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Method to assess recoverable tight oil based on multiple regression analysis

Zhang Xinshun, Wang Hongjun,Ma Feng, Bian Congsheng, Wang Zhaoming

(Research Institute of Petroleum Exploration and Development , PetroChina , Betjing 100083 , China)

Abstract; It is hard to reliablely estimate recoverable resources of tight oil by means of conventional resource evaluation
methods due to the abnormal features of unconventional oil and gas accumulation. Through the study of the productive
tight oil play in the B,, interval of Wolfcamp Formation in the Permian Basin of North America,we proposed a new me-
thod for evaluating recoverable tight oil resources in the Permian Basin based on multiple regression analysis. In line with
the correlation between the geological parameters of pay zones and the actual production of the tight oil play,a model for
evaluating recoverable tight oil was established ; then,the geological parameters and their corresponding influence coeffi-
cients were determined by correlation and multiple regression analyses,so as to get the calculation model for recoverable
tight oil abundance in the study area. Finally,the volume of recoverable tight oil in the study area was worked out. After
the detailed analysis of SJ area in the Permian Basin,the geological factors affecting the recovery of tight oil can be gra-
ded in terms of significance as follows: brittle mineral content, maturity , porosity and oil saturation,with the degree of sig-
nificance decreasing from the beginning. Meanwhile , the correlation coefficient between the predicted yield by the model
and the practical yield reaches 0. 7885, signifying the reliability of the model,and the total volume of recoverable tight oil
is 46. 15 million tons. Since the tight oil evaluation model based on multiple regression corresponds directly with the pro-
duction , after setting the constraints on production,we can also get to know that the recoverable volumes of Type [ , II
and [l tight oil are 0.44 ,24.83 and 18. 69 million tons, respectively. In summary, the new model based on multiple
regression analysis is more effective for assessing recoverable tight oil resources and thus its scope of application is
broader.

Key words: multiple regression, recoverable resource, resource assessment, tight oil, unconventional oil and gas, Per-

mian Basin, North America
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Table 1 Parameters for correlation analysis between geological factors and 2-year cumulative

production of Wolfcamp Formation in the Permian Basin

MIRNE AU % HRIEE/m LR/ % SRR/ % Wetka s/ % APBE R/ % KCPFsEEBIKkm TRRMEL
Pearson fH X1k 0.263 0.038 0.271 0.392 0.563 0.377 0.682 0.233
L CRU) 0.021 0.740 0.017 <0.001 <0.001 <0.001 <0.001 0.043

wie JiiES NIES LiiES RERIES WEAR WEAR ERIiES LiiES

TE R Pearson AISCTESMTi:, B TE <0.05 AR, BEE <0.01 M EBFEAMR,
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Table 2 Geological parameters, practical production and prediction results of tight oil horizontal wells in the

