
 Keady 3 – Water Resources Support Brief Revision October 2022 

Summary 

The water which will supply the Keadby 3 Carbon Capture Power Station development (herein referred 

to as Keadby 3) will be made available from a water efficiency improvement project, meaning that 

water which currently overflows the Keadby top lock gate into the River Trent will be made available for 

abstraction. This will also ensure that on an annual maximum basis, as well as a maximum daily 

abstraction rate, no additional water is abstracted from the River Don. 

The water efficiency improvement project involves reducing the water currently going over the Keadby 

top lock gate to the River Trent by increasing the height of the lock gate bar.  This allows additional 

water to be available for abstraction by Keadby 3 via the Keadby pound. The navigable depth will be 

maintained, as the normal water level remains the same. The power station will return a proportion of 

the abstracted water to the River Trent. 

The height of the Keadby top lock gate bar will be raised to the existing normal water level ~240mm 

higher than the current gate level. This would be achieved by putting a wooden strip onto the existing 

lock gate. 

The flows over the gate were calculated based on water level information acquired from a hydraulic 

trial and from the Trust’s water control manual.  These flows were presented as supporting information 

in the abstraction licence application submitted to the Environment Agency in December 2021.  

Additional detailed level surveys of the lock gate and gauge boards were undertaken in June 2022 and 

checked again in September 2022. These surveys have shown that the original relative water levels and 

derived flows over the lock gate were overestimated. This is explained fully in Appendix 1.   

However, we believe that if the water efficiency improvements are implemented then the main 

conclusion, that permitting the Keadby 3 abstraction will result in no additional water being abstracted 

from the River Don, is still valid.  The reasons for coming to this conclusion are detailed below: 

1. Maximum annual abstraction 

The maximum annual abstraction applied for is 7,250 Ml and therefore for our conclusion to be valid 

the water efficiency saving will have to at least equal the maximum volume or exceed it.  The annual 

volumes flowing over the top lock gate at Keadby Lock have been calculated and are summarised in 

Graph 1 below along with the maximum annual applied for.  

 

 
Graph 1 Annual flows at Keadby Lock 

 

Graph 1 shows that more water has been flowing over the lock gate than the 7,250 Ml annual maximum 

applied for.  The average annual quantity of water flowing over the Keadby top lock gate is 9,664 Ml. By 
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raising the lock gate by ~240mm then there will not only be sufficient water for the Keadby 3 

abstraction, there will also be less water abstracted from the River Don leaving more water in the river, 

approximately 2,414 ML on average per year. 

 

Therefore we predict that this efficiency measure will have a positive impact on the river, which on 

average will benefit by ~6 ML/d assuming that Keadby 3 will abstract the maximum annual. If Keadby 3 

abstracted 50% of the annual maximum, which may be a more typical figure dependent on electricity 

market conditions, then the river will benefit by ~16 ML/d. 

2. Maximum Daily abstraction 

The maximum daily abstraction applied for is 27.4 ML/d. As submitted by Keadby Power Generation Ltd, 

this is an absolute maximum based on assuming increases in maximum daily ambient temperatures as 

well as running the power station at 100% load.  It should be noted though that this level of 

conservatism is appropriate when investing ~£2.2bn in the development, construction, and operation 

for the first 25 years in critical nationally significant infrastructure.  The abstraction profile submitted by 

Keadby Power Generation Ltd shows that the maximum abstraction associated with power station 

cooling is most likely to occur in the summer months and reduce in the winter. 

Graph 2 below shows this profile as:  

• maximum monthly abstractions; 

• average monthly abstractions;  

• a maximum monthly abstraction if ambient temperatures were to rise by 5oC, based on analysis 

undertaken by Keadby Power Generation Ltd; and 

• the equivalent monthly statistics for the flow over Keadby top lock gate.  

 

Graph 2 Comparison of abstraction profiles with flow over Keadby top lock gate 

The graph shows that average monthly flow over Keadby top lock gate, the orange line, are always 

above the Keadby Generation Ltd (herein referred to as KGL) abstraction profiles except in June for the 

+5 profile (dashed blue line).  

The conclusion from this comparison, which is conservative as it is comparing average flows with 

maximum abstractions is that there is always more water going over the lock gate than is required by 

Keadby 3 except in June and then the deficit is only 1.5 ML/d. In fact, if you removed the conservative 

assumption and compared maximum flows over the gate with the maximum +5 profile then the flows 

over the gate are always much higher. This demonstrates that there is always more water available in 

the canal than is required by Keadby 3. 
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The very low drought flows, Q99 and below, in the River Don occur most frequently in the 3 month 

period (July, August and September) and these coincide with maximum abstractions into the canal 

when demands are greatest. It is therefore important to ensure that during this period that abstraction 

from the River Don will not increase significantly. 

 

In a worst-case scenario Keady 3 Carbon Capture Power Station could in theory abstract at the 

maximum daily allowable flow rate, 27.4 ML/d, for the full 92 days of July, August and September, 

which would be a total volume of 2,520.9 ML. This is extremely unlikely to occur in practice because 

daily temperatures would need to be continuously at a new record maximum for 92 days when 

currently record maximum daily temperatures occur for approximately 3-4 days per year. 

The average flow over the lock gate during this three month period in the years 2017-2020 is 2,713 ML. 

Therefore, there is already more flow available than Keadby 3 would need to abstract in this worst-case 

scenario.  

Even if the period was extended to October, as historically there have been some very low flows in that 

month, the same conclusion is met. The worst-case total abstraction in the four month period would be 

3,370.2 ML and the average historical flow over the lock gate is 3,493.9 ML. 

