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Abstract: Material balance equation is an effective approach to estimate the OGIP, water influx, and gas recharge capacity in
condensate gas reservoirs. The condensate gas reservoir with gas recharge capacity, abnormally high pressure, and edge and
bottom water-drive is one of the most complicated reservoirs which include the features of condensate gas, pressure-dependent
parameters and water influx. In this study, a new material balance equation for this reservoir was derived which considering ret-
rograde condensation, the expansion of rock, bounded water and condensate oil, the phase change of vapor and dissolved gas,
water and gas influx. The theories of Haiming Distance and relevance is used to analyze the mean square error of drive index.
deviation index between pseudo pressure ratio and recovery, and generalized objective function. Based on the analysis of relative
similarity degree and closeness coefficient, we chose the optimization scheme, and calculated the OGIP, gas recharge, water
influx, and the aquifer volume. Based on the case study in condensate gas reservoir in Northwest China, a calculated reserve is

66.80<10° m*. We investigated and analyzed the parameters sensitivity by calculating the errors in the assumption of those pa-
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rameters not included. The error of reserve estimation is up to 91.77 % if oil condensate is not considered. Other parameters al-

so have some effect such as water influx, the expansion and gas recharge. Respectively, the errors are 75.75%, 23.95% and

12.87%. The effect of gas escape from the dissolution and vapor is not significant but cannot be neglected, the errors are 2.69 %

of escaped gas and 1.65% of vapor.

Key words: abnormal high pressure; gas condensate reservoir; material balance equation; water influx; retrograde condensa-

tion; original gas in place (OGIP) ; petroleum geology.
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Fig.1

Schematic view of overpressured condensate gas reservoir with gas and water recharge
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Table 1 Production data of an overpressured condensate gas reservoir with gas and water recharge
I (8] G,(10% m%) W, (10" m®) p (MPa) = (L VO p/z(MPa)
1992-05-05 1.151 785 87 0.1318 57.21 1.331 42.99
1993-05-05 2.126 046 64 0.224 1 57.13 1.330 42.96
1994-05-05 3.154 868 49 0.353 7 56.89 1.327 42.87
1995-05-05 3.598 907 41 0.417 3 56.75 1.325 42.82
1996-05-05 3.885 874 76 0.445 8 56.64 1.324 42.78
1997-05-05 5.337 316 62 0.645 5 56.46 1.322 42.71
1998-05-05 6.851 595 73 0.866 2 56.23 1.319 42.63
1999-05-05 8.004 122 27 0.939 1 56.04 1.317 42.56
2000-05-05 8.875 949 43 0.968 0 55.87 1.315 42.50
2001-05-05 9.590 680 61 0.9917 55.62 1.312 42.40
2002-05-05 10.809 073 08 1.119 8 55.21 1.307 42.25
2003-05-05 12.077 439 45 1.196 5 54.91 1.302 42.18
2004-05-05 13.317 895 74 1.279 8 54.65 1.300 42.04
2005-05-05 14.412 627 56 1.383 3 54.53 1.298 42.00
2006-05-05 17.921 065 70 1.691 5 53.06 1.281 41.41
2007-05-05 24.213 451 08 1.873 8 50.11 1.256 39.90
2008-05-05 31.114 022 74 2.160 2 48.01 1.232 38.96
2009-05-05 39.002 150 12 2.774 4 47.15 1.208 38.02
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Table 2 Characteristic parameters of the fluid in the example reservoir

st [i] B (TEH %) B, (LH%) yw(10*m?/10*m?) R (10*m?/10*m?) S,
1992-05-05 0.008 528 1.003 627 0.005 435 5.600 0.000
1993-05-05 0.008 545 1.003 620 0.005 447 5.593 0.000
1994-05-05 0.008 560 1.003 582 0.005 479 5.578 0.000
1995-05-05 0.008 582 1.003 560 0.005 496 5.568 0.000
1996-05-05 0.008 585 1.003 555 0.005 513 5.554 0.000
1997-05-05 0.008 600 1.003 536 0.005 548 5.542 0.000
1998-05-05 0.008 629 1.003 520 0.005 580 5.528 0.000
1999-05-05 0.008 640 1.003 491 0.005 600 5.516 0.000
2000-05-05 0.008 651 1.003 455 0.005 633 5.496 0.000
2001-05-05 0.008 680 1.003 418 0.005 663 5.468 0.000
2002-05-05 0.008 703 1.003 373 0.005 740 5.432 0.000
2003-05-05 0.008 726 1.003 320 0.005 840 5.388 0.004
2004-05-05 0.008 740 1.003 291 0.005 880 5.364 0.008
2005-05-05 0.008 746 1.003 273 0.005 905 5.350 0.009
2006-05-05 0.008 836 1.003 091 0.006 200 5.170 0.022
2007-05-05 0.008 951 1.002 727 0.006 770 4.880 0.040
2008-05-05 0.009 040 1.002 350 0.007 450 4.570 0.061
2009-05-05 0.009 093 1.002 055 0.008 243 4.275 0.074

