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Research progress of on-line discharge monitoring methods in hydrometry stations / WU Zhiyong', XU Liang',
TANG Yunyi’, HE Hai' (1. College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China;
2. Jiangsu Water Resources Service Center, Nanjing 210029, China)

Abstract: Based on the analysis of the existing methods of on-line discharge monitoring of hydrometry stations, this paper
summarizes the latest research progress of velocity-area method and hydraulic method in on-line discharge monitoring. Cross
section discharge was calculated based on local flow velocity, and the on-line discharge monitoring method based on
velocity-area method is divided into three categories: index-velocity method, velocity distribution model method and surface
velocity method. This paper analyzes the advantages and disadvantages of H-ADCP method, V-ADCP method, two-line
energy slope method, radar method, particle image method, water measuring building method and hydraulic building
method, and points out that further research will be carried out in improving online discharge monitoring accuracy,
improving stability and promoting application.

Key words: discharge; hydrometry survey; online monitoring; velocity-area method; hydraulic method; hydrometry station

[1-2]

[34]

(2017YFC0405701 ) ; (2018035)
(1979—), , s s o E-mail; zywu@ hhu. edu. cn



) , H-ADCP
o , H-ADCP
) o , H-ADCP
,2018 , ,
1616 . ('acoustic
doppler current profiler, ADCP)2665 (1216] | ,
2016 o , [1s] ,
’ ' ' [17]
[59]
, H-ADCP ADCP
[18-19]
o , H-ADCP
1
1.1.2
’ a. o
(o],
1.1 ,
[1,20]
ADCP ( H-ADCP) | ADCP (V- Lol ,
ADCP) | o ; ,
, [21] ,
3 A o Y Y N Y
[8,10]
’ ’ [2224] ’
1.1.1 b. o
[11], ’



. V-ADCP Bl . N .
H-ADCP , ,

[2627]
o : o

’ ’ ’ s b
(e} b ’
[28] [40]
) o
[29]
A} Y o
[30]
o Y
[35]
N o N
Y )
o o
b Y b ’
b (e} b o
s ’ b b
b b (e}
[8]
o b ) N b
b b
[3132] [33,41] [8]
o b

1.1.3 [42] .

[4345]
o

Y A b
o N ’ ’
’ o
[33-35]
o o
o N N 9
a. o] ’ ’
’ ’ ’
’ ’
[46]
’ o N N
[4]
) o ’

’ b A} b
b o 9 o
’ b ’ b
[33]
o b
[9] [47] [48]
’ b Y
[49] [50]
) N N ’
b b b
[36-38]
o hY
[51]
9’ N A} o



2.1
0.2m/s
, ADCP
[52:54] ADCP
2.2
. H-ADCP
H-ADCP ,
[55]
2.3

[9,33,56]

o b
b Y b
b
o b
ADCP ,
[7]
b
b o
. ADCP ,
b o
[57]
b b
b
b b
9’ ) AY
(e}
b AY AY
[58]
b (e}
b N Y
[28]
b 9’
5G ,
“ ”
b 9’ b
+ .
b
o
b
b
(e} A
, ADCP
, b s

[1] . [M]. : s

[2] , , ,

[J]. ,2020,36 (2) :41-46. (ZHANG
Xuan, ZHANG Xingnan, JIANG Weijia, et al. Study on
water level forecast of Dongshan Station in Qinhuai River
Basin[ J ]. Water Resources Protection,2020,36(2) :41-
46. (in Chinese) )



[J]. ,2019,
35(6) :82-88. (ZHOU Huaiyu, LIU Zijing, LIU Hailong,
et al. Interdisciplinary demonstration of combination of
stormwater management facilities monitoring and smart
landscape design[ J]. Water Resources Protection, 2019,
35(6) :82-88. (in Chinese) )

[4] , , .

[J]. ,2014,45(2) :90-92. (LU Qing,ZHOU
Bo, LEI Changyou. Development and realization of real-
time discharge monitoring system [ J ]. Yangtze River,
2014,45(2) :90-92. (in Chinese) )

[5] , : [J].

, 2006 (3):256-261. ( XIA Jun, ZUO Qiting.
Advances in international hydrological science research
[J]. Advances in Earth Science,2006 (3) :256-261. (in
Chinese) )

[6] , . RIR

,2010,21 (4) :450-459. (XU Zongxue, LI
Jingyu. Progress in hydrological sciences :past, present and
future[ J]. Advances in Water Science,2010,21(4) :450-
459. (in Chinese) )

[7] , , .

[J]. ,2007,27(6) :70-87. (ZHANG Shuan,ZHANG
Liuzhu, MA Zhan. A comparative study of Chinese and
American hydrometry techniques [ J ]. Journal of China
Hydrology ,2007 ,27(6) :70-87. (in Chinese) )

[8] s , .

