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Research on a new method for calculating dynamic reserves of gas reservoirs considering

inter—well interference
TENG Sainan', LI Yuansheng®, WANG Jianwei', SHENG Zhichao', ZHANG Lili'

(1. Research Institute of Exploration and Development, Sinopec Offshore Shanghai Oil & Gas Company, Shanghai 200120,
China; 2. Research Institute of Shanghai Company, CNOOC Ltd., Shanghai 200030, China)

Abstract: Dynamic reserve evaluation is a critical step for reservoir internal adjustment and potential development. For gas reservoirs with
single=well production, the traditional material balance method is commonly used. In this method, dynamic reserves are calculated using the
average formation pressure and cumulative gas production obtained by extrapolating single—well pressure buildup curves. However, in multi-
well production scenarios, inter—well interference exists, and pressure buildup after shut—in often exhibits an abnormal trend of rising first
and then declining, making it difficult to accurately determine the average formation pressure. As a result, dynamic reserves predicted by the
material balance method may have significant errors. To more accurately evaluate dynamic reserves under inter—well interference conditions,
an inter—well interference coefficient was introduced. By coupling the pseudo-steady—state productivity equation of a single well within a
rectangular boundary of constant volume (with evenly distributed wells) with the material balance equation, a new method for calculating
dynamic reserves was developed using only single—well flowing bottom—hole pressure, gas production rate, and cumulative gas production.
Relationship curves were plotted between the pseudo—pressure difference per unit gas production of a single well and the total material
balance time, where the inverse of the curve slope represented the dynamic reserves. Given an initial estimate of dynamic reserves, iterative
calculations were performed using the curves, and the resulting reserve value was obtained until the error between the calculated and
estimated values was sufficiently small. Case studies demonstrated that under inter—well interference conditions, the new method only
required single—well flowing pressure, production rate, and reservoir cumulative gas production, without the need for shut—in pressure
measurements, showing stronger applicability than the traditional material balance method. It improved calculation accuracy by 12.6% and

better aligned with actual production conditions. Additionally, the new method yielded consistent dynamic reserve values when applied to
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any two connected wells, enabling the determination of inter-well connectivity. The research findings hold significant practical value for

improving dynamic reserve calculation accuracy and assessing well connectivity under inter—well interference conditions.

Keywords: inter—well interference; dynamic reserves; pseudo—steady—state productivity equation; material balance method; inter—well

connectivity
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Fig. 1 Schematic diagram of well locations in a rectangular

constant—volume gas reservoir
S SRR EON -
B.=t (1)
4,

KB, I TR g Ry HIFRY R
i 10* m’;

K SRR A 3 G P A, B 2 2545 il v
B -

A, =AB, (2)
S A S A T AR B m®
R SCRGETG IR AU T 0
wm%%?ﬂﬂifp (3)
S (p) T UAAIE 7 30, Flge, 5500 S50 0 I
M2 R I RARTEEE B mPas s e W AR HLZ R )
BB G R B, B MPa! sz, A2 4351 R UG AT H T
JZ TR 1T S 22 2250 p, A p 23590 > I 4 A H b =
JE77, 500 MPa,
ZEA T R EOH S n B A 15
ST - BE TR -
1 el [;1(4343) . S,L] @
Ky (p) My (p,) 500k 22 A 72 s 1 24 1l 2 e
FTIRE n OV IR T (LR T, B2 MPas p £ 1
JEAE 7= I P S )2 R T, B MPasp, 55 n HFR T
G, B2 MPas B, A IR 3 )22 FE 0 T B URR R 2
Bk, N 0 OIFARGEER AL 107 pm’sh, B n 1
FEAEZ IR B m € IR, 65 T B TR AR Y
AN H RSy R KR H R, 45T 0.577 2165, R
AR B m; S, A n DR T

¢ (p)=¢(p,)=

SR - R
P_pif,_ %
s (1 C ) (5)

