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An Early Warning Method Based on Artificial Intelligence for
Wax Deposition in Rod Pumping Wells

BING Shaoqiang
(Information Management Center of Sinopec Shengli Oilfield Company, Dongying, Shandong, 257000, China)

Abstract: The timing of wax clearance is usually determined in the field by observations, which is inaccurate and
may cause wells to fail due to wax locking. To solve this problem, a wax deposition early warning method based on
artificial intelligence for rod pumping wells has been developed. The Pearson correlation coefficient analysis method is
used to conduct correlation analysis between 17 points of data automatically acquired by oil well condition and degree
of wax deposition, and seven main control parameters are determined. A wax deposition early warning rule protocol
was established on this basis. The wax deposition synthetic characteristics (WPSC) index was obtained by normalizing
the merged indexes of seven main control parameters, and the WPSC sample set of wells with paraffin problems was
established by using the sample data generated by the wax deposition early warning rule model. Long-term and short-
term memory (LSTM) neural networks were selected to train the sample set, and the machine learning model of WPSC
is obtained, which could quantitatively predict the degree of wax deposition in the rod pumping wells. The field trial of
this method in Block Zhuang 23 of the Shengli Oilfield showed that by using this method, the wax clearance timing as
prolonged and the wax locking in failed wells was effectively avoided. Research results showed that the wax deposition
early warning method based on artificial intelligence for rod pumping wells achieves quantitative prediction and
provides effective early warning on the wax deposition degree in oil wells, and could be used as an effective guide in

precise the selection of wax clearance timing.
Key words: wax deposition of oil well; wax clearance timing; rule model; machine learning; artificial intelligence;
prediction and early warning; Shengli Oilfield

BT, X 5 450 A FF RO, AT i R A R AR IE . TRk, B AR R
TEAEAR 8 B 37 22 36 i 2 P I JA 3, 52 N TR AR 2K -
S B ARG | B [ o 7 S R 2 4 B I i 3 Y B EB: 2019-01-21; 2 [E H #1: 2019-07-05
PR e e e e TEEE: Bk (1974—) , %, LA E LA, 1996 50 T
TEFEANHES, Sy DA 105 5 AN B Fb ot 2 24 R i T L kF (SR) R TAREL, 2007 FRFTEEHRF (F£K)
AMREAR T I AR = g, i BB T Ik HAE b 4k 5 MAETFAE LML S, SR IET, TEANFEZLAFHLTR
%‘}H:J;FHQEFEEEZIK[]_S]O /W'J ﬁ[] , Hiﬂelj iEH M 1:}} 23 IZiJ%EP I 4F. E-mail: bingshaogiang.slyt@sinopec.com

. . ) HETH: v EOAAHE L LT “HIRTF LRI EHE A
YARAT 2 CUJETR T SRR IR R B e by ot i



http://dx.doi.org/10.11911/syztjs.2019093

© 98 . % H 4k e 53 R 2019 4 7 A
AV AW S, SRR B S B SR RO AP SO R SRl [, nT A E H B S

VLR R SRR ST [ sh IR g,
AN TR REB AR B I AL T K i 8508 =R,
0 &) N AT J 1 I RN T8 6 0 vl H 235 ety T 00 1
WF5E: BEA AR NS RN T B oy 2R, 2
ST SR T2 WL Xl i 25 0 TR TR
715 A. K. Manshad 2 A" ) A T8 i 000 403,
ST T2 RS I WU AR T TR I HE L
S PRI WL 5 e K v e R B ) e Ak SR A
oM, EE M AN TR RE BN, 45 A R BUE
ok 11K 07/ NSRRI T B 0 R ) i 0 1111 | A E 4 € R X 4y
A ZE SRR A B OC R, HENT T4 R B T
R TR AT S ESE S e 5 I R R O R TR, A
M5 B AT A B 0 5 3 I s AL, L] B sl B B R
F, ST S Im AL IR B AL A A% B 0l 55 B B 1)
B IR Bl W AR

L NN T A S0 A it AL 45 i 1
PO S

UTAE e, B 25 8 RE AL IER% | W IBE I 45 R g B
HUR R AN HUR R, Tl A= 7258 25 3 A R B4 i
A, Ty B i 77 A o T — RN T B AR
75 Tolb A58k ) 37 A, 3 8 T 1L T2 A ple ] S50
TR AR B — R TR RE B AR A Wl i
JHT ke e 3z T, EAE A R G S A A
K T 002 W45 D7 TS T i B 1 R . IR
3£ 2 3 FVRIR TR 37— FQN T8 REH AR 7E Tl 45
SR I 2 AR, 7E Tl AT T A A
g B, AT 48 85 T 4 SR B T A R AT R
— AR T B AR Tt L - 22 i 35 00 52 f
Fo AR SEBE R - W BRI R R 5 B RS A, R
ST L 455 T 1 A SR, S 4 I T
A 750, S R 456 s S 10 A 20U, I ST 445 I
A 5 AE LR L, B U — (A B B0 45 i T 3 4
BN T g AR Rt IO R A A R B 2 5
Sy 5 AR BN TR R TIIAAL , )FH BRE AS K
i d BT AR AT I 2, I 25 B 5 T L
T A B ) 45 S R R T O AL
A7 BB AR N B B SR B S 1 G, S R B O

