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1. Introduction  

1.1 Background 

The Cambridge Wastewater Treatment Plant (WWTP) Relocation project, also known as 

CWWTPRP, includes the relocation of the existing WWTP. The project scope also includes an 

extension of the existing Riverside Sewer Tunnel to convey flows to the proposed new WWTP 

location and a new outfall to discharge effluent from the WWTP into the River Cam.  

This report describes the river modelling to assess the impact of outfall discharges on fluvial 

flood levels in the River Cam. 

1.2 Flood Risk Assessment 

The project falls into the category of being 1 hectare or greater in Flood Zone 1 or a proposal 

located in Flood Zones 2 and 3 and therefore must be accompanied by a Flood Risk Assessment 

(FRA). The CWWTPRP is now at the stage where the FRA is required. The FRA will:  

• Identify and assess the risks of all sources of flooding to and from the project. 

• Demonstrate how these flood risks will be managed. 

• Take climate change into account. 

• Help develop the design of the new outfall.  

For the FRA it is proposed that three stages of modelling are carried out to understand the 

impact of the new WWTP and associated outfall on the local fluvial and land environment: 

• Stage 1: river modelling of the River Cam using an existing one-dimensional (1D) – two-

dimensional (2D) hydraulic model of the River Cam. This is to assess fluvial flood levels 

throughout the River Cam and the relative impact of the new outfall compared to 

existing conditions. 

• Stage 2: river and outfall modelling using a new local hydrodynamic model of the River 

Cam in the vicinity of the new outfall (in 2D or 3D). This is to assess velocities and mixing 

of the effluent as it enters the River Cam. 

• Stage 3:  outfall modelling using Computational Fluid Dynamics (CFD). This is to inform 

the design of the outfall, for example to prevent scour of the river bed and opposite 

bank. 

There is also potential for a further consideration of fluvial-geomorphology modelling. Detailed 

design of the relevant parts of the project will link into and be informed by the modelling results.  

This report only covers the Stage 1 modelling.    
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2. Scope 

The scope provided for this work in the Project Brief is: 

“Carry out hydraulic modelling of the River Cam to determine the baseline flows and 

water levels along the river. Modelling is also required across a range of return periods 

to determine the impact on water levels, flows, etc. and determine the likely impacts 

from flooding along the watercourse.  

It is understood that, based on the location of the outfall and the surrounding area, the 

design flood standard should be 1 in 100 years (typical design standard for "Built-up 

Areas") in Table 10.1/pg133 of CIRIA 786 (Culvert, Screen and Outfall Manual, 2019).  

The model should include appropriate allowances for the potential effects of climate 

change.  

The model of the River Cam is required (based on the EA ISIS data and Lidar sets) to 

assist with the design development of the proposed outfall for the new Cambridge 

Waste Water Treatment Plant at the location shown on Drawing No. 00000-100006-

CAMEST-FED-GAR-C-3110.  The modelling is to assess the impact of discharging Final 

Effluent and Storm Flows from the proposed outfall.   The current flows are as follows 

although these are to be confirmed by CWRP Ltd/@One prior to commencement of 

the modelling:  

Max FE outfall flow = 2.2m3/s; Max outfall storm flow = 5m3/s (tbc); Total max outfall 

flow (FE and storm) = 7.2m3/s (tbc).” 

 

3. Implementation 

3.1 Model version 

We have been provided with the “Cam Phase 2 – Cam Urban” existing Environment Agency (EA) 

ISIS – Tuflow model of the River Cam through Cambridge.  We have a copy of the Product 7 

model files (but no model results or documentation), downloaded from the Anglian Water data 

storage system. From the version of Tuflow used, and the run file names, the model appears to 

date from 2011. 

It is noted by Chris Swain of the Environment Agency in his email from the 21st June 2021 that: 

“The EA are updating the Cam model (through Jacobs) in the 2021 financial year and 

likely including the existing outfall, may be able to use this model as it nears 

completion” 

We understand that the updated Cam model has not yet been finalised so that the 2011 model 

remains the most up-to-date model available. As such, we have used the 2011 model version 

for this study. 

