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Relation between water invasion coefficient and stable production period in gas reservoirs
with active edge water

He Yunfeng, Yang Xiaoteng

(Yakela Gas Exploitation Plant, Sinopec Northwest China Oilfield Company, Kuqa, Xinjiang 842017, China)

Abstract: At present, there is no particularly effective method to predict the degree of production at the end of the stable
production period of gas reservoirs with active edge water. The production often declines rapidly without warning. Based on the
physical model of long core of gas reservoirs by water flooding in Yakela area, the characteristics of gas—water two—phase seepage
during water invasion are simulated by the experiment of gas recovery by water flooding. Taking the material balance equation of
water flooding as the theoretical method, the concept of water invasion coefficient is introduced to describe the water invasion
characteristics of gas reservoirs. As the hydrocarbon pore volume (HPV) of the injected water is consistent with the concept of
water invasion coefficient, it is feasible to simulate the effect of water invasion on gas reservoir by water flooding experiments. The
experimental results show that when the injected water reached 0.3 ~ 0.45 times of HPV, the waterflood front breaks through, and
the gas production enters the rapid decline period from the stable production period. The production history shows that when the
water invasion coefficients of the middle—lower gas reservoir reach 0.33 ~ 0.36, the gas production decreases rapidly, and the
experiment is basically consistent with the production practice. By calculating the water invasion coefficient of upper gas reservoir,
when the water invasion coefficients reach 0.33 ~ 0.36 from August 2019 to February 2020, the end of stable production period will
come. It is basically consistent with the results of numerical simulation and necessary to adjust the high risk wells in time.

Key words: gas reservoir with active edge water, experiment of gas recovery by water flooding, water invasion coefficient,

waterflood front, stable production period
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Table 2 Basic data of long core of Well-YK1

o FUBRIAT S RfLBUAR SRR IARR Ak
) (mL) (mL) (mL) (%)
FRJE 67.968 32715 35.253 57.24
P2 69.480 29.710 39.770 57.24
TRZ 65.674 36.644 29.030 4421

1) 38T R RE O E KA AR SRR S 30 4
P, 3 7 RS VR AT AR SR K RN B S Sk D
58.72 MPa %5 % HifHb)Z 77 52.30 MPa, Bl f5 37K
e, HEAMA, EXRSBRP RS LREE
EATKIEEN 0.445% HPV B, 1 ATKATZR 0% , F7KR
P Ty, RIRACR IR FIH&EH I aa i (1),

2) BT AR R O T K BRI AR B S 50
BE , R ET R A KR S, ek Ot
58.72 MPa ¥ %8 H i Hb)Z 77 48.94 MPa, BifiJ5 37K

F1 KELEEIHREOHFER
Table 1 Core ranking of long core displacement experiment
RS PRZE D TAREAD
Tf T %L E‘L[ﬁl?l: LB e 0 %L E‘Llﬁf FLER BiEx T z”/%L E‘Llﬁf LB B
A Kpgg R B (10°umt) 5% K R E (10°pmt) 55 Kpgg AR (10" )
(em) (em®) (%) (em) (em®) (%) (em)  (em®) (%)

1 63 3.613 3.376 18.69 36.19 2-26/48-1 6.09 4.85 16.02 36.70 159 6.388 4.180 12.86 11.84
2 31 3.903 3477 17.82 29.58 2-4/32-2 549 384 13.82 25.88 165 4258 3.660 11.67 9.49
3 51 4.055 3.430 16.92 28.63 2-7/32-1 597 429 14.16 25.30 135 6.873 3.027 1422 14.54
4 180 5.865 4.372 1536 39.59 2-2/32-3 571 453 15.63 52.10 170 4745 5.736 17.00 8.32
5 2-4/32-2 5485 3.841 13.82 25.88 2-1/32-1 524 3.61 13.62 23.87 172 6.041 3.045 13.22 1947
6 2-7/32-1 5973 4.286 14.16 25.30 3-13/35 740 5.17 13.78 2191 2-7/48 4261 4464 1486 2021
7 5 4.065 3.638 17.90 46.96 3-18/35-2 6.25 452 1426 21.74 103 6.251 3.492 1639 21.28
8 179 6.071 4.442 15.07 24.95 2-2/32-1 578 499 17.05 81.00 3-18/35-2 7.400 4.516 1426 21.74
9 2-1/32-1 5.235 3.612 13.62 23.87 2-6/32 572 420 1449 21.69 3-13/35 7.081 5.166 13.78 2191
10 2-2/32-3 5.713 4.525 15.63 52.10 2-11/32 577 4.89 16.71 9248 168 6.087 4.881 14.04 8.06
11 2-6/32 5.724 4204 14.49 21.69 2-1/32-2 555 5.07 18.01 106.05 2-26/48-1 6.677 4.847 16.02 36.70
12 43 4.172 2.470 11.84 18.39 4-2/33-2 594 396 13.32 21.15 169 7.613  6.042 18.44 40.96
13 182 6.076 4.257 14.44 95.52 3-6/35 6.75 6.32 19.07 193.08 3-27/35-2 5423 5.041 13.07 6.63
14 57 3.969 3.682 18.55 16.09 2-18/32-1 5.58 4.18 14.8 132.68 164 6.625 3.532 13.42 49.07
15 176 5.780 4.502 16.05 101.61 2-18/32-2 5.51 5.08 18.19 194.19 162 6.695 4.045 12.58 3.05
16 183 6.293 4.664 1527 99.14
17 174  6.076 5.190 17.60 134.13

SRAN 88.07 67.97 88.75 69.48 92.418 65.674

SEXE 15.72  48.21 15.53  69.99 14.39  19.55
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Fig. 3 Gas recovery percent of long core by water flooding

in lower gas reservoir
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Fig. 5 Relation between daily gas production rate of middle

gas layer and time
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