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NATURAL  FLOOD MANAGEMENT PERFORMANCE MONI TORI NG  

Corney Fell water storage areas  
 Update November 2021 

  

Introduction: Earth bunds were constructed across the downstream end of two natural depressions on Corney 
Fell to create temporary water storage areas with a capacity of 400 m3 (bund 1) and 820 m3(bund 2).   

The bunds have small pipes at the base (150 mm in bund 1 and 100 mm in bund 2) to allow the water storage 
areas to drain after rainfall. During heavy rainfall water enters the depressions from surface runoff and from 
field drains, which have been blocked within the water storage areas. When the volume of water entering the 
depression exceeds the capacity of the drainage pipe through the bund, the water storage areas fill.  A larger 
pipe (300 mm) near the top of each bund begins to flow when the feature is almost full and a lowered reinforced 
overspill channel has been constructed on the side of the bunds to direct overflow when the water storage area 
is full. 

Full details of the project are available in the Case study document.  

  

    
  Figure 1 – Corney Fell bunds: Top left: Bund 1; Top right: Looking upstream from bund 1 across the water 
storage area; Bottom left: Downstream side of bund 2; Bottom right: Upstream side of bund 2. 
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Methodology: 

Data collection: A topographical survey of the water storage areas was undertaken before and after construction 
by D2R Survey Ltd. using a dGPS. A water level logger (HOBO U-20L) was installed within each of the water 
storage areas at the outlet. A further logger was installed close by to record atmospheric pressure, allowing 
conversion of the water pressure to a water depth. Reference depths at the loggers were recorded periodically 
to calibrate the recorded data. Two time lapse cameras, capturing images every 15 minutes, were installed 
looking across the whole water storage area. A Kalyx rainfall gauge was installed nearby to record rainfall.  
 
As there is no gauging station within the Annas catchment, a water level logger was installed in Oct 2019 on the 
box-culvert where the stream flows underneath the Corney Fell Road approximately 0.6 km downstream of the 
bunds. Although it has not been possible to calculate stream discharge, the stable cross-section and confined 
width of the box culvert means there is likely to be a strong positive relationship between depth and discharge. 
Thus the water level at the road bridge provides an indication of the impact of the water storage areas on 
downstream flood risk.   
 
Analysis: A complete surface profile was interpolated from the topographical survey data using the kringing 
geoprocessing tool in ARC GIS version 10.4. The volume of water held in each of the water storage areas was 
calculated at 10 cm intervals from the permanent water level (level of the through-pipe) to the crest of the bund, 
using the surface volume tool in ARC GIS. These volumes were plotted and a trend line fitted to the data (R = 
0.9999). The trend line equation was applied to the depth data from the logger to calculate the volume of water 
stored every 15 minutes. Each value was subtracted from the previous value to calculate change in storage over 
time.   
 
Water level logger data was plotted for the full time series from September 2020 to November 2021. Data from 
individual storm events were extracted for analysis. For each of these events data from the rain gauge on site 
was analysed to determine the level of rainfall for a given event. FEH rainfall depth-duration frequency modelling 
from the Centre for Ecology and Hydrology was used to calculate an approximate return period for the rainfall 
events.  
 
 

Results 

Magnitude of events – Between April and November 2021, two rainfall events occurred that placed properties 
in Bootle village at risk of flooding.  On 21st May 2021, 89 mm of rain fell at Corney Fell within 24 hours. This 
event had a return period of 45 years (FEH, 2013 rainfall modelling). On 27-28th October 2021, 82 mm fell within 
24 hours and 114.6 mm in 48 hours. This event had a return period of 83 years.  

Bund 1 –  The water level in bund 1 has reached the height of the large through pipe on three occasions: 
November 2020, October 3rd 2021 and October 27-28th 2021. The bund has only overtopped once, in May 2021 
(Figure 2). The events on 21st May 2021 and 27-28th October 2021 are analysed below.  
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Figure 2 – Water levels in bund 1 on Corney Fell between September 2020 and November 2021. 

 

During the event on 21st May, the bund filled at a maximum rate of 0.061 m3/sec (55 m3 in 15 minutes). The fill 
rate corresponded to the intensity of rainfall, with a delay of 60-90 minutes (Figure 3). The bund took 8.5 hours 
to drain from its peak depth to base level (Figure 3). 