Wolfcamp Formation,Permian Basin, North America

B R,/ % H/m Por/ % Soil/%  Brit/%  TOC/% L/km JERBAEL CUM2Y/t  PWRR2Y/t  i%%/%
1 0.814 71.5 10.2 55.3 79.4 6.73 1.62 5.6 13 436 8 965 33.28
2 0.902 108.6 8.9 47.8 60.4 6.76 1.96 5.6 12 242 7 887 35.57
3 0.941 106.9 10.2 58.9 70.7 6.94 2.00 5.6 12 893 11 668 9.50
4 0.771 89.2 8.5 37.1 62.6 4.25 1.80 5.6 6 361 5717 10.13
5 0.818 89.2 9.8 49.5 74.6 6.63 1.74 5.6 9 886 8 488 14.14
6 0.907 107.7 9.1 50.0 62.2 6.97 1.96 5.6 7762 8 409 8.34
7 0.803 91.1 9.7 43.2 66.8 5.58 1.79 5.6 10 101 7252 28.21
8 0.737 92.6 9.2 42.0 52.3 4.97 0.61 3.0 1151 1361 18.30
9 0.829 91.5 8.9 48.2 64.3 5.28 1.28 3.6 4626 4753 2.76
10 0.831 91.5 8.0 58.9 60.5 6.79 1.21 3.5 2259 4 343 92.28
11 0.805 117.2 10.1 12.4 47.0 1.92 1.37 1.6 1766 1987 12.47
12 0.794 106.9 9.6 22.4 50.6 2.59 2.07 — 4 060 4 630 14.05
13 0.868 105.4 9.3 41.4 58.9 6.79 2.07 4.0 6318 7 636 20.87
14 0.823 106. 5 7.4 62.1 81.5 7.42 2.17 3.4 10 261 11 945 16.42
15 0.849 90.2 7.8 54.0 63.8 6.01 1.21 4.3 5675 4388 22.69
16 0.832 108.0 7.6 61.8 78.1 7.56 2.16 3.5 9779 11 497 17.57
17 0.808 106.4 7.0 51.2 79.2 6.88 1.02 3.3 4 685 4016 14.27
18 0.623 98.3 9.8 33.0 51.2 3.87 1.35 3.4 2516 2 899 15.24
19 0.824 91.5 9.2 37.7 57.0 4.54 2.12 — 6 954 6 959 0.07
20 0.849 98.8 9.3 34.5 53.9 4.01 2.12 3.6 8 010 6 468 19.26
21 0.849 98.9 9.3 34.5 53.9 4.01 2.08 3.0 10 020 6 331 36.82
22 0.834 90.7 9.0 44.6 62.6 5.28 2.12 3.9 7789 8 341 7.09
23 0.834 90.8 9.0 44.6 62.6 5.28 2.12 6.0 7651 8315 8.68
24 0.855 96.6 9.3 35.2 54.7 4.22 2.26 4.1 8778 7198 18.00
25 0.855 96. 6 9.3 35.2 54.7 4.22 2.11 4.1 9752 6 607 32.25
26 0.828 106.6 7.5 61.6 81.1 7.61 2.16 5.2 10 900 11 845 8.67
27 0.739 91.9 7.7 58.9 65.7 7.09 2.17 — 6 785 8 897 31.13
28 0.831 107.2 7.5 62.3 80. 1 7.53 1.83 3.5 12 893 9 686 24.87
29 0.833 107.5 7.5 62.3 80.0 7.53 2.32 4.5 13 617 12 914 5.16
30 0.831 107.1 7.5 61.8 80. 1 7.61 2.00 2.9 9 293 10 723 15.38
31 0.826 103.3 8.8 60. 1 79.5 7.12 1.97 — 8 230 11102 34.90
32 0.925 101.2 8.3 59.2 64.9 7.08 1.62 3.4 8 148 7363 9.63
33 0.829 107.8 7.7 61.2 77.6 7.53 2.12 — 8 696 11213 28.95
34 0.924 102.5 8.4 59.3 64.6 7.08 2.27 4.1 5934 11077 86. 69
35 0.829 91.5 8.9 48.2 64.3 5.28 0.89 4.1 3 484 3 009 13.62
36 0.832 109.0 7.6 61.8 76.6 7.53 2.12 3.6 10 581 11 046 4.39
37 0.832 108.3 7.6 61.8 78.1 7.56 2.23 3.3 9104 11 985 31.65
38 0.910 107.1 9.8 52.4 64.4 7.12 1.61 — 3909 7296 86. 62
39 0.669 93.5 9.9 33.5 50.7 3.88 0.41 4.4 449 709 57.65
40 0.672 93.5 10.0 32.1 50.5 3.81 1.78 3.8 2259 4203 86.07
41 0.685 9.5 9.9 32.6 50.6 3.78 1.46 5.0 4180 3 350 19. 86
42 0.844 102.4 8.4 51.0 66.0 5.93 2.23 — 15 660 9 747 37.76
43 0.919 106.0 8.3 56.0 63.5 7.00 1.96 4.2 8532 8 768 2.77
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Table 2 (continued ) Geological parameters, practical production and prediction results of tight oil horizontal wells in the Wolfcamp

