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Abstract: Based on a case study in the Paleogene Shahejie Formation in the Shengli oil zone of the Bohai Bay Basin, the variation
characteristics of physical property in clastic reservoirs with different grain size, sorting, sedimentary facies and formation fluid under
pure compaction were analyzed by using physical simulation experiments. Results show that the larger the granularity of grain, the
smaller the porosity and the higher the permeability when the reservoir has the same provenance rock and similar sorting and
roundness. As for the reservoir rocks with same grain size range and different sorting, the better the sorting, and the higher the porosity

and permeability. Under the condition of different formation fluids, the anti-compaction ability of reservoir is different. The reservoirs
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with acid fluids have the minimum anti-compaction ability, and the porosity decreases very quickly along with the increase of burial

depth. Nevertheless, the change rate of porosity with depth is relatively slow in alkaline fluids. If the pH of the formation fluid is

converted to the condition of neutral water medium, the anti-compaction ability of rock will be restored to certain extents. In general,

the porosity basically has a logarithmic relationship with the buried depth, and the relationship between permeability and buried depth

is exponential. The simulation experiment results are consistent with the porosity evolution characteristics of clastic reservoirs with

relatively shallow buried depth (generally less than 2500 m), which indicates that the compaction is the main factor affecting physical

property in shallow sandstone reservoirs. However, there are many factors affecting the physical property of moderately to deeply

sandstone reservoirs, and the quantitative evaluation of physical property evolution needs to consider other parameters.
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Fig. 1 Schematic diagram showing the apparatus of physical simulation experiment
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(a) BAERT25mm (FE1D; (b) kifE2~2.5mm (F5%52); (¢) Kiff1~2mm (5%E3); (d) Rif20.5~1 mm (FFE4); (o) Fif£0.25~0.5 mm (FES)
(a) particle size greater than 2.5 mm (experimental scheme 1); (b) particle size in 2~2.5 mm (experimental scheme 2); (c) particle size in 1~2 mm (experimental

scheme 3); (d) particle size in 0.5~1 mm (experimental scheme 4); (e) particle size in 0.25~0.5 mm (experimental scheme 5)

K2 PR S i b

Fig. 2  Sand samples in physical simulation experiments
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Table 1  Experimental scheme of porosity and permeability
characteristics of sand samples with different grain sorting
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o RS =Pw/Prs, PosHl Prs A3 BN SRE T bt il 26 100k &5 &k 25%
7590 BTt 17 0K A%

o 2 AT 4 Tl SCA VR A LR R BEAY X
2P TE R HE RN . BT SERATITA N
A T P T S 2 D Ao P 4 52 ey AR B A
G R PSR ) R AR DU SRS ) . s
AP SR AE ALY (o8 FR A, 19955 X Btk
8, 2015)0 BEAh, WA EE AR MRS
AR, R AR A TR A 2 S A TR B
PUIRRE A tE 255 (T idige s, 2005). FrLA=
ARER T 2 Ca RIS Z AN, XA Py B
PEBUAY C% 2 O R 8 2 P B R T A
JEBIAL 2 U AR A2 2 AR A 2 R B 25 45
il E AR AE A, AU AR T R 4
PSR T AR 32 AR A O 2 AL B 2



4 AR SEAE . NPT S i E PP AR . DUPERI DX i R v 2 A 11 661
F2 MABXEEBEFEIRER R HEHE
Table 2 Sedimentary types and corresponding characteristics of clastic rock reservoirs in the Shengli oil zone
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Table 3 Experimental scheme of porosity and permeability characteristics of reservoirs with different types of sedimentary facies
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Table 4  Experimental scheme of porosity and permeability