APz R P2 R TR B MR 22 5 6, m H
R B3 A, BV B2 5, 1067 10° m? s 6 R AR
i, AL 10° m .
2 (5) X ) AT SR 5, 45 2 U0 i 5 T
IR G AR
__Gap ®)

e, P H 2 )R B SR 4 A S MPa
¢ I TE], B d
BRI A n 11 I 04 7 S SO S ) o P Fsf
I‘Eﬂj‘j:
HiCi

' q
t, = —f ——dt (7)
q, oM C,

A e, o B B8], B ds e PR HUR R



1058

FETEY] 2 25 IR )T PU R0 (9 U S it R A ST

2025 4F
F1sE Holy

4 ST R, B MPa'
I8R5 AR R R B, A A TR 48 R EOT LA
BEATT, ch~ct,c R AR AE B B MPa
R (OMRARK (75

.C,. P
%:Jw%%w vy 8)
q,\ Pi P Ay

U RAR(R) BB o o BT S
ST R E AR
w(p)q ¢(p) 1, (9)

HRAZ 5 n ARS8 07 1 5K (4) T B 45 07
2 (9)n] 15 .

Y(p)=¢(p) 1,
9, 6

TR -
(p,)

$(p)=d(p,) _
qﬂ

X TR, =

CllMnggl l 1

Cﬁ

cttgBa |1 (4 A,
" 2wk, h l h‘(ev et (10)

(11)

t +b

mw”a n

fﬁﬂ%‘gﬂ’]ﬁ o #bE D, =

2wk h,

;g@)hqﬁ%nmﬁF%ﬁﬁﬁﬁ,

ERME T TR B SRR SR ORI IR
o W7 R R BOR A, FE RS A TSI D R R st

BER/N07 pm’
300

a. XTI R
800 - 45

— HPR(AUE) — HPHR(BYIF)

700 F — JHRIEAF) — JFIRIE(BJF) 1

600 35
£ s00f 130 g
fgj 400 - _ 2(5) %
= 300p -

200 -

100 |

0 0

2008 2010 2012 2014 2016 2018 2020
Ay

c. AVERIBOI2008—20194F 45 P 25 il £k

(LU BT 1, G S, 25 ] B 5 30 i 2%
R SR I A S

FIFIER (1) R A 3 b B4 - D2 5 W) 3
GGl MU ) 5 @ BRI B0 (G, , 7
%%ﬁ%@ﬁ&ﬁﬁﬁ%%%%ﬁeﬁﬁw%iwm

P @ W p i, pHlc, E‘Ja‘é/\,ﬁﬁfri@ﬁﬁTE’ﬂ%ﬁE
TG A R 45 2 K () e (p)s @ S5 550 ¢ KB ™ i
(¢) M55 n D#HFWE(%) THE B T A 1 1)
(1,); @ FHEE n OB LE 7B, 2 1 B R
T T ) 22 5 R ST I L S SR 2, D

VP b, ke b b 4D S 3 B (G

lﬂ(Pi) - p

© WA GCY G 1iRE iR 22/ T 1%, 0 6N
Bk A, 7R 2ZE KT 1%, % 6=6, HE L ER—OG), 13
THRENT 1%, WK TSR AR

2 SN A

XA 15 R 3 A, S BBl 12.5% , -3
BB RN 286x107° wm?, i J2 1% 38 P b, b fE N
4 111.63x10* m®*, 2 H A 3 915 m, )2 F 7124 40.3 MPa,
HbJZ IR EE A 100 °C JE H R R R ARFLBRE L EBE R A
o IZAAE 15 I &I (18] 2a) , T 2008 44077, Z Ja

6000
5000 |

4000

H /10" m’
woow
o o
s 3
s 3

1000 |

() 1 1 1 1 1 1 1 1 1 1 1 J

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Ay

b. XA HIAE P2 2k

— B
— JREHIE 13

H I E/MPa

0 N N N L s N 28
201212 201303 201306 201309 201312 201403 201406 201409 201412
H 1
d. ATHF2013—20144F L P2 2 25 i £k

B2 XA ShssR G Mk

Fig. 2.

Comprehensive production performance curves of X gas field
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Fig. 3 Dynamic reserve curves using material balance method
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