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A model for shale gas well production prediction based on improved artificial neural

network
LIN Hun'?, SUN Xinyi', SONG Xixiang', MENG Chun®, XIONG Wenxin', HUANG Junhe', LIU Hongbo', LIU Cheng'

(1. School of Safety Engineering, Chongqing University of Science & Technology, Chongqing 401331, China;
2. Chongqing Institute of Geology and Mineral Resources, Chongqing 401120, China)

Abstract: Traditional methods for predicting shale gas well production often struggle to effectively analyze the complex relationship
between reservoir parameters, fracturing parameters and production. To address these challenges, a novel approach is introduced,
involving the construction of characteristic parameters based on physical meaning and random combination. The small batch
eradient descent method (MBGD) is adopted as the training function to develop an improved artificial neural network prediction
model for shale gas well production. An example is utilized to demonstrate the effectiveness of the improved artificial neural
network model in predicting shale gas well production. The model’ s performance is evaluated using the mean squared error (MSE)
and the modified determination coefficient (T). The results indicate that the predictions from the improved network model align
well with the actual production data. Moreover, the model exhibits superior prediction accuracy and stability compared to the
traditional BP (error backpropagation algorithm) neural network model. With its high accuracy and reliability, the proposed model
can provide valuable support for fracturing optimization design and productivity evaluation in shale gas reservoirs.

Keywords: artificial neural network; shale gas; fracturing parameter; production forecast; feature construction

75 H 89 :2022-03-30,
E—(EEB N I (1988—) , T, 151, B 202, Sl A T & TR 5 AT SE o ik - 8 DCTR V0 B30 X 2% 0 2R B 20 5, S I 4 B
401331, E-mail:linhun016@cqust.edu.cn
BISEEE N AV B (1996—) , 55 FE 38+ WF 5% A, NTEHLAE 2 3T T F 9 o ik« 50 DG 17 v B 300 IX K2 IR 245 6 20 5, IS 1B 24t i
401331, E-mail: 1017252954@qq.com
EEWHE : R ARPFAT R4  T R IHR AR 19 TR 62 R S8 HLERF 5 (51904050) s RS AR FLF 341 5
B VR 2 DU 2 TR B s 0 K A B L 1 BB AL (es12020jcyj—msxmX 1027 ) 5 T DORHS 25 B WF5% A B LS G197 55 B “ 3L F
LM B EEIR BIBFSE” (YKICX2120716) -



468 ARBR, A T IR N TR 255 8 U SO i P AR L A5

2023 4F
F13E Al

PUR SR HA AL RB AL, HAER S
BRSSP 2 M HA Z A AR R R
FURTRHR 2 5 O™ i B 0 5 75 £ 2L T4
0 B B AN (NCERE 2 K (9 7 AT (8] 25 23 B
O, 10 HL 32 5 R E AN 5 RN A
M, L85 R A AR 2K 3 — A BRAE AR,

BEE N TR REBOAR B R &, 7 U5 AL
T IR T — R R N T2 [ 26
BLER 7 S BOART7 Bk g — R, E AR M A ™ b
A ERWE TS AR N T I 2 A A1 5 bR AR
Yo, BEALAS BE T B 50 (SGD) R i w17 vk, K
] RUBR T W S8R — A ] 4 A2 gk, HL R A T
SOT A —E W 2%, BAENE 2 SHRBCRIES,
I3 — FhH UL I G ek K AL B T R R ik
(BGD) , 1% bR KRR 415 42 AR AS #4222 11 A o 50 )
JE , REWT A AR LAY R BT 8, (R G 7E Tt
S A FEIRI R 2 R 2 7 <
TN U b, DL 28 T SR A A
IOE JTEMTPIPEEAE 2 /€S Vs oz LI P SE U S
gpieel,

WETEAE AT DU U 2 2 5O T SRR 1Y
Benf b, 32 0 T P R SORBE LA 5 1 7 A A
FHIEZHL, IR A/ RS T B35 (MBGD) |, £
SEETRT GO A7 PEI  SE N T 2  4
BRIl SRS Y BP Al 22 0 2% TN A RUAH L, 1
N7 H) AR A TR AR RS W R R AT AR D TR AT R 4
Tk, BEN BUA SRR TR 2 AL BT LA L = REPPAN 42
PEE B Sy

1 HTENE

TSRS R RSS2 M A
ZBIARRAPESE R WML 5 1 0 LU ST 4% 25
5 Z AR, TN T A2 280 T 3 Fh A2 2%
Al 2 P S T A AR G A A B 02

1.1 REHGR

W0 28 A5 hy 22 RS AR, i AR L RRUZ
i 3 JE AR, 2% V2 22 18] 308 2 M 28 TC T e AT A
SRS . R 225 22 A BUIE REAR 1 2 ST DI
A o AR S P M 0 B 2 22, O
SE A M 2T R EEHATE , e 2R X A AR S 4 e

