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Fig. 1 Structure diagram of GRNN
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Fig.2 Flow chart of PSO-GRNN inversion model
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Tab.1 The range of the permeability coefficient of the

materials to be inverted and the inversion result m/s

SV B R BB R B ST 4 SR
X AREKZ  3.00x10 ¥ ~3.00x10 °  1.26%x10 °
b oK 2 6.00X10 ¥ ~6.00X10 °  4.19x10 °
55 KL )= 8.00X10 "~8.00X10 °  7.83X10 °
S Wy 1.00X10 *~1.00X10 "  3.99X10 *
B ¥ M %% 3.00X10 ®~3.00%10 %  8.30x10 '
F2 &ALk K
Tab.2 Measured water head at each monitoring point
m
A5 G 5 S K Sk W 255 4 5 S K sk
P12 809. 72 P17 798. 89
P13 806. 28 P18 799. 35
P15 802. 43 P19 799.12
P16 800. 51

4.3
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Tab.3 Value of each level based on orthogonal

design parameters m/s

SRR (SR ;

1 2 3 4

FEHEAR 1.00X1077 3.26X107% 6.63X10 % 1.00X10""
FRALZE  8.00x1077 2.72X107° 5.36X10 7 8.00X10 "
B 3.00<10° % 1.02X10° 2.01X10 ° 3.00x10 "
Fa 7K 2 6.00X10 % 2.04X10°° 4,02X10 " 6.00%10 "
AR AEARZ 300610 % 1.02X10°° 2.01X10 % 3.00X10 °

F4 EBETEZRITNSERBERL,(47)

Tab.4 Permeability coefficient sample based on

orthogonal design L, (4°) m/s

VR S ) o - -
o % EHA R 55 WAL 2 B 5 i % Wk 2 MR AR B K2
B 1 100x10° 8.00X107 7 3.00X10° % 6.00x10" % 3.00x10 ®
12 1.00x107 % 2.72x107° 1.02x10°°% 2.04x10°°% 1.02x10 ¢
4003 1.00X107° 5.36X10°° 2.01x10 % 4.02x10° % 2.01x10 °
41.00X107% 8.00X10 7 3.00X10° % 6.00x10 °  3.00x10 °
5 3.26X107% 8.00x10° 7 1.02X10°°% 4.02x10°°% 3.00x10 ¢
6 3.26X10° % 2.72X107° 3.00X10° % 6.00x10" % 2.01x10 ¢
T03.26X10 % 5.36X10° 3.00X10° 5 6.00x10 % 1.02x10 ¢
8 3.26X107 2 8.00X107° 2.01x10° % 2.04 x10~ % 3.00x10"°
%9 6.63x10 % 8.00X10° 7 2.01x10" % 6.00x107° 1.02x10°
210 6.63X10° 2 2.72X10°° 3.00X10 % 4.02x10"° 3.00x10 ®
4111 6.63X10° 2 5.36X10°° 3.00X10° % 2.04x10~ %  3.00x10°
12 6.63X10° % 8.00X107° 1.02X10° % 6.00x10" % 2.01x10 °
13 1,00X10° 1 8.00X10 7 3.00x10 % 2.04x10° % 2.01x10 ¢
14 1.00x107 " 2.72x107° 2.01x10° % 6.00x107 %  3.00x10°
15 1.00X107 " 5.36X107° 1.02X10° % 6.00X10" %  3.00x10 8
16 100101 8.00X10° 3.00X10° % 4.02x10° % 1.02x10 °
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Fig.5 Convergence process of inversion model optimization
44 RBERDW

1 5 AR AT B AR LS 7 R
(3570 R 3 B P 390 20 9 T 32 2 38 7 3 A 31 Y
Wb A BAT R . Oy ik — 20 B U BT R0H 1Y T
Ph K AT R 5 R AR B B R BUCAA IR
JUHH SR BEAT 8 L I 20 M7 45 B 4538 T e 00 A
TRk R RS PR E AT IR 2 0 B TR
xR 2E =[BRSk — B RTH K/ B
TPk ZE X 10006 AR LA 5. HIE 6
AT, PSO-GRNNARE A J 38 45 21 (9 2 Ji B0 5

R5 REIATESEEMNSKLTHEER
Tab.5 Calculation results of water head at each measuring

point under inversion condition

W A5 BIESL R 2 % RS
i W AF /m B /m 25/ m W2/ %
P12 809. 72 808.13 1.59 1.83
P13 806. 28 803.12 3.16 3.64
P15 802. 43 801.13 1.30 1.50
P16 800.51 800. 92 —0.41 —0.47
P17 798. 89 800. 80 —1.91 —2.20
P18 799. 35 800. 75 —1.40 —1.61
P19 799.12 800. 69 —1.57 —1.81
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Fig. 6 Comparison of measured and inverted values
of pressure measuring points
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Study on Water Hammer Protection of Long-distance

Pressurized Gravity Flow Water Conveyance Project

WANG Kai-lang, ZHANG Jian, YAO Tian-yu, WANG Yan
(College of Water Conservancy and Hydropower Engineering., Hohai University, Nanjing 210098, China)

Abstract: For the long-distance water supply project where the pump station pressurizes before the high point and
gravity flows after the high point, when the end valve is closed in a straight line in case of power failure in an accident, a
longer valve closing time is required to meet the pressure control standard, which virtually increases the scale of the pro-
tective measures and increases the investment. In order to solve this problem, a broken line valve closing rule is proposed
to reduce the volume of protective measures while optimizing the pressure. The characteristic line method is used to check
each scheme through FORTRAN programming, and the general rule is summarized by analyzing the influencing factors of
the main parameters. The case results show that the broken line valve closing can reduce the volume of protective meas-
ures and reduce the project cost compared with the straight line valve closing within the same valve closing time under the
premise of ensuring that the pressure meets the requirements.

Key words: long distance pressurized gravity flow;air vessel;elevated tank;polyline valve closing
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Inversion of Permeability Coefficient for Concrete Face

Rockfill Dam Based on PSO-GRNN and Its Application

LI Hao-xuan', SHEN Zhen-zhong', ZHANG Wen-bing'*
(1. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China;
2. College of Ocean Science and Engineering, Shanghai Maritime University, Shanghai 201306, China)

Abstract: Considering the characteristics of inversion problems of concrete face dam, including high dimensionality,
complex calculation and excessive calculation time, the orthogonal experimental design was used to construct the learning
sample composed of the combination of permeability coefficient and the water head of pressure measuring point. The non-
linear mapping relationship between the water head at monitoring points and permeability coefficient was established by
general regression neural network (GRNN), and the particle swarm optimization (PSO) algorithm was used to search for
the smoothing factor ¢ suitable for the specific project to improve the generalization and convergence speed of the model.
The PSO-GRNN model for the inversion of the permeability coefficient of concrete face dam was established, and was ap-
plied on an engineering example. The results show that the value of permeability coefficient obtained by inversion based
on the model is reasonable, and the maximum relative error between the calculated value of water head at monitoring
points obtained by seepage analysis and the measured value is 3. 64% , and the accuracy meets the needs of engineering.

Key words: concrete face dam; permeability coefficient; inversion analysis; GRNN; PSO