[J]. ,2017,48 (9) :30-34. (ZHAO Xin,
CHEN Hongyun, XIONG Ming. Comparative analysis of
hydrometry and management systems in China and South
Korea [ J]. Yangtze River, 2017, 48 (9): 30-34. (in
Chinese) )

(9] , . [J].

, 2013, 33 (5).23-27. ( WEI Xinping, ZHANG
Shuna. Interpreting development of hydroligic services
based on hydrologic statistics [ J ]. Journal of China
Hydrology ,2013,33(5) :23-27. (in Chinese) )

[10] , , . [M].

,2016.

[11] RANTZ S E,OTHERS A. Measurement and computation
of streamflow: volume 1, measurement of stage and
discharge [ J ]. Irrigation & Drainage Systems, 1982, 1.
1-10.

[12] CHEN Z, WANG Z, LIU Y, et al. Estimating the flow
velocity and discharge of ADCP unmeasured area in tidal
reach[ J]. Flow Measurement and Instrumentation, 2016,
52.208-218.

[13]

[J]. , 2018, 38 (3): 69-72. ( XIAO Lin.

Application of combined on-lien flow monitoring system in

variable backwater section [ J ]. Journal of China

Hydrology,2018,38(3) :69-72. (in Chinese) )
[14] , s s H-ADCP
[J]. ,2019,40(2) ; 14-16,
25. ( ZENG Yali, ZHANG Weige, FAN Lina, et al.
Calibration and application of flow relation of H-ADCP in
Yichang station [ J ].
Hydropower Information, 2019, 40 (2): 14-16,25. (in
Chinese) )
[15] , ,

Express Water Resources &

. H-ADCP
[J1]. ,2018,38(6) : 81-83.
(DU Xinggiang, SHEN Jian, FAN Mingzhe. Application
and improvement of H-ADCP online monitoring program at
Gaobazhou Station[ J]. Journal of China Hydrology,2018,
38(6) :81-83. (in Chinese) )
[16] s . H-ADCP
“ 7 [J]. ,2007,27(4) .
63-65. (WANG Fajun, HUANG Hening. “IVC-Creator” ;
an index-velocity rating creation program for H-ADCP
online discharge monitoring [ J ]. Journal of China
Hydrology ,2007 ,27(4) :63-65. (in Chinese) )
[17] , , . H-ADCP
[J]. ,2008,39 (3):57-59. (DU Yaodong,
SONG Xingyuan, WANG Jun. Application of H-ADCP in
complex environment [ J]. Yangtze River,2008,39(3) .
57-59. (in Chinese) )
[18] . s . ADCP
[J]. ,2017,38(6) :
11-14. ( WEI Lixin, JIANG Jianping, CAO Guanzhong.
Study on the improvement of ADCP flow measurement
method in Nanjing hydrological experimental station|[ J ].
Express Water Resources & Hydropower Information,
2017,38(6) :11-14. (in Chinese) )
[19] s .
[J]. , 2018, 36 (5):33-35. (CHEN
Jianjian, LING Fei. Selection analysis of indicator velocity
for Nanjing hydrological experimental station [ J ]. Water
Resources & Hydropower of Northeast,2018,36(5) :33-
35. (in Chinese) )
[20] , , . [J].
,2000,37 (9) :13-19. ( LI Guangfeng, LIU
Fang, GAO Yong. Study on travel-time-difference
ultrasonic flowmeter [ J ]. Electrical Measurement &
Instrumentation,2000,37(9) :13-19. (in Chinese) )
[21] ;o [J].
, 2009, 29 (5):71-73. ( CAI
Shouyun, DAI Jie. Time-difference-type ultrasonic flow
meter and control system for discharge measurement] J ].
Advances in Science and Technology of Water Resources,
2009,29(5) :71-73. (in Chinese) )
[22]



[J]. ,2011(3) :68-72. (ZHAO Deyou.
Construction and techniques for automatic discharge
monitoring system at Gaunging Station on Yunhe River
[J]. Water Resources Informatization, 2011 (3) : 68-72.
(in Chinese) )

[23] , .
: - [J]. ,2016
( 1):53-55. (LIU Zhengwei, ZHANG Lihua.
Application of ultrasound time difference method in
automatic  discharge monitoring: a case study of
Niulanjiang-Dianchi Water Supplementary Project [ J ].
Yangtze River,2016( Supl ) :53-55. (in Chinese) )
[24] . [D].
,2006.
[25] s s . ADCP
[J].

