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= 1 Background

PetroChina

(1) Self-introduction

Dawei Li (English name: David Lee)
e Petroleum geologist

e Got doctoral degree from China University of

Geosciences (1996)

e Worked as a post-doctor in PetroChina (2001-2003)
e Managers of some large IT systems (2004-Present)

e Published about 50 technical papers and 3 books
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» 1 Background

PetroChina

(2) E&P informatization

As the upstream of petroleum industry, E&P plays a very important role in
the whole business flow of oil companies. Most data (about 90%, seismic,
logging, etc.) of petroleum industry are in E&P.

By E&P informatization, management and application levels of E&P data

can be improved greatly, and the efficiency of E&P research etc. can also be
advanced efficiently.

Thus E&P informatization is very important to oil companies.
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= 1 Background

PetroChina

(3) Informatization of PetroChina

Guided by four 5-years’ IT plans (2000 — 2005 — 2010— 2015—),
PetroChina informatization has changed from construction stage to application

stage since 2010.

For example:
An oilfield of PetroChina: It has built a large E&P data center, including 18 types of E&P databases,

about 100000 wells, 40 TB data, providing 80% data and more than 30% efficiency increase for E&P

research.
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PetroChina

2 Big data in petroleum industry

Seismic and geology modeling data Production data

[

—

Well logging data Refining data Numerical simulation data

Major data sources in petroleum industry
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PetroChina
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2 Big data in petroleum industry
Huge quantity 25%
Scattered distribution 20%

No good analysis method 19%

Too many formats 16%
Low data transit efficiency 11%

Repeated storage 10%

0% 10% 20% 30% 40%

Major data problems in petroleum industry
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- 2 Big data in petroleum industry

PetroChina

According to the “4Vs” of big data by IBM, petroleum industry has already entered “Big Data” era.
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Data at scale Data in many forms Data in motion
Terabytes to Structured, unstructured, Analysis of sir:agmmg 'fiﬂfra
petabytes of data text, multimedia to enable decisions within

fractions of a second

Data uncertainty

Managing the reliability and predictability
of inherently imprecise data types

Example: a 3D seismic survey data in a block of Africa owned by PetroChina has 40 000 GB.
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L _d 2 Big data in petroleum industry
» 70 |arge |T SyStemS i T H | i

» About 2000 TB data in DBs

» Applications: data query,
download, simple calculations
and reports etc.

» The deep value of data has not
been fully utilized

12t five-year IT plan of PetroChina (after confidential treatment)



» 2 Big data in petroleum industry

PetroChina

» We have invested much in petroleum informatization.

» How to fully utilize the value of the IT systems and
data assets has become a critical problem for oil

companies.

There are many solutions for this problem.
Data mining (DM) is one of the good solutions.
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PetroChina

Data mining (DM) is the computing process of discovering patterns
in large data sets involving methods at the intersection of machine
learning, statistics, and database systems (Wikipedia).
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» 3 DM in petroleum industry

PetroChina

DM objects: Pure data, txt, graph, spatial data, audio data,
video data, web data etc.
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e 3 DM in petroleum industry

PetroChina

DM can fully utilize the deep value of data assets, and achieve leaps
from Big data— Big information— Big knowledge —Big wisdo
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- 3 DM in petroleum industry

PetroChina
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3 DM in petroleum industry

H A BURIZHEF & : Weka, SPSS, Rapid Miner, Matlab, TipDM...
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o 3 DM in petroleum industry

PetroChina

: Data
Confirm DM Prepare and . . :
; —> <+ Data Mining [« Interpretation
object Preprocess data :
and evaluation
Obtain data H Classification
DM in space
— d . Reduce data -
OLiain - Regression
Clean data ™ a1 .
ustering Model application
T Integrate data
| DMintime —  Estimation
domain Convert data
| Prediction
Format data
Encrypt data —H  Association

Flow chart of data mining
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- 3 DM in petroleum industry

PetroChina
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“8C” standard of data mining (Dawei Li, 2017)
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Rescarch of Big Data "8C" Standard for Petroleum Industry Informatization
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eyele, high risk and complex implementation process of petroleum industry informatization, 1t has guiding significance

for the construction, application and promotion ef management level for the information resources for petroleum industry.
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w» 3 DM in petroleum industry

PetroChina

Common DM algorithms

Regression:

* Multiple regression analysis (MRA)
* Error back-propagation neural network (BPNN)
* Regression of support vector machine (R-SVM)

Classification:

* Classification of support vector machine (C-SVM)
* Naive Bayesian (NBAY)

* Bayesian discrimination (BAYD)
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Optimization of Common Data Mining Algorithms in Petroleum E&P



- 4 Case study

Based on a commercial global o1l and gas field database bought from
C&C (an American company), we analyzed the key affecting attributes for
recovery factor and the applicability of common data mining algorithms.

Oil and gas field Static reservoir Dynamic reservoir
Database name
data data data

Fleld numbers
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4 Case study

d
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Input data,e.g.39 global oilfieds.each oilfield has a recovery factor and its 8 related parameters
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Flow chart of data mining of case study
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» 4 Case study

PetroChina
Major attributes of oilfield database from C&C
» oIl odetion Currer?t Curr.ent Original 'in-place oil EUR oil equivalent Oil recovery
Oilfield code production  production well equivalent factor
years stage code numbers (MMBOE) e (%)
Field 1 63 2 465 3200 311.7 12.03
Field 2 21 5 82 146 24 39.04
Field 3 46 3 193 1850 109 10
Field 4 58 5 63 405 126.8 32.59
Field 5 63 4 570 36840 1452.4 6.7
Field 1076 9 2 28 75 6353 43.6
Field 1077 73 2 6150 2984 37452 33.91
Field 1078 31 3 145 66.7 1960 42
Field 1079 25 1 643 94.1 11308 14.77

Current production stage code:, 1--primary rejuvenating, 2--secondary peak or plateau, 3--secondary decline, 4-- secondary
mature, 5-- secondary rejuvenating, 6--tertiary peak or plateau



PetroChina

Sample
type

Learning

samples

Prediction
samples

Sample
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10
11
12
13
14
15
16
17

= total production years, x, =

Field
No.

