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| AR BY R i AR B i T

# E Lee #9% % (Statistical Methods for Estimating Petroleum Resources) % 4
FThRETFHOAAIRBRARFNGAT RSO TZRZ R, Lee #| AT HIES
(Lognormal ) -7 | s R (Weibull) A . 4% (Gamma) A, ¥ 45 47 ( Logistic )
o Hi Ao bt E F(Pareto) MR BT HE M A E — N2 WA B LPERA BT RE
HEIMEAZ, 12 Lee 5| MG 5 AR FE R I, AR ESSHEHI, Xi 45
AR, B, LAY AR LA IEBENGEHME, b, HTHEZTE M
RO~1HARKRE, LABITERNG TR, TREZTEHAMNER, 12 Lee £
FEPEAARINKXTHEZEE JHKAHETMNEHR, KXAFHGHZ X, #HH T Lee 7]
ROMEZTE A RBALENER, FE2ETRATHRPHRE, ZITHENBATR
F R AR

XA WARRE; KATEEA,; AR, BEFEIH

Review of Lee’s discovery process model for petroleum
resources and establishment of prediction model

Abstract The discovery process model in Chapters 4 and 7 of Lee’s Statistical Meth-
ods for Estimating Petroleum Resources is the important theoretical foundation to evaluate
oil and gas resources. Lee uses probability density functions of Lognormal distribution,
Weibull distribution, Gamma distribution, Logistic distribution and Pareto distribution to
describe the discovery process of unimodal cyclic resources in a petroliferous basin. But,
it is found that except for Lognormal distribution, other 4 distributions are all wrong,
which will inevitably in fluence the accuracy of the model. Additionally, dimension trans-
formation must be performed to establish a reliable prediction model because the probabili-
ty density function is a dimensionless quantity of O ~ 1. But Lee never mentions the dimen-
sion transformation of the probability density functions in his monograph. Based on com-
parison, the authors point out the mistakes of probability density functions introduced by
Lee, and establishes a prediction model to evaluate petroleum resources through dimension
transformation and derivation.

Keywords petroleum resource ; discovery process model; prediction model; proba-

bility density function
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B=1/c8c=1/B (16)

HRYEARE] ¢ B[] B SEPR A BRBE IR Q (1) , SEARRM b, dial(14) HTLEEMNK
%, FHFUBREELXRWEIERSG A 1 B WEEE, FBHX15) MK (16) 55K o« 1 B
ME, BJEmR(13)RAR(1), ATEHE SRR MR
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22 RAELEF @ HMBY
HR () RAR(9), BB /R 6 R FALRE
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A3 (23) A (24) 43505K 75 o il c WBUE. R, e B TETRE
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RS FRAR(9), TS A TR R o .

Q(t) =at”exp( -f) (26)
NT

Hr, =00 4 1) (27)
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c:B (29)

h T TR, KX (26) B f5 EECE FXTEON
log%)-zA—Bt (30)
Hr, A =loga & a =10" (31)
B=ec (32)

BARRER b8, mR(30) KHERIREE, REREELLRE, 2LEH ARG A
M B BBUE, BEMHER(31) Ak (32) B05E o M c WBUE, RJEHE BEIRE
Ny =ac®*'T(b +1) (33)
24 SEHALR bR W HY
fE(7)FRAR(9), BB BT TR % .

PP N (34)
1 +ae
F3X (34) XFAstfE) £ SR04
abNTe_l"
Q(i) =(1+ae_b')2 (35)

0 (35) BRI (34) 75 :
Q(t) _ abe™ =abN(t)e_"'

Ni(t) " 1+ae™ Ny (36)
= (36) F 5 AWM, FR AL 3TN () f, KX(36) 85 N:
() _
NL(D) =A - BN (t) R
b, A=b (38)
B=b/N, (39)
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BRI R
N, =A/B (40)

3 BHETE(Pareto) 5315 A9 M B K FIAR B i 51

PR FE A B — 1t B R B AR R A RUBHEF , T & vl S A ek X B R R
MARERAFHERE T L, N TS MIAMB XA, Ll EEEMRE, & XB/NEF,
MR E v =1, 2, 3-wmen - RIERKEH/NB KRGS, EHit, WHEFESGR—E
et A AR E, B SCRR[ 12 ] FISCER[ 13 ) /&, WATRFE 1897 4R4R H A /M 2 — A K
REFEMS T, R T AT M I8 BOR R RN

x=aN(x) ™" (41)

BEAUEH, 3R FE B AR (USGS ) B 78 Bz 8 A (41) X 56 [ 45 4 25 A< 4 b Py %
BRATIEA ™ T R, R (41) B, M b R /N G B1E S BRI O\l
TESCPRR IR RA ., Bk, SCBR(12]18 A =" HI B =1/b, #R(41)BCH

N(x) =Ax~" (42)
AR, B m Mo BAFA, AR(42) B .
N(m) =Am ™" (43)
N(n) =An"" (44)
A (43) BREA (44) 15 .
e = (%) =(%) (45)
e (45) BUE FIXT 845«

logN(m) —logN(n) % i
logn — logm
HEFZ MR TAEE, KX (45) FI(46) RPN ERER, XB—RE,
T7E Lee ff) % 2 df sk (45) BRMFF IR a2 AR IE#A 9
Lk G T v =1 0, f(42) TS AR B E R

(46)

N(1) =4 (47)
B (47)RARK(42), BB ELSE 3 B2EMSEEREN T ZR AR,
N(x) =N(1)%"® (48)

