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Abstract: In 1997, the Society of Petroleum Engineers (SPE) and the U.S. Securities and Exchange Commission
(SEC) recognized the probabilistic estimation of reserves. This method has been accepted by many international oil
companies and institutions; however, the determine estimation of reserves is still dominant in China. The probabi-
listic estimation method was briefly introduced in this article. The difference between the two methods under differ-
ent uncertainty conditions was compared. The applicability of each method was discussed. Meanwhile, the impact of
function form on probabilistic estimation was analyzed. It has been concluded that the probabilistic estimation of re-
serves takes full account of the conservative, the most likely and the optimistic variety of situations, hence provides
a more comprehensive understanding of reserves. The probabilistic estimation is applicable to bigger uncertainties
while the determine estimation is applicable to smaller uncertainties. Since the function form of probabilistic esti-
mation parameter may obviously influence estimation result and is subjective, the appropriate function form in
strict accordance with relevant standards is demanded to eliminate or weaken the influence.
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Fig.1 Diagram of reservoir A

I P A A B I IE S (P1) G B Y T
FUAET 2 FF 2 AR T (2 050 m) DAk i
I AR (P2) i o 10 1T RS T B A e KIS TR
1 AEPIZE (2 100 m) LA Z Fe AR 3R 1fd =2 18] 4 1
I FTRE (P3) it = 10 1T R 55 T 2 80 e oo /K IO T &8
BARIET F 1 MPZZ RIMEAR(E 1) .

I MR R A B i IF 3% IR SPE Il SEC 45
A SCHEE |2 FF 8 R RIS T (2 050 m) DL E
F14) T R (i 35 T A S i et 1T AR ) A5 1 P99 T AR
Il P90 AU ARZY%ET 2 095 m LA EM AL (1, %
AU ] B kb o, B B0 WA A5 51,2 050+50%
90% =2 095, S5 PBRAli5 IS 158 5 R i ik 25 (H AT
), #iHE SPE Fl SEC (2 X, IR Ak A fig
I IESEfEEE (PL) % PO fif e, WARTE AN 4%
PR, BT AR B S i e st %) 1 R L FE
S A S E S A () T BRI R, BT DA LAl 2% 4
W3 N V= RUTU S 8 R = RS T RS i 2 S N
SETRIAG LS [RIRE , C A R K IO DA %) T

W IR+ BER + v Refit &) 55T PR, i
P10 [HIFRZZ5ET 2 445 m DL A TRIAR (2 450-50x
10% =2 445) , BT, BT HRE 38 9 A B8 A ik 55 +
WS+ VT BE At i (3P ) A IR Bb FH A a2 A 430 ) T
TR /I i LA LA 25 A RN A8 B 00 R AR 1k
A 3P fiff i B K T Bk A 45 R, (HE
X TR SE RS i BT 0 (2P ) MR T A B 4
B R T 1 E R A E A R (>33%) , X FE R
A A vk FUR BT AME T 1 AP 2 (50 m)
TTARE 2372 1ok 5 R I L X6 P90 il P10 22 [H]
PEAT 2206, A5 80 T 3 R B AR, r DL AR 33 25 R 2t
LR T E LIRS R (R 1) .
22 HAKAREREERBEBFLT

e —FP A B JERE b B T — 4
LBIX Z2 AT H 7K A0 2 250 m, BEBT, TR
BRI ZAERT LA 2 BE LRT IAS TF A 3096 A4 3
IK AT KM (A2 BT 3B B R UESE, i A
ANBEHER L

F1 ZHEGTEHEENREEZLELERILEK

Table 1 Comparison of estimation results between probabilistic and determine methods under 3 different conditions

JIESZ(P1) =P90

JESE+MESE (2P ) =P50

JESE+ESE+ T HE(3P) =P10

w5 s s s
Bl e, BT g, B/ L %

KEwE  BEE 4000 4431 8 136
WMOKAE R 4360 9 5 893 33 7 648 -6
WKREA BEE 4000 6 000 8 136
REMETRTAE My 5 600 40 5 820 -3 7 566 -7
ok RERE  BIE 6 000 6 000 6 000
BHETIINE gy 5 460 -9 5 940 -1 6 360 6




- 120 - & & B

%36 &

WS 1 R o YA Al LA B RS (P L) i i 1D
TR s MES (P2) i i T AR ] L2 25 40 X1 il 7K
SR BE (2 250 m) , 55 T O AR AT R T 2 2 X
AR K BT 5 BE (2 250 m) Z [E] B T AR 5 AT BE (P3)
i e TR R A 1 L 00 e v A TO T 2 408 X9 K L T
(2250 m) ZE AR, 55 —F AT R
ARG, PL AT 3P WA AR 4L 2P AT IN, X
A P3P BTN A AR AL 1T 2P A A
R(E1D),