FOO1
F002
F003
F004
FO05
FO06
FO07
FO08
FO09
F010
FO11
F012
FO013
FO14
FO015
FO16
FO17

X1
63
21
46
58
63
37
34
53
21
59
a4
61
41
37
54
37
50

4 Case study

Input data for recovery factor in 39 selected oilfields

x
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X3
465
82
193
63
570
47
201
7
122
2002
153
185
93
3200
145
179
782

8 parameters related to y

Xq
792
148
308
288
800
96
730
186
178
3632
430
632
326
4600
350
437
1218

current production stage code, x; =

X5
3200
146
1850
405
36840
3900
25000
25
325
13436
347
15667
6900
967
60520
353
41000

Xe
385
57
185
132
2470
2300
11500
8.2
49
982
129
7355
3580
324
22530
128
10000

X7
311.7
24
109
126.8
1452.4
1830
4394
8.1
25
267.3
122
3650
3697
270
7222
116.6
7083

Xg
16555
3884
7646
2535
103000
63500
447052
19
6353
71470
4196
335000
211868
20580
500000
1910
350000

current producing well numbers, x, = total well numbers, x5 =
in-place oil equivalent (MMBOE), x5 =

Recovery) oil equivalent (MMBOE), x; =
production rate of current oil equivalent

equivalent (MMBOE), xg =
(BOEPD)] y' = RF ory =RFC

36
37
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F037
F038
F039

20
74
44
25
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2221
23
2613
33
327

6000
31
4121
73
643

2800
549
28437
140
637.3

1481
55)
7565
45
94.1

1340
31
5055
41.8
59.8

26676
5900
246441
198
11308

RFb

12.03
10
32.59
6.7
58.97
46
32.8
15.08
6.19
37.18
42.74
33.51
30.62
36.26
2439
18.13
20

32.14
(39.04)
(51.88)
(26.6)
(14.77)

y
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» 4 Case study

PetroChina

Classification of recovery factor

RF (recovery factor) RFC (recovery factor
Recovery Factor P :
(%) classification) (integer)

Very high recovery factor >50 1
High recovery factor 40< RF<50 2
Intermediate recovery factor 30< RF<£40 3
Low recovery factor 20< RF<30 4
Very low recovery factor <20 5
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PetroChina
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type
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samples
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12.03
10
32.59

58.97
46
32.8
15.08

37.18
42.74
33.51
30.62
36.26
24.39
18.13
20
34.89
65.85
25.64

14.9
32.68
79.05
35.36
34.37

11.12
13.91
33.33
37.81
32.09
52.89
10.02
32.14
39.04
51.88
26.6
14.77

4 Case study

Prediction results of recovery factor regression in 39 global oilfields

y
30.7558
33.2312
32.5433
31.0992
32.4701
31.862
323528
30.8125
30.8843
32.4168
33.1068
30.9235
32.1243
32.2356
31.7768
30.6217
30.3865
33.8271
34.7358
31.1359
30.3802
30.5754
32.3982
34.8936
32.3736
32.5481
33.5591
30.8219
33.568
33.23
32.4452
32.19
33.1232
30.396
32.2773
32.2065
32.7885
31.6331
30.447

R-SVR

R(%)
155.659
232312

0.143
364.167
44938
30.735
1363
104.327
398.939
12.811
22.539
7.719
4913
11.099
30.286
68.901
51.933
3.046
47.25
21.435
94.745
105.204
0.862
55.859
8.446
5.301
47.151
177.175
141323
03
14.189
0.312
37.373
203.353
0.427
17.504
36.799
18.921
106.141

Recovery factor

26.5
12.9

ANN

R(%)
3.88
6.49
1.67
7.61
1.56
252

0.169
0.629
0.0000308

0.276
12.6

27.0
19.8

MRA
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R(%)
55.1
259
11.4
154
437
7.62
8.21
497
168
213
334
11.4
423
15.4
10.6
13.7
6.24
14.8
4.99

20.2
27.4
8.39

14.4
11.8
30.1
78.7
188
2541}
0.0841
6.63
27.1
84.9
6.26
259
24.2
1.49
338
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4 Case study

Prediction results of recovery factor classification in 39 global oilfields

PetroChina
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PetroChina

Summary of the case study with 39 global oilfields

R(%)
(P EIAEXT R R IR ZE KL XHE)

68.9 3s Inapplicable

Regression ANN 5.89 30s Applicable
MRA 38.4 <1ls Inapplicable

svC 0 5s Applicable
Classification NBAY 24.7 <1ls Inapplicable
BAYSD 34.5 1s Inapplicable

1. This program ran on a PC with configuration: HP Z230, Windows 7 (64 bit), Intel E3-1231, 3.40 GHz, 16GB RAM
2. If R>10%, it is inapplicable.
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Petrochina Conclusions

» Petroleum industry has entered “Big Data” era;

= Data mining (DM) is one of the good solutions to fully utilize the value of the

IT systems and data assets;

= For the case study, the best algorithm is ANN for recovery factor regression,

while the optimum algorithm is SVC for recovery factor classification;

» The best algorithms are different for various data sets.
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Email: leedw(@petrochina.com.cn
Wechat: 13671142720