3.2 Modifications to the model 

No changes have been made to the hydraulic model except: 
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3.3 Fluvial flood inflows 

Design floods are implemented in the River Cam model as 14 inflows representing a 61 hour 

storm over the whole 791km2 River Cam catchment. Details of these fluvial inflows are provided 

in Table 3.2 for the 1 in 100 year plus climate change (20% uplift) flood and their locations are 

shown in Figure 3.2.  

Inflow files were provided for the 1 in 5, 10, 20, 25, 50, 75, 100, 200 and 1000 year floods, along 

with the 1 in 100 year flood plus climate change. However, it was straightforward to modify the 

inflows to create the other flood magnitudes required. These peak inflows are shown in Table 

3.2. 

Note that the hydrological approach used in the model is not up-to-date in terms of 

methodology (FEH rainfall-runoff model) so will likely be superseded in the new modelling 

being undertaken for the EA. However, it is not within the scope of our study to review or update 

the model inflows. 

Alternative peak inflows for the 1 in 100 year plus climate change flood were calculated as part 

of this study (by adjusting the storm duration in the model input files) and are shown in Table 

3.2 for a 4 hour design storm. This is a sensitivity test to match the design storm duration used 

in the WWTP outfall flow modelling. 

 

 











Anglian Water Cambridge WWTP River Modelling 

 

Binnies UK Limited 

Project no. 123239 / April 2022  
10 

 

After the draft version of this report was issued, the project team requested the analysis was 

extended to cover other flood magnitudes. The same process was repeated to cover the 1 in 2, 

10, 20, 30, 50, 75, 100, 200 and 1000 year floods. 

 

 

Figure 3.3. Existing outfall discharge (1 in 100 year flood plus climate change) 

 

 

Figure 3.4. New outfall discharge (1 in 100 year flood plus climate change) 
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4. Model results 

4.1 General 

The river modelling results are presented as: 

• Tables of peak water levels and flows (Table 4.1 to Table 4.4 for the 1 in 100 year plus 

climate change flood; Appendix A for other flood magnitudes) in the River Cam. Note 

that the flows are based on the FMP results only so do not include bypassing alongside 

the river in the floodplain. The node locations for these comparison points are shown 

in Figure 4.2. 

• Simple flood extent maps (Figure 4.1, and Figure 4.3 to Figure 4.5 for the 1 in 100 year 

plus climate change flood; Appendix B for other flood magnitudes). 

4.2 Base case – 1 in 100 year plus climate change 

The base case comparison of results for the 1 in 100 year plus climate change flood is shown in 

Table 4.1 and Figure 4.1. These results indicate that: 

• There is almost no change in peak water levels, flows or flood extents with the new 

WWTP outfall compared to the existing WWTP. 

• The maximum predicted increase in peak water level is 0.007m (7mm) at Baits Bite Lock. 

• Elsewhere the predicted increase in peak water levels is even smaller: 

o Either 1mm or zero increase upstream of the A14 through Cambridge. 

o A 3mm increase between the A14 and Baits Bite Lock and downstream of 

Shrubbs Marina. 

o A 3-6mm increase between Horningsea and Bottisham Lock.  

• The changes in peak flow are 0.3m3/s or smaller (which is a very small proportion of the 

total flow in the River Cam, which is around 90m3/s). This is because the peak WWTP 

discharge occurs well before the river peak flow. 

• There is no perceptible change in flood extent (Figure 4.1), which is unsurprising given 

how small the water level changes are. 