3 BN REASHARETUITEER
Table 3 Index list of the top 10 optimal combination programs
G (108 m*) G.(108m®) W.(10'm?) 5 B Y d; w; e 356 I 7
66.800 2.298 1016.25 0.680 0 0.002 9 0.682 9 0.632 0 0.654 0 1
66.980 2.297 1015.93 0.681 5 0.005 1 0.686 6 0.633 1 0.652 5 2
67.600 2.254 1015.38 0.693 3 0.006 5 0.699 8 0.634 3 0.651 0 3
67.610 2.245 1015.78 0.693 5 0.004 1 0.697 6 0.637 3 0.647 2 4
67.870 2.227 1015.13 0.701 2 0.006 2 0.707 4 0.640 2 0.642 3 5
68.110 2.230 1015.06 0.7100 0.007 7 0.717 7 0.641 0 0.636 4 6
68.110 2.221 1015.07 0.705 8 0.006 9 0.712 7 0.642 9 0.631 0 7
68.500 2.199 1014.78 0.727 1 0.007 7 0.734 8 0.643 7 0.627 8 8
68.850 2.183 1014.40 0.745 3 0.009 5 0.754 8 0.644 5 0.626 9 9
69.280 2.163 1014.38 0.771 2 0.010 1 0.781 3 0.645 5 0.624 8 10

R 7 AT R AT 10 N EA & r %, L
S WO AR bR IR 3.

MR 3AFEHN  (DSFHAEGTES LAy HE K
AN — 0, DA s B B B PRk B AR AL A R
PRIME (14 5 (2) 38 o W 3 72 B2 4 A 5 AH BLFR JBE 43 A7, DA
FE B FE AR L SR AE 45 4L A Ty 8 1A (1 BN 22 S A
25 PREBE 18] /) KN — B0tk 58 T e & 7 &
(9 HE ¥ Pk

=3 P EAEH G TR HT S R B
B ARG L 5 A Bl 66.800 X 10° m?, 2009 4E 5 H 5
H 2K EE W 1016.250 X 10" m?, RFAH
SR GR 2,298 X 10° m® . [FRE TS We T AT
BB Z0 ) BRRN G R N R BUK R i LA 2.
Xof IV 4% ol 6 2 OK 3l 8 B0 1k LA 3.

