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Machine learning-based prediction
of low oil saturation sandstone reservoir parameters .

a case study of Lower Karamay Formation

in Xia 77 well block of Xiazijie Oilfield, Junggar Basin
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Abstract: The Lower Karamay Formation in the Xia 77 well block of the Xiazijie Oilfield in the Junggar Basin
features a complex oil and water relationship in its ultra-low porosity and ultra-low permeability reservoirs. These
reservoirs are characterized by low production, high water content, low oil saturation, poor correlation between
porosity and permeability, unclear relationship between reservoir parameters and logging responses and difficult
identification of oil and water layers. Conventional methods for evaluating and predicting reservoir parameters are
poorly suited for this block. Through the analysis of lithology, physical properties and oil-bearing characteristics,

it was determined that the reservoir lithology of the Lower Karamay Formation is dominated by glutenite and gravelly
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sandstones, with mixed-layers of illite and smectite as the dominant clay mineral. The reservoirs are characterized
by low porosity and ultra-low permeability with primary intergranular and residual intergranular pores as the main
storage space. By establishing an oil saturation interpretation model, it was confirmed that the reservoirs in this
area are low oil saturation reservoirs, with oil saturation generally ranging between 36% —55%. The physical
properties and oil content of glutenite reservoirs are superior to those of medium to fine sandstones, with reservoir
physical properties controlling oil content and exhibiting low saturation characteristics. Electrical properties are
influenced by both oil content and lithology. Through studying the formation mechanism of low oil saturation oil reser-
voirs, it was found that the microscopic pore structure of the reservoirs is the main cause of low oil saturation. By
selecting sensitive parameters and utilizing data from natural gamma, resistivity, and acoustic time difference logging,
BP neural network technology based on machine learning was introduced to calculate and predict porosity, per-
meability, and water saturation for the Lower Karamay Formation in Xia 77 well block. The prediction accuracy of
reservoir parameters exceeded 80%. The conclusions and methods derived from this study can provide a basis and
reference for the prediction of physical parameters in low oil saturation tight sandstone reservoirs.

Key words: low oil saturation; sandstone reservoir; logging interpretation; machine learning; Lower Karamay

Formation; Triassic; Junggar Basin
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Fig.1  Geographical location of Xia 77 well block in Xiazijie Oilfield, Junggar Basin
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Fig.12

Training and prediction results of BP neural network for porosity in Xiazijie Oilfield, Junggar Basin
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Fig.13 Training and prediction results of BP neural network for permeability in Xiazijie Oilfield, Junggar Basin
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Table 1 Summary of evaluation indicators for three
machine learning algorithms in Xiazijie Oilfield, Junggar Basin

N MSE (77 iR2) MAE (P34 %} iR 2 )
T A5 7Y — — — —
FLBREE BiER AN R FLBRE B L
BP #hZE M 2% 0.33 0.45 0.35 0.15 0.14 0.17
R HLARAR 0.86 0.86 0.84 1.20 1.80 1.10
RFR AL 0.81 0.82 0.79 0.92 0.81 0.99

VAN FEBR 0 (8 35 B /Iy, B0 BP i 28 9 £ $3 000 L B
& B35 RN E M ARURT S P PR RE SRS
3.2.3 HAKRSH

K FH 15000 4 BE B i 19 BP i 28 4% % - 038
JEHEAT SRR, 3R 2 A A BP A28 [ 4591 5
T 5 038 HFLBEE 1537 HR S I AR A Y 45
RGEBER IR, KRR USRS
BOR LR 2 O k- Tt 2 S5 I 215
HARITHER BP M2 W 4%, FLBR B 1B 3B R A&
THIPRLRN BE 7 TS BE 4R T 80%

4 ZEHINR

(1) @I PUPE” X O SR RS, I I 5 X ik
EZ A SRS AR R RRE R, bRk
S DIER S I PE LT P A s 2 e T
AL ARRB AR Z 5 il U2 5 b 32 2 S il 38 Rk 3
o), =P i S v, 2 B AR AR AL 5
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Table 2 Prediction results of BP neural network for Xia 038 well in Xiazijie Oilfield, Junggar Basin
Tf W /m AR, AR/ ﬁ?‘iﬁﬁﬁé/ mtEERE, fLBREE/ TB??B!'I%L BER, BBER Sl WA
= API (Q-m)  (pso/ft)  (g/em?) % BEE/% 1072 wm® 1073 um?  FE/% WA/ %
1 2 338.4 87.55 34.11 71.98 2.49 10.51 10.84 0.14 0.15 39.69 39.63
2 2 347.5 73.52 43.26 70.03 2.52 9.29 10.69 0.07 0.06 41.11 42.67
3 2352.2 78.63 39.07 70.69 2.49 9.70 9.08 0.09 0.06 40.10 42.10
4 2 447.0 88.72 54.13 67.30 2.55 8.88 9.01 0.06 0.07 45.71 44.00
5 24519 93.78 48.80 67.21 2.51 8.79 8.57 0.06 0.03 42.07 41.28
6 2 455.4 98.74 65.70 66.73 2.54 8.48 8.84 0.04 0.04 49.21 48.06
7 2 462.6 89.87 46.50 68.67 2.56 9.87 9.62 0.10 0.09 45.80 42.75
8 2 466.4 86.04 44.38 67.45 2.56 8.95 8.88 0.06 0.05 40.17 43.11
9 2 467.2 83.85 35.55 70.54 2.58 11.18 11.48 0.21 0.27 43.30 41.32
10 2472.1 89.05 36.64 69.14 2.56 10.16 10.52 0.11 0.11 40.24 41.58
11 24739 80.42 47.44 69.16 2.53 10.23 9.98 1.32 0.06 47.24 44.95
12 24834 84.94 53.35 65.28 2.59 7.36 7.86 0.02 0.03 44.49 43.41
13 2484.0 87.07 51.17 67.28 2.54 8.85 8.85 0.06 0.06 51.89 51.55
14 24918 91.87 57.07 66.71 2.55 8.44 8.53 0.05 0.08 52.68 54.37
15 2496.2 81.68 51.65 67.08 2.56 8.70 8.75 0.05 0.05 51.67 51.08
16 2501.5 81.29 49.38 67.13 2.56 8.73 8.81 0.05 0.05 50.75 50.49
17 2506.2 83.05 43.70 67.76 2.56 9.18 9.57 0.07 0.09 49.91 46.11
18 25142 88.60 48.23 66.56 2.55 8.31 8.82 0.04 0.05 47.81 46.71
19 25156 86.09 54.25 66.70 2.55 8.43 8.88 0.05 0.06 51.17 51.72
20 25224 94.75 50.73 67.20 2.53 8.79 8.65 0.06 0.05 51.57 51.30
21 25246 91.54 48.69 66.70 2.56 8.41 8.53 0.04 0.05 48.51 47.14
22 2527.1 76.79 40.23 68.16 2.56 9.46 9.98 0.08 0.06 49.33 45.05
23 2530.0 80.97 37.49 69.81 2.55 10.65 10.79 0.16 0.14 52.80 53.18
24 25329 87.18 40.81 66.63 2.56 8.32 8.75 0.04 0.05 43.28 46.89
25 25335 84.83 37.38 68.12 2.57 9.41 9.45 0.08 0.08 47.18 47.21
26 25354 81.69 38.29 68.02 2.61 9.34 9.53 0.07 0.07 47.51 45.63
27 2541.0 80.20 42.77 67.73 2.55 9.15 9.57 0.07 0.07 49.13 51.47
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