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Abstract Bottom water coning is a critical issue in the development of oil reservoirs containing bottom water. A numerical model is
built in this study for a bottom—water reservoir using realistic reservoir parameters. In consideration of the individual factors that
impact bottom— water coning, clusters of the dimensionless indices are designed. The Yu Qitai water flooding type curves are
generated by regression analysis using the cumulative oil, water and liquid productions from numerical simulation; The index b (slope
of the water flooding type curve) that reflects the water breakthrough characteristics in the vertical well is calculated. Factors that
influence b are then investigated in details using the Box—Behnken experimental design and the responsive surface method. The
severity, order, and trend of the influence by each factor are finally examined.
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Fig. 1 Schematic for perforation proportion

in bottom water reservoir
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Fig. 2 Chart of YU Qitai water drive curves
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Table 1 Experiment factors and numeric values
B M; k, Z, U
-1 0.5 0.05 0.3 0.9
0 10.0 0.40 0.6 1.0
1 100.0 0.80 0.9 1.1
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Table 2 Experiment design and results

W% WK Z
FE WRIEL | PR : W B
; k z! Ko7
1 0.5 0.1 0.6 1.0 0.3 16 10.0 0.8 0.9 1.0 15.6
2 100.0 0.1 0.6 1.0 1.9 17 0.5 0.4 0.3 1.0 0.5
3 0.5 0.8 0.6 1.0 1.2 18 100.0 0.4 0.3 1.0 3.4
4 100.0 0.8 0.6 1.0 11.0 19 0.5 0.4 0.9 1.0 1.2
5 10.0 0.4 0.3 0.9 2.7 20 100.0 0.4 0.9 1.0 14.2
6 10.0 0.4 0.9 0.9 8.8 21 10.0 0.1 0.6 0.9 1.0
7 10.0 0.4 0.3 1.1 1.9 22 10.0 0.8 0.6 0.9 10.4
8 10.0 0.4 0.9 1.1 4.4 23 10.0 0.1 0.6 1.1 0.7
9 0.5 0.4 0.6 0.9 0.3 24 10.0 0.8 0.6 1.1 59
10 100.0 0.4 0.6 0.9 8.3 25 10.0 0.4 0.6 1.0 4.5
11 0.5 0.4 0.6 1.1 0.6 26 10.0 0.4 0.6 1.0 4.5
12 100.0 0.4 0.6 1.1 4.8 27 10.0 0.4 0.6 1.0 4.5
13 10.0 0.1 0.3 1.0 0.5 28 10.0 0.4 0.6 1.0 4.5
14 10.0 0.8 0.3 1.0 4.5 29 10.0 0.4 0.6 1.0 4.5
15 10.0 0.1 0.9 1.0 1.9
3 BEREMMF 1 3 T L, 75 b (LA IV i T e, 4 A ke o R 22 B i

31 HWEFEMNEISEZEHRE

MR IGZE 5 (2 2) , KB 1L M T 5
BB R WA b, 2T Z) AR U N A,
PLb Ry R AS A T 22 ot Il U A5 3 5 B S0 [ H 5 R

b=-59.57 +23.47k +16.43Z" + 101.94U + 22.25k° 7" -
28.24k°U-30.252"U + 9.06(2};)2 -40.450°

PR Y 75 22 85 A 0T LU Y, B RAEL A5 00 4R s R
53 (P<0.0001) , RAUIREABA R E . HEREHCRECH
0.93, I IZ AR IR 22 /08, R B4, 1T LA I AR 2 4
MERTECI b {8 [RIRs 22y R R — S P (RIS B (1 3)
ATLAE Y, RITE b 01 55 R SE7E 45 52k PN , 56 AR RS fit 411
LRSS 2R B ] ARG H% b (B 5 7

16.00

I

[N
G
I

180 3 75 R VS
(=)

93
G
I

-3.00
—2.47 2.04 6.55 11.06 15.57

e HAE

E3 EAFBITEVESHEITELEXR
Fig. 3 Relationship of b calculated by regression equation

and numerical simulation
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Table 3 Significance test of regression model coefficient for b

FAI OVEES 4 F PrifELR2E BiE TR EfE B R PIE U
AR -59.57 1 1.97 9.47 17.95 —
M; 0.46 1 0.45 2.35 4.30 < 0.0001 i
k; 23.47 1 0.57 2.74 5.20 <0.0001 BE
A 16.43 1 0.57 2.61 5.07 <0.0001 BE
U 101.94 1 0.57 -2.66 -0.19 <0.0001 BE
MK 0.04 1 0.65 -0.56 2.23 0.2212
Mz 0.12 1 0.65 0.48 3.28 0.0122
MU -0.10 1 0.65 -1.91 0.89 0.4474
A 22.15 1 0.78 0.81 4.17 0.0066
kU -28.24 1 0.78 -2.73 0.61 0.1973
Z'D -30.25 1 0.78 -2.58 0.77 0.2662
M -0.0039 1 2.07 -14.13 -5.24 0.0004
k7 -0.20 1 0.62 -1.35 1.29 0.9641
VA 9.06 1 0.61 -0.50 2.13 0.2064
U’ -40.45 1 0.61 -1.72 0.91 0.5216
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Fig. 4 Curve of variation of b affected by single factors
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