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1. Summary 
 

In early 2014, Waveney District Council commissioned CH2M HILL to assess a number of 
pre-defined flood defence options to reduce flood risk to the town of Lowestoft in the county 
of Suffolk as a result of a tidal surge event coming in from the North Sea. Lowestoft lies on the 
North Sea coast and is the most easterly part of the UK. The Lowestoft Tidal Defences – 
Additional Modelling Studies (CH2M HILL, 2014) incorporated results from a previous two 
studies undertaken by CH2M HILL – the Lowestoft Estuary Inception Study and the Lowestoft 
Tidal Flood Study (both 2013) whereby flood risk from a tidal surge was assessed for 
Lowestoft using a completely 2D hydrodynamic model.  

This follow on study, used results from the Lowestoft Tidal Flood Study, in which flood defence 
options were evaluated, to carry forward the most beneficial option for further more detailed 
analysis. For this study there were three scenarios therefore assessed –  

 Scenario 1 – Baseline ‘Do Minimum 

 Scenario 2 – Tidal Barrier and Mutford Lock at the Oulton Broads remaining closed  

 Scenario 3 – Tidal Barrier and Mutford Lock operating dynamically  

Each option was assessed by undertaking a number of hydraulic modelling simulations which 
incorporated each of the three options in conjunction with 8 extreme event scenarios – 4 of 
the present day and 4 of future epochs in order to ascertain how each of the two options would 
perform under the increased flood risk predicted due to climate change. 

The hydraulic model from the previous study, the Lowestoft Tidal Flood Study, has been 
improved in detail via the representation of Bascule Bridge (the critical structure at the mouth 
of the estuary) and also of Mutford Lock, which controls the passage of flow between the tidally 
influenced Lake Lothing and the fluvially dominated Outlon Broads system. In implementing 
these model improvements, the Lowestoft hydraulic model has changed from being solely 2D 
to a both 1D/2D one which models a coincidental tidal surge hitting the coast at Lowestoft and 
also Great Yarmouth. The model’s application of this tidal surge at both locations has been 
verified by records from the December 5th extreme event with hit the eastern coast of England 
in late 2013.  

After a total of 24 model simulations were carried out, the performance of each of the two flood 
risk prevention options were assessed against the baseline ‘Do Minimum’ one. It was found 
that by far the greatest flood alleviation was provided by Scenario 2. Both the tidal barrier and 
Mutford Lock remaining closed throughout the duration of an entire extreme surge event vastly 
reduced flood risk to very minimal for Lowestoft from what would be catastrophic for some of 
the more extreme events, with there only being significant flooding for the largest event – the 
1 in 1000yr plus climate change. Scenario 3 was also found to greatly reduce flood risk, 
although not to quite the same extent as its counterpart.  

A further analysis was also conducted on the available storage capacity provided by Lake 
Lothing during these extreme tidal events. This was important to assess what sort of capacity 
the coastal lake had to take on flood volume from both pluvial and fluvial sources of flooding, 
given that it was highly likely that either of these flood types could be contributors to the overall 
flood risk during an extreme tidal event. It was found that there was significant storage volume 
available within the lake for Scenario 2 for every return period assessed up until the 1 in 1000yr 
plus climate change, whereas Scenario 3 was found to provide storage within the lake for the 
three smallest events modelled. These results show the effectiveness of both flood risk 
prevention options in reducing flood risk to Lowestoft, as the storage capacity of the lake is 
exceeded for even the lowest return period for the current ‘as-is’Scenario 1.  
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2. Background 
 

2.1.1 Introduction 
 

In 2012 the Environment Agency commissioned a flood study with the objectives to ascertain 
and gain a detailed understanding of the potential flood risk to the town of Lowestoft from a 
tidal surge hitting the south east coast of England from the North Sea. This study culminated 
with the final report entitled ‘Lowestoft Estuary Inception Study, Final Project Report’ (Halcrow, 
February 2013), which concluded that the there was a very real flood risk to the urban 
hinterland of Lowestoft attributed to potential storm surges occurring in the North Sea. This 
study was the first of its kind to be undertaken for the town of Lowestoft whereby a complete 
hydrodynamic 2-dimensional hydraulic model was created and the resultant project 
deliverables were holistic two dimensional hydrodynamic results. This approach provides a 
much greater understanding of the potential flood risk to Lowestoft and how the flood cell from 
the sea interacts with that of the fluvial orientated Oulton Broads which lies to the west of Lake 
Lothing.  