Based on the area draining into the bund (0.111 km2) and the amount of rainfall recorded, the maximum runoff 
into the bund was estimated as 888 m3 between 9 pm and 10:30 pm on 20th May. During this time the bund 
captured 233.4 m3, equivalent to 26 % of the runoff. Later in the storm, there was another period of intense 
rainfall, between 1:15 am and 4:30 am on 21st May, generating a maximum runoff of 2,640 m3. During this time 
the bund captured 132 m3, equivalent to 5 % of the runoff.  

 

Figure 3 – Volume of water stored within the water storage area behind bund 1 (blue line) and the rainfall 
intensity (orange lines) during the rainfall event on 21st May 2021. The grey line shows the height of the 

overspill channel.  
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The water level at the road bridge peaked at 10 pm on 20th May at 0.48 m. At this time, the bund was capturing 
0.04 m3/sec and taking this off the downstream discharge. The stream water levels then fell slightly before 
reaching a higher peak of 0.50 m at 3 am on 21st May. At this time the bund was capturing 0.01 m3sec. The water 
levels dipped slightly before rising to 0.49 m at 4:30 am. By this time, the water storage area had reached the 
overspill and no further water was being stored (Figure 4). 

  
Figure 4 – Change in volume of water stored per second during the high flow event on 21st May 2021. Positive 
values show the water storage area filling (blue) and negative values show the water storage area draining 

(red). The black line shows the water level at the Corney Fell road bridge 0.6 km downstream.  
 

On the 28th/29th October there were multiple periods of intense rainfall over a 36-hour period. The water storage 
area filled and drained in response to rainfall intensity, reaching a maximum level above the big pipe but not up 
to the overspill. The water storage area filled at a maximum rate of 0.051 m3 and took 17 hours to drain from its 
highest level to base level after the intense rainfall, although there continued to be rain throughout this period 
(Figure 5). 

 

Figure 5 – Volume of water within the water storage area behind bund 1 (blue line) and the rainfall intensity 
(orange lines) during the rainfall event on 28th/29tht October 2021. The yellow line shows where the large pipe 

begins to flow. 
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During the most intense period of rain between 7.30 pm on 27th October and 1:30 am on 28th October, there 
was 35.4 mm rainfall over the 0.111 km2 catchment of the bund. This would generate a maximum runoff of 
3,929 m2. During this time the bund captured 294.7 m3, or 7.5% of the total maximum runoff.  In the second 
period of intense rainfall between 10 am and 12:45 pm on 28th October there was 20.2 mm rainfall, equating to 
a maximum runoff into the water storage area of 2,242 m3. During this time the bund captured 110 m3 or 5 % 
of the maximum runoff (Figure 6).  

The water level at the road bridge peaked at 11:15 pm on 27th October at 0.51 m. At this time, the bund was not 
filling or draining, but it had been capturing water at a rate of 0.01 – 0.05 m3/sec up to 45 minutes before the 
peak and therefore reducing the duration of the flood peak downstream. During the second peak in the stream 
levels at 3 pm on 28th October the bund was not filling or draining and therefore not influencing the downstream 
discharge.  

 

Figure 6 – Change in volume of water stored per second behind bund 1 during the high flow event on 27th-28th 
October 2021. Positive values show the water storage area filling (blue) and negative values show the water 

storage area draining (red). The black line shows the water level at the Corney Fell road bridge 0.6 km 
downstream.  
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Bund 2 - The water level in bund 2 has reached the height of the large through pipe on nine occasions since 
September 2020 and has overtopped on two occasions; 21st May 2021 and 27-28th October 2021 (Figures 7 
and 8). 

 
Figure 7 – Water levels in bund 2 on Corney Fell between September 2020 and November 2021. 
 

   

Figure 8 – Timelapse images of the water storage area partially full (left) and at the overspill level with a runoff 
pathway flowing into the bund (right).  
   

During the event on 21st May, bund 2 overtopped via the overspill channel. The bund filled at a maximum rate 
of 0.05 m3/sec (44 m3 in 15 minutes) following the period of heaviest rainfall. The bund took 29 hours to drain 
from full back to base level. Based on the area draining into the bund (0.172 km2) and the amount of rainfall 
recorded, the maximum runoff into the bund was 7,155 m3 between 9:30 pm on 20th May and 7:00 am on 21st 
May. During this time the bund captured 682.6 m3, equivalent to 9.5 % of the runoff (Figure 9). 
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Figure 9 – Volume of water stored within the water storage area (blue line) and the rainfall intensity (orange 
lines) during the rainfall event on 21st May 2021. The grey line shows the height of the overspill.   

