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Fig. 1  The radial flow configuration for the high-pressure gas reservoir
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Fig. 2 Inflow performance curves for the 2 productivity equations
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Table 1 Data from the corrected isochronous well testing for well XI 35-1

well test testing time ¢ /h gas production rate g, /( m/d) fluid pressure P /MPa
build-up time 0.25 0 41.781
initial opening 24 30 108 40.520
shut in well 24 0 41.683
second opening 24 39 388 39.733
shut in well 24 0 41.631
third opening 24 55 870 37.805
shut in well 24 0 41.631
forth opening 24 61 297 36.357
long term test 240 44 124 38.580

A SCHE 1 7= BB 7 2, 7R R 0 A IR 22 € = 0.009 I, (P2 - P)) [ (Cql -
1)/q,] Al g, A REFIILMECR  ARCRECH 1LIFIL, 5 € =0.009 i}, WA B=37817, A =
17.936, TR 2N

P op 3.781 7¢> + 17.936q,
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Table 2 Comparison of measured pressures and calculated pressures for well XI 35-1

(11)

gas production P, /MPa relative  relative error from relative error from
vl rate observed bottom  calculated bottom  absolute error ref. [9] ref. [10]
et q,/(m*/d) hole pressure hole pressure error &, /% &, /% &y /%

1 3x10* 40.520 40.520 0 0 0.043 0.017

2 3.94x10* 39.733 39.733 0 0 0.121 0.003

3 5.59x10* 37.805 37.805 0 0 0.701 1.015
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Table 3  Relative errors and absolute open flow by different productivity equations for well XI 35-1

method absolute open flow o /(m*/d) relative error &, /%
proposed productivity equation 90 400 0

binomial pressure method 108 200 19.69
exponential pressure square method 102 800 13.72
exponential pressure method 134 600 48.89
binomial pressure square method 120 900 33.74
binomial pressure method 162 300 79.54
one point pressure square method 146 500 62.06

R T B IR AR ST G R R A HERR P, % R 7 RE X SCRR[ 20 ] H R
2 JERISCHRL 2117 A A9 BAE AT, P10 I B UL 4% B 2 FE I |
PRI, 1350 € = 3x107°0F, (P2 -P2)[(Cql - 1)/q,] g, i RAFIILMESC R AR
ZH0H 0.999 9 i B = 0.107 2,4 = 2.943 2; %F A FEMEREOE , #H R E 58y ¢ =
4.6x107°F, (P7 = PY)[(Cq, = 1)/q,] M q, A REFIIZEIER R AR TN 0.999 94, 1L B
=2.861 8,4 = 12.617. WA UM SC R ELRT LA th ARSI B 1 = Re i FR B R AP HLG
AR HETORAIE 1A TR i R T S .

F4 2 FHTR A FH PRI EIE R
Table 4 Well testing data for well WEI 2 and well A

well test gas production rate g, /( m?/d) bottom hole pressure P, /MPa reservoir pressure P, /MPa
1 2.619x10° 25.269
2 3.132x10° 24.275
well WEI 2 28.151
3 3.546x10° 23.307
4 3.974x10° 22.173
1 7.2x10* 67
2 1.15x10° 64.6
well A 68.8
3 1.52x10° 61.5
4 2.02x10° 54.6
+ >\
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Derivation and Application of Productivity Equations
for High-Pressure Gas Reservoirs With
Gas Acceleration Effects

JIANG Hailong', ZHU Peiwang’, XU Donghua’
(1. College of Mechanical Engineering, Xi’ an Shiyou University,
Xi’ an 710065, P.R.China;
2. Sino-Pipeline International Company Limited, Beijing 100029, P.R.China;
3. Quality (Food) Inspection and Testing Center of Beipiao Market Supervision

and Administration Bureaw, Beipiao, Liaoning 122100, P.R.China)

Abstract: Non-Darcy flow in a gas well cannot be expressed with traditional binomial equa-
tions or trinomial equations for ultra-deep high pressure gas reservoirs, which leads to large er-
rors of open flow capacities for the neglect of gas acceleration effects. A new method was pres-
ented with gas acceleration effects. Under the assumption of high-pressure radial gas flow,
through combination of the continuity equation, the Darcy-Forchheimer equation with accelera-
tion and the isothermal state equation, the productivity equation was derived. The proposed e-
quation is also able to replace traditional binomial equations, but has no analytical solution. It
can be simplified by analogy, and the related coefficients can be solved by trial and error. The
application of the proposed method in data process of ultra-deep high pressure gas well XI 35-1
in Sichuan Basin is effective, and the comparison with the real production data proves the pre-
cision of the calculated productivity. The proposed method avoids the disadvantages of the rela-
tive error increase with the differential pressure. The work enriches the productivity prediction
methods, with accurate calculation of open flow capacities and reasonable determination of

high pressure gas well productivities.

Key words: acceleration effect; high-pressure gas reservoir; productivity equation; open flow

capacity