Formation , Permian Basin,North America

5 R,/ % H/m Por/ % Sotl/ % Brit/ % TOC/ % L/km JEZLREL CUM2Y/t PWRR2Y/t R/ %
44 0.769 88.9 8.3 36.8 62.7 4.18 1.85 5.6 7595 5847 23.02
45 0.945 105.2 10.1 59.7 70.6 6.59 1.94 4.1 9 940 11 239 13.07
46 0.919 106.2 8.3 57.3 63.5 7.00 2.02 5.6 8422 9193 9.15
47 0.816 93.4 9.6 58.7 79.8 7.04 2.07 — 8614 12 122 40.73
48 0.761 101.5 7.5 60.5 63.8 7.04 1.81 — 6 559 6 998 6.69
49 0.794 107.0 7.0 52.9 72.4 6.53 2.80 4.0 18 789 12 711 32.35
50 0.715 91.3 7.5 57.4 62.7 6.68 1.79 — 10 926 6 379 41.62
51 0.751 91.4 8.1 56.1 72.8 6.93 2.52 — 14 285 12 034 15.76
52 0.82 105.8 7.6 61.7 81.1 7.34 2.19 — 14 285 12 050 15.65
53 0.825 106. 1 7.6 58.9 80.6 7.41 2.07 3.5 10 154 10 971 8.04
54 0.744 93.1 7.6 60.1 64.1 7.09 1.06 — 5037 3 606 28.42
55 0.756 91.4 7.9 58.8 68.3 7.12 1.34 — 2 864 5242 83.02
56 0.827 106.6 7.4 61.8 81.2 7.6 2.11 4.5 16 393 11 509 29.79
57 0.832 107.2 8.8 60.4 79.3 7.14 2.44 — 12 059 14 514 20.36
58 0.767 103.2 7.4 60.6 64.4 7.06 2.05 — 10 926 8 266 24.35
59 0.793 107.0 7.0 52.4 71.1 6.42 2.98 4.1 9 886 13 351 35.04
60 0.825 106.5 7.5 62.4 81.0 7.36 1.83 — 7 598 9 758 28.44
61 0.748 91.4 8.1 55.6 73.0 6.89 2.56 — 8 859 12 219 37.93
62 0.869 79.6 9.1 37.4 79.5 3.87 2.42 — 14 234 11 878 16.55
63 0.720 91.6 7.5 58.4 63.1 6.92 1.50 — 6 531 5209 20.24
64 0.807 106. 6 7.0 52.7 78.3 6.90 1.89 3.4 9913 8 575 13.49
65 0.717 90.2 9.6 39.8 51.7 4.52 1.13 3.2 3758 2 808 25.27
66 0.726 91.1 7.5 58.5 62.5 6.68 1.88 2.6 5 560 6 862 23.41
67 0.829 90.0 8.7 47.1 66.8 5.61 2.08 3.4 8 641 8 779 1.59
68 0.802 106.8 7.0 54.0 76.9 6.84 2.24 5.1 11 112 10 447 5.98
69 0.800 106. 8 7.0 52.3 76.6 6.86 2.08 5.0 6 162 9 339 51.55
70 0.801 106.6 9.5 25.8 51.7 2.88 1.89 3.1 3493 4542 30.02
71 0.844 91.9 9.1 40.5 59.7 4.96 1.89 2.9 10 314 6 652 35.51
72 0.699 91.5 7.6 54.6 62.7 6.41 1.00 4.9 4269 3025 29.15
73 0.836 93.3 9.2 38.6 56.5 4.45 2.09 3.4 9 077 6 935 23.59
74 0.701 91.5 7.6 55.3 62.8 6.48 2.87 4.0 16 544 11 140 32.67
75 0.844 92.7 9.2 39.2 58.4 4.71 2.08 3.4 10 448 7231 30.79
76 0.923 108.9 9.8 57.6 65.2 7.09 0.44 6.9 2226 1 600 28.13
71 0.805 7.7 10.0 53.8 80.1 6.14 1.63 5.6 14 003 8 784 37.27
78 0.821 105. 1 7.5 55.1 80.5 7.21 1.11 3.6 4330 4 877 12.64
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Table 3 Influence coefficient of each parameter for multivariate regression fitting in the Wolfcamp Formation, Permian Basin
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Table 4 Predicted recoverable tight oil resources in the B/, interval of Wolfcamp Formation in SJ area,
Permian Basin,North America
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