFERBEREE AR AW TSN ERNE,
TEAFERRE GREE MG ESHE .
ERARGAIEE RN JERI AR JEREE
45 E R MR A ZERE AR AR 2 AR , B
B2 26 2 R T 3 2 A 7 A R 5 e 4 B T
P TRMAEE R B H A, 763 B IR
DU, Fm b A h a2 7 B e RS Bk, in
5 I R I T A A T R S R, R
T i oy AR R ; RET RSB RAE
BERKM L R GR RE R R R
AR BRI R L, SR A M m K
GRAFREA, MR RERAE, ME L RHR
HEEEK,

HAl, EAshER RTS8 5 BT R A
Gt ALIE BRI B VH O TR DL BB (AR
TEE. B ERA B AE R
FER MR U B dOE H T R B R
AT ER S B BRI, A BRI AL 5 BUUE
Ry, FETRE TAERK R FAK M RR

P o W 4 A BF T R AR B B — A S ]
B, ERAEk A THEAE SRR hEAF
RiTBAEBEHU LI REENRE, WRRAA
BT IR E AR AR R T I T R R
P TR R R E R R R, [ 1965 £
I8 LSRR LUR 260 Dok, BRI
O N AR R AR B R REARRRE.
S BT PR T R R S TG, B R B
FARBATIMBATFEAEEE L,

3.3 HRmERMANEMESITHEZE

B TR M 68 R R RE RS P
HRZ KR A8 555 P A 15 Am R 43 O i
B E I & R RE P, TR G i Re, B



.48+ @B ERFFR(ARMNFR)

2007 %4 A

K T e i 43 A (MR R B AT R EE A
SR HET R PHEA NN BB TES
VR, R — AN E . R TE— AR
BT s AR, R A R AT R
B 2 SRR A A SR T AT S A
3.3.1 —ZAHEH

(1) HREAE LY . RFE AR A
SRR R AT REE R RPN EE
& U AU, RERE—GFHANEEES U,
= | AR BB, BB B ER TR
RE-SITHMEEES N U, = |BRER, A
BEBE SR, BAUE A 58, BV HAT, B
FERAE R, BRVER L, BRI .

PR — S EO AR ST R 5218
BRI AR R A AL B R A R R R K
W], 43 % B T4 R TR 4 T AR R A K Bk
RN /NS KTEHATE , B ST A PR RE S .V
= LR B, L BN, AN

(2) RBBERRI. GoHHIL R 45 3t i B R
IF % B B AR & K X 16 A0 4 75 PR 3, B
SRE BB o B9 B, DA S B SR B
16, A& X R T S rE A & Ak
IX i} 43 7 (A -

(D HEEREWE. —REH, 5 EHHE
& u, MRS IR BB R AR E R, H e &
4 B BT A B RYAY E (R R AE, & A E
HAREEEE LN - MEBNTE A= {0, 0, -,
a,} o R T HESA REREALE M E W, R
WA HTEE S HH A HE AR A T

o 4% 3 B RIFF 2 R 6 10 SR U B 4 AL
S TV O 58 M LA B AR 7 R B SR A EAT, B
T4 3 o 1 0 E R TR B — T 58, D
B, =A1 * R1 # B, =A, - Rzo
3.3.2 st

FAmaT R RBEOFLELE S
R T —SOPH RS BT IR, AT
HHERESN U= | BEHE, FEEE .

mFAEMEFELES  pEEEAFZHEE
AL, T R W, MR R T B EE
E 0, T TR RGN, FREE LR E AR
Ko, HIEMATTR ML ARE GITH
EE A, _

HAT RS WHE , RSB o, T4 ¢ 8

o= S0, THESAWHE o, PHAFERY
= |, B0k, B b A P RAERT S AR ST
ARV LR Al A5 MR A BB e B
G FRRAERT K, SR A THUE ¢ Sk 1 TR P
AR, Sr PRI ERRAC, 22 0 A T 51 1 T
PERK.

SRR, 7k & AWM T R FUFF 2
FXBAMA L, T BRI %% B
FAMANRR S, RHIHR BT 4 F W AR
AAR TGRS b, S T DARE SE IO ST AR5
ARHGBR I BT TR T R B,
PR & M R T, BHUR R T LB
92, TSRS BT H M FIZ AR O A A A5 17
SRR RO .

