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1 Introduction 

As part of the Leeds Flood Alleviation Scheme Phase 2 (LFAS2) Step 2, a flood storage reservoir (FSR) will 

be constructed on the River Aire near Calverley. This will increase the standard of protection of downstream 

fluvial flood defences to 0.5% (1 in 200) AEP (annual exceedance probability) including a climate change 

allowance up to 2039. 

The FSR will comprise an embankment across the floodplain and a flow control structure within the river. The 

flow control structure will incorporate two hydraulically operated control gates.  This will lay flat during normal 

conditions, but raise to limit flows that would otherwise exceed 320m3/s. 

This document has been developed to provide a high-level overview of the control philosophy for the FSR to 

support the Impoundment Licence.  

2 Scope of the Control Philosophy 

Extract from LFD-BMM-XX-XX-CP-C-20000: 

“The structure shall meet the following constraints and specifications:  

● The design control point shall be user adjustable in the range of plus or minus 10% of 310m3/s* with a top 

water level immediately upstream of 50.1m AOD*. This corresponds to the capacity of the downstream 

flood defences and the storage required to protect Leeds to the design 200 year plus CC2039 event. The 

design pass forward flow equates to approximately a 100 return period year event. 

● Operation shall have automated and remote functionality, based on trigger levels recorded upstream and 

downstream of the structure.  

● The operating procedure shall be designed to optimize the use of the available upstream storage volume, 

i.e. to operate as late as possible so that the top of the inflow hydrograph is stored rather than allowing 

the storage to be utilised before the peak of the event, this should be a minimum pass forward rate prior 

to operation of 280 m3/s. Active management controlling to a pass-forward flow shall be provided rather 

than a binary raised/lowered configuration. 

● The structure shall be provided with systems and access routes to allow for manual raising by the 

operators in the event of power or other failure of the automatic raising system.” 
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*The Client’s specification was developed in 2018 based on results from the draft flood model. A design 

pass-forward flow of 320m3/s and reservoir full level of 50.6mAOD has now been agreed as documented in 

LFAS2 Step 2 Review of Hydrological Assumptions: LFD-BMM-GEN-YYY-RP-YE-0011. This pass-forward 

flow slightly exceeds the 1 in 100-year return period fluvial flood event.  

Automatic control of the gates will be based upon the levels recorded at a new water level and flow gauging 

site at Calverley Bridge.  

Other identified gauges upstream and downstream on the reach will be monitored. It is intended that these 

will raise an alarm if outside of allowable tolerances. The readings from these additional gauges can be used 

to provide additional information to assist manual operation should this be required. 

3 Computational hydraulic modelling 

Hydraulic modelling of the control structure operation, based on the design flood event, has been 
undertaken.  

The reservoir control gates are operated to target a pass-forward flow of 320m3/s based on water levels 

measured at the downstream face of Calverley Bridge. Water level thresholds are based on the relationship 

between water level and flow (rating curve) at the control point (Calverley Bridge) and used to trigger gate 

movements. A modelled rating curve has been used to develop the gate control rules to date.  

The current hydraulic model assumes the gate is controlled based on water levels read at the upstream face 
of Calverley Bridge. The modelled rating curve at this location and control rules identifies the following trigger 
levels:  

● Raise gate when water level rises above 46.04mAOD (equivalent to 320m3/s) 

● Lower gate when water level drops below 45.88mAOD (equivalent to 297m3/s) 

The lower threshold is set 160mm below the higher threshold to prevent the gate operating too frequently as 

water levels stabilise after a gate movement. This “dead band” can be adjusted and further refined to 

improve the efficiency of gate operation. 

In practice, it is considered preferable to monitor water levels from the downstream face as this location is 

less likely to be impacted by debris collection and blockages. The control system is, therefore, proposed to 

utilise trigger levels which reflect the rating curve at this downstream location.  The control rules for gate 

operation will be amended accordingly but will follow the same principle as incorporated into the current 

hydraulic model. 

Information relating to the modelled gate control is included in Appendix A. For further detail refer to Leeds 

FAS2 Step 2 Fluvial Modelling Report (LFD-BMM-GEN-YYY-RP-YE-0009). 

4 Verification and calibration of modelled rating curve 

A modelled rating curve has been used to develop the gate control rules to date. The rating curve is to be 

verified and calibrated through site monitoring of level and velocity to confirm the details for the proposed 

monitoring location to the downstream side of Calverley Bridge and to improve the accuracy of gate control. 

Regular spot-gauging of water level and flow at the control point will be undertaken to inform updating of the 

rating curve. The trigger points for gate movement will also be reviewed and updated to suit the monitoring 

location to the downstream side of Calverley Bridge. 
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During future operation of Calverley FSR, it is proposed that the rating curve and trigger levels will continue 

to be reviewed and revised as and when significant flood events pass through the reach.  The aim will be to 

further refine gate operation to maximise the efficiency of the flood storage capabilities whilst achieving the 

required standard of protection downstream. 

5 Gate operation 

5.1 Normal mode of operation 

During normal operation, water levels at the downstream face of Calverley Bridge will be continuously 

monitored using triple-validated radar level sensors. The radar level sensors will be used in combination with 

stilling tubes to minimise the effects of turbulence during significant flood events.  

