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1 Model Build 

1.1 Overview 
The model developed as part of this study is a combination of two Environment Agency 
(EA) models that have been truncated and merged to form one site specific model. 
These two models are: 

• The Wensum (Norwich) Model (CH2M, 2017) 
• The Broadlands Environmental Services Limited (BESL) model (Jacobs & CH2M, 

2019) 
This report documents decisions made in regard to model set up and assumptions 
made in the modelling process.  

1.2 Wensum Model - CH2M 2017 
The Wensum model starts is Drayton (617759,313244) and ends at downstream of 
Norwich (628663,307535). The start of the Wensum model is 1D only which and  
includes the River Tud. The model becomes a 1D | 2D model from Mile Cross Bridge 
(621737, 309873) until the downstream boundary of the model located immediately 
downstream of the A47. 

 
Figure 1-1: Wensum Model - CH2M, 2017 - Extent 
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1.2.1 Model Review - Wensum 2017 
A detailed model review has been conducted and is provided in the supporting 
documentation named "2022s0896-Norwich_Techincal_Review_V1.0". The key model 
issues have been highlighted below: 

• Model instability in the upper reaches of River Wensum – located well away from 
the subject site. 

• Out-of-date LIDAR – 2009/11 LIDAR in existing model. 
• The positioning of 1D-2D connections is not necessarily along channel bank tops. 
• Incorrect schematisation of some bridge decks in model which have been 

included in both the 1D and 2D domains. 
• Widespread use of 0.03 roughness across the 2D floodplain which is not 

necessarily realistic. 
• Missing flow route connection between Whittingham Little and Great Broad. 

1.2.2 Model Updates - Wensum 2017 
The model extends much further upstream along the Wensum than is required for this 
site-specific study. Therefore, model truncation is desirable to reduce run times 
(originally 40 hours for the entire model) and the removal of model instability associated 
with the 1D model build in the upper reaches of the River Wensum. A review of the 
existing model outputs has found that high ground at Carrow Road (to the west of the 
development site) acts a barrier to flow.  With flow confined to the Carrow Road bridge, 
this provides a suitable location to truncate the model where flows can easily be 
extracted.   

As stated in the model review, the existing model uses out-of-date LIDAR (2009/11).  
This will be updated to use the newer 2015 LIDAR. 
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1.3 Broadlands Environmental Services Limited - Jacobs & CH2M 2019 
The BESL model represents much of the north-east coast of east Anglia. Much of the 
Broadlands system is below sea level, the model included many man-made defences, 
drainage structures as well as the main watercourses: Ant, Bure, Chet, Thurne, 
Waveney and Yare. The Broadland water levels are tidally dominated and features 
large storage areas.  

The BESL model was incorporated into this study to accurately represent the tidal 
downstream boundary. The Wensum 2017 downstream boundary did not account for 
the large amount of tidal storage. By using the BESL model in conjunction with the 
Wensum model the tidal impact at the site can be better represented and allow for 
comparison with gauge data at Reedham.  

 
Figure 1-2: BESL Model - Jacobs & CH2m, 2019 - Extent 

1.3.1 Model Review - BESL 2019 
A brief model review was performed. Model updates were conducted recently by 
Jacobs and CH2M in 2019. The key review findings are highlighted below: 

• Bank top levels compare well with latest topographical survey.  
• Model stability is within tolerance. 
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• Implementation of hydrology climate change allowances is unconventional, and 
the methods used are not detailed in the supplied report. 

1.3.2 Model Updates - BESL 2019 
The BESL model covers a large portion of the Broadlands system that is not required 
for this modelling study. The model was truncated at the upstream node Y30200D and 
the downstream node Y10000d. The upstream node was truncated here to provide 
continuance from the Wensum model. The downstream node was terminated at 
Y10000d as it provides comparison with gauge data at Reedham level gauge. 