Subsequently, following on from the Lowestoft Inception Study, a further study entitled 
‘Lowestoft Tidal Flood Study’ (Halcrow, June 2013) was commissioned by the Waveney 
District Council. This study took the basis of what was uncovered in the Lowestoft Inception 
Study and carried it further via the assessment of a number of tidal flood risk mitigation options 
(5 in total). The conclusion of this additional study was that a preferred option of a tidal wall 
put in place at Bascule Bridge, in conjunction with new tidal flood walls erected along the outer 
harbour perimeter, was to be carried forward for further analysis. A BCR (Benefit Cost 
Analysis) was conducted where although the present day scenarios did not yield a significant 
benefit to cost gain, the future scenario epochs did produce a much more favourable one, 
given the far greater number of properties at risk of flooding due to the higher sea levels 
predicted for the future.   

The next phase of the Lowestoft study has been to upgrade the 2-dimensional hydrodynamic 
ISIS 2D model to incorporate the preferred flood risk mitigation option of the tidal barrier with 
proposed outer harbour flood walls. This Technical Report contains the following: 

 Assessment of the December 2013 tidal surge flood event 

 Description of the additional modelling which has been undertaken  

 Details the various scenarios analysed 

 A relevant case study example 

 Discusses all of the results and conclusions 

 Highlights the modelling limitations 

It is to be used as an addendum to the ‘Lowestoft Inception Study – Final Project Report’, and 
has been prepared for the Waveney District Council.  

 

The next section will briefly explain the analysis undertaken in the previous ‘Lowestoft Tidal 
Flood Study’ and how it came to its concluded preferred option.  

The Lowestoft study area is shown in Figure 1.  
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Figure 1 Lowestoft Study Area (within the blue line) 

 

2.1.2  December 2013 Tidal Surge Event 
 
One of the main drivers for further advancing the analysis of flood risk to Lowestoft and 
optimizing potential flood risk mitigation options was the tidal surge event which occurred on 
6th December 2013. This event, which was the worst experienced in the UK in 60 years (since 
the storm surge event on 31st January 1953) caused wide scale damage, both economic and 
structural, across the entire south-east coast of England, including Lowestoft.  

The event encompassed a tidal surge which formed out in the North Sea under a low pressure 
front, which in combination with high winds, a long fetch, and high tide culminated in record 
tidal levels along parts of the south-east coast of England.  
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The large scale damage caused by the flooding was one of the main drivers for this study to 
allow for the provision of more robust flood risk prevention measures for the urban hinterland 
of Lowestoft.  

Figure 2 and Figure 3 below show the indicative flood extents for the December 2013 event. 
Figures depicting both flood damage caused by this extreme event can be seen in Appendix 
A. 

Figure 4 below shows the tidal surge levels recorded at Lowestoft in comparison to the 
predicted astronomical tide. Note that in the graph shown the peak water level reached 4.72m 
above chart datum, which equates to 3.29mAOD, which places the event in the order of a 1 
in 200yr magnitude – an extreme event which has a probability of exceedance of only 0.5% 
per annum. 

 

 

Figure 2 indicative flood  locations in east Lowestoft 
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Figure 3 Indicative flood  locations in west Lowestoft 

 

 

Figure 4 December 6th surge data recorded at Lowestoft tidal gauge 
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2.1.3  Work Done to March 2014 
 

This study followed on from the ‘Lowestoft Estuary Inception Study’ and involved the 
assessment of five additional flood risk mitigation options, as well as the conduction of ‘Do 
Nothing’ and ‘Do Minimum’ scenarios. The ‘Do Minimum’ scenario was the same as in the 
‘Lowestoft Estuary Inception Study’, however a new ‘Do Nothing’ scenario was conducted in 
order to ascertain what would happen should the current coastal and Lake Lothing defences 
fail. Maximum water levels were found to not differ considerably, with there being a couple of 
centimetres difference upstream and downstream of Bascule Bridge. The ‘Do Nothing’ 
scenario produced slightly higher stage upstream of the bridge and a slightly lower one 
downstream. 

