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Multi—solution and uncertainty of Arps’
hyperbolic exponential decline model
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Abstract: In 1945, ARPS proposed the theoretically significant decline rate and its differential form based on the statistics
and analysis of the production decline curve. The exponential decline model, hyperbolic decline model, and harmonic de-
cline model were first built, of which the hyperbolic decline model was the core of the Arps decline model. The exponential
decline model has been widely used due to its simplicity and ease of operation. The application research shows that the em-
pirical hyperbolic decline model is rarely used in practice because of its obvious uncertainty. The harmonic decline model
simplified from the hyperbolic decline model has hardly been applied. At the same time, the Arps hyperbolic decline model
with n=0.5 is the best choice through the comparison with the generic exponential decline model by Chen Yuangian, which
can be effectively used to predict the production rate and recoverable reserves of shale gas wells.
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Tablel  Production data from M1 shale gas well™®
mon)  q(10*m¥mon)  G,(10'w) || t(mon)  g(10*m¥mon)  G,(10*w®) || tlmon)  g(10*mYmon)  G,(10*m?)
1 490 490 14 229 4439 27 147 6 746
2 410 900 15 213 4 652 28 148 6 894
3 404 1304 16 212 4 864 29 143 7037
4 382 1 686 17 202 5066 30 127 7 164
5 353 2039 18 176 5242 31 137 7301
6 313 2352 19 192 5434 32 127 7428
7 313 2 665 20 180 5614 33 125 7553
8 266 2931 21 179 5793 34 125 7678
9 288 3219 22 170 5963 35 126 7 804
10 259 3478 23 169 6132 36 123 7927
11 256 3734 24 160 6292 37 117 8 044
12 245 3979 25 154 6 446 38 118 8162
13 231 4210 26 153 6599 39 112 8274
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ﬁﬂﬁﬁﬁﬂﬁﬁ%ﬁ@@ *[]Z:Eﬁ /_\HE@ S Fig.1 Plot of R* and G, with n for M1 shale gas well by AHDM
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Table2 Estimated results of M1 shale gas well by AHDM

n(dim) R*(dim*)  ¢;(10* m3mon) D,(mon™")  G,(10%m?)
0 0.950 4 441 0.045 0.979 0
0.1 0.957 3 444 0.048 1.036 2
0.2 0.963 7 448 0.050 1.110 8
0.3 0.969 4 453 0.054 1.204 8
0.4 0.974 4 458 0.058 1.3159
0.5 0.978 8 463 0.060 1.5373
0.6 0.982 5 469 0.070 1.673 1
0.7 0.985 4 477 0.075 2.1197
0.8 0.987 7 482 0.070 3.4437
0.9 0.989 3 582 0.092 6.297 0
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Table3 Estimated results of M1 shale gas well by GEDM

m(dim) R*(dim?) ¢,(10* m*mon) ¢(mon) I'(1/m) GR(10°m?)
0.1  0.9619 24 587 0.27 36 2880 20.277 6
02 09771 2539 0.68 24 4.501 4
03 09871 1186 1.29 2.78  2.600 1
04 09922 807 2.20 133 1.9474
0.5 09931 639 3.56 1 1.626 0
0.6 0.9905 545 5.57 090 1.4389
0.7 0.9849 486 8.53 088 13174
0.8 09770 445 12.90 091 12325
09 09671 415 19.31 095 1.1699
1.0 09558 391 28.65 1 1.1213
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Fig.2  Plot of estimated R* and G, with n of M1
shale gas well by GEDM
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Fig.3  Plot of predicting g with ¢ of two decline models
(m=0.5 and n=0.5)
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Fig.4  Plot of predicting D with ¢ of two decline models
(m=0.5 and n=0.5)
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