  



 

Appendix - G - 0-JBAU-00-00-RP-Z-0002-Dealground_Modelling_Report.docx   

1.4 Site Specific Model - JBA 2023 
The site-specific model is a merger of the Wensum model and BESL model. Figure 1-3 
shows the 1D model data sources and extent of the Norwich model. The model also 
contains the model updates that have been previously discussed in section 1.2.2 and 
1.3.2. 

 
Figure 1-3: Norwich Model - JBA 2023 - 1D Model Node Source 
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Figure 1-4: Norwich Model - JBA, 2023 - Deal Ground Proposed development 
 

The baseline LiDAR and development plan LiDAR are compared in Figure 1-5. It can 
be seen where the land raising activities have occurred, as well as the storage space 
gained. 
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Figure 1-5: Norwich Model - JBA, 2023 - Deal Ground LiDAR Comparison 

  













 

Appendix - G - 0-JBAU-00-00-RP-Z-0002-Dealground_Modelling_Report.docx   

 
Figure 2-2: Storm Duration Analysis - WE1227d - 1% AEP 

 
Figure 2-3: Storm Duration Analysis - YARF1_550d - 1% AEP 
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2.3.2.3 ReFH2 Model Inflows 
The ReFH2 Model inflows are shown in Figure 2-4 and Figure 2-5. The Wensum shows 
the higher peaks, which is expected given the higher catchment area. 

 
Figure 2-4: ReFH2 62-Hour Model Inflows - WE1227d 

 
Figure 2-5: ReFH2 62-Hour Model Inflows - YARF1_550d 
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2.3.3 Method Comparison 
The two methods have been plotted together in Figure 2-6 and Figure 2-7, as well as a 
comparison of peak flows in Table 2-4. 

The two approaches to the Wensum inflow, yield similar peak values in low % AEP 
events but the ReFH2 produces lower peak flows in higher % AEP events. This shows 
that the growth curves used to create both flows are different but converge near the 
1.0% and 0.1% AEP events. The two approaches show very different shapes, the 
ReFH2 approach shows a very smooth rising and falling limb. Whereas the other 
method shows a much flatter flow peak and longer period. This due to the hydrographs 
being extracted from the model and the influence of the downstream boundary is felt. 
Hence the oscillations at the start and end of the hydrograph.  

The two approaches to the Yare inflow, show the opposite peak flow relationship to the 
Wensum. The Yare shows similar peak values in High % AEP events, and very 
different peak flows in low % AEP events. Both methods show similar shapes, except 
for the initial small "hump" in the model extracted flow curves.  

 
Figure 2-6: Model Flow Method Comparison - WE1227d  
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2.4 Wensum Model - BESL Model 
The truncated Wensum model is a 1D|2D model. Where the Wensum model blends 
into the BESL model there is water in the 2D Floodplain. The BESL model is 1D only, 
the water in the 2D floodplain must be inputted into the 1D model. 

This has been achieved by using a TUFLOW Type SX 2d boundary condition on the 
border between the two models. The SX boundary intakes the water into the 2D 
floodplain and connects it to a 1D node, called YAN0726ND. YAN0726ND is 
represented as a 1D Head Time (HT) Boundary that inputs the 2D flow into the 1D 
BESL model. This ensure the mass balance is conserved. YAN0726ND is not rated to 
AEPs, as it is dependent on the movement of water in the 2D floodplain. 

 
Figure 2-8: Wensum / BESL Model Border - SX Boundary Condition 
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Figure 2-9: Stage-Time Graph - Y10000d 
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3 Model Performance 

3.1 Overview 
Sensitivity Testing is an essential part of the model build process. Sensitivity testing 
determines the impact of key model parameters on the model results and stability. The 
model parameters tested in this study are Manning’s roughness and Downstream 
boundary level. 

3.2 Model Sensitivity Analysis 
Sensitivity to flow and downstream boundary undertaken as part of the modelling 
process.  Further tests to be agreed as part of EA review process.  

3.3 Model Stability 

3.3.1 1D Model Convergence 
Figure 3-1 and Figure 3-2 show the Flood Modeller iteration and convergence plots for 
both the 3.3% AEP + 11%CC and the 1% AEP +11%CC events. The 1D model shows 
poor convergence, requiring high numbers of iterations of to reach a solution. 