There were also two sensitivity runs conducted for Option 4 which tested whether there 
would be any significant differences in peak water levels should the initial water level within 
Lake Lothing and the harbour be increased from 0mAOD to 1mAOD and 2mAOD 
respectively. These sensitivity runs showed that for the larger climate change events where 
the defences and tidal gate are overtopped, the increase in maximum water level within Lake 
Lothing ranges between circa 0.2m (initial water level equal to 1mAOD) and 0.27m (initial 
conditions equal to 2mAOD). 

Table 1 below gives a summation of the options assessed for this study. 

 

TABLE 1 LOWESTOFT TIDAL FLOOD STUDY – OPTION SCENARIOS 

Option  Description 

Option 1 Do Nothing with all current coastal and estuarine defences removed 

Option 2 Do Minimum (same as do minimum for the previous Lowestoft Estuary 
Inception Study, i.e. maintaining current coastal and estuary defences) 

Option 3 Tidal defence wall all around the harbour to a design height of 3.8mAOD (1 
in 1000yr present day / 200yr present day +500mm) 

Option 4 Same as Design Option 3 except with a tidal lock modelled to prevent tidal 
flow through Bascule bridge. Tidal Lock level consistent with tidal flood walls 
(3.8mAOD) 

Option 5 Same as Design Option 2 (previous study Do Minimum), except a tidal lock 
modelled to prevent tidal flow through Bascule bridge. Tidal Lock level 
consistent with tidal flood walls (this option assumes current tidal defences - 
check previous model) 

Option 6 Same as Option 4 except with design levels increased to provide a standard 
of protection of  4.35mAOD (200yrCC-DEFRA) 

Option 7 Same as Design Option 3, except with raised tidal defence walls along the 
perimeter of the Inner Harbour set to 3.6mAOD 

Sensitivity runs Design Option 4 set to initial conditions of 1mAOD and 2mAOD (to assess 
the impact that tidal lock operation rules have on flooding) 

 

 

After the analysis of each of the five ‘hard’ defence scenarios (Options 3 - 7), the option 
which performed the best with regards reduction to flood risk in Lowestoft was ‘Option 6’. It 
was therefore decided to carry this option forward for further development and analysis. 
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2.1.4  Purpose of Work since March 2014 
 

This is the most recent study conducted regarding flood risk to Lowestoft and is a follow on 
study from the ‘Lowestoft Tidal Flood Study’ discussed in the previous section. The preferred 
option carried forward from the former has been further developed and assessed for this 
study resulting in a further assessment which involves detailed modelling of a further three 
scenarios - a ‘Do Minimum’ and two new option variants. The hydraulic modelling along with 
the resultant outcomes are discussed in detail in Section 3 of this report.  

2.1.5  Grimsby Docks Example 
 

A case study which was reviewed for this study in order to assist in deciding the best 
operational procedures to adopt for Scenario 3 (operational tidal gate and Mutford Lock), was 
that of Grimbsy, a town to the south east of Hull along the right bank of the River Humber 
estuary. Grimsby has a tidal gate system in place which was utilised for the December 5th 
2013 extreme event. Below is a concise description of the system in place in Grimsby and 
how the Associated British Ports operated the tidal locks in order to reduce flood risk to the 
town.  

Grimsby is split in to two separate locked dock systems – the fish and commercial docks (see 
Figure 5). The commercial docks are served by a lock which has standard lock gates to 
prevent water flowing out of the port. It also has outer flood gates which are higher than the 
operational gates and are closed to prevent water entering the port on very high tides.  