BB o A REAT 7 PO A 3 i A BRI A R R
S, R BLE 1 1 2% J2 0L B2 Pl 22T B o
AR SGE U E SR, T AREAR S KI5 5]
TP 7= H

DR B SR 2RO T RS M D I 2
TR A SR, Hoh TSR IEBK SE0F
B BRSO R
i ALBUE RIS &R XS —E R AL
BB BUA SRR S B R RS RS R Z AR S
F R, AT LA A2 I 2 AR R AT ST 7 5K

A R 2 B Sy [ 45 A R 1 i AR Y
£t

Xn = {xnl’qu?'”?xn/} (1)
A X A KA s n A REA B s o I REAR SRR
85 WA ASEAEL

SRl A5 BT G ek, bR g
ZOUHIME N T —ER A B EITIE kR S 2o
it AE R -

i
Y(Il) =f(2wihxi + bh) (2)
=1

YRR Tuk A sk A kR0 0 AL
FHG b N FREG R X R R B2 TT 4
PO RIS (x0) R Sigmoig (S Y pREI0) pRELUNT

Fla)=— (3)

1+e™
T LU S E SO R RS H O A 4
JC, 0 34 AR H P i A 4o, A E
N T A28 ) 25 AR A T 0

1.2 HiREAbE

BIFFE LA SN RE U UK B A 7 1 % S RO 5L
P, AR BUk E B R B B
AR TSR, &R LB BB R

TEECE T Ve B, il w] A 7 A AN S
HEAT AR AT AL 3, F 5 ICHE 10 S (B AL B dphe 2 {1 Ao 2
FIRR AL SR A S 0 (AL IR , ) FH R £ PRI )
Fie 2EBUR B S S AT o M, 6 e b B
S8 S RT ECRRMR 5 T SR (ELAR BRI, TR
EFN , B IAGREAS 5 A REAS 1 LL AR X
JI LR AFAE SRR (E A RE AR B 5 R B A 2
> NIt ] DLy 8, R ] Z-Score (R E 7250



20234F
13 Ha

AR, S T IR A TR 485 8 U SO e PR L B 5 469

J7 X RAE AT AR AE AR AR B, AT

X, - u

z; = - (4)
1/Ni;zl(xi - u)z

ez BRI S B s, 8 IR U s u I REA S
BOEL N REAS B

i FRER T R O S S R S AL
BLE SR

1.3 AT

TR 25 (MSE) (3K 5) FE IE P REL(T)
(7)) % R 8BS TR ) T 32 Ak 8 0 A TP

Y7522 R A S HARE Z (R 2°F T iR
22, LA/ U50 BH S0 A HRRS 1 s

MSEzlz”:[f(xi)—yiT (5)

P f (o) ok HAE sy, o BARTE
T PR AR AL (R?) (5K 6) X 10 2% 455 Y 3t 47
P

% (6)
>r.-v,)

i=1

R R R Y, R LA 5 Y, R B Y,
HIAIFRI (Y, - v,) R F .

P AR TR BRI S 5, 1 T R AR R
FRAE B, | S B0k 22 - O A A, e R B (R?) 4
K, T BRI B RORI AR BT, S BBl
W BARIRYE . S T B AL R, AR
P HERFIE S B0 7 TR AR AL SR VB IE e R A(T)
X W2 BERL IRRZ AL RE ) HEAT R4 o 1B IE R E R L
() 45 5 A 128 ke PRI F 28 3l ) A R AR, L
LR 2230 1, DU A ko e A8 sl v, B T A6
SO B R B

T=1-(1-R)

= |

n-1

P (7)

K T EIE Y E R B p MREARA IR .
1.4 FRBEIBLiH*

PO 245 A58 P 1 A A TR 1T e o 800 A8 ) e 2%
TR BEAT A . AR TUA SR SRR R
MR AL, A R AR 2 ORI 5 e S0 4> 7

TG I 28 A5 R R AT T H Akt
1.4.1 MBS IERHK

FEABR AR I 1R 55 e T I 28 A5 7 2% 3 3%
PR . X USSR S BRE RS BUN R
SHETT 30T, R FH RN 7 A 7 R e 240 —Fh
FEFET RS EN Y B K B FRIE S5 Al
LA B B SO R AR S50, a0l o S0 R e
B AS R Z AR 2008 M RRE S 80U KO i, B
5 AR i A B A R S O LA D —
23 i iz A e S E G A T LR & J7 X 31
BRI S, BEALLL A 15 20 B R IE S 808 B 5
PRy S 38 A X HT R EE A AR R S R AT I
T HUAT LA FH 5 IR £ R0 )11 50 () 4 B 80 R

B, FIRRESECE S AP B 45 84
AR BT SEL, AnER 1R

TR S RBE LA S S A T
TR S 5 ASBNIAFE AL, i3k 2 s .