characteristics of sand samples with different formation fluids
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Table 5 Results of physical simulation experiments of sand samples under different schemes
G 0.1/Pa 30/MPa 60/MPa 90/MPa 120/MPa  150/MPa  180/MPa  210/MPa  240/MPa  270/MPa 285/MPa
N 38/m  1153.8/m 2307.7/m 3461.5/m 4615.4/m 5769.2/m  6923.1/m 8076.9/m  9230.8/m  10384.6/m  10961.5/m
O] 37.6 24.6 20.1 18.8 15.7 15.2 13.4 12.6 12.0 11.7 11.4
: K 34377 2734.3 1809.8 1386.6 1366.0 1342.7 1191.8 1087.0 984.5 863.9 815.1
o 446 25.7 22.1 19.8 19.1 18.5 17.4 16.7 15.7 15.2 14.4
? K 2046.0 1441.0 1207.1 1021.6 970.6 910.9 776.2 697.2 614.3 537.5 498.3
o 448 30.5 25.3 222 21.0 20.2 18.5 17.8 17.0 15.7 15.1
’ K 17043 1188.7 1030.3 917.0 814.8 672.4 570.9 465.8 386.2 306.5 296.3
o 48.1 31.8 27.1 25.6 24.3 22.9 21.9 20.1 18.6 17.1 16.4
! K 15545 1121.2 957.9 868.3 7454 626.2 515.8 395.9 353.3 293.6 271.5
[ 50.7 35.0 31.0 29.4 27.9 26.5 24.3 22.4 20.8 19.3 18.5
: K 1087.2 700.3 582.3 552.5 519.5 425.0 384.8 345.2 309.9 273.5 244.8
[ 32.6 28.1 26.4 25.3 24.8 23.3 19.8 17.8 15.1 14.5 13.8
o K  841.8 705.5 664.4 612.4 538.3 510.3 436.9 405 372.2 321.6 302.7
[ 30.7 26.5 25.4 22.6 20.4 19.7 17.5 15.4 14.7 13.8 13.3
! K 8204 634.5 581.1 532.5 504.1 460.9 431.4 387 358.2 331.9 307.1
(O] 29.1 25.7 21.1 20.1 17.7 16.9 15.6 14.4 13.4 12.7 12.1
’ K 761.6 594.1 532.9 515 469.5 408 395.3 360 331.8 301.6 276.3
O] 33.9 19.6 15.5 13 12 11.4 10.9 10.4 9.1 6.1 5.5
’ K 79238 616.6 566 534.6 502.8 487 395.8 367 339 299.1 285.9
O] 34.7 234 21 18.7 16.4 15.9 15.1 13.9 13.2 12.3 11.4
10 K 768.9 605.5 599 527.5 485.2 426 396.6 361.5 345 316.7 299.8
[ 36.8 20.3 18.4 16.0 14.0 13.4 12.2 11.7 114 / 10.3
! K  808.0 509.9 459.6 353.8 305.7 269.0 174.7 172.2 170.2 / 58.5
[ 332 31.6 274 23.9 22.0 20.7 19.9 18.1 16.0 14.2 13.8
" K 7571 586.8 602.4 549.4 488.0 442.8 410.8 406.3 398.8 395.5 380.5
o 428 29.5 28.1 22.1 21.5 20.5 18.6 16.2 16.2 14.4 13.5
" K 761.2 613.9 576.9 544.3 519.1 432.6 4104 379.6 350.1 318.8 306.0
o 439 19.0 14.1 11.7 10.1 9.3 8.9 8.0 6.7 4.7 4.4
H K 667.9 453.3 411.1 398.4 336.1 310.1 270.6 236.9 231.1 182.3 160.2
[ 32.6 28.1 26.4 25.3 24.8 23.3 19.8 17.8 15.1 14.5 13.8
b K  841.8 705.5 664.4 612.4 538.3 510.3 436.9 405.0 372.2 321.6 302.7
O] 30.1 23.4 18.4 15.4 13.5 10.7 10.6 8.4 7.1 4.0 34
0 K 581.6 328.0 302.0 275.3 246.6 230.0 189.8 152.0 124.7 95.2 96.8
O] 32.0 25.7 20.6 18.8 16.9 14.8 14.2 13.1 12.6 10.9 10.6
v K 4908 374.8 3529 340.4 319.1 303.5 282.5 240.9 235.3 191.1 174.0
[ 31.5 26.8 234 20.7 17.8 17.6 16.4 153 135 12.9 13.1
s K 3974 3444 327.7 308.9 306.4 285.3 281.8 266.8 235.9 2213 207.7

e OB, %; KWBER, 107 wm’ IR 3.8 mAb, FLIEE 48.1%150.7% K Ti KEME LIRS 47.64% (JREB1-H6, 1994), ZHrS5ht
KEEFLBRBEA LR 225 3R 1% /1 6%, X

AT RERE T IR AR PTG
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Fig. 3 Relationship between burial depth and porosity (a)-permeability (b) of sand samples with different grain size
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Table 6  Fitting results of depth and porosity-permeability of samples with different grain size
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Fig. 4 Relationship between grain size and porosity (a)-permeability (b) of sand sample
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Fig. 5 Relationship between depth and porosity (a)-permeability (b) of sand samples with different sorting
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Fig. 7 Variation of porosity (a) and permeability (b) along with different sedimentary facies of sand samples
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Table 7  Fitting results of buried depth and porosity—permeability of sand samples with different sedimentary facies

VE S s FLBREE TR G R MHXRHR BERGWE LR M RER
9 y = -3.345Ln(x) + 39.812 0.9427 y = 7304560 0.9767
10 y = ~2.819Ln(x) + 40.088 0.9243 y = 706330 0.9819
11 y = -3.293Ln(x) + 42.001 0.9818 y = 754,120 0.9119
12 y = —2.275Ln(x) + 39.866 0.6199 y = 666e 0.9041
13 y = -3.53Ln(x) + 50.012 0.8815 y = 710.32¢ 0.9843
14 y = —-4.854Ln(x) + 51.141 0.9774 y = 577.08¢ " 0.9668
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