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Application of SVM algorithm in fluid prediction of volcanic reservoirs in Nanpu Sag,
Bohai Bay Basin

ZHANG Ying, QU Lili, ZHU Lu, ZHANG Yan, HAN Siyang, ZENG Cheng

(Nanpu Oilfield Operation Area of PetroChina Jidong Oilfield Company, Tangshan, Hebei 063200, China)

Abstract: Volcanic rock reservoirs are affected by many factors such as lithofacies, lithology, and reservoir space types, and fluid
identification is difficult, which is one of the difficulties in well logging interpretation. It is urgent to establish a convenient and
quick identification method. For this reason, the SVM (Support Vector Machine) algorithm of machine learning is used to predict
the fluids of unknown reservoirs for the volcanic rock reservoirs in the Nanpu Sag of the Bohai Bay Basin. The research shows that:
(@D Comprehensive application of core, well logging, mud logging and other data to optimize fluid sensitive characteristic
parameters, single information sensitive parameters are acoustic time difference, compensation density, resistivity, multi—
information fusion parameters are natural gamma relative value, total hydrocarbon Ratio, hydrocarbon gas density index,
hydrocarbon gas humidity index, the above seven parameters participate in the model establishment; @ Using the SVM algorithm
for volcanic fluid prediction, the reservoir fluid is divided into three types: oil layer, oil-water layer and water layer. Sensitive
parameters of well logging and mud logging are selected, and a reliable sample library is trained. The correct judgment rate of the
prediction library reaches 90 %. The prediction application of SVM algorithm shows that it has low calculation complexity and
strong generalization ability, which can quickly identify the fluid properties of volcanic rocks and provide a reliable basis for the
analysis of oil and gas accumulation rules and the production and development of geological reserves.
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Fig. 1  Schematic diagram of SVM high—dimensional mapping
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Table 1

Statistic of chemical composition(mass percentage) of the 1st structure in Nanpu Sag

%

JEAL Sio, Ti0,  ALO,  Fe,0, FeO MnO

Mg0O  CaO  Na,0 KO PO, €O, HO

47.69 2.26 14.29 7.94 3.95 0.16
45.64 2.72 15.91 6.42 4.24 0.19
46.71 1.92 15.98 4.54 5.87 0.14
46.02 2.23 14.86 5.00 7.74 0.09
48.67 1.82 14.97 4.01 6.93 0.10
4591 1.85 15.50 2.69 7.28 0.12

T PR 2R

8.55 6.27 3.15 1.25 0.34 0.66 3.60
8.75 7.68 3.15 1.45 0.66 0.66 2.89
491 10.21 2.74 0.72 0.35 3.36 2.50
5.25 8.51 2.30 0.42 0.27 3.60 3.86
4.71 9.10 2.29 0.51 0.32 3.26 3.12
4.11 9.05 3.80 0.56 0.35 5.14 3.51

a. NP11-CIJF, 241569 m, b. NPI1-C1JF, 2417.50 m,
HEZEE, Bt ARE REACE BRI

d. FLEREAY: RANPII-C1IE,
2415.79 m, FURLER HIBEA 1,
F 4 T UL B

c. FLBRAL. JEASLER,
NP11-C2F, 2671.96 m,
AL, BT IR

P2 o B IR e B 1S AR TR R 2 L e O BB T Ui 4

Fig. 2 Volcanic rock cores of Guantao Formation in the 1st structure of Nanpu Sag and its identification under the microscope
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Table 2 Logging response of volcanic rocks of Guantao Formation in the 1st structure of Nanpu Sag
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Fig. 3 Physical response characteristics of Guantao Formation in the 1st structure of Nanpu Sag
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Table 3 Fluid prediction parameters of volcanic reservoir

FrE2%L AC (ps/ft) DEN (g/em®) RLLD(Q*m) AGR  BIRIE  RREER RRIRER
NPT 0.43 0.48 0.36 0.38 0.48 0.55 0.42
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Fig. 4 Gas response characteristics of Guantao Formation volcanic rocks in the 1st structure of Sag
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Table 4 Training database for SVM to identify fluid properties of volcanic rocks