A IE P R B(T) MY 7R 25 (MSE) X4
SR REAIE 2 B0 R TR T A5 R AT A AT, 5 AR L
F3, MR 3 AL M AR IE S EUS B IE e R
(B4 0.95, 78 = T H HRAFAE S HUHT Y 0.68 . FHEAFAE
SRUR W IR 228 0 0.025 , K T4 JEARAE 2 8
Fi4 0.536.

DAREAR SN 10 171 A Ay 56 11 HE Sk A6 56 1 246 A5 75 il
MR (E D) o B BT AH HAS SRR S 50T,
¥ R AR S0 W B0 7 i 5 SR R g s K S
45° G NG

3 A R R 2 T R B IR D E R AR

F1 BRBFHESH

Table 1 Original feature parameters
Jre SR SIS

1 AP I B m SP
2 eI B /m wJ
3 SRR m? 7Y
4 STV A
5 JE2LBEL YL
6 R (mI) HT
7 FLEREE /% KX
8 BBEHE/N07 um® ST




470 A, A BT O N TR 25 Y T

2023 4F

AT R RN A RIS 13 R4l

¥oriRzE Wa
SR RE

RIS Ty TH AT LAAS 38 2 A R AR
HH 308 1 1 DX 5 B TR ) T 5 SR
1.42 W&k DM

F G XA AR Bt S s 22 HAR R MR e A,
K H/NE RS E T BRI (MBGD) o B35 DAk

7N 3R A R RN S 0 — g i 1 kAR R B R AR

B, eSS AT R T I 28 B A i) SR LA

B BT B B AR PRECE T 0 A b 19 D 3 500 5K
M

acostwb 1(wa+b— ) (8)

acost (w,b)

(zwx +b - ) (9)
K (8)— ()0 MIERE O M ERE N

F2 HHMEBIESH
Table 2 Newly constructed feature parameters

75 SRR FETE 2
1 B AL /m’ ZYI(WJx0.3)
2 FARb A /m’ ZS/I(WJx0.3)
3 D o /m? YAAS
4 B A /m (WJIYL)%0.3
5 ML & (Z2Y-ZS)IYL

R3 HMEFHIESHETEX

Table 3 Comparison of feature structures

HHE S BIEdERF(T) )72 (MSE)
My B S 5T 0.68 0.536
M2 5UR 0.95 0.025

187 I 254
— kA
1.4r1
g
S 1or
W
i3
g 06[
ﬂ
021 L LL L . \L
-0.2 1 1 1 1 1 I
-100 0 200 400 600 800 1000
AR AL

a. B HLBA BE R B S0

i N\ABL; y S HLSAE

Mn Ay LI TR M bR BSORR BE A ] — AR A
B 5 24 n A REA R B TR M pR BB 6 4
FRREAKIA ; >4 n 050 it i, ST AR pR BRRh BE
P — /LR BEAR G . R/ B AR n 15
R 128,

P2 25 T 40 S FH BE ML B B 5507 (SGD)
(1 2a) AL A R B 7L (MBGD) (181 2b) AR
HreRgka, R 2a w0, ZE VI ZRAE AR 4L I, B
B IEAUE G I, 07 1R 2 ROR R R T R
e ABAR M PRER I e 25 W R B TR B AR P
25 W25 5t B 2b FTAL FE VI ZREE RNl 4R | B
EARUEL 3G 0, A A bR St LR w0 b R, 1D
o BT B AR PR R 22 /0N, O HL AT DA PRk 3] fie
A a2 e LR T, B X TR SR 245 S 8
R AR 05, R /NI S B R RS (MBGD) 1]
DA S50 AR T X 246 RS 118 A s e AR N G <

120 o Wik it 55
x 1 A5 E 2 T
10 x 8-
g ,"x
s 8F Ik
= -
@ or o
”E‘:{ 4t *X/.// X
B e ®
]
1 1 1 1 1 1
0 2 4 6 8 10 12

S FRF7 /10’ m’

BT R AE SR B S SR A 2
Fig. 1  Crossplot of actual and predicted yield before and

after constructing feature parameters
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Fig. 2 Cost function trend graph of stochastic gradient descent algorithm and small batch gradient descent algorithm
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Table 4 Comparison of daily actual yield with
prediction results of proposed method and traditional
BP method
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network model method to predict the yield value and

traditional BP neural network method
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