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Evaluation and optimization of untapped reserves and development technical limits in volcanic

gas reservoirs

LIU Gang
Exploration and Development Research Institute of PetroChina Daqing Otlfield Co. , Ltd. , Daging, Heilongjiang 163712, China

Abstract: To determine the optimal sequence for the development of untapped reserve blocks in volcanic gas reservoirs and to propose
appropriate development policies, an analytic hierarchy process (AHP) was employed to prioritize undeveloped reserve blocks, and the
development sequence for 12 typical blocks was identified. By using the Monte Carlo method, the geological reserves of these typical
blocks were re-estimated, revealing a reserve risk ranging from 23% to 35%, and showing a high reserve uncertainty. Combining
artificial intelligence-assisted evaluation techniques, a series of studies, including sensitivity analysis, automatic history matching,
optimization methods, and uncertainty analysis, were performed on these blocks, which provide a novel approach for forecasting
development indicators and studying technical limits. By applying the break-even principle, the technical development limits for
untapped reserve blocks in volcanic gas reservoirs were defined, with an initial economic production rate per well of 19 200 m®/day, an
economic ultimate well-controlled geological reserves of 157 million m®, and an economic effective thickness of 11. 05 m. This research
provides a reference for evaluating and developing untapped reserves in similar volcanic gas reservoirs.
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reserves; Monte Carlo method

el AR 22253 e o R O B i kot 9 )2
Wik o AHP 5 B T A M S5 A % ORI T 4
J7 AL = RE R R A 2 73 Bt LK R 3l i e ik
DA TARASC T A B 9T, R B A5 SRy i o
i FEURS T 5 A 4% ot B30 b o O i L ASE A
SRR R IR AL P BT K it
FRIARATF KA, J7 SOE R HTZ 5B i X

2024-02-22 Yg#5, 2024-04-19 188, 2024-07-24 #5, 2024-10-20 MERRE F

AT R AT B BT T 0T, BT 5500
AHP SIS S PR SO RER I N R 15
BT AR R XA R AE, BB S &
ARSI R ER 5 T 16 M5
FHORHYHE IR , R HIR T BE RO S 7 /KPR 23
B, BEMEARKAE R AHP FIEY Jy 26 20 5 4
PREGECER , HESr 1 00 ST R W T ik . fRIR

WWW. ygjcs. com



74 W 2.4 w4

2024 4F 10 H

ALV b 3l B R IR AL IR, s
JRWR G BT vE d L R AR AR R S B 1Y DAL HE Y .
THfiE AT SR IR () AHP 55 00 A0k s i T B4R
fHEFP RS A, S T ST R AHP - AT
F1 TOPSIS # K 1A ST & 7 SROCIERE AL, B i
I NFERE AR AR AR B S O AT A M A AT,
HREORISCR )2 Ty SO EL SRR AR, B T EENT
SHFF LR BN Tk, 2R EY RAE
WA TR Z A8 AR B CE A T0ET

FEXEF 350 H B PEAN O vk S 5T, B P 24K 8
SUNIVASEE & S SN N DAeR s e A a8 = MO 2281
SYBEPAS ST T XU PR B A S i SR Sy
HrsZma il S H 2 50 P4 AU R 2R 12 - SRR 1%
X LT v AU AT B A T, 2 e XU T
BRGNS R I 0 A T
AT T AT R IT L5V 0 RS S BT, fff ke T
FIRETF KT VE v — Z2 501 R B LA 1 48 98 &
RRZEAR RIS, X B NSRRI A
B2 AT PR T AT SR At i

B R PR kL S A T i i 1 L
S A E N R UR , F IR F S S TS
B, R A JEITAN 10 SEV B, D3 28 25 0 & it it A 5
Sl P g i 0 XU B v S T & H R BOR 4
B U0 A5 |, DA 5 fifh o ol R B A O 2 X 3R
1 BIARFAERGBEEIRARF

R A3 M B B ) 2 R A3 AT 5 R T LR
T AT 450 IXCBR A 28 355 3l R WL LA R O %
LGk ),
1.1 FHEfEN

N FHJZ RGBT 45 5 W sR B W T3 vk 8
SeidE Z R R e 2T RS I TR
Ao g ST DRI B SR 0 DT R I R — ) A 5 LR
Xof J VB B g — 51 e R AT I — AR A 3 e T
TR B — A7 - Y, R R AU E 7 B,
AR A AT R e KRR

