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Abstract: Reserve assessment of shale condensate-gas reservoirs is affected by multiple complex physical mechanisms, such as
gas adsorption-desorption and condensate dropout, but their mechanisms of action and degrees of influence remain unclear.

Based on fluid mole conservation and dynamic changes in reservoir volume, we established a material balance equation by
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comprehensively considering the multi-effect coupling of adsorption-desorption, condensate dropout, pore compression, bound
water expansion, matrix shrinkage, and water vapor expansion. Subsequently, a new reserve calculation method was proposed
through linearization. The reliability of the method was verified by case-application calculation and numerical simulation, and
key factors affecting reserve assessment and their sensitivities were systematically analyzed through comparison with traditional
methods. As indicated by the research results, (1) the proposed reserve calculation method requires only reservoir and fluid
physical parameters, several average formation pressures, and cumulative production data. The original geological reserves of
free-state and adsorbed-state condensate gas can be calculated from the slope and intercept of the linear function, respectively,
thereby enabling the estimation of original geological reserves of both natural gas and condensate. (2) The relative error between
the reserves calculated using the new method and the numerical simulation reference values is less than 1%, indicating high
accuracy and reliability. When some factors are ignored, this method can be reduced to existing conventional methods , showing
both comprehensiveness and compatibility. (3) Ignoring the adsorption effect causes the calculated reserves to be 40. 71% lower
than the actual value, whereas ignoring condensate dropout and pore compression causes the calculated reserves to be 17. 71%
higher than the actual value. In contrast, bound water expansion, matrix shrinkage, and water vapor expansion have only minor
effects on reserve evaluation results. The research results can provide a theoretical basis for determining the development scale ,
optimizing well spacing, conducting performance analysis, and predicting recovery factors in shale condensate-gas reservoirs.

Key words: adsorption-desorption, retrograde condensation, material balance equation, original geological reserves,
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Table 1 Reservoir and fluid physical parameters of the shale
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28 HufH
TIK 363.15
p/MPa 45.62
@, 0. 05
C /MPa”! 0.001 088
¢ /MPa™ 0. 000 435
S, 0.25
X 0. 000 587 165
Yo 0. 68
p,/(t/m’*) 0.780 8
Vi /(m*1t) 5
p,/MPa 5
pJ(tm?) 2.7
B /(m*/m*) 1
M J(t/kmol) 0.137
R, /(m’/m*) 3 000
& 0. 031
v 0.26

®2 TERWSEPAFARFHESHTHE

Table 2 Production performance data for all wells in two well groups in the shale condensate-gas reservoir

G/(10° m?) N/(10° m?) W /(10° m?) p/MPa x, S, Z, X/(10% m*) Y/MPa
0. 006 516 03 0. 000 002 17 0. 000 001 36 45.62 0. 000 587 0 1.127 683 0. 007 253 81. 154 680
0. 752 260 09 0. 000 250 75 0. 000 157 33 41.36 0. 000 646 0 1. 076 527 0. 834 762 78. 444 504
1. 671 200 34 0. 000 557 07 0. 000 349 51 38.24 0. 000 700 0. 058 1. 040 541 1. 846 680 75. 130 370
2.35323260 0. 000 784 41 0. 000 492 15 35. 84 0. 000 751 0. 097 1.013 965 2.592370 72. 688 161
3.322542 19 0.001 107 51 0. 000 694 88 31.79 0. 000 863 0.116 0.972014 3. 645 343 69. 239 567
4.943 444 95 0.001 647 81 0.001 033 87 25.68 0.001 135 0. 126 0.918 992 5.388 147 63.531710
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Fig. 1 Linear fitting plot of shale condensate-gas apparent
pressure Y versus converted cumulative hydrocarbon

production X in a case application
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Fig. 2 Schematic showing fracture distribution of the CMG numerical model for the shale condensate-gas reservoir
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Table 3 Reservoir properties, fluid properties, and well
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Table 4 Condensate-gas composition of the single-well

conceptual model for the shale condensate-gas reservoir

characteristic parameters of the single-well conceptual BN LAY NS
model for the shale condensate-gas reservoir o, 0.000 1
W TfE N,. CH,, C,H, 0.776 7
TIK 397.55 C,Hy, iC,, nC, 0. 088 2
p/MPa 45 iCy, nCy, Cq 0.035 1
h/m 25 ¢ —C, 0. 070 865 095
Alm® 408 900 C,—C,,y 0.018 963 911
0, 0. 045 Coge 0.010 070 994
K/(10™ pm?) 0.01 T2 CO, o AARER s N, WU CH R B s € H R 28 s CH TS
Puo/MPa 41.536 6 Bt 50C, R 5 T snC, M IE T 5 C5 R 5 HE s nCy M IEIBE 5 Cg
C /MPa™ 0. 001 He e CoABRBE C o ke € = € o B
C /MPa”! 0. 000 435 Cs /B B eke
S.. 0.2
V) e 34.009 158 MPa/(10° m®) , AflifHiE by 82. 287 19 MPa.,
p,/MPa 5 e PN ERRE b B LA SRR m, BIA(27) 45 BIBENT S
p/(Um?) 2.5785 JEUhR M B G, oM 2,419 559 76 X 10° m, FH ELZRAY
B n'fm) ! LR m, B A58 (28) FA SR (29) 533 RS 45
3
;;/(<;Lm >1) 00(‘)882751 BN SRR A R G, 1. 118 126 88 x 10° m” W
t/kmo .
o ) = N (A= N 8 3
R /(m'm*) 1279. 079 59 ASHEHTUR SR G, 09 1. 285 168 53 x 10° m’, P