2 b AILI 5 B U LIRSS fg A

i AL 45 0 e — WA I A R, A 23 BT 45 0

B, A RN L MR L R K, S 25
P R R, [ U0 A 4 0 S A AL
DR 4 B T N TR E LA TR i Ak oy o) REAS [ Ik
S TR R4 (it A A e

21 FEWNEERESHAMIE

B T EFIIH 2015—2017 45 300 11 B 2%
W O 1 A 7 2B, A SR IBCT W it 0 R e O i
J& TR R DR A S E0 BATRE . FATHR . i
KRBT | e/ Ny | A 22 AN D TR ) | I B AR
SO A RE IO ERADE DR ) fE S
(A TR . A WPy FEfL B L AB LR L 2
NG I P S M) 45 17 W1 [ SR AL BB, 1E
S JEAPEEE o Hr, HbTE 25 Dy PR DG ERE 09 >R
R 1 R/30min, HoAWECHE B RS2 1 I /min,
T B ZR AR G 22 8003 M 7 125, X WAL B 1 485 055 0 iR
PERCE , 2 U R AT P 22 1) A RH O 2 A, AT
T 2 25 B T 1 £ S50

B IR 30 AH O F2 BB FR Ry B O 3 B AH OC 2R 8K
( Pearson product-moment correlation coefficient ), j&—
il 2 M HH OC R K, 12k v, R B W A AR i X
Y LM G, r (A T—1~1 Z[], 4800 (B 8
REIIACHEBGE . r AR

2 (Xi=X)(v:-7)

r= =l (1)

n

VDT \ 37

i=1 i=1

rifnl LU (X, Y) FEAS )RR AE D B (E AG T
CEIES M@ DR S/ U I W

1 o (Xi=-X\(Yi-Y

r:n_lg( = ]( = ] (2)
iW%%iﬁﬁ%}ﬁ%%&ﬂﬁﬁﬁ%ﬁ@ﬁﬁﬁ?
FUTAR 310 X, A Y, FEASRITEA s ol oy 45118 X, A
Y, BEAS U BRME 22 s n JREACBCHE; i 9 R 5 F P72
05 11 55 08 3 17 S0 44 20 P P 2 1 0
S X 2R K AT, 4B 300 11 S 2% % I 1
BOR RO, S5 R IL% 1, % | AT, oAk
B SN B2 DR . 1 AT A T
S 4 L JE S0P AT 3030 R4 4 7 T BN
Ve Z A AR KT 0.9, I FIZ BTG, I




4T K H 4 AR 43 7% .

Mt

BT A LA 40 S AU 25T ok £ 99 -

F1 300 OBBILEHEFE

HHEEXESITER

Table 1 Correlation analysis of attribute data of 300 typical paraffin troubled wells

PSS 4
J@
Dl D2 D3 D4 D5 D6 D7 D8 D9 D10 Z1 72 73 Z4 1 12 13

D1 1.000 -0.875 0.872 0983 0.89 0.213 -0.819 0.975 0.898 0.879 0.955 -0.963 0.982 0919 0.241 0.016 0.167
D2 -0.875 1.000 —-0.762 -0.602 0.835 0.192 -0.824 -0.819 0.773 0.878 —0.829 0.821 -0.896 —0.748 0.169 0.071 0.172
D3  0.872 -0.762 1.000 0.886 0.891 0.663 —0.838 0.837 0.861 0.859 0.819 -0.823 0.869 0.804 0.321 0.021 0.116
D4 0983 -0.602 0.886 1.000 0.892 0.812 -0.826 0915 0.873 0.843 0912 -0.917 0962 0.943 0.371 0.018 0.132
D5 0.890 0.835 0.891 0.892 1.000 0.289 0.296 0.865 0.832 0.867 0.893 0.712 0.871 0.861 0.126 0.031 0.128
D6 0213 0.192 0.663 0.812 0.289 1.000 0.278 0.263 0.389 0.363 0.219 0.132 0.267 0.389 0.131 0.021 0.127
D7 -0.819 —0.824 —0.838 —0.826 0.296 0.278 1.000 0.302 —0.886 -0.872 —0.761 —0.781 —0.769 -0.732 0.191 0.032 0.139
D8 0975 -0.819 0.837 0915 0.865 0.263 0.302 1.000 0.832 0.859 0972 -0.959 0971 0929 0.221 0.036 0.137
D9 0.898 0.773 0.861 0.873 0.832 0.389 —0.886 0.832 1.000 0.886 0.781 0.486 0.792 0.625 0.132 0.042 0.069
D10 0.879 0.878 0.859 0.843 0.867 0.363 -0.872 0.859 0.886 1.000 0.812 0.638 0.831 0.781 0.256 0.062 0.136
Z1 0955 -0.829 0.819 0912 0.893 0.219 -0.761 0.972 0.781 0.812 1.000 —0.992 0.996 0.965 0.269 0.026 0.113
Z2 0963 0.821 -0.823 -0.917 0.712 0.132 -0.781 —-0.959 0.486 0.638 —0.992 1.000 -0.986 —0.958 0.189 0.032 0.142
Z3 0982 —0.896 0.869 0.962 0.871 0.267 -0.769 0.971 0.792 0.831 0.996 —0.986 1.000 0.993 0.306 0.019 0.201
Z4 0919 -0.748 0.804 0943 0.861 0.389 -0.732 0.929 0.625 0.781 0.965 —-0.958 0.993 1.000 0.025 0.066 0.139
J1 0.241 0.169 0.321 0371 0.126 0.131 0.191 0.221 0.132 0.256 0.269 0.189 0.306 0.025 1.000 0.021 0.136
12 0.016 0.071 0.021 0.018 0.031 0.021 0.032 0.036 0.042 0.062 0.026 0.032 0.019 0.066 0.021 1.000 0.132
13 0.167 0.172 0.116 0.132 0.128 0.127 0.139 0.137 0.069 0.136 0.113 0.142 0.201 0.139 0.136 0.132 1.000
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Fig. 1 Operation schematic diagram of wax deposition
early warning rule model
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Fig. 4 Correlation curve between actual and predicted val-
ues of WPSC in Well H148 (October 20-November 8)
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