Aw = A, 0 (1)
A, :’T:ii)‘i"' (2)
n =i
A=A/ w0 (3)
Ao A HHIWTHLE ; 0 AT 55 A, A W

1 KRR (L
— BRI BT FE IR A (4) ~ (5) 5 ¢

F1CR 25 n B WA R A T 2 — 20t S KRB IE [ 45
T n,

S, o="m" @)
\ Ccl
BEPL—SPEILR:  CR= ) (5)

s CF o —BHEAE AR RE N BEHLIE bR CR WA
e, Mo RIATRUEE R ERFE (KR D),

&1 RIEER
Table 1 Relationship of RI value and matrix order
M 1 2 3 4 5 6 7 8 9 10

RI 0 0 0.52 0.89 1.12 1.26 1.36 1.41 1.46 1.49
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Table 2 Judgment matrix table

5iH AR RS fLE, AT E o(BAR

: BE/m  MPa % 10*m®  FH)
F R /m 0.12 0.13  0.13 0. 09 0.12
HE J1/MPa 0.47 0.53 0.5 0.57 0.52
LB/ % 0.06 0.07 0.06 0. 06 0. 06
REER/100m® 035 0.27  0.31 0.28 0.3
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Table 3 Effective thickness weight calculation table

FRJRE AR B CRE DRI EXH FXE GRE O HXKH IR JXE KX LI
A X He 1 1/4 1/7 1/3 1/2 1/7 1/5 1/6 1/5 1/3 172 5/4
B Xt 4 1 /5 2 3 1/5 1/3 1/4 1/3 2 3 5

C X 7 5 1 5 6 1 4 3 4 5 6 8

D Xk 3 172 1/5 1 2 1/5 1/3 1/4 1/3 1 2 4

E X He 2 1/3 1/6 172 1 1/6 1/4 1/5 1/4 172 172 3

F X3 7 5 1 5 6 1 4 3 4 5 6 8

G X 5 3 1/4 3 4 1/4 1 1/2 1 3 4 6

H X 6 4 1/3 4 5 1/3 2 1 2 4 5 7

I X3k 5 3 1/4 3 4 1/4 1 1/2 1 3 4 7

J X 3 1/2 1/5 1 2 1/5 1/3 1/4 1/3 1 2 5

K X 2 173 1/6 172 2 1/6 1/4 1/5 1/4 1/2 1 3

L X He 4/5 1/5 1/8 1/4 1/3 1/8 1/6 1/7 1/7 1/5 1/3 1
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Table 4 Calculation table of comprehensive evaluation coefficient
i WHEEAH ARHE BRIk CXH DRH ERXHKR FRHE GRHE HRXKH IXKH JRHR KK LR
HRERE/m 0.117 0.051 0.035 0.193 0.062 0.193 0.091 0.124 0.046 0.032 0.096 0.019 0.016
J£ 11/ MPa 0.518 0.202 0.202 0.069 0.069 0.025 0.069 0.069 0.025 0.025 0.025 0.025 0.132
FLBRE/ % 0.061 0.020 0.013 0.226 0.051 0.051 0.119 0.119 0.119 0.051 0.013 0.051 0.019
REERE/100m® 0.304  0.022 0.022  0.217  0.024  0.024 0.111  0.052  0.111  0.052 0.024 0.052 0.111
AN R AL 0.118 0.116 0.138 0.053 0.046 0.087 0.073 0.059 0.035 0.032 0.034 0.104
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Fig.1 Calculation of geological reserve by Monte

Carlo Method with different calculation times
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Table 5 Reserve calculation table
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Al X H— 91. 67 30
A2 Xk H= 35.27 25
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Ad X e 67.47 23
A5 [XH B 72.76 27
A6 X H= 10. 39 33
A7 X B = 43.42 35
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Table 6 Development technology policy calculation table

2 IR AT R

o mmgs ARk, REER

(JL-m™) m (104m3) (108m3)
K1 L5 7.62 1.69 1.25
X2 L5 14.71 1.82 1.83
X3 L5 11.33 1.90 1.31
Xk 4 1.5 11.74 1.99 1.53
X5 1.5 9.85 2.21 1.91
Fy 11.05 1.92 1.57
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