Note that, with changes this small, to some extent they may be due to minor differences in the 

iterative numerical solution produced by FMP-Tuflow rather than genuine physically based 

differences. For example: (1) there is not a logical explanation for the 0.1m3/s change in flow at 

the M11 crossing with no other difference predicted upstream of the A14; and (2) the water 

level convergence tolerance for each model iteration is 0.01m. Normally we would only present 

water level results to two decimal places (to the nearest centimetre), reflecting the accuracy 

possible with a hydraulic model of this type. But in this case, as the differences are so small, we 

have shown three decimal places to avoid misleading rounding effects. This could create a 

misleading impression of the accuracy of the model predictions. 
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Figure 4.1. Base case – 1 in 100 year plus climate change, 61 hour storm, 30 hour outfall flow offset 



Anglian Water Cambridge WWTP River Modelling 

 

Binnies UK Limited 

Project no. 123239 / April 2022  
16 

 

 

Figure 4.2. Comparison node locations 
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4.3 Sensitivity testing – 1 in 100 year plus climate change 

The sensitivity testing results in Table 4.2 to Table 4.4 and Figure 4.3 to Figure 4.5 indicate that: 

• The predicted increases in peak water levels are even smaller with the alternative offsets 

for the 61 hour storm duration: 

o Table 4.2 shows a maximum increase of only 2mm in any location, with a 

shorter offset for the outfall discharge (sensitivity test 1). 

o Table 4.3 shows a maximum increase of only 4mm, with a longer offset for the 

outfall discharge (sensitivity test 2). 

o This suggests the 30 hour offset for the outfall discharge is a conservative 

assumption for the 61 hour catchment storm. 

o Again, there is no perceptible difference in the flood extents for either 

sensitivity test, or compared to the base case. 

• For the 4 hour catchment storm duration (sensitivity test 3): 

o The relative impact of the new WWTP outfall discharge is larger (up to 15mm) 

but still very small.  

o There is almost no impact upstream of the A14 (2mm or less) whereas the 

impact increases moving downstream along the River Cam (6 to 15mm). 

o Peak water levels in the River Cam are much lower (0.3 to 1.1m) than for the 61 

hour storm duration. This illustrates that the critical storm duration for the 

WWTP is very different to the river catchment. 

o There is still no perceptible difference in flood extent between the existing and 

new WWTP outfall discharges.  

o The flood extent is much smaller than for the 61 hour storm. 
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Figure 4.3. Sensitivity test – 1 in 100 year plus climate change, 61 hour storm, 15 hour outfall flow offset 
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Figure 4.4. Sensitivity test – 1 in 100 year plus climate change, 61 hour storm, 45 hour outfall flow offset 
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Figure 4.5. Sensitivity test – 1 in 100 year plus climate change, 4 hour storm, 0 hour outfall flow offset 

 

4.4 Base case – other flood magnitudes 

The results for other flood magnitudes are shown in Appendix A and B. These results indicate 

that: 



Anglian Water Cambridge WWTP River Modelling 

 

Binnies UK Limited 

Project no. 123239 / April 2022  
24 

 

• There is no genuine impact on peak water levels, peak flows or flood extent upstream 

of the A14. The maximum predicted increase in water level is 0.002m, with no 

discernable change in flood extent. 

• Small increases in water level (up to 0.02m) and flow (up to 1m3/s) are predicted 

downstream of the A14. The impact is larger for the lower return periods because the 

WWTP discharge makes up a larger proportion of the total River Cam flow. 

• There are some minor differences in the flood extent for the 1 in 10 to 1 in 50 year flood 

extents downstream of the A14. There are no properties within the affected area. 

Note that the downstream impact is likely to be overstated by the modelling since the existing 

Waterbeach outfall is not represented in the model. There will be flow through the Waterbeach 

outfall in existing conditions but not with the new WWTP. 

4.5 Non-flood conditions 

In non-flood conditions (normal and low flows), river levels at the outfall location are controlled 

by the operation of Baits Bite Lock. Water levels upstream of Baits Bite Lock are maintained at 

around 3.85mAOD (normally within 3.80 to 3.90mAOD), as shown by both: 

• The operating logic within the hydraulic model for the Bates Bite sluice gates (node 

CA15170Sus). 

