
 

Hydrology Guidance for applicants 

 

In order to fully complete your application we need information regarding the quantities of 

water that you have abstracted during the seven year qualifying period (2011-2017). 

If you do not currently measure the quantities of water that you abstract, you will need to 

provide us with estimates and calculations to support the quantities that you have applied for. 

The main methods you can employ to work out your quantities are: 

 Metering (where applicable) 

 Spot Flow gauging  

 Theoretical hydraulic calculation 

This short guidance document provides information on two methods; spot flow gauging and 

theoretical hydraulic calculations. 

Spot Flow gauging  

Where metering has not been done or is not feasible, it is recommended to undertake these 

type of measurements as if done correctly, it will likely yield a better estimation of your 

volumes. Furthermore, it will speed up your application as there will be no requirement to 

undertake any additional theoretical calculations.  

If you select this approach, please provide a brief description of your methodology (i.e. how 

you have collected that data). Depending on the level accuracy you require, flow gaugings can 

be done either through float, bucket, current meter or Acoustic Doppler Velocity Profiler 

method. 

Theoretical hydraulic calculations  

Where metering and spot flow measurements have not been undertaken, you will need to 

undertake these theoretical calculations. There are different equations for different types of 

structures (e.g. sluices, thin plate weir) however, all follow a similar format where parameters 

like upstream water depths, structure widths etc. are required in order to calculate the 

volumes.  

In order to help us validate your estimates using this method (and ultimately speed up your 

application), we’ve asked for these parameters along with the equation used to be provided 

in the application form.  

We have provided a table (Table 1) which you will need to populate with the relevant 

information depending on what type of structure you have.  

The aim of Table 1 is to pull out the relevant dimensions for different structure/intake types 

which would then be used to theoretically calculate your abstraction rate. For example, in 

order to calculate flows through a sluice requires some different dimensions compared to a v-

notch weir.  

 

 



Checklist for applicants when using theoretical methods 

*Please note that before collecting any data, you will need to ensure the structure is clear of 

any silt, weed and algae. This will reduce potential error and give you better confidence in 

your estimates. 

1) Before collecting any data, identify what structure your abstraction intake forms (e.g. 

sluice). In Appendix 1, we have supplied some pictures of typical structures that may 

be used for abstraction. There is a possibility that your structure does not quite fit with 

the examples we have, so select the one you think best fits your intake. For example, 

if you use a stop log and water flows beneath the structure; this is most akin to a sluice 

weir. If water flows above, a broad crested weir is a better fit. 

 

2) Please supply equations, recent photographs and sketches of the intake. The sketch 

must include the relevant dimensions which have been requested. For example; 

depths, widths etc.  

 

3) Please describe the abstraction regime. For example, when does the abstraction 

commence? Does your intake abstract at all flows? Does the water return further 

downstream? If so, how long is the depleted reach?  

 

4) Collect, record and populate the relevant parameters set out in the Table 1 for your 

specific structure (and record the date). We have provided example drawings and 

pictures of different structures to help identify the information required. 

 

a. When collecting water depth (or measuring sluice opening aperture width) and 

your structure is not flat, an average depth across the structure will suffice. 

b. If your structure is leaking, this will need to be either repaired to prevent 

leakage or considered in your estimate and noted along with the description of 

your abstraction.  

c. When populating the flow table for a pipe full scenario, the calculation will be 

likely be the maximum theoretical flow the pipe can convey based on no 

reduction in head loss. If you decide to take this into account, which in turn 

would lower your volume estimation, please provide the equation and 

calculations you have made. 

 

5) If you employ any other methods, e.g. Lock volume method for Canals, please provide 

dimensions of the lock and timings of operation. 

 

 
It is important when measuring the water level that it is measured in the 
appropriate location, because if not it may cause significant error in your flow 
volume estimation. For example, with open weirs (i.e. Crump, Broad Crested 
etc.), any water level measurements too close to the weir crest will serve to 
increase error. 