Wi 25 EE BT SORUIT & M2 R T R R K 2SN
W22 IRV SRR H L X 4 9K S 4 s A
% 2009 4F 5 H 5 HAKZESIKZNHEEL1,: 4 0.009 9,
T K SR SR EL 1, 0.006 8, /NTF 0.01, 3%
WK 78 S5 7K i SO0 SO & RE o 5T kA PR 2
JEE K T 582 5E /) 55.12 MPa I, BEFr AT i, &
2009 4 5 H 5 HBENr il FIEE S 0.074, %5 N 5K 3
FEH 1.2 0.180 8.1 T BENT I BT 1, it 2 v BE BT
A T S ] BIVEE BT A S BIK Bl 4 B
M 2002 4E 5 H 5 H (REENT) ZJ5 T FER BB R A
A1 ISR ST I B T ) B AN BT i (R )
7R K BK Sl s KR B 1992 AE 5 H 5 H Y
0.069 8f# % 2009 4 5 H 5 HAY 0.040 4, X2 H T
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Fig.2 Relations of cumulative gas recharge and water influx versus cumulative gas production
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Fig.3 Relations of each drive index versus average reservoir pressure
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Table 4 Caculated results of estimated OGIP
LSS ok i BEAT I KzER T KR R KR A L1 i MK
b5 fiff 2 (108 m®) 66.80 128.11 67.96 68.62 75.45 117.42 82.83
W2 0.00 91.77 1.65 2.69 12.87 75.75 23.95
5 AREBWPZWEZR
Table 5 Considering influence factors of different models
BT E SEENT K#ER i HH KR R = KA P Ak
B Y NG N N N N/ N
Fetkovich et al., 1998
g, 2007 N
XIEASE, 2011 N/ N N/
TAE%, 2010 N N
ASFEAE, 2010 N N
ke, 1997 N N
% £ #E 4, 2005 Ni /
*6 AEAREMFEEITELER
Table 6 Estimated OGIP of different models
TR AR T Fetkovich ez al., 1998  BE#4, 2007 XEAAE, 2011
o 5T Bk (108 m*) 66.8 193.9 142.6 139.5
i KRR JE (26) 0.0 190.3 113.5 108.8
et E R4, 2010 A, 2010 ok ke, 1997 Wi F#£45,2005
Hh B fiff B (10° m®) 134.3 81.6 80.5 80.0
i KRR (%) 101.0 22.2 20.5 19.8
x7 KEHEHEER
Table 7 Calculated water influx
i ] p(MPa)  W.(10'm?) (Co+CAp(EFEW) Vo (10'm?)  KEMEE LN KD
1992-05-05 57.21 0.00 0.000 357 0.00 0.000
1993-05-05 57.13 0.04 0.000 617 64.86 0.011
1994-05-05 56.89 0.18 0.001 396 128.96 0.023
1995-05-05 56.75 0.31 0.001 850 167.55 0.029
1996-05-05 56.64 0.41 0.002 207 185.75 0.033
1997-05-05 56.46 0.63 0.002 792 225.68 0.040
1998-05-05 56.23 1.09 0.003 538 307.51 0.054
1999-05-05 56.04 14.00 0.004 155 3369.53 0.592
2000-05-05 55.87 22.00 0.004 707 4674.19 0.822
2001-05-05 55.62 30.00 0.005 518 5436.56 0.956
2002-05-05 55.21 59.00 0.006 849 8 614.32 1.514
2003-05-05 54.91 89.00 0.007 823 11 376.91 2.000
2004-05-05 54.65 111.00 0.008 667 12 807.47 2.251
2005-05-05 54.53 120.00 0.009 056 13 250.39 2.329
2006-05-05 53.06 228.00 0.013 828 16 488.33 2.898
2007-05-05 50.11 507.00 0.023 404 21 663.28 3.808
2008-05-05 48.01 930.00 0.030 220 30 774.06 5.410
2009-05-05 47.15 1016.25 0.033 012 30 807.15 5.416
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5 H5 2009 4F 5 H 5 HIHHE KAV, 2 EH K
NHERETAE E AV, =0, B 7E 2008 4£ 5 A 5 HIJE
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¥1o7 22 CWWE D) 5 ok AR B i 22 18 R 25 B B B
PR R A BT IR 2R 0 BT T A 2 T 8 O R R KA
IR BE L Pk il e A 4B O 28O0 0 2 1 Ml o it 2 L 4B
R MOKIR .

(3) SBT3 485 R % L, b I i k3 985 i e K
() 2 P BEHT LG, G0 2R 22 W S5 AT il T 5 e S5 i o i
KR ZE R IR 91.77 %0 HRZ KA L i i ik fn <=
S 1R 22 43 5N 75.75 % .23.95 % Fl 12.87 %, 1l
T tH KRR 2.69 %0 5 KZE AR 1.65 % s /]
{E A AN AT 22 W v i M I T o L K RS K 2R
ST, TR RN S R R T .

CA) T8 1l JoT i i 2 S ) = i DR < R T SR
FEA ik R, 2 R I AR T 88 s R 7 BEAT AT
[F] Fsf 4t 22 KA W7 28 e K 22 R 3 22 KIS
T 11 AR BOKARAZ A 5 A L A K R EE A il A
PRI K 55 G 200 X SE RS 2 A K 22 A
T 1 K A R AR B K A 1 R R A e 2 AR T
MR T b TG B BERTIMAT 1 B ) 2RI
THVE R RS B R T b B B OB A A Al
K FEE BT I SR ik e e S MR R T R
M i

(5) HEN T KR R/ D7 i, S B R i v
[ SR AT AR 2008 4E 5 A 5 HIK HEC & &
A IR KRR TR R 30 774.06 X 10" m® , KA A%
Bl 5.4 A% KA RE BB ER.
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