4 ATFFRETMMOBESRITAZ

e AP, SR s SRR R
W IR ROEBEFEEEEE, A THMT
AR AT E R E T RS TN A
WhETE, (Ui H 7= 8 T X — U, CARSE B
TARELTECEGH kTR, (LEE AW
Al THP RN Arps BISEE HRERES
etk R PR R BRI RS RY, B 8] 3 G A
5k R0 A AL HERR n) B BE A 7E
S = R B R A T BB A |

R 5 T BT AR N EE S L RE
REFICR—MS RS G, £mAeg
T, e R AR AERRE A BT 77 5, AP
BEBRITWRFER R EHRERT ZEH
BRIt A TR RIF S0 447, 57 1 [l A% 339 (AR-
MAYEAY, LA BB MRS A R R A G
AT HHEME R,

WMAFEREERBEA AT HE —EZ
HROBEE T, BIEERREFA . EmaEER
BHEFES | x| RGBS SRS B
L Hr =12, N, HieHE o 4,7
RELIRAT T 6, I

x,=d,+eg,,t=1,2,- N

L RFHA SR BB 4, RRERF LR —
BEESE, RN RN FEEME RS,
e M (x| REIT (4| BT R FREEVLF
5,9 F ARMA A7 B RV BR8P a4 41 5 B
PP GEE, FAKE BRI AR B3 X5



31K #£24H

HRAR, ¥ - baF L PORATEPIEAL LR -+ 49 -

FEVEBAISATETT. B 1 B— N TR
W= RSB, AT AR &, 207 T T wh B 7 8 A o
WHBH .

3.0

o HRMH

2.5}
20l Tz

1.5

ArHR q /10

LOfp

$981-05 199406 1997-03 1990-17 2002-09 2005 05 200802
HE(E-5)
BH1 FREsENANREERSHR

MR GBS S RPRGE T 7 RR T R A
PR, AT LS HE 0 M T il B R R ek F b
PR AL B A S R BEHURRE | e v o BT R R R
FERAANREE, it R 2 R R g A S R
Tk EATERATRETEWFL T, % H K5
PR AT R HE R A O

5 RATHREERRRHNERMLSE

AR R ARZ A B B EsAR
AiE , FEA [R) B BT R 22 2 47 28 T s ) 1 A 202 o
fol H B 41 A FR YT IR S L 2 B 3 B R Ak Y [
R, ARyt AR AL E 2k B A R
T &SR 3R — AT A e i e, B AR
TR B TR RO LT

UK BR 3 AR ™ 55 ML T 55, 765 IR R
SFRENER T, AAREAEREY 80
BT A=A BAR R, B iy H 45 B BRI Y
WARMEPIRR R, B hr s BUR A T RKIFEB- R
S P B TR )™ 1A T ) 28 A AR/ ME IR e 22 /ML
IR AR YR T RS BR B R T 0Y , — AR D4R
PR AR (LR T AR A 0l T & K4
BSE AR %) K BAR(MET 2
H1 FEZE AR N AF 7 K BB AR, 90 A3 7K
REREMSHERN) ETAEFARAET
i B2 BOR S A TR A M, X7
FRP 9 TR 3 H S BB ) AT B 52 B ) B 4
FE - 2 it D U 20 R T B LA 243

FEHLALRI r s e 5 18 T R R R AT
B RN E R BT AR, HEERETE
TR0 M KR A O PR S 2 TR
SRAFH R B, UH SRR R M R R B R X

RS RBREE— R ENALR, THERY
WA E—EMBREHERAWR T, & hik
AR, RFEH MFEHRE,i=1,2,3,,m,
coun, BE m FORMERL G 0 - m FRAKHE .
B R G BAR TR

(minZ = P,(d; +d7) + Py(d; +d;) + Podi +

n
P, z vy
=
s. L

PF

;quixi—d; +d; = Qp_Qt‘za’

e

P,

ni“qw-:'xi -dy +d; = WJEJB’
= ‘

3 Cx, -dy +d;, =C_,

&~ 3 )

+ - .
x; "da+i +d3+i =, 1= 1"":”’1

zn,xi =R,y Su,t =1, ,n

AH g, iR i IR, HEENH AT ESE, R
MIEEFD A 5 g, BB | RIETE R SRV AT
S BMAREFGA PG = 1, ,4) REEET,
TR T HIirMAE B, XS M B P,
> Py AR BIR B RERNEE T4 4] 5
B EAE 6 BARERIE FURE d) ) B
SEMBHIE R d) T d; 501 KRR
w2 ;dy M d7 2 B A R IE . RS ds,
A AR E . ARE a8 AEREAE
BIY R &S B RB BIE K0, HEH LN
THE:Q AEFARTR W, A NER C ha
PR SEH; C, PN & B e, N HEHE S HUR
.