The stabilities issues are caused by the tidal downstream boundary and the large 2D 
storage areas. The downstream boundary controls the model level and causes 
fluctuations in the model flow series. The large amount of water in the 2D floodplain is 
due to the vast low lying storage areas in the catchment. This water is slow moving and 
"sits" on the 1D/2D boundary creating small oscillations between the two domains. 
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Figure 3-1: Model Stability Analysis - 3.3% AEP + 11%CC 1D Summary 

 

 
Figure 3-2: Model Stability Analysis - 1.0% AEP + 11%CC 1D Summary 
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Figure 3-3: Model Stability Analysis - Cumulative Mass Error (%) 

3.3.4 2D Volume 
The output dVol measures the change in volume present in the 2D domain. Figure 3-4 
shows the 2d volume recorded during the model run for the 3.3% AEP +11%CC and 
1% AEP + 11%CC events. The volume mimics the time series of the tidal downstream 
boundary. The curves are gradual due to the slow movement of water between the 1D 
and 2D boundary. 
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Figure 3-4: Model Stability Analysis - dVol 

  

-10000

-5000

0

5000

10000

15000

20000

25000

30000

10 20 30 40 50 60 70 80 90 100

d
V

o
l (

m
3
)

Time (hrs)

Model Stability - dVol

1%AEP +11%CC 3.3%AEP + 11%CC







 

DEALG-JBAU-XX-XX-FRA-0003-S3-P03 (Dealground - FRA) H-9 

H  SuDS 

H.1 General Arrangement Drawings 
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H.2 Typical details 

Swales are to be sued across the proposed development (Yare Edge and adopted 
highway) in both traditional and engineered form. H2-A and H2-B demonstrates how 
swales could be configured. 

 

 

H2-A - Typical swale details 
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H2-B - Typical filter strip / Engineered swale details 

Within the Views the communal areas will also provide a SuDS benefitting acting as a 
raingarden / detention basin. Permeable paving will be connected to these features 
before discharging into the CWS. H2-C provides an example of a detention basin. This 
feature will be enhanced with landscape and planting in the setting of the Views.  
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H2-C - Typical Detention basin details 

 

Other SuDS elements such as Green roofs and underground storage will be provided 
following feedback from LLFA.  
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H.3 Storage Calculations 
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H.4 Treatment 
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H.5 Maintenance  

 
 



 

JEZ-JBAU-XX-XX-RP-Z-0001-S0-SuDS_maintenance  i 

 
 
 
 
 
 
 
 
SUDS Maintenance Strategy 
 
 
Dealground 
 
 
June 2023 

  



 

JEZ-JBAU-XX-XX-RP-Z-0001-S0-SuDS_maintenance  ii 

1 Introduction  

This report identifies the SuDS maintenance plan for the 'Dealground' development, 
Norwich.  

 For the purpose of this report maintenance is referred to as: 

1.  Inspection required to identify asset performance to identify and plan 
maintenance needs. 

2. Operation and maintenance of the drainage system  
 

The SuDS features on site compromise of:  

1. Pervious Paving 
2. Green Roofs  
3. Swales 
4. Attenuation Storage Tanks  
5. Bioretention Systems (rain gardens)  
6. Inlet, Outlets and Inspection Chambers 

 

The responsibility for the maintenance of SUDs is as following: 

1. Where SuDS features are located within the curtilage of individual properties, 
maintenance responsibilities are completed by the homeowner. Any 
maintenance responsibilities for homeowners should be clearly outlined within 
property deeds.  

2.  The Management company, on behalf of the residents, is responsible for the 
maintenance of communal SuDS features.  

3.  The surface drainage system within the public highway, including both the 
attenuation tank and surface water pumping station, will be offered for 
adoption, who will be responsible for its maintenance.  

4. Should Norfolk Country Council highways not adopt the road, then 
maintenance rests with the management company.  
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