NESFEH, A V(L) FER TR R B i SR A TR, haR(42) IEH, Hi=0
B, N(0) = o0 (B55) BRAIEHM . K, EN - NEEHFRE LR, Yx=08, N(0)
ARRLY T oo, TR R—TH, BB E A,

WX (42) 555 W i U R 40045«

logN(x) =« —Blogx (49)
Hrr, a =logA % A =10° (50)
B=B (51)

M (49) ATLAFE i, logN(x) 5 logx ZIAIN A HL FREXR, AT, FEXTHALFRL L
B PREE A A R — R BN . A T ERINATEFES A, E ST T 25 b B T i < BT U R
HORERY, SCHR[12 393K (42) #EAT T AT B IE:

N(x) =A(x+1)~* (52)
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R (52)F i, Hx=00, N(O) =4, KBS T ELMRIELCFRBIIER ., R
BRI HAFRMENHETY, R THE BRI 8 A FI B }BUE, K3 (52) %55 P EUs
PR % -

logN(x) =X —wlog(x +1) (53)
Hep, A =logA B¢ A =10* (54)
w=B (55)

B (53) B, logN(x) 5 log(x +1) ZI N ELR R, WIELEREHE, FMAX(S3)H
RYERERTE A Fl o WEAESS, FH(54) F(55) 2 580E A 71 B M%E, —DaHS
A b DX A 0 G R R R (R R ) WA

Ny = j: N(x)dx (56)
BR(52) AR (56) R E1E, T A hAR 2 X W SRR MR N
Al (x5 +1)' 7% =1]
NT = =8 (57)

mR(57)F i, B E MRS REE, BRS A M B MEEA XK,
B G TR SRR AT v MEER X, HHETHITFNHE T 2R RMER Ny J5, ATH
T E 5 HARRL A R 2 -

xEL=(NiEL) -1 (58)
F(Ff) ZIAMS HBEIRE (MR ) e R
Nundis =Ny =Ny, (59)
SKFHSCHRL 12 ] B9sEp], FRESBIMREE A =1327, B =0.9266 fil xy =175, HHAAAKX
(57) ATAR4 A U1 BE ) . BE TR ( B b A ) O
N _1327[ (175 TS S e &
N 1 -0.9266

ST RUHR M E R R 6764 x 10°, L, REIHHHEERLAH 1584 x10%,

4 BiE

=8348 x 10*t

Lee P J(Z=3i4R) F 2008 4E 4 ji f¥( Statistical Methods for Estimating Petroleum Resources)
HF, AlEMBREZILAATHEEEN, FEEERNE 4 BMET EP, Lee KA
P RS AT AR & F O HE o . SR, FE N R BL i BRAR A S SE A B HE R BE PR 2K,
BRXHBOEAS A IEHSE , FCAMERAT IR A5 . TG . 25T 40 A0 AR BE F6 50 A0 #0245
R, UL, QRN X SR LR B R, 1E 0 R B PR B B R, AT
WHEERIEH, B ARIERMOLER, MR, B SRR % R R EME, WRAR
PATRNAAE S, WENR T AT SEABOASIR , A SCUAXS i SN T AE Lee B A BLIE 2
BRI, B | A R A . ANE A . BRI IR R IR A R, AT RH
RIS, BT T PR RE & B U R A S R IR R R R SRR A, [RIRY, ASONFAES
E 3 R EMSEIIEN b, 7 B 5 MU HE vk (B B 64 ) 77 7E 1Y ) A
UREHEBATOBERREMEL T W, BE, NXSHEHE, E3XER017 ] M3k 18 ] 4w
A VETIASIRY , LI RAESCHR[19] . SCHR(20 ] FISCHR[ 21 ] i3 i i 30 B fh SR DL SR ik, 46
A TFMAORE R MBI, 85, N4RATEE, ScEk(22 ] 48 & 68 H TSR EE T
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Hr &) SP( Shifted Pareto) 434 . STP ( Shifted Truncated Pareto) 434ii . LDP( Lognormal Developed
Process) 7345, DAK i SCHR( 23 [ $2 MM UIAERFE40 10, BRI HES, MAEMYK
MABEERMAT M, ERRFH, ARl 5T,

5 HERBMERE

A, B——R[RIHEZR% B pR A LR BE FI R

A IR HEZR2 BE eR R R 6

Lee 5| FIRIIAFFE A B R EFR, 10°m’;

b,—Lee 5| FIIMAE LA IR TR, 10'm’;
Sf(x) —= BRME,;

S(t)——¢ B[] R PR AT IR B i E R

N, —ERBR R E (et Ffh &), 10'm’;

N —— R KB R R (SRR ), 10°m’;

No— BB IR R (SR R R ), 10'm’;

N(x)—4%i5 0 » S H KRG R, 10'm’;
N(m)—%i5R m WS HEHFEHR, 10°m’;
N(n)—45 K n WS H M FAEE, 10'm’;
N(t)—t 4B R BRI R (SRR ) , 10°'m’/a;
N(1)—E— M EmA RN » =1 WS HRSR R REER, 10°n’;
Q(t)—t EFE R IR R (S FRAER) , 10°m’/a;

G e €

a,

t——Rf B AR, a;
x——HERP AL
xp — AR FES A0 2 BF AR PR GE B 40 5

Lee 5| FHIWABEFE/ A G RIEL, 10°m’;
T (o) —n 25 pR % {H 5

T(b+1)—b+1 [N R %A ;

a, p—EHIARR S HIEEN T HSEL

0— AT B4 I TE AR B 5 (shape factor) ;

A, o——WAEFE T I ELARBE AR,

& ¥ X W
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