 
 

 



        

 

         

                                                                                                                                                                      

Table 1:  Summary of the Information required for volume validation 

It is strongly recommended applicants use a consultant to help with volume estimation, however, the websites below may provide a useful starting point: 
 
Information on thin plate weirs https://www.openchannelflow.com/weirs 
Sluice Gate Flow Measurements http://www.engineeringtoolbox.com/sluice-gate-flow-measurement-d_591.html  
Free Manning Pipe Flow Calculator http://www.hawsedc.com/engcalcs/Manning-Pipe-Flow.php 
Mannings Roughness Coefficients http://www.engineeringtoolbox.com/mannings-roughness-d_799.html 

https://www.openchannelflow.com/weirs
http://www.engineeringtoolbox.com/sluice-gate-flow-measurement-d_591.html
http://www.hawsedc.com/engcalcs/Manning-Pipe-Flow.php
http://www.engineeringtoolbox.com/mannings-roughness-d_799.html


Appendix 1: Typical Structures that may be used for abstraction and 
example calculations 

 

Crump Weir 

 

 

 
 
If your structure is drowning out, you may want to adjust your volume downwards using a flow 
reduction factor (based on the ratio of H1/H) 
 

 
Example calculation for crump weir: 
 
Q = 2.28 * B * H^1.5 
 
B = 3 metres 
H = 0.2 metres 
 
Q = 2.28 x 3 x 0.2^1.5 = 0.661 m3s x 1000 = 661 litres per second 
 



Broad Crested Weir 

 

 
If your structure is drowning out, you may want to adjust your volume downwards using a flow 
reduction factor (based on the ratio of H1/H) 

 
 
Example calculation for broad crested weir: 
 
Q = 1.84 * B * H^1.5 

 

B = 2 metres 
H = 0.15 metres 
 
Q = 1.84 x 2 x 0.15^1.5 = 0.214 m3s x 1000 = 214 litres per second 

 

 

 

 

 



Flume 

 

 
If your structure is drowning out, you may want to adjust your volume downwards using a flow 
reduction factor (based on the ratio of H1/H) 

 
 
Example calculation for Flume: 
 
Q = 1.82 * B * H^1.5 
 
B = 0.5 metres 
H = 0.1 metres 
 
Q = 1.82 x 0.5 x 0.1^1.5 = 0.029 m3s x 1000 = 29 litres per second 

 

 

 

https://www.openchannelflow.com/flumes


Rectangular, V notch and Circular Weirs 

 

 
 
 
 
 
 

 
 
 
 
If your structure is drowning out, you may want to adjust your volume downwards using a flow 
reduction factor (based on the ratio of H1/H) 

 
 
Example calculation for rectangular thin plate weir: 
 
Q = 1.8 * B * H^1.5 

 

B = 1 metres 
H = 0.05 metres (5 cm) 
 
Q = 1.8 x 1 x 0.05^1.5 = 0.02 m3s x 1000 = 20 litres per second 
 
 
 
 

Note, if the water does not spring clear of the weir 
crest (i.e. clings to the downward weir face), flow 
estimation will be underestimated  
 
 



 
Example calculation for V notch weir: 
 
Q =1.45 * TAN(ϴ * π/(2 * 180)) * H^2.5 
 
ϴ = 90o 

H = 0.2 
π = 3.142 
 
Q = 1.45 x  tan (90 * 3.142/(2 * 180)) x 0.2^2.5 = 0.026 m3s  x 1000 = 26 litres per second 
 

 
Example equation for circular weir calculation: 
 
Due to the complexity of particular type of weir, a worked example hasn’t been provided in this 
guidance document.  
 
The flow equation below is taken from Addison’s Hydraulic Measurements – A Manual for 
Engineers. 
 

 
 
For more information and guidance please refer to this website:  
https://www.openchannelflow.com/blog/flow-tables-for-circular-weirs  
 
 

 

 

 

 

 

 

 

https://www.openchannelflow.com/blog/flow-tables-for-circular-weirs


Orifice (Rectangular/Circular) 

 

 
 

Example calculation for rectangular orifice: 
Q = B * D * Cd *√2gh 
 
B = 0.30 metres 
D = depth = 0.1 metres  
Cd = 0.61 (do not calculate) 
g = acceleration = 9.81 = metres per second 
h = 0.2 metres 
 
Q = (0.3 x 0.1) x (0.61 x (√2 x 9.81 x 0.2)) 
Q = 0.03 x 1.208 = 0.036 x 1000 = 36 litres per second 
 

 
 
 
 
 
 



 

Example calculation for circular orifice: 
 
Q = πr^2 * Cd *√2gh     
 
r = radius = diameter/2 
Cd = discharge coefficient = 0.61 (do not calculate) 
g = acceleration = 9.81 metres per second (do no calculate) 
h = 0.2 metres 
D = diameter = 0.1 (radius = 0.05m) 
 
Q = (3.142 x 0.05 ^2) x (0.61 x (√2 x 9.81 x 0.2)) 
Q = 0.008 x 1.208 = 0.009 x 1000 = 9 litres per second 

 

 
In scenarios where top of water level is below the top of the orifice, a normal ‘thin plate weir’ 
scenario applies. 