PlER e

H= AC(ps/ft)  DEN(g/em®) RLLD(Q-m)  AGR S A R TIL (= G R Wl S G )
NP11-A1 91.72 2.57 12.30 0.18 12.12 36.16 6.11 2
NP11-A2 88.56 2.41 14.50 0.25 13.47 52.59 4.47 iz
NP11-A3 88.20 2.26 11.30 0.32 25.70 4551 5.31 iz
NP11-A4 96.00 2.30 25.00 0.31 26.43 4353 4.74 i)z
NP11-A5 82.40 2.40 20.00 0.14 43.94 31.84 3.83 i)z
NP11-A6 84.30 2.47 9.80 0.29 110.41 40.22 3.78 iz
NP11-A7 78.70 2.48 4.10 0.22 5.55 51.81 6.08 K )2
NP11-A8 95.66 2.14 4.80 0.16 6.00 86.65 10.00 HKIRZ
NP11-A9 73.40 2.64 8.80 0.23 11.50 23.44 5.50 THK [RZ
NP11-A10 83.33 2.39 7.80 0.30 7.04 34.52 5.77 K R J2
NP11-Al1 87.00 2.30 10.50 0.29 10.50 79.08 9.25 K R 2
NP11-A12 88.81 2.54 7.60 0.16 9.73 33.44 5.43 K )2
NP11-A13 85.23 2.35 6.50 0.31 8.16 87.39 7.57 K IRz
NP11-A14 90.29 2.48 3.50 0.24 4.42 39.20 7.53 KIZ
NP11-A15 80.05 2.59 3.50 0.18 2.62 4524 9.00 K2
NP11-A16 71.54 2.70 6.50 0.25 3.96 50.69 8.33 K2
NP11-A17 87.32 2.35 5.20 0.32 5.16 35.72 6.33 KIZ
NP11-A18  101.59 2.20 2.50 0.31 491 32.87 7.74 KIZ
NP11-A19 95.18 2.20 6.50 0.22 6.28 24.33 7.28 K2
NP11-A20  100.24 2.33 6.00 0.16 7.68 33.41 7.77 K2

7 2 1t=304.8 mm,
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Table 5 SVM identifies volcanic rock fluid properties prediction database
T & A
5 AC(us/t)  DEN(g/em®) RLLD(Q-m) AGR AR BB RUBEER Rimssie  Blgss s
NP11-B1  100.00 2.26 9.80 0.11 15.57 27.61 5.45 iz )2 1
NP11-B2 97.00 2.22 15.00 0.26 19.60 49.71 5.92 2 )2 1EH
NP11-B3 83.20 2.47 10.90 0.19 13.92 40.70 5.06 iz )2 EAf
NP11-B4  93.06 2.38 13.20 0.21 36.33 30.13 4.10 )2 b= EAf
NP11-B5 83.12 2.48 21.30 0.28  104.96 23.56 4.89 2 )2 1EAf
NP11-B6 74.50 242 6.50 0.35 5.25 32.30 6.34 WMoKEE  WUKE)Z  IE
NP11-B7 80.45 242 5.10 0.34 5.64 131.54 7.54 WMoKEZ  WoKE)Z  IE
NP11-B8 85.74 2.50 8.10 0.09 6.22 161.15 11.22 K R 2 )2 B
NP11-B9 86.73 2.39 10.50 0.24 7.02 73.04 6.56 HOKFEZ  WoKEZE  IEH
NP11-B10  82.12 245 6.50 0.17 7.42 65.82 8.50 WKFEZ  oKE)Z  IEM
NP11-B1l  77.37 2.50 5.80 0.23 8.94 17.44 4.92 WKEZ  OKE)Z  IEM
NP11-B12  91.64 235 9.60 0.30 5.09 119.40 10.00 WKFEZ  OKE)Z IE6
NP11-B13  81.58 2.26 3.50 0.37 2.66 38.53 7.14 K2 KIZ 1EH
NP11-B14  91.06 2.59 4.50 0.36 3.56 25.60 8.58 K2 KIZ 1E
NP11-B15  71.23 2.65 3.60 0.11 3.29 52.00 9.00 K2 KZ R
NP11-Bl6  75.23 2.55 5.30 0.26 4.56 34.87 6.84 K2 K2 1EH
NP11-B17  98.76 2.39 5.50 0.19 5.21 43.03 11.20 IKZE HKFZE R
NP11-B18  91.53 2.11 3.50 0.25 5.29 30.05 8.38 K2 K2 1A
NP11-B19  101.01 2.44 4.10 0.35 6.54 30.78 9.00 KIZ K2 1EAf
NP11-B20  96.13 2.34 3.66 0.29 4.35 29.50 6.32 K2 K2 1EAf
7+ 1ft=304.8 mm.,
o SR LA (Q N
oo _HBBEmY) N o AMEHHHEQ - m) G0 P
ZEARY U 975 ) BTN .
T A FL B R (Q © m)
o _HAMAPD o s W oA 0 ————————200
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H: 11=304.8 mm.,

E5 NP11-B3 33 ph 2k

Fig. 5 Logging curves of Well-NP11-B3
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Fig.6  Oil samples produced from Well-NP11-B3
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