,2017,37(1) :55-59. (DU Yanan,ZHANG Liangping,
YOU Mulin. Effects of steel buoy on flow measurement
accuracy of ADCP hydrological monitoring system [ J ].
Advances in Science and Technology of Water Resources,
2017,37(1) :55-59. (in Chinese) )

[26] , , , ADCP

[J]. , 2013 (4):26-29. (LAING
Houjun, LIU Xiaohu, CAI Guocheng, et al. Two-vertical-
line type ADCP flow measurement system [ J]. Water
Resources Informatization, 2013 (4 ). 26-29. ( in
Chinese) )

[27] , , .

[J]. ,2017,48 (1) :29-31.
(LIU Zhengwei, ZHANG Lihua, HUA Limin. Application
of base type Doppler flow meter in channel flow automatic
monitoring[ J ]. Yangtze River,2017,48 (1) :29-31. (in
Chinese) )

[28] , , , .

[J]. ,2008,28(4) :61-64.

(ZHU Qiaoyun, GAO Jian, LIU Guiping, et al. Study on

representative  vertical method for tidal discharge
processing of Xujingliu Gauging Station in Yangtze River
Estuary[ J]. Journal of China Hydrology,2008 ,28 (4) :61-
64. (in Chinese) )

[29] s , , -

[J]. ,2018,38 (1) :41-45. (GUO Hongli, XIE
Yuebo,HU Jianwei, et al. Discussion on online discharge
measurement method for hydrometry station[ J]. Journal of
China Hydrology,2018,38(1) :41-45. (in Chinese) )

[30] , , , -
[I11. ,2019,41(4).7-10. (LIU
Wei, WANG Huaibai, DUAN Wen, et al. Principle and
application of flow measurement representative vertical
line analysis[ J]. Yellow River,2019,41(4):7-10. (in
Chinese) )
.6 -

[31] s , .
[J]. ,2015,35(6) :87-89. ( XIONG Shanshan, PAN
Hui, WANG Guanglei. Discussion on flow test by two line
energy gradient method[ J ]. Journal of China Hydrology,
2015,35(6) :87-89. (in Chinese) )
[32]
[J]. ,2017,37 (1):79-82. ( HAN
Xinqging. Application of real-time flow monitoring system
with energy grade method at Shenqiu Station[ J]. Journal
of China Hydrology,2017,37(1) :79-82. (in Chinese) )
[33] s , , .
[J]. ,2013 (3) .37-44. (XU
Lizhong ,ZHANG Zhen, YAN Xijun,et al. Advance of non-
contact instruments and tachniques for open-channel flow
measurements| J ]. Water Resources Informatization, 2013
(3):3744. (in Chinese) )

. [J]. ,2016,38
(5):69. (WANG Wenhua. Comparing test and analysis
of radar measuring instrument[ J]. Yellow River,2016,38
(5) :69. (in Chinese) )

[35] , , , - [J].
,2015,36 (7): 1441-1450. ( ZHANG
Zhen , XU Feng, WANG Xin, et al. Research progress on
river surface imaging velocimetry [ J ]. Chinese Journal of
Scientific Instrument, 2015, 36 (7 ). 1441-1450. ( in
Chinese) )
[36] , .
[J]. ,2015,46(1) .61-64.
(JING Boyun,CHEN Xiangfei, WANG Zhen, et al. Design
and application of automatic on-line flow monitoring device
of electric wave flow meter[ J]. Yangtze River,2015,46
(1) :61-64. (in Chinese) )
[37] , .
[J]. ,2010,41 (14) :48-50. (LI
Guanglu, WANG Xiulian. Application of electric wave
current-meter in hydrological monitoring of three-river
source region in Qinghai Province [ J]. Yangtze River,
2010,41(14) :48-50. (in Chinese) )
[38] , , , (RG-30)
[J]. ,2018,40(1) : 12-14,
22. (ZHU Zhixiong, XIE Yongyong, GAO Xiayang, et al.
Application research of radar ( RG-30 ) flow online
monitoring system[ J]. Yellow River,2018,40(1) :12-14,
22. (in Chinese) )
[39] , , , -
[J]. ,2019 (1) :31-36. (LIN Sixia,
ZENG Zhongyi, ZHU Yuntong, et al. Development and
application of tangent sweeping radar flow measurement
system[ J ]. Water Resources Informatization, 2019 (1) .
31-36. (in Chinese) )
[40] ADRIAN R J. Twenty years of particle image velocimetry



[J]. Experiments in Fluids,2005,39(2) :159-169.

[41] MUSTE M, FUJITA I, HAUET A. Large-scale particle
image velocimetry for measurements in riverine
environments [ J ]. Water Resources Research, 2010, 44
(4):5121-5127.

