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Principal factor analysis on initial productivity in shale oil development: A case study of
Block Li-151 in Changqing QOilfield
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and Technology Beijing, Beijing 100083, China; 4. State Key Laboratory for Geomechanics and Deep Underground Engineering,

China University of Mining and Technology (Beijing), Beijing 100083, China; 5. Inner Mongolia Jianxingsco Technology Co., Ltd,
Wulanchabu, Inner Mongolia 012100, China)

Abstract: In order to clarify the main principal factors that affect the initial productivity during the development of shale oil
reservoirs, a comprehensive data analysis method involved both the hierarchical cluster analysis and the principal component
analysis in data statistics is presented; and then the deta of the static formation parameters, fracturing operation parameters and the
oil productivity of 51 wells in Block Li-151 are analyzed quantitatively. At first, the wells in the block are divided automatically
into two types, Type A and Type B, by the hierarchical cluster analysis method. Then, a principal component analysis method is
used to analyze the principal productivity factors for different types of wells. Analysis results show that, when the well shut—in time
is less than 125 days, the oil production decline rate can be reduced effectively by the well shut—in measures; however, when it is

greater than 125 days, the effect of well shut—in measures on oil production decline rate becomes negative. The production decline
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rate of Type A wells is highly negative with the amount of injected fracturing water; the main principal factors for the production

decline rate of Type B wells are the moving liquid level and the porosity of shale matrix. The principal factors for the production

rate of Type B wells are the number of fracturing sections. All in all, for the production optimization of shale oil development in

Block Li—151, the differences of principal production factors between Type A wells and Type B wells should be considered and the

different analysis results of the principal factors that affect the initial shale oil productivity under different well types should be

fully utilized. Some guidance can be provided specifically for the formulation of a reasonable shale oil efficient development plan.

Keywords: shale oil, well shut—in, hydraulic fracturing, hierarchical cluster analysis, controlling factors of productivity, principal

component analysis
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Table 1 Group distance from hierarchical cluster
analysis results
A B C D
A 0 0.78 1.33 333
B 0.78 0 2.76 1.68
C 1.33 2.76 0 6.20
D 3.33 1.68 6.20 0
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Fig. 1 Relation between well shut—in time and decline rate

for all wells in Block Li-151
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Table 2 Results of hierarchical cluster analysis for oil production wells in Block Li-151

g OISR WG AR RN W S U Bk UL e Rk

Bk(m) (%) (m*) (m*) (d) (m)  (m) (%) (107 pm?) (%) H(m')  FE Sk
# H5-5 862 797 12 57 2097.0 173666 47 1480 1288 995 125 6121 1333 021 A
HHA7-1 1147 775 13 61 16315 14901.6 21 1502 1399 1094 173  37.02 1246 041 A
£HI-7 1150 524 15 58 23946 203104 101 1395 1354 950 015 5573 13.65 0.18 A
AEH21-1 1190 46.9 17 86 2392.9 22486.1 144 1250 925 10.17 0.19 55.72 16.56  0.02 A
#6H21-2 1192 772 14 74 2189.1 228953 158 1250 1010 10.18 0.8 5418 13.69 0.15 A
#HI2-4 1237 734 15 73 20243 19729.1 77 1334 688 873 078 4283 1911 021 A
#H21-3 1310 689 15 82 18849 24039.6 80 1350 954 1046 0.9 5594 1573 003 A
f£HII-5 1369 708 17 63 30462 199847 38 1389 1124 914 080 4085 1776 026 A
HEHT-1 1385 42.2 12 56 1870.7 16244.1 91 1298 1224 9.98 1.06 42.06 17.38  0.58 A
fEH2-1 1387 628 20 78 12730 16782.6 12 1475 1324 867 171 5118 1407 030 A
#H61-4 1430 456 16 94 25577 323143 166 1500 1238 1083 161 4007 1444 006 A
H61-3 1469 540 15 80 20864 20366.1 179 1600 1400 11.03 163 4331 870 026 A
£HI0-3 1520 817 16 104 25051 231949 98 1350 1022 9.17 060 4806 17.79 0.5 A
AEHI1-3 1537 55.1 16 67 2414.8 24 105.7 61 1 400 837 9.37 0.84 40.60 2297 -0.10 A
#6H15-2 2096 634 22 90 2350.6 182828 114 1453 1211 933 0.3 5123 1356 003 A
#H6-5 1401 756 19 91 24399 255958 71 1355 1308 988 133 4206 13.04 044 B
£ H4-3 1405 672 22 99 44804 279183 80 1301 931 9.67 145 4214 1864 027 B
f£H25-2 1488 871 20 120 31725 28051.0 62 1470 555 1149 168 3424 1819 -051 B
#6H2-2 1520 780 25 61 4330.1 335654 86 1433 1316 870 156 4888 1942 036 B
#6H6-7 1535 842 23 92 41583 279326 50 1242 1011 982 130 3494 1737 0.06 B
#H37-1 1535 799 23 123 3859.1 29677.1 70 1500 1442 977 101 4837 899 045 B
#H6-3 1536 760 23 120 31327 32527.1 239 1400 1098 976  0.68 4192 1473 0.15 B
f£H6-4 1536 647 19 96 25749 261572 82 1245 1216 1028 137 4415 1084 025 B
#H61-2 1540 740 19 114 30609 266658 146 1200 586 10.63 102 4187 977 0 B
#6H37-2 1545 778 20 113 35569 274215 81 1400 13838 9.09 049 4357 805 047 B
#H5-1 1555 986 25 126 4213.6 364006 47 1357 924 947 116 4609 1882 0.56 B
HHI-4 1594 825 27 124 38439 358956 58 1406 1135 1035 018 5732 2426 0.10 B
f£H4I-5 1599 780 16 181 36662 289388 95 1350 1322 957 130 3591 744 028 B
#6H30-4 1638 752 21 118 3330.1 286742 95 1348 455 931 148 3365 1567 027 B
#6H6-2 1681 878 25 126 34165 334979 100 1350 1168 955 076 4415 13.62 0.16 B
#H10-1 1700 863 22 130 3356.8 298875 98 1206 988 10.11 116  41.68 1471 0.09 B
HHII-1 1719 693 22 97 42848 303766 41 1246 726 937 113 4335 2857 0 B
f£HI4-4 1863 859 24 147 3811.1 305204 145 1346 511 994 018 5363 1753 -008 B
#6HI3-1 1865 823 23 206 29489 29907.1 140 1500 628 9.67 123 4550 17.54 0.15 B
#6H14-3 1870 827 23 146 35803 307352 159 1349 589 907 0.2 5222 1654 0.0l B
#H14-2 1967 819 26 160 3943.5 342950 99 1342 522 1130 026 5752 1639 -0.10 B
HI3-4 2035 744 30 129 4821.6 368085 152 1505 533 891 093 4533 1675 0.0 B
f£H3-2 2062 556 27 120 38317 345937 27 1349 1299 963 134 5306 1628 033 B
4EHI5-1 2070 80.7 32 127 3087.9 27307.7 61 1299 566 11.30 0.27 54.42 17.58 0.10 B
#6H7-2 2082 873 28 132 3858.0 346277 64 1400 722 935 091 4251 20.64 039 B
#H25-1 1070 47.6 11 52 14558 140883 58 1396 825 1126 259 3529 921 022 C
#H7-5 2039 681 31 85 52087 357108 54 1109 722 680 078  40.64 2886 033 D
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Table 3 Correlation coefficient matrix for oil production wells in Block Li-151

