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Abstract: To identify the distribution differences between fractures and interlayer gravels within glutenite cores,
accurately evaluate spatial heterogeneity, and enhance hydrocarbon recovery efficiency, this study employed
elastic ultrasonic wave velocity—a parameter highly sensitive to variations in the internal rock structure—to
measure wave velocities in 18 outcrop cores collected from the Shawan Sag in the Junggar Basin. A
non-destructive evaluation method for heterogeneity was established based on stratified elastic wave velocity
measurements. Fifteen samples were utilized as test cores for heterogeneity assessment using this method, while
the remaining three served as validation cores, with their velocity distributions compared for verification. The
results demonstrate that: (1) the proposed method effectively identifies heterogeneity characteristics, such as

gravel distribution and pore-fracture networks in glutenite, enabling an accurate assessment of spatial

Wi B AR 2025 - 08 - 20; fEEIRHA: 2025-10-09

HEWHE: DAl EERIERTIE Y EIRH B B (2023220205); F ALl THRIT R B AR E R LI (2025ZD1401403); [H K H AR 224 ETIH
(42374132)

Supported by the China National Petroleum Corporation Fundamental and Forward-looking Major Science and Technology Project (Grant No. 2023ZZ0205),

National Science and Technology Major Project on New Types of Oil and Gas Exploration and Development (Grant No. 2025ZD1401403) and General Program

of the National Natural Science Foundation of China (Grant No. 42374132)



©526 B TR

2026 4

heterogeneity; (2) the method offers several advantages over conventional heterogeneity evaluation techniques,

including non-destructiveness, high sensitivity, rapid measurement, and cost-effectiveness; and (3) consistent

heterogeneity evaluation results were obtained between the test and validation cores. Therefore, this method can

serve as a valuable reference for heterogeneity assessment in glutenite reservoirs.
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non-destructive evaluation
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Fig.1 Samples of glutenite with different particle sizes
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Fig.2 Schematic diagram of the ultrasonic testing system
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Table 2 Measurement results of P-wave velocity at various sections of the glutenite sample

L NBEEE

PPNy R AT = (longitudinal wave velocity of core)/(m * s ')

(core No.) (cross-section height)/mm 0° 20° 40° 60° 20° 100° 120° 140° 160° 180°
25 4587 4520 4691 4727 4763 4656 4763 4520 4553 4587

SO1# 50 4587 4691 4691 4934 4954 4709 4934 4763 4570 4587
75 4361 4782 4819 4915 4994 4954 4954 4782 4487 436l

25 4976 5036 5078 5098 5119 499 5057 5016 5036 4976

S02* 50 5057 5130 5183 5183 5205 5216 5098 5249 5098 5057
75 5057 5057 5119 5227 5227 5249 5119 5057 5016 5057

25 5425 5265 5332 5287 5265 5378 5449 5473 5425 5425

Si1# 50 5620 5521 5473 5402 5425 5473 5521 5672 5546 5620
75 5521 5310 5177 5243 5287 5355 5546 5546 5497 5521

25 5648 5700 5598 5648 5548 5700 5598 5523 5451 5648

S12% 50 5752 5726 5779 5726 5752 5752 5648 5648 5674 5752
75 5598 5648 5598 5573 5523 5573 5523 5475 5523 5598

25 5690 5395 5466 5904 5588 5613 5961 5932 5664 5690

S21# 50 5690 5588 5613 5795 5690 5639 6166 6197 5849 5690
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25 5417 5465 5513 5348 5213 5417 5638 5613 5394 5417

S22* 50 5587 5538 5441 5795 5795 5769 5822 5563 5716 5587
75 5769 5742 5822 5850 5822 5905 6019 6 108 6 049 5769
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Fig.8 Distribution of wave velocity at various sections of the glutenite core
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Table 3  Evaluation criteria for reservoir heterogeneity

RSO L4

(comprehensive heterogeneity index)

IR Btk E

(heterogeneity determination)

HI
0~0.02 5
0.02~0.04 AR
0.04~0.07 IS )i

>0.07 SRR
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Table 4 Heterogeneity evaluation results of HI and HV indices for the glutenite sample

[UREAEN s HIE
(particle size classification)

HIEAES A 2
(core) (HI value) (heterogeneity determination of HI) (HV value) (heterogeneity determination of HV) (sample type)

HVfH HV IEARB T 2 et

SO1%  0.0338 rh &4 R 0.0312 rh &4 R

S02%  0.0128 bl 0.0123 bl

S03*  0.0316 AR R 0.028 4 EEES ) MCRE
Ktk

S04%  0.020 4 BRSSO 0.0184 Bl

S05%  0.025 6 HHEER R 0.023 6 HHEEY R

S06*  0.024 3 AR R 0.023 0 EEES ) IR

S11* 0.0191 ¥R 0.018 2 ¥

S12% 0.010 8 ¥IJ5 0.0103 ¥J5

S13*  0.0292 AR 0.027 3 EEES ) MCRE
R

S14*  0.0111 ¥ 0.0103 ¥

S15%  0.0200 bl 0.019 4 bl

S16*  0.013 8 5 0.013 4 )5 IR

S21% 0.033 0 LRSS 0.0311 RS S

S22% 0.024 8 rh &4 R 0.022 2 rh &4 R

S23*  0.0124 ¥IJ5 0.0120 ¥J5 TFE
IR

S24%  0.016 0 5 0.0149 %
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