• Recorded water levels for Bates Bite gauge. For example as shown on the River Levels 

website2. 

Figure 4.6 contains: 

• The hydraulic model results for the model node immediately downstream of the A14 

bridge (the new WWTP outfall site), comparing flow and water levels. Results are 

presented for both the whole rising limb of the 1 in 2 year flood and the flood peaks 

for all the design floods considered. 

• The nominal 3.85mAOD retention level. 

• Flow exceedance statistics for the closest river flow gauging station – the River Cam at 

Bottisham, a short distance downstream. 

These results confirm that even at the peak of the 1 in 2 year flood, water levels at the A14 are 

only 0.1m above the normal 3.85mAOD retention level at Baits Bite Lock. In normal flows and 

low flows, we would expect water levels at the outfall to be at, or very close to, 3.85mAOD. 

 

 

 
2   
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Figure 4.6. Water level – flow relationship at the new outfall (from hydraulic model results) 
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5. Conclusions 

This report describes river modelling undertaken to assess the impact of the Cambridge WWTP 

Relocation project new outfall on fluvial flood risk in the River Cam. 

The modelling was undertaken using information readily available to the project team.  The 

Environment Agency’s 2011 River Cam hydraulic model was used with only minor modifications 

(to enable the model to run using up-to-date software versions and to explicitly include the 

existing and new WWTP outfall discharge). 

The 1 in 100 year flood including climate change allowance was used as the primary design 

case and for sensitivity testing. A range of other fluvial flood magnitudes were also simulated. 

There is a mismatch in the storm durations used in the modelling – the river model uses a 61 

hour storm as the critical case for the whole River Cam fluvial catchment; whereas the critical 

case for the WWTP outfall discharge is a 4 hour storm. We have explored this issue using 

sensitivity testing to offset the timing of the WWTP discharge and also test a 4 hour river 

catchment storm. 

The river model results indicate that: 

• Only a very minor impact on peak flood levels in the River Cam is predicted for the 1 in 

100 year plus climate change flood. There is a maximum increase of only 7mm, and 

generally less, for the base assumptions (61 hour duration storm). 

• There is no perceptible increase in flood extent due to the new WWTP outfall discharge 

for any of the 1 in 100 year plus climate change cases considered (base or sensitivity 

tests). 

• Sensitivity testing indicates we have taken a conservative assumption for the timing of 

the WWTP discharge relative to the river flood. With alternative offset timings, the 

predicted relative impact of the new WWTP is smaller. 

• With a much shorter river catchment storm, the relative impact of the new WWTP on 

peak water levels is larger but still small (up to 15mm increase). However, river levels 

are much lower and flood extents are much smaller, as this is not the critical duration 

for river flooding. 

• For smaller magnitude floods (1 in 10 to 1 in 50 year), the predicted impact is greater 

because the WWTP discharge makes up a larger proportion of the total River Cam flow. 

The impact, however, remains very small with no change at all through Cambridge and 

a maximum increase in downstream peak water levels of only 0.02m and only very 

minor changes to the predicted downstream flood extent. The downstream impact is 

likely to be overstated because the model does not include the Waterbeach outfall flow, 

which is currently present but will cease with the new WWTP. 

• In non-flood conditions, water levels at the outfall will be controlled by the operation 

of Baits Bite Lock, which has a normal retention level of around 3.85mAOD. 

In summary, based on these modelling results, we expect no impact on flood risk from the new 

WWTP outfall. 
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Appendix B: Flood outlines for other flood magnitudes 

B.1 1 in 2 year flood 
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B.2 1 in 10 year flood 
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B.3 1 in 20 year flood 
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B.4 1 in 30 year flood 
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B.5 1 in 50 year flood 
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B.6 1 in 75 year flood 
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B.7 1 in 100 year flood 
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B.8 1 in 200 year flood 
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B.9 1 in 1000 year flood 
 

 

 

 

 

 

 