This means that even in the worst-case scenarios where Keady 3 abstracts at the maximum daily 

allowable flow rate for four months during the lowest river flow periods, the water efficiency 

improvement would mean that no additional water would be abstracted from the River Don. 

 Conclusions 

The level surveys of the lock gate and gauge boards at Keadby and Thorne Lock conducted in June and 

September 2022 confirmed that the original assumptions led to the calculated flows over the lock gate 

being overestimated.  The Trust has recalculated the flows over the gate (see appendix 1) and whilst 

these are lower than previously estimated, the flows are still sufficient to meet the Keadby 3 maximum 

annual and daily abstraction limits and ensure that there is no additional abstraction from the River 

Don.  In fact, by implementing the water efficiency improvement, it is estimated the abstraction from 

the River Don will reduce by ~6ML/d and ~16 ML/d, depending on the operational hours of Keadby 3. 

Therefore, additional water will remain in the river providing additional water for the river’s ecological 

values.  



Appendix 1 - New survey results and calculations 

The zero level for the pound between Keadby and Thorne is defined by the gauge boards at Keadby and 
Thorne locks.  The Keadby top lock gate bar will be raised to normal water level, or zero on the gauge 
board downstream of Thorne Lock.  This equates to an increase of 244mm (from the lowest point on 
the existing crest).  Thus, canal flow that currently automatically weirs over Keadby top lock (if the level 
is higher than -244mm and tidal conditions cause the River Trent to be lower than this level) will be 
available for abstraction by Keadby 3. Please see explanation below.  

  
More detailed topographic surveys have been conducted on Keadby Lock since the 2021 analysis was 
first conducted.  The surveys indicate that the Keadby top lock gate bar is not level, and there is a 
variation of the crest level across the left hand and right hand lock gates (see Table 1 and Figure 1).  

  

Water level measurement  Staff Reading (mAOD)  

Water Level – Gate 
Crest (mm) (corrected 
for d/s canal level *)  

gauge board at 0m (9.06.2022)  2.76m    

gauge board at 0m (10.06.2022)  2.75m    

Top Lock Gate Bar  Measurement  Average  

Left Gate (looking downstream) (09.06.2022)  

Lock lobby side (A) equivalent  2.55mm 
2.575m  

244mm 

Lock lobby side (B)  2.60m  194mm  

Right Gate (looking upstream) (09.06.2022)    

Towpath side (C)  2.62m  
2.615m  

174mm 

Towpath side (D)  2.61m  184mm 

 
Table 1: June 2022 topographic survey (SurveyOps) of Keadby top lock gate bar crest levels * A 
correction factor of 34mm has been applied to the total head over the top gate at Keadby Lock, which 
takes into consideration the canal level at Thorne gauge board reading 34mm below 0, on the day of the 
survey.  
 

 
Figure 1: Survey locations on Keadby top lock gate with the height difference between 0 on the gauge 
board and the surveyed crest levels  

  
A crest level of 210mm is taken to be the greatest difference in height between 0 on the gauge board 
and the Top Lock gate bar (survey point A).  Zero level for the pound between Keadby and Thorne is 
defined by the gauge boards at Keadby and Thorne locks.  This will be 210mm higher than the Keadby 
top lock gate bar.  However, on the day of the survey, the downstream canal level at Thorne Lock was 
34.04mm below the gauge board.  Therefore, the total head over the gate at Keadby Lock has been 
corrected to account for this.  It is proposed that the Keadby top lock gate bar will be raised 244mm 
(from the lowest point on the existing crest), ensuring the gate bar is level.  Thus, canal flow that 
currently automatically weirs over Keadby Top Lock (if the level is higher than -244mm and tidal 
conditions cause the River Trent to be lower than this level) will be available to Keady 3.   



The difference between 0m on the gauge board and Keadby top lock gate bar was interpolated using 
the surveyed crest levels, across the lock gates for the left gate (looking downstream and survey points 
A to B) and the right gate (looking upstream and survey points C to D).  The interpolated crest levels and 
width of each slot in the lock gates were used within a broad crested weir rating that was derived for 
Keadby Lock and applied to the controlling downstream canal level at Thorne Lock to infer flows at 
Keadby, across the whole top Lock gate bar, whilst accounting for the variation in the gate bar crest 
level.  The derived flow duration curve (FDC) is presented in Figure 2.  
  
The FDC presents the sensitivity of the flows in response to broad crested weir coefficients (BCW). The 
blue line represents a standard BCW coefficient of 1.7 with the orange line representing that for a 
modified coefficient of 1.5 (this was derived from the British Standard for a low head of 200mm.  The 
grey line also makes an allowance for the contraction of flows through the lock gate fender slots 
(grey line), this is estimated to reduce the flow through the lock slots by approximately 7%.  The grey 
line represents the best estimate of flows at Keadby Lock.  
  
Figure 2 shows the Keadby Lock FDC (with the difference between lock gate (at varying interpolated 
levels) and 0 on the gauge board 

  
  
Figure 2: Keadby Lock FDC (difference between lock gate (varying levels) and 0 on gauge board): 
December 2016 to September 2021 flows at Keadby, presented as a FDC.  
 

Table 1 below shows that the flow estimates are now lower than originally submitted with the 
application. 

Flow percentile Original (ML/d) Revised (ML/d) Difference (ML/d) 

Q95 28.9 17.0 11.9 

Q50 40.3 26.0 14.3 

Q30 44.0 30.0 14.0 

 Table 1 summary of flow statistics 

 