HKPIFB Bl

Bl R nmbhE AStchE RIJERITE] R SRRE SLBRE BB A H T A

P FHEA 1.000 0.293 0.834 0.640 0.621  0.657
LIRS 0.293 1.000 0.466 0.549 0462 0477
JEZLBORL 0.834 0.466 1.000 0.550 0.785  0.801
33 0.640 0.549 0.550 1.000 0.492  0.647
Tt 0.621 0.462 0.785 0.492 1.000  0.852
A 0.657 0.477 0.801 0.647 0852  1.000
PR He i [ 0.096  -0.088 -0.031 0.279 -0.011  0.174
EiiIRAS -0.134  -0.053 -0.174 0.000 -0.284 -0.173
BRI -0420  -0.286 -0.376 -0.399 -0.319 -0.321
LB -0.240  -0.074 -0.289 0.054 -0.381 -0.213
Bk -0.281  -0.184 -0.252 -0.195 -0.140 -0.181
T 0.035 0.025 0.142 0.019 -0.074  0.024
HI=1A 0.327 0.109 0.436 -0.024 0.440  0.376
Hil
YR -0.153  -0.091 -0.069 -0.213 -0.032 -0.109

0.096 -0.134 -0.420 -0.240 -0.281 0.035 0.327 -0.153
-0.088 -0.053 -0.286 -0.074 -0.184 0.025 0.109 -0.091
-0.031 -0.174 -0.376 -0.289 -0.252 0.142 0.436 -0.069
0.279  0.000 -0.399 0.054 -0.195 0.019 -0.024 -0.213
-0.011 -0.284 -0.319 -0.381 -0.140 -0.074 0.440 -0.032
0.174 -0.173 -0.321 -0.213 -0.181 0.024 0.376 -0.109
1.000  0.089 -0.159 0.134 -0.298 0.072 -0.259 -0.265
0.089 1.000 0.323 0.217 0.265 0.043 -0.327 0.031
-0.159  0.327 1.000 -0.027 0.189 0.075 -0.444 0.543
0.134 0217 -0.027 1.000 0.157 0.034 -0.408 -0.330
-0.298  0.265 0.189 0.157 1.000 -0.636 -0.219 0.249
0.072  0.043 0.075 0.034 -0.636 1.000 0.068 —-0.099
-0.259 -0.327 -0.444 -0.408 -0.219 0.068 1.000 —0.209
-0.265  0.031 0.543 -0.330 0.249 -0.099 -0.209 1.000
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Fig. 2 Analysis of relation between factors for Type A wells
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Table 4 Correlation coefficient matrix for Type A wells in Block Li-151
APIHBA Bl BB SR EbE AMBWREE  RldRESE) FUE SR FLBREE BaEA RIEE H P bk
KB 1.000  -0.220 0.731 0.527 0.199  0.126 0211  0.159 -0.036 -0.214 -0.162 —-0.284 0.098 -0.291
Tl i -0.220 1.000 -0.113 0.016 -0.080 -0.270  -0.419 -0.015 -0.145 -0.221 -0.058 0.174 -0.036 -0.033
JERLBEL 0.731  -0.113 1.000 0.542 0.126  0.088 0.004  0.124 -0.047 -0.463 -0.120 0.065 0.034 -0.432
BE 0.527 0.016 0.542 1.000 0.180  0.567 0.476  0.002 -0.228 0.012 -0.149 0.047 -0.033 -0.568
-5 0.199  -0.080 0.126 0.180 1.000  0.504 0342 -0.179 -0.248 —0.079 -0.406 -0.095 0.306 —0.454
M 0.126  -0.270 0.088 0.566 0.504  1.000 0.575 -0.091 -0.339 0.245 -0.145 -0.064 0.210 -0.663
) st ] 0211 -0.419 0.004 0.476 0342  0.575 1.000 -0.091 -0.048 0.476 -0.256 0.089 -0.310 -0.297