 

 

 

 

 

 

 

 

 

 

 



Sluice/Penstock 

 
 
Example calculation for sluice/penstock: 
 
Q = (Cd * Y * B * (2*9.81*H)^0.5)*1000 
 
Cd = discharge coefficient = 0.60 (do not calculate) 
Y = sluice opening = 0.10 metres 
B = breadth = 0.40 metres 
H = depth of water above sluice = 0.20 metres 
 
Q = (0.6 x 0.1 x 0.4 x (2 x 9.81 x 0.2)^0.5) x 1000 
Q = (0.024 x (3.942)^0.5) x 1000 
Q = 0.048 x 1000 = 48 litres per second 

 

 
 
If the downstream water level is above the bottom of the orifice aperture, you will need to 
measure ΔH instead of upstream depth (H) over and above aperture width 

 



Pipe (Partially Full) 

 

 
 

Example equation for Pipe (partially full) calculation: 
 
Due to the complexity of calculations for partially full pipes, a worked example hasn’t been 
provided in this guidance document.  
 
The use of a consultant to help with your volume estimation is strongly recommended, however, 
these resources may provide a useful starting point. Please note that these are American 
websites.  
 
Example of a spreadsheet for Partially Full Pipe Flow Calculations 
https://www.cedengineering.com/userfiles/Spreadsheet%20Use%20for%20Partially%20Full%20Pi
pe%20Flow%20Calculations.pdf  
 
https://www.cedengineering.com/userfiles/partially_full_pipe_flow_calculations_spreadsheet_25
48.xls   

 
 

 

https://www.cedengineering.com/userfiles/Spreadsheet%20Use%20for%20Partially%20Full%20Pipe%20Flow%20Calculations.pdf
https://www.cedengineering.com/userfiles/Spreadsheet%20Use%20for%20Partially%20Full%20Pipe%20Flow%20Calculations.pdf
https://www.cedengineering.com/userfiles/partially_full_pipe_flow_calculations_spreadsheet_2548.xls
https://www.cedengineering.com/userfiles/partially_full_pipe_flow_calculations_spreadsheet_2548.xls


Pipe (full)/Siphon - Pressure Flow 

 
 
For this pressure flow scenario to be applied, pipe entrance and exit must be submerged. 

 
 

 
Example calculation Pipe (full)/Siphon: 
 
Q = (Flow area (pipe) maximum flow * maximum flow velocity)*1000 
 
The example provided has been split into three stages. 
 
Stage 1 
To calculate the flow area (pipe) maximum flow the following equation can be used: 

 
 = π*(D/2)^2 
 
π = 3.142 
D = Pipe diameter = 0.4 metres 
 
= 3.142 * (0.4/2)^2 
 
= 0.126 m2 

 
 

D 



 
Stage 2 
To calculate the maximum flow velocity the following equation can be used: 
 

= √(2*9.81*∆H)    
 
∆H = the head differential = 0.4 metres 
 

= √(2*9.81*0.4)    

= √ (7.848) 
 
= 2.801 metres per second 
  
Stage 3 
To calculate the maximum instantaneous flow i.e. 
 
Q = (Flow area (pipe) maximum flow * maximum flow velocity)*1000 
 
Q = (0.126 * 2.801)*1000 
 
Q = 0.353*1000 = 353 litres per second 
 

 

 

 

 

 

 



Appendix 2: Pipe Flow - Knowing which scenario to apply 
 

SCENARIO 1:  
 
Pipe entrance is not fully submerged and flowing freely at point of exit. 
Apply partially full pipe scenario (Mannings) 
 
 
 
 
 
 

 

SCENARIO 2:  
 
Pipe is fully submerged at point of abstraction but freely flowing at the end 
of pipe. Apply Orifice scenario to calculate maximum theoretical flow (not 
considering frictional and pipe length, entrance, exit losses).  
 
The Darcy-Weisbach equation can be used to better consider head loss 
reduction where pipe length, diameter and frictional coefficient is required 
 
 

 
 
 
 
 
 
 
 
 

ΔH 
h 



SCENARIO 3:  
 
Both pipe entrance and exit are fully submerged. Apply pressure (full) pipe 
scenario for maximum theoretical flow.  
 