[42] , , , .

[Jl. ,2017,38(7) :
1763-1771. (ZHANG Zhen, WANG Huibin, YAN Xijun,
et al. Sensitivity analysis and uncertainty evaluation of
space-time image velocimetry [ J ]. Chinese Journal of
Scientific Instrument, 2017, 38 (7). 1763-1771. ( in
Chinese) )

[43] KEMPCZYNSKI A, GRZEGORZEWSKI B, KEMPCZYNSKI
A, et al. Estimation of red blood cell aggregate velocity
during sedimentation using the Hough transform [ J].
Optics Communications,2008 ,281(21) :5487-5491.

[44] ICHIRO F,WATANABE H,RYOTA T. Development of a
non-intrusive and efficient flow monitoring technique : the
space-time image velocimetry ( STIV) [ J]. International
Journal of River Basin Management, 2007,5 (2 ) : 105-
114.

[45] FUJITA 1,NOTOYA Y,SHIMONO M A. Development of
uav-based river surface velocity measurement by stiv based
on high-accurate image stabilization techniques [ M ].
Madrid; lahr-Int Assoc Hydro-Environment Engineering
Research,2015.

[46] :

[J]. ,1985(3) :50-51. (WANG Jinsheng.

On the working mode of hydrometric stations: a brief

introduction of several countries [ J]. Journal of China

Hydrology,1985(3) :50-51. (in Chinese) )

[47] : [J]. ,
2000,20 (4) :48-50. ( CHU Guoen. Discussion on flow
measurement application of Sanhe Sluice hydraulic
structure[ J |. Journal of China Hydrology,2000,20 (4) .
48-50. (in Chinese) )

[48] , . [J].

,2003,21(5) :27-28. (WANG Zongpu,
ZHANG Guohui. Application of flow measurement by
hydraulic structure method in Liuhe River [ J]. Water
Resources & Hydropower of Northeast China, 2003, 21
(5) :27-28. (in Chinese) )

[49] s , , -

[J]. ,2011,37(4) .261-
265. ( LIN Yunfa, LIAO Changlu, YAN Jianbo, et al.
Application of the hydraulic structure method for testimg
discharge on Juwan Hydrological Station [ J]. Jiangxi
Hydraulic Science & Technology,2011,37 (4) :261-265.

(in Chinese) )
[50] . [J].
,2013,49 (5):8-10. (HUANG

Xiadi. Application of flow measurement method of
hydraulic structure in Feilaixia station[ J]. Gansu Water
Resources and Hydropower Technology,2013,49 (5) . 8-
10. (in Chinese) )

[51] , .

[J]. ,2002 (1):1-5. (TANG
Yueping, DAI Jianguo. Research of automatic technology
for flow discharge in Yellow River Flow Diversion
Channels [ J ]. Meteorological, Hydrological and Marine
Instruments ,2002(1) :1-5. (in Chinese) )

[52] SASMAL K, MASUNAGA E, WEBB A, et al. A three-
dimensional numerical study of river plume mixing
processes in Otsuchi Bay, Japan [ J ]. Journal of
Oceanography ,2018,74(2) :169-186.

[53] CHEN C L H,BEARDSLEY R C. An unstructured grid,
finite-volume , three-dimensional , primitive equations ocean
model ; application to coastal ocean and estuaries [ ] ].
Journal of Atmospheric and Oceanic Technology,2003,20
(1):159-186.

[54] CASULLI V,WALTERS R A. An unstructured grid, three-
dimensional model based on the shallow water equations
[ J]. International Journal for Numerical Methods in
Fluids,2015,32(3) :331-348.

[55] ~ * "] ,
2016,36(3) :14. (RUI Xiaofang. Hydrology and big data
[J]. Advances in Science and Technology of water
Resources,2016,36(3) :1-4. (in Chinese) )

[56] , , . ADCP

[J]. ,2016,38(3) :5-8.

(ZHAO Hui, XU Haidong, ZHANG Zhilin. Technical

measures to overcome environment factors of cross flow

measurement by using ADCP[ J]. Yellow River,2016,38

(3) :5-8. (in Chinese) )

[J]. ,2019,74(7) :1392-1408. (ZHAO
Changsen, PAN Xu, YANG Shengtian, et al. Measuring
streamflow with low-altitude UAV imagery [ J ]. Acta
Geographica Sinica, 2019, 74 (7). 1392-1408. ( in
Chinese) )

(58] : (1] ,
2006, 26 (3): 4547. ( ZHU Xiaoyuan. Review and
development of hydrometry technology in China [ J .
Journal of China Hydrology, 2006, 26 (3):4547. (in
Chinese) )

( :2020-01-13 : )

g 2