FEBBEIE AR 2 = (5,55, .5) , B!
P B I B, b oy RS FKHE
T O IR B e LRSI, BLE P BENL S M g,
A qu ATESS A Np,,07) o, K4 TG
pR i RS BT, ol AT £,

G E—AE T E R R ER
(LA J7 ik TEM UL E 22 & R R AL Rl T, A6
FILCGET B N B, MOk B e Bk R tg
G577 TR A BB (A DR AR (] A

R B AR AT BRAT 50 7= R B 110 2 IR A3 , T
PATEH IEHOR A HF BRI T L 0k & ok
B BRI A REE, EAE M R h I RE



- 50 - TELRKFRR(HAHFH)

2007 %4 A

ARBLRI T3, A Fe 5 F1 AT PR IR R Sl T &
R PR Rt A TR

6 HZ5RiE

£ T B I R, oA AR KO RIS B
BARR, P T M E T R A G B FE A R EWIAR
MABEN. BV EREERERIRF AT et
Bk AT A A P R T R I AR T
AREF B, AR R B S ) R B AL AR
SEHET AR e T R B R O R R T Ik T L
‘BRSO R A i 1 0 AR A s O T O oA
FE TR 0 RS RS B P R T EEMER, LB
TRBAHAMEEAER.

BE

(1] ¥, AR, @ BAMmEN R 7M. d
M Tk B R 2003 :157-178.

(2] sklisE, ERE BB MBETETEELT].
BHFAR ,1995,19(6) :391-397.
ZHANG Tuan-feng, WANG Jia-hua. The principle of sto-
chastic modeling and stochastic simulation of reservoir
[J]. Well Logging Technology,1995,19(6) :391-397.

[3] =%x,EET,REM ME SE8E R REHER
PRI BT[], B ERYBESE R, 2006,21(3) :
902-908.
JIANG Xiang-yun, WANG Zhi-zhang, WU Sheng-he. 3D
reservoir modeling and its application [ J]. Progress in
Geophysics ,2006,21(3) -902-908.

(4] B&AEA. KB H B & A MR 7 1 0 o TR 3 T
(M]. K& FE M kS H R, 2006 :89-123,208-
252,

[5] FhaFdli. 5k T BRI LG 11 3 6 3] A5 D 4 A 22 ek 75000
[J]. TR 5 R SR, 2005, 12(2) -52-54.

(6]

(7]

(9}

[10]

SUN Meng-ru. Quantitative description of remaining oil
distribution based on fuzzy comprehensive discrimination
analysis| J}. Petroleum Geology and Recovery Efficiency,
2005,12(2) ;52-54.

MHER, BT, REE RAZSSEME RN ®
Fmmmd L ERITNLI]. BRPFS5REEMR,
2002,26(2) .3841.

FU Guo-min,MA Li-ning,QU Xin-zhong. Quantitative e-
valuation for the potentiality of remaining oil by multilevel
fuzzy judgement method{ J]. Joumal of Earth Science and
Environmental , 2002 ,26(2) .38-41.

JUMEE, BRA . Al A mAhEME ] &
TMARZFEER : BRFIFIE, 1998,22(3) (5455,

FAN Hai-jun, CHEN Yue-ming. A combined model for
predicting oil production in oilfield[ J]. Journal of the U-
niversity of Petroleum, China { Edition of Natural Sei-
ence}, 1998 ,22(3).54-55.

ZTELBRFE. MAERTMARLRHBHI]. #iF
HHLER HEARLS 50C,2006,22(2) :151-192.

LI Yu-feng, CHEN Xiang-guang. Development of fore-
casting aystem for output oil quantity in crude oil produc-
tion[ J]. Coqhol & Automation ,2006,22(2) :191-192.
TR BEA U, VEMGIE. wh B R P Y RO L R AR
BI[)]. E5%F,1999,16(3) 4551,

GAI Ying-jie, CHEN Yue-ming, FAN Hai-jun. A model

ters for

with random par e planning of oil field
[J]. Mathematics in Economics, 199%,16(3) :45-51,
BRAM, SXA, EEE mEREHE R
B T]. SFHF,2000,17(2) -45-51.
CHEN Yue-ming, GAI Ying-jie, FAN Hai-jun. Mathe-
matics models for measure programming of oil field[ J].
Mathematies in Economics, 2000,17(2) :45-51.

(%8 F&£%)

“IMFEBEEMRYXBEAREEHE ALK TE

B AP AT R (CHR R ) MR O S 1 B 2 B 2 2 B3R 1 Su B ™ L 0T R e B AR e s B AR
FK7GH ET LR EPRITARN EREAREE AR ZRR R LA AT AT, ZEREL
TF R B B AL b ) bl BT K BRIP4 MAUR PR L ARy R R R A S = kR
MR MRS mRA— RIS SR, CET T LA H.ILR HEE MEdlK 39 A+
MR PA H PN R E A 37 AW E G E TR, 0 H O A TR TR

(BaA  #4)



