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Prediction model for water level regulation in water diversion project based on BP neural network
GAO Xueping, YAN Chendan,ZHANG Y an, SUN Bowen
(State K ey Laboratory of Hydraulic Engineering Simul ation and Saf ety, Tianjin University, Tianjin 300350, China)

Abstract: In a water diversion project, if the water level before the pump is too low, the security of the pumping station will be endar
gered; if the w ater level is too high, the safety of the surrounding area will be endangered. So, it is particularly important to study the
change of water level in the reservoir. The paper, based on the Nansi Lake section of the eastern route of the South to North Water
Transfer Project in Shandong Province, explores the w ater level variation pattern before the pump under different conditions of initial
water level, inflow and outflow, and opening time difference between pumping stations. Firstly, we used the coupled model to numerically
simulate different diversion plans. Then we selected 23 water diversion plans and their before pump water level obtained from numerical
simulation as samples to train the BP neural network. Thus, we established a prediction model for water level regulation and had it vert
fied. Finally w e predicted the water level before the pump in different diversion plans using the model. The results showed that the BP
neural network model has a strong predictive pow er. Its results were basically consistent with the results of the coupled model, with the
relative error of water depth less than 9. 15% . M eanw hile the modef s calculation efficiency improved by 96.67% .
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Fig. 1 The location of pumping stations and bleeders in Nansi Lake
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Tab.1 Water diversion plans and their numerical simulation results
WAKTT TR R PEAK N R K SRR KA
Eis Z/d fi/m (m3es)(m3es)) fi/m f7/m KI5/ m
1 4  31.8 112.34 73.22 33.27 30.75 0. 04

2 6 31. 112.34 73.84 33.27 31.04 0.03
10 31.

31.

112.34 75.11 33.27 31.38 0.02
112.34 73.84 33.21 29.99 0.11
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10 31. 112.34 75.11 33.20 30.95 0. 06
15 31.

31.

170 125 33.32 30.96 0.10
170 125 33.32 31.52 0.09

20  31. 170 125  33.32 31.74 0.07
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15 31.
10 15 31.

170 109.38 33.44 31.22 - 0.42

170 116.67 33.27 30.77 - 0.31
11 15 31. 170 125 33.27 30.49 0.22
12 18 31.

13 20  31.

170 125  33.26 31.06 0.10
170 125 33.26 31.43 0.08

15 20  31.
16 13 31.

170 125 33.20 30.91 0. 09
182.02 125 33.32 30.73 - 0.23

17 15 31. 182.02 125  33.36 31.29 -0.44
18 15 31.

19 20 31.

182.02 125 33.29 30.56 - 0.49

182.02 125 32.94 30.67 - 0.55

20 11 31 200 125  33.54 30.58 -0.79
21 13 31.

22 13 31.

200 125 33.57 31.22 - 0.68

200 125 33.51 30.57 -0.75

23 15 31. 200 125  33.54 31.17 - 0.90
24 13 31.

25 15 31.

200 125 33.47 30.54
200 125  33.48 30.57
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Fig.2 BP neural network model
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Fig. 3 Error analysis of expected and predicted maximum w ater level

4

Fig. 4 FError analyss of expected and predicted minimum water level
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Fig.5 Correlation analy sis of ex pected and

predicted max imum water level

6
Fig. 6 Correlation analysis of ex pected and
predicted minimum water level
3.4 BP AV &AER TN 4R
IEHL 31 2~ 31 9 m(fIKT KA Q 1 m &)
IEHBKALQ 1 m) Ak AL L E1XS A A 22
ST A I (] 22 L N0, FUE 8 AN R 9 R 7K
%o FIH] BP A 20 9 £ 45510 EAT 00N, [] b ) AR
ARSI R 7K 7 S8 AT B AL, 7K 56 T
DA TR IS FUIU AL A B B 70 50 (A5 00 &5 SR (A0
fH) W2 2. T, Z TR 7K A 1 T ) A% 284 70 {E
ER AR RME R ZE AL 0 33 m, X K
TREZEN 5 92% , 552 i B AR/ A7 R Tt il A5 24 i
LR OB RS M 22 ANEE L O 30 m, AT B/ K
R ZE N 9 15% o b Al B B R B0 (i B4 240 1
h/ %, 1 BP il 280 28 PRI T T2 2 min/ IR, T
FRCRSE =2 96 67% o

4

AU RE K A8 28 e 1l 2Rk B DO 4 S IX
S, SR ¢ Rl 5 A5 R BP Aot 2 I 45 00 A5

KX KER < 11 °



F16% KE o4 mAIESG AKFIFH + 20184 2

2

Tab.2 Prediction results and numerical simulation results of water level before the pump in different diversion plans

PKDT WHE REA AV v Bt KL/ m KoK KR B ACRAL m TR KR
Eone Ed ALmeo J(m3esh) S (miest) gomgs BN wz Wmo BIE(%)  BIBE BONE wx Wmo BRIH(%)
1 9  31.9  182.02 116.67  33.50 33.73 0.23 6.20 3.71 30.91  31.13 0.22 3.6l 6.09
2 14 31.8  169.59 125 33.34 33.52 0.18 5.84 2.98 30.58  30.62 0.04 3.28 1.22
3 15 31.7 176.16 125 33.28 33.47 0.19 5.78 3.18 30.54  30.62 0.08 3.24 2.47
4 17 31.6  183.24 125 33.29  33.59 0.30 5.79 5.01 30.58  30.88 0.30 3.28 9.15
5 19  31.5  195.02 125 33.44 33.64 0.20 5.94 3.26 30.94  31.17 0.23 3.64 6.32
6 22 3.4 170 116.67  32.88 33.20 0.3 5.58 5.73 30.61  30.85 0.24 3.61 7.25
7 24 313 136.52 92.11  33.16 33.45 0.9 5.86 4,95 30.73  30.91 0.18 3.31 5.25
8 30 3.2 112.34 82.16  32.87 33.20 0.33 5.57 5.92 30.76  30.85 0.09 3.43 2.60
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