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Fig.1 Patrol robot with multi-work module
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Tab.1 Explanation of defect types and grades in the tunnel
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Tab. 2 Defect statistics of flood discharge tunnel

7414

sy B b 44 FR 14 2% 3Y/4 % &it
€D [€1)) (€0 (€0

it AP >100 2 0 =100
B 21 0 0 21

S 14 0 0 14

i SRR 1 0 0 1

26 BRAESERNERSH
R 3 ML HE KR YA RO B A A
K fs ol . 2 3 Al A, itk HE v IR o 4 <
O 200900 AR A F A,
®3 BESERNBER

Tab.3 Summary of hazardous gas detection results

o N ke 0 fin Ak & — Ak
MES/m  AK/% TBAR/Y% /PPM /PPM
141 20.9 0 0 0
490 20.9 0 0 0
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1 496 20.9 0 0 0
1628 20.9 0 0 0
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Tab.4 Summary of deformation at typical section mm

F UL T e S v/ £ T T 6P S R
0-+770 1.3 0.6 14685 1.0 0.9
14173 2.6 0.9 14878 0.9 1.4




. 132 Koo g

2023 4F

OB S, 225 883t 7 8 80 38 1w 14 %)
D5 16 B i3 12 ) CIEAE o, (N ) . & 5
AL Y R AT ) A A BE A 32 B R R I VE A . X
A 22 BRI T VR A AR T Az 2109 R R ) PR
FHEE Ry 3, JE R J14E 100 MPa AN, £ 8 1 78
60 MPa DAY, 1+173 #ifii 2015 4F 4 H ~2022
AE A4 F B A RN A5 L 0 il 2 B AR AR AR R
D R AFAEBEAS , 5 BOM 7 R 735 K

®5 BBEEHBRG KNG

Tab.5 Summary of liner steel stress at typical section
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Tab. 6 Summary of anchor bolt stress at typical section
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Fig. 2 Calculation mesh for typical section at Sta. 1+173
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Fig.3 Calculation results of construction working condition
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Fig. 4 Liner stress under initial operation working condition
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Fig. 5 Liner stress under long-term operation working condition
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Patrol Inspection and Service Performance Evaluation of Flood Discharge Tunnel

of Large Pumped Storage Power Station During Operation Period

JIA Tao', HAN Crang2 , XIN N[eng1 , LI Bin', ZHANG Yu-ting2

(1. Hebei Fengning Pumped Storage Co. ,» Ltd. , Fengning 068350, China; 2. Key Laboratory of Geotechnical Mechanics
and Engineering of Ministry of Water Resources, Changjiang River Scientific Research Institute, Wuhan 430010, China)

Abstract: The flood discharge tunnel of large pumped storage power stations will be subject to high speed water
flow, sand transport erosion and external water pressure during operation period, and the tunnel may suffer from local
damage such as lining cracking, spalling and falling blocks, which will have a negative impact on its long-term use. Tak-
ing the flood discharge and sand drainage tunnel of the Fengning Pumped Storage Power Station as the research object,
this paper firstly carried out robot-based real-time video, high-definition image and multi-parameter gas collection to real-
ize the inspection of nearly 2 km cavern section. The defects of the tunnel were classified into structural and functional de-
fects and graded. Then, the stability of the tunnel envelope was initially evaluated by combining the monitoring data with-
in the tunnel for the past 6 years. Finally, numerical analysis methods were used to analyze and evaluate the forces on the
tunnel envelope and lining structure under different operating conditions. The results show that the flood discharge and
sand drainage tunnel has good service performance in the current state. The results of the study are of reference value for
the operation and maintenance management of existing power stations and for the inspection of similar tunnels.

Key words: Fengning Pumped Storage Power Station; flood discharge tunnel; robot inspection; defect classification;

service performance evaluation