The Darcy-Weisbach equation can be used to better consider head loss 
reduction where pipe length, diameter and frictional coefficient is required 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

SCENARIO 4:  
 
Pipe entrance is not fully submerged but is not flowing freely at point of 
exit. This is a more complicated scenario where both pressure flow and free 
flow are likely to be occurring.  
 
Where water backs up the pipe close to the upstream water level, pressure 
flow will be occurring whereby water level difference (ΔH) is between the 
upstream water height in the pipe and downstream. (See Scenario 2 and 3 
for head loss reduction) 
 
 

 



Appendix 3: Considerations for drowned out weirs  
 

When converting upstream level to flow using a normal hydraulic weir equation (i.e. Crump) the upstream level needs to be independent 

from downstream levels. When downstream levels rise and start effecting upstream levels, this will cause your volume calculation to be 

overestimated if this is not considered. If you choose to take this into account, some adjustment of your volume estimation downwards 

may be required using a flow reduction factor. Please discuss this with us if you have questions regarding this. 

 

Weir not drowned out (Modular) 

 

Weir drowned out (non-Modular) 

 
 

Weir not drowned out (Modular) Weir drowned out (Non Modular) 

Water Level over weir (m) Flow (Cumecs) Water Level over weir (m) Flow (Cumecs) 

0.1 0.4 0.1 0.4 

0.2 0.8 0.2 0.7 

0.3 1.3 0.3 1 

0.4 2.4 0.4 1.4 

0.5 3.8 0.5 2.1 

0.6 5.5 0.6 2.9 

Weir Crest drowned 

out 

Weir starts drowning out between 0.1 and 0.2 metres here as for 

the same level, equivalent flow is less  



Appendix 4: Considerations of variable head conditions for sluices 

 

 
       

 

 

Under normal sluice conditions, the only natural variable is upstream depth where the downstream depth remains static and crucially 

the water through the aperture is ‘freely flowing’ (I.e. no drowning out). This is the ideal situation as the theoretical stage/discharge 

equation will be stable. Variable head conditions may occur when channel downstream conditions cause the sluice aperture to be 

‘drowned out’. The degree of drowning out will dictate how much water is released under the sluice however when this might occur, 

the stage/discharge equation will not work when using upstream depth on its own for predicting instantaneous flow.  



Under drowning out scenarios, the equation is still the same (and the same Cd value) but ‘H’ is measured as the head differential rather 

than the total upstream head. Although the diagrams show this, there have been a few applications where ‘H’ has been incorrectly 

measured as the upstream H when the sluice is drowning out which in turn will give quite a large overestimate.   

 



Appendix 5: Question Bank 

General questions 
Why do I need to populate this spreadsheet? In order to process your application as 
efficiently as possible, we need this information up front as we have found this can cause 
delays when validating volume 
 
When do I need to collect my data? Data should be collected during higher river flows (but 
not flood flows) however it is imperative it is safe for you to do so. You have a two year 
window however it is recommended to collect relevant data asap 
 
Structure condition questions 
My structure is not flat and/or in poor condition. What do I do? Ensure the structure is clear 
of weed and silt. Repair the structure if possible. Take the average water depth over the 
structure, or average aperture opening for a sluice. 
 
My structure is leaking. What do I do? It is recommended to reduce leakage by repairing the 
strucutre however if not possible and leakage is considered significant undertake spot flow 
gauging if not.                                                      
 
Hydraulic condition questions 
My structure is drowned out, what should I do? In the first instance, provide data as set out 
in the flow validation table and calculate as normal. If you decide to reduce your volume 
because of this, you will need to explain how you have done this. For example, using a 
drowned out flow coefficient. If the sluice is drowned out however there is still a difference 
in level between upstream and downstream of the the gate, provide the this level difference 
(ΔH) 
 
Measurement questions 
I am unable to measure the level over the structure in the correct upstream location as 
the water is too deep and I cannot access land upstream. What do I do? The applicant can 
measure depth immediately above the crest and then multiply by 1.3 to give a better 
estimate of ‘true’ depth when converting to flow.  
 
I have a sluice gate but am unable to measure the opening width due to access difficulty? 
We recommend dropping the gate till it is closed and opening it to the operating level. 
Measure the height change at the top of the sluice. 

 