 

The water level at the road bridge peaked at 10 pm on 20th May at 0.48 m. At this time, the bund was capturing 
0.04 – 0.05 m3/sec and taking this off the downstream discharge. The stream water levels then fell slightly before 
reaching a higher peak of 0.50 m at 3 am on 21st May. At this time the bund was capturing 0.03 m3sec. The water 
levels dipped slightly before rising to 0.49 m at 4:30 am. By this time, the water storage area had reached the 
overspill and was releasing water at a rate of 0.1 m3/sec (Figure 10). 

 
Figure 10 – Change in volume of water stored per second during the high flow event on 21st May 2021 in bund 
2. Positive values show the water storage area filling (blue) and negative values show the water storage area 

draining (red). The black line shows the water level at the Corney Fell road bridge 0.6 km downstream.  
 

On the 28th October the water storage area filled to above the overspill level then partially drained and refilled 
to just below the overspill level, in response to rainfall intensity. The water storage area filled at a maximum 
rate of 0.067 m3/sec (60 m3 in 15 minutes). The water storage area was slow to drain down, taking 91 hours, but 
there were several periods of heavy rainfall over this period (Figure 11).   
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During the most intense period of rain between 7.30 pm on 27th October and 1:30 am on 28th October, there 
was 35.4 mm rainfall over the 0.172 km2 catchment of the bund. This would generate a maximum runoff of 
6,020 m2. During this time the bund captured 659.7 m3, or 11 % of the runoff.  In the second period of intense 
rainfall between 10 am and 12:45 pm on 28th October there was 20.2 mm rainfall, equating to a maximum runoff 
into the water storage area of 3,474 m3. During this time the bund captured 163 m3. Or 4.7 % of the maximum 
runoff (Figure 12). 

 
Figure 11 – Volume of water within the water storage area behind bund 2 (blue line) and the rainfall intensity 
(orange lines) during the rainfall event on 27th-28th October 2021. The yellow line shows where the large pipe 

begins to flow. 
 

The water level at the road bridge peaked at 11:15 pm on 27th October at 0.51 m. At this time, the bund was 
capturing 0.03 m3/sec and taking this off the downstream discharge. The stream water levels then fell slightly 
before reaching a second, lower peak of 0.47 m at 3 pm on 28th October. At this time the bund was not filling or 
draining and therefore not influencing the downstream discharge (Figure 12).  

 
Figure 6 – Change in volume of water stored per second by bund 2 during the high flow event on 27th-28th 

October 2021. Positive values show the water storage area filling (blue) and negative values show the water 
storage area draining (red). The black line shows the water level at the Corney Fell road bridge 0.6 km 

downstream. 
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Discussion: The bunds were designed to function in a 1 in 30- year to 50-year event, as this is the magnitude of 
event that threatens the majority of at-risk properties in Bootle village. The two events analysed here had return 
periods of 45 and 83 years. In these events, both bunds were capturing a high proportion of the rainfall that 
entered the depressions. This was highest at the beginning of the rainfall event (8 - 26 %) and reduced as the 
water levels behind the bunds reached the larger outflow pipe, but was still 5 % in the latter half of both storm 
events.   

The May event had three distinct peaks in water level at the road bridge. During the first peak both bunds were 
capturing water at 0.04 m3/sec and thus effectively reducing downstream discharge. As the discharge of the 
stream was not recorded, the impact of this water storage areas cannot be accurately quantified but, based on 
the dimensions of the box culvert (0.6 m2) and visual estimates, the maximum discharge at the bridge in these 
events is estimated to be in the region of 2-3 m3/sec. Therefore, the bunds were taking ~3-4 % off the stream 
flow of the whole 1 km2 catchment above the road bridge during the first peak. By the second peak, this had 
reduced to ~1-2 % and by the third peak both water storage areas were overtopping and were not capturing any 
further water. 

Similar results were seen in the October event. Bund 1 filled at a maximum rate of 0.05 m3/sec early in the storm, 
but was not capturing any further water by the time of the peak level downstream. Bund 2 took 0.03 m3/sec off 
the first peak flow but was overtopping, and therefore not influencing downstream discharge by the second 
peak.  

Bund 1 drained in 8.5 hours and bund 2 in 29 hours when there was little additional rainfall. The initial drain 
down was most rapid meaning there is some capacity for sequential bands of intense rainfall but the bunds only 
have full function for storms that are separated by over a day.  

 

Conclusion: These results suggest that for storm events of this magnitude and duration, the bunds effectively 
reduced downstream discharge by 0.1 m3/sec over the early stages of the events (first 10 hours or so).  The long 
duration of these events meant the bunds were overwhelmed by the later stages of the storms. The bunds are 
likely to be more effective in shorter duration or lower magnitude events.  
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