EiiibAN 0.159  -0.015 0.124 0.002 -0.179  —0.091 -0.091  1.000 0.672 0.290 0.710 -0.274 -0.557 0.121
EINAI] -0.036  -0.145 -0.047 -0.228 -0.248 -0.339  -0.048  0.672 1.000 0.380 0.507 -0.007 -0.768 0.504
FLBRE -0.214  -0.221 -0.463 0.012 -0.079  0.245 0.476  0.290 0380 1.000 0.261 -0.112 -0.549 0.109
BIER -0.162  -0.058 —-0.200 -0.149 -0.406 -0.150  -0.256  0.710 0.507 0.261 1.000 -0.525 -0.291 0.487
T AN -0.284 0.174 0.065 0.047 -0.095 -0.064 0.089 -0.274 -0.007 -0.112 -0.525 1.000 -0.234 -0.295
H™h 0.098  -0.036 0.034 -0.033 0306 0210  -0.310 -0.557 -0.768 —-0.549 -0.291 -0.234 1.000 -0.314
BEHE S -0.291  -0.033 -0.432 -0.568 -0.454 -0.663  -0.297  0.121 0.504 0.109 0.487 -0.295 -0.314 1.000
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Table 5 Correlation coefficient matrix for type B wells in Block Li—151
AOPFBE BB B B nibE AMREE RURESE R SLBREE BiEE RIS Hh EBeR
KB 1.000 -0.013 0.706 0468 0.190  0.450 0.046  0.125 0.029 -0.443 0495 0260 -0.175
LR -0.013 1.000  0.148 0295 0.046  0.238 0.054  0.189 0.111 -0275 -0.019 0.103 -0.115
JRZLBEL 0.706 0.148 1.000 0.033 0412 0644  -0.087 0257 0.028 -0.437 0611 0487 -0.034
7344 0.468 0.295 0.033 1.000 -0.130  0.159 0321 0279 0.153 -0.332 0.160 -0.155 -0.192
b i 0.190 0.046 0.412 -0.130 1.000 0594  -0.183  0.168 -0.420 -0.036 0.167 0.430 0.034
A 0.450 0.238 0.644 0.159 0594  1.000 0.039 0399 -0.287 -0259 0448 0435 0.068
[E) -] 0.046 0.054 -0.087 0.321 -0.183  0.039 1.000  0.159 -0.124 -0.321 -0.001 -0.257 -0.236
EiliAN 0.125 0.189 0257 0279 0.168  0.399 0.159  1.000 -0.228 -0.020 0.127 0.006 0.066
EINA] -0.476 -0.231 -0.279 -0.338 -0.064 -0.052  -0270  0.062 -0.301 0.232 -0.038 -0.393  0.630
FLBREE 0.026 0.111 0.028 0.153 -0.420 -0.287  -0.124 -0.228 1.000 -0.159 0.149 -0.025 -0.564
BiER -0.443 -0275 -0437 -0.332 -0.036 -0.259  -0.321 -0.020 -0.159 1.000 -0.696 -0.071  0.167
T 0.495 -0.019 0.611 0.160 0.167  0.448  -0.001  0.127 0.149 -0.696 1.000 0.246 0.011
H ™3 0.260 0.103 0487 -0.155 0430 0435  -0257  0.006 -0.025 -0.071 0246 1.000 -0.280
e -0.175 -0.115 -0.034 -0.192 0.034 0068  -0236 0066 -0.564 0.167 0.011 -0.280 1.000
o6r ;égﬁﬁ . #6 EHEZRSERXS
.. Table 6 Classification of controlling factors
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Fig. 3 Relation between motion liquid surface and decline

rate for Type B wells
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Table 7 Anlysis results of controlling factors in Li-151 block
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