HrC R Y AT 3R it e X, A R LR 5 s
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PERRBIL A (1 6) o 15 2L BB T LR m

FARINAS B EENT S IR MU T i = G, oA 2. 403 295 41 x
10° m*s PR 7 ¥ 0 H 5 G A 2218 0. 016 264 35 x
10° m®,/NF0. 1 x 10° m®, 3 R EZR . W HZA(30)
THRBENT b RAR RT3 B /.0 0. 847 754 8454
HEA LM G, MLARAANRK (1), 15 2] T BT
TR ARSI AR T B G 2. 051 193 49 x 10° m?; 7
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Fig. 4 Fluid-phase relative permeability curves for the single-well conceptual model of a shale condensate-gas reservoir
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Fig. 5 Production performance output curves for the single-well conceptual model of a shale condensate-gas reservoir
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Table 5 Production performance data of the single-well conceptual model for a shale condensate-gas reservoir
G /(10° m’) N /(10° m?) p/MPa S, Z, X/(10° m?) Y/MPa
0. 042 600 04 0. 000 033 28 41. 253 804 69 0 1. 102 219 06 0. 050 245 01 80. 551926 47
0. 048 800 07 0. 000 038 07 40. 807 324 22 0.001 811 61 1. 094 061 78 0. 057 544 58 80. 339 498 45
0.054 800 11 0. 000 042 68 40. 381 683 59 0. 004 533 96 1. 086 497 29 0. 064 603 15 80. 122 132 41
0. 061 000 16 0. 000 047 39 39.947 359 38 0.007 920 73 1.078 971 57 0.071 886 75 79. 888 561 50
0. 067 000 22 0. 000 051 92 39.53304297 0.011 683 80 1.071 957 19 0.078 926 51 79. 655 681 76
0.073 200 28 0. 000 056 57 39.110976 56 0.016 011 76 1. 064 961 11 0. 086 194 04 79. 409 300 92
0. 097 200 58 0.000074 18 37.535 63672 0.035925 10 1. 039 950 79 0. 114 240 04 78.422 93175
0. 121 801 00 0. 000 091 56 36.015 757 81 0. 059 427 39 1.017 068 04 0. 142 832 09 77.398 564 68
0. 146 201 57 0. 000 108 01 34. 595988 28 0. 08379091 0.996 473 18 0.171 01126 76. 400 610 74
0.17020278 0. 000 123 29 33.274 878 91 0. 107 522 82 0.977 829 65 0. 198 524 18 75.448 710 51
0. 194 804 30 0. 000 138 05 31.984 113 28 0. 130 887 66 0. 960 035 80 0.226 516 07 74.502 649 96
0.219204 14 0. 000 152 41 30. 747 109 38 0. 152 807 86 0. 943 368 90 0.254 21326 73.582 365 46
0.243 202 86 0. 000 166 42 29.564 148 44 0. 172 845 00 0.927 811 10 0.281 43005 72.688 197 79
0.267 801 64 0. 000 180 78 28. 383 347 66 0. 191 538 83 0.912 699 77 0. 309 328 36 71.778 326 21
0.292 200 92 0. 000 195 23 27.244 347 66 0.208 017 28 0. 898 572 39 0.337 045 28 70. 879 407 90
0.316 400 54 0. 000 209 93 26. 147 941 41 0.222201 11 0. 885 440 20 0.364 622 43 69. 988 907 36
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Table 6 Error analysis of reserve calculation results obtained

using the new method proposed in this study

28 CMGBERISCBRE ASOHT RIS E REM%
G/(10° m*) 2.050 2300 2.051 19349 0.047 0
N/(10" 1) 12.935 403 12.941 43975 0.046 7
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Table 7 Comparison of evaluation results obtained using different reserve calculation methods

itk T AR v, ¢, S x € C W N G(10'm) N/(10* 1) REI%
ENes BUATBERT U v o — — J — — — — 2390746125 62.2232 0

A TR T Vo4V VY Y Y Y 2370333316 61.6919 -0.853 8
g (28] T x x N x4 N NV 1405947297  36.5921 -41.192 1
Shi &l32-33] TR Vv ov o ox x4V x 2632993195 68.5280 10.1327
Fetkovich 2221 SWERASH  x ox ox x v V¥ x 15988591 14  41.6130 -33.1230
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Table 8 Factors influencing reserve assessment results for a shale condensate-gas reservoir

i % ZmE IR R v, C, S, x, c, c, G/(10° m*) N/(10*1) REI%
1 — N N N N N N 23.703333 16 61.6919 0. 000 0
2 c, N x N N N N 23.735 072 67 61.7745 0.1339
3 N N N x N N N 26.321 762 97 68. 506 8 11.046 7
4 x N N N x N N 23.705311 45 61.697 0 0. 008 3
5 c, N N N N x N 24.756 27578 64.4323 4.4422
6 c N N N N N x 23.806 189 93 61.959 6 0.4339
7 V,+C, x x N N N v 14. 054 823 53 36.5800  —40.7053
8 C 8 4x,+C +C, N x x x x x 27.901 661 65 72.6187 17.7120
9 C+x +C, N x N x N x 23.840 295 71 62. 048 3 0.5778
10 S+C, N N x N x N 27. 697 659 65 72.087 8 16.851 3
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Fig. 8 Histogram showing the degree of influence of each parameter

on reserve assessment results under different schemes
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