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 Why this method 

 Principle 

 Cases 
 

Content 



Discharge measurement means calculating the 

volume of an irregular water body along a cross- 

section 

 an essential and routine task in daily hydrological 

survey 

 provides crucial information about basic 

hydrological characteristics of rivers  

 helps in adapting to climate change 

Unfavourable natural conditions: 

 flows with floating debris  

 extremely high floods 

 other dangerous conditions for measurement 

 Ecological protection 



Manning Equation  

—— use the S (gradient/ change in elevation) of the channel and the 

roughness of the channel bed and banks to calculate the flow velocity. 

TES 
With velocities of two vertical lines (flow 

velocities at specific points in the channel) 

as known conditions  

 

Reverse calculation to find S 

 

 ☆ Significantly improve the accuracy 

 

especially when roughness of the channel is 

non-uniform or when the flow conditions 

are not steady. 



T: calculate the flow velocity of vertical line i 

Partial Velocity-Area Method  

It's called "partial" because it deals with individual sub-sections of the cross-

section rather than the entire cross-section.  

This method involves multiplying the average velocity for each sub-section 

by the corresponding flowing area to calculate the discharge for that sub-

section. 



Three cross-sections share the same 

known conditions:  

 

 h, water depth of vertical line i 

 B, water surface width  

 distribution of measured vertical lines 

along the X-section width 



Considering two factors: 

 The difference in flow velocity between       and 

 The area of no water portion 

Estimate Vertical flow velocity in the irregular X-section by 

allocating or dividing the difference in flow velocity (     &          ) 

proportionally based on the area of the no water portion 

Use proportional division to interpolate the flow velocity of i   

 

—— establish ∞ between  

 average velocity of i  in            

 average velocity of irregular X-section. 



In the hydrological survey cross-section,  

 

Step 1: starting distance of the vertical line, water depth and water surface width 

Step 2: introduce virtual       and            X-sections under the same hydraulic conditions 

            calculate two vertical’s flow velocities in virtual X-sections 

Step 3: use proportional division to estimate the average velocity of real X-section   
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Jiangsu Province Hydrology and Water Resource Investigation Bureau-Nantong Branch  

江苏省水文水资源勘测局南通分局 
 
@ Liuhe Gate Station, Suzhou 苏州浏河闸 

@ Shuangjiangkou Station, Changsha 湖南长沙双江口水文站 

Prove of concept 



Hydrology Bureau, Ministry of Water Resources 
水利部 原水文局 

@ Gaobazhou Station in Hubei Province 湖北省高坝洲水文站 

TES vs cableway with 48 MSs 2002~2004 

Measured by ADCP 

Item of 
comparison 

TES Specification 
GB 50179 - 2015  
河流流量测验规范 

Specification for Flow 
Measurement in Open 

Channels 

Systematic error -0.3% ±2% 

Standard error 6.9% 8% 

Comprehensive 
uncertainty 

13.8% 12~16% 

Measured by automated on-line monitoring system  

Item of 
comparison 

TES Specification 
GB 50179 - 2015  
河流流量测验规范 

Specification for Flow 
Measurement in Open 

Channels 

Systematic error 1% ±2% 

Standard error 3.9% 8% 

Comprehensive 
uncertainty 

7.8% 12~16% 

Prove of concept 



Jiangsu Province Hydrology and Water Resource Investigation Bureau-
Lianyungang Branch   江苏省水文水资源勘测局连云港分局 

@ Xiaoxuzhuang Station on Shuhe River of Huai River 淮河沭河小许庄水文站 

200 MSs 2017.12~2018.9 

Field MS vs TES  

Prove of concept 



Hefei Hydrology and Water Resource Bureau 
合肥水文水资源局 

@ Taoxi Station on Hangbu River, Chaohu System of Yangzi 
River 
长江流域 巢湖水系 杭埠河 桃溪水文站 
 

Chuzhou Hydrology and Water Resource 
Bureau 

滁州水文水资源局 

@ Tianchang Station at Chuzhou City 滁州市天长水文站 

Prove of concept 



Yishusi Water Conservancy Bureau, Huaihe River 
Commission  淮河水利委员会沂沭泗水利管理局 

@ Liangji Cannal Station梁济运河水文站 

Fuyang Hydrology and Water Resources Bureau, 
Anhui Province  安徽省阜阳水文水资源局 

@ Jieshou Station界首水文站 

Prove of concept 



Cross section 

A river cross-section is a representation of the river's width and 

depth taken perpendicular to the flow direction. It provides 

information about the shape and dimensions of the river at a specific 

location. 

Partial Velocity-Area Method  

It's called "partial" because it deals with individual sub-sections of the cross-section rather than the entire cross-

section.  

This method involves multiplying the average velocity for each sub-section by the corresponding flowing area 

to calculate the discharge for that sub-section. 

Finite Sum Solution 

When approximating the total discharge of a river or stream, we sum 

up a finite number of velocity measurements taken at specific points 

within a cross-section. This approach is used when it's not feasible or 

practical to measure velocity continuously across the entire cross-

section. 



Energy Slope  (also known as flow energy gradient): 

 

 a crucial factor in understanding how water flows in a channel.  

 quantifies how the energy of the flowing water changes with respect to its position in the channel. 

 related to the change in elevation (slope) along the channel and the flow velocity of the water. 

 shows how much energy is lost as water moves downstream due to factors like friction with the channel 

bed and banks. 
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