N PR IAG AR L, B T AR OB B P UESE
fRI3m K LT, LA P99 (P90 P10 P1 [ fR AR AE
A2, B FA SR Ak B {5 5, Bk PS5O il
ETF 2250 m DL EREAL, S5 —R AT A
AR 2P F1 3P A A AL, P1 AN T
40% , XA BERE GORVR E PE A I, BT R
MR AT A 25 T A A8 Ak (BRI B i 32 R 06 B R 8
AL, VR R 3.2 7)), I = A 1 7 ) A
B, FH I AT R A (EAE R (L 2) o MY T RS
TR P A3 I SR PR A i ) — o T
PEUF LA
2.3 HKFHEEBERBEERT

TESS —Fh 2R A i FE At L, B 3m T — A 50k
A SRS 8 7R K BT 2 250 m, BUE, B A
FEAGEAE R UESE (P1) if 5 AR AR T ik AL
(2250 m) LA b A T AR SR (P2) Aiff it TR AR T
F Al BE(P3) i E WA T

I FHAE R A6 B A POO T A4S T 2 205 m
(2 250-50x90% =2 205) LA F-FTHIFL; P10 THIFEURAE

BUIs B A B 3 A (R — A, TR
RIATIRIE 25 A R AR 4 X AR, AN 3 X [i]
TR AR/

100
____________ B N
, | —— ORI
80 N\ | N\ — — — POORCEANE
L4 B
= 60 l A\ \
o I
= I I
X Pog I
Bk 40 | / /;/
A4 I
: -
P90’
( I
0 1 ! 1 ! !
40 60 80 100 120 140
fit B/ TR

P2 AT B HE AR5 B pR RO CHX Y R TR i £k
Fig.2 Different probability density functions and
corresponding cumulative probability curves

il bR PR AT LA AR A o 1 i
AR R ATREAN 22K ANHIE PE S, B
SRV R VR A St 1) (L2 AR, L i
AR RO R (H, REE e PRI I, AR
TR i 1) — A 20 TR B S 5 T 12
TE JEIBEA B 2O A B i (EAR R DR 2
GORH E PEAR RN B IS 3 MR (R —
A5 MIREAEATI IR 2 45 AN [R) B BE SR B R A, H
AN DXCTRL A BN, R i R V5 L3R 0 B e
i, LKA MRIEE T AR E MR O
& TR R 2 T PR I LT

3 PREUE ARG R AR A

PEREZR AR REAG T, i i 3R 40 A ith 4k (5
SRR £k ) S a8 5 X 45 A S B MR % T R
B NARR), B DL, WE AR 2 B2 pR A B B 0B 28 X i
AT R S v R I sE i (B 2)

K2 ) BRI R A 1 B 2 B S HE R
PREL A B XTI, A° R IESM A, B’ R ImAS 5
i, IR 2% SRR th 48 sz iy P90 I
T 40 HTARA 62 FHTAR, —E IR,

31 EBHEES

PRBOE A IR 48 AL AZ F k8% BE PR A f () 1
A, AT LA 7 22 | JBE 2R B0 UG B R BBOR RATE
J5 25 AL AR 1 M2 285 B pRERL £ (o) 7 SR {H )R]
1 %) B R, B Bt LA 2 1) BB A 10 R (R B 3 1)
BRI, ARIERBERAE £(x) KT YIE 1A XEFR
FRIE W ZRBCRAE f(o) R IISBIRLIE (18] 3)
32 EFESHHEHELERNOTMN

AR TS A 2% A2F il 7K S5 T S B v 1 ) o2
LT A, N AL A i, AR R
SO A& 5N = AIEA B IEEL
FATR AR T RAGTE (K 2) o FTLAE R =
LSRR B AWM A R AR 250, Rl
AR ATARIR R R BOE S (BB ) B2t TR Y
BRF A AL R AR 20, FESEBR TAE

A 2 RERE (v >0=0<0) [EEILA
y,=0

b REL (y >0=0<0) HIBREIEA

J(x)
Jx)

v

3 N[ B FR BRI B R B e O A
Fig.3  Function forms of different
coefficients of skewness and kurtosis



ST, 45 AARIA I R BT SO S B TR 0 25 5 LU - 121 -

®2 HERABEHT, AR EFRSEEHES RO

Table 2 Influence of different function forms on reserve estimation results under same condition
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