When the water level reaches the pre-defined thresholds relating to the pass-forward flow, a gate movement 

will be triggered accordingly. Rising water levels in the river will continue to be monitored throughout the 

event, triggering further gate movements as required, up to the maximum allowable gate position.  Similarly, 

falling water levels in the river will continue to be monitored, triggering further gate movements as required, 

until the control gates return to their fully lowered position.  Due to the time of flow between Calverley FSR 

and the monitoring point at Calverley Bridge, river level readings are to be reviewed at 15-minute intervals to 

determine gate movements in order to enable the effect of the gate movements on river flows to be 

measured.  However, the instrumentation can be set up to take river level readings more frequently. 

The tolerance of the gate operation instrumentation (from water level reading to final gate position), should 

be no more than +/-50mm at Calverley Bridge. 

The details of the control system logic will be developed through detailed design and refined once the gate is 

commissioned. A high-level logic diagram for the normal (automatic) mode of operation is included in 

Figure 5.1. 
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Figure 5.1: High level control system logic for normal mode of operation  

 

Source: KGAL (September 2020) LFD-BMM-AME-Z14-FS14-SP-VS-0491: Control System User Requirements Specification 

5.2 Other modes of operation 

Alternative modes of operation will be available to accommodate gate control under “abnormal” conditions. A 

summary of these modes is presented in Figure 5.2. 

Note:  

* indicates levels are 

adjustable within programme 

logic control (PLC) to allow for 

refinement of gate operation 

following rating development at 

Calverley Bridge 

** indicates variables are 

adjustable within PLC to allow 

for refinement of gate control 

following commissioning 
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Figure 5.2: Calverley flow control structure, high level modes of operation 
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Appendices 

A. Modelled gate control rules 

A.1 Modelled gate control rules 

The following data reflects the gate control rules as they are presented in the current hydraulic model. In the 

model, the gate is controlled based on levels at the upstream face of Calverley Bridge.  

Table A.1: Generalised gate movement control rules  

 

Source: Replicated from Table 6.2 of Step 2 Fluvial Hydraulic Modelling Report. LFD-BMM-GEN-RP-YE-0009. Mott MacDonald, 2020.  

Figure A.1: Logic rules used to control movement of control structure in the hydraulic model 

 

Source: Replicated from Appendix C of Step 2 Fluvial Hydraulic Modelling Report. LFD-BMM-GEN-RP-YE-0009. Mott MacDonald, 
2020.   

Note: AIR0300230bu refers to model node at upstream face of Calverley Bridge; AIRE03_01490 refers to model node within FSR; 

CALVFSRgwlu refers to the modelled gate unit    



Mott MacDonald 
  
 

  
 

6 

The gate rules in Figure A.1 state the following: 

Rule 1 

If: 

● the reservoir level is < 50.5mAOD, and 

● the level at Calverley Bridge suggests flow > 320m3/s 

Then: 

● RAISE the gate according to gate control logic rules 

Rule 2 

If: 

● the reservoir level is < 50.5mAOD, and 

● the level at Calverley Bridge suggests flow < 300m3/s 

Then: 

● LOWER the gate according to gate control logic rules 

Rule 3 

If: 

● the reservoir level is < 50.5mAOD, and 

● the level at Calverley Bridge suggests flow >297m3/s and <320m3/s 

● the gate position > 1m 

Then: 

● DO NOT MOVE the gate  

This provides a “dead band” between trigger levels used in Rules 1 and 2. This is a standard modelling 

approach to prevent the gate changing to frequently and creating a feedback loop. 

Rule 4 

If: 

● the reservoir level is < 50.5mAOD, and 

● the level at Calverley Bridge suggests flow > 310m3/s and <320m3/s  

● the gate is position < 1m 

Then: 

● RAISE the gate according to gate control logic rules 

This allows the gate to activate earlier at the start of an event.  

Rule 5 

If: 

● the reservoir level is > 50.5mAOD (i.e. within 100mm of the embankment crest) 

Then: 

● STOP the gate moving to prevent overtopping 

This rule is required as the within the hydraulic model as the modelled gate is oversized compared to the 

maximum gate height. 
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Figure A.2: Modelled rating curve at control point (Calverley Bridge - upstream face)  

 

Source: Based on hydraulic modelling as documented in Step 2 Fluvial Hydraulic Modelling Report. LFD-BMM-GEN-RP-YE-0009. Mott 
MacDonald, 2020. 

Appendix A.2 presents the proposed information for control of the gate based on levels at the downstream 

face of Calverley Bridge, as per the current design development. 

A.2 Hydraulic information for design control point 

In practice, it is proposed the river water levels will be monitored at the downstream face of Calverley Bridge. 

The hydraulic information in Figure A.3 will form the initial basis of the gate control rules based on the 

monitoring at this location. It is intended that the rating curve and trigger values will be refined based on the 

results of subsequent spot river level and flow gauging.  
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Figure A.3: Modelled rating curve at control point (Calverley Bridge - downstream face)  

 
Source: Based on hydraulic modelling as documented in Step 2 Fluvial Hydraulic Modelling Report. LFD-BMM-GEN-RP-YE-0009. Mott 

MacDonald, 2020. 

The modelled rating curve identifies the following trigger levels:  

● Lower gate when water level drops below 45.88mAOD (equivalent to 297m3/s) 

● Raise gate when water level rises above 46.04mAOD (equivalent to 320m3/s) 

 