The River Freshney (a relatively small river with generally low flow) flows in to the commercial 
docks and this water flow is used to replace any water lost while locking vessels into or out of 
the port. The water in the port is further controlled by a sluice at the lock gates. Many ships 
transit the lock "on the level" (all the lock gates are open - which allows vessels longer than 
the lock to use the port). To achieve this the water in the dock needs to be at the same level 
as outside, which is achieved through synchronising the lock gates to achieve an overall 
balance of water levels.  

At the time of the December 5th 2013 flood the River Freshney had a reasonable flow. Once 
the water outside of the lock gates becomes higher than inside it is no longer possible to sluice 
water out. With knowledge of the predicted tidal surge the water in the dock was allowed to 
flow out as the tide went out (necessary to retain water at sufficient depth to keep vessels 
afloat). When the tide turned the flood gates were closed therefore keeping a low water level 
in the dock. This effectively created a basin in to which the River Freshney could continue to 
flow without backing up in to the town. 

The above operational procedure is an example of how a series of tidal lock gates were used 
to minimise flood risk to a coastal urban area. This was achieved by increasing the storage 
ability of an estuarine area for fluvial flows which would be unable to drain out into the sea 
once the outer tidal gates were closed and subsequently shutting the gates to prevent the tidal 
surge from entering the dock. This case study assisted in the decision making process for how 
to optimise the functionality of both the tidal gate at Bascule Bridge and the lock gates at 
Mutford Lock in order to reduce flood risk in Lowestoft and the Oulton Broads due to a tidal 
surge from the North Sea. 
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Figure 5 Grimsby docks plan 
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3. Further Modelling Undertaken Since March 2014 
 
See Appendix B for figures and text describing modelling methodology in detail. 

3.1 Existing Models 

3.1.1 Lowestoft 2D Coastal Model 
 
The original Lowestoft model was a solely ISIS 2D coastal hydraulic model under which the 
initial two Lowestoft Studies were undertaken. The tidal surge hydrograph was entered into 
the model along the entire coastal boundary.  

 

3.1.2 1D BESL Model 
 
The 1D BESL model which represents the entire Oulton Broads fluvial system including the 
River Waveney and Yare and their associated tributaries, is a very large ISIS 1D model 
which contains a considerable number of inflow units in the form of QT and ReFH ISIS inflow 
boundaries. This model has been developed over a considerable number of years with 
numerous updates and further developments being undertaken throughout its life cycle, 
given the complexities of the vast area which it represents.  

The model was originally incorporated into the Lowestoft Estuary Inception Study to create a 
Head-Time (HT) boundary for the Oulton Broads end of the Lowestoft ISIS 2D model.   

For this study, the 1D BESL model was linked up once again to Lowestoft estuary 2D model 
and the extreme tidal event was entered as: 

1) A 1D Head-Time boundary at Great Yarmouth in the 1D BESL model 

2) A 2D Head-Time boundary at Lowestoft in the 2D model component 

 

 

3.2 Modification and Extension of the Model(s) 

3.2.1 Lowestoft 1D/2D linked model 
 

For this study one of the key objectives was to successfully link the Lowestoft 2D model with 
the BESL 1D model. This was required in order to create a holistic model which 
encompasses each of the following flood cells: 

 Lowestoft tidal surge  

 Great Yarmouth tidal surge 

 Fluvial system of the Oulton Broads 

 
Both models were linked and after initial stability corrections and resultant schematization 
changes at the link area at Mutford Lock, the model was stable for the test event of the 1 in 
1000yr tidal. 

Figure 6 below shows the schematization of the final linked model version used for this 
study.  
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Figure 6 BESL (black dots) and Lowestoft (blue line domain) models 
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3.3 Verification of Modelling 
 
 
Analysis of real-time tidal surge data from data supplied by the Environment Agency has 
yielded the following observations with regards the lag time between the tidal surge peak 
hitting Great Yarmouth and Lowestoft. The resultant peak Surge level and times are detailed 
in Table 2.  
 
 

TABLE 2 LAG TIME FOR DEC 5TH EVENT   

Location Time of Peak Peak Surge Level (mAOD) Lag Time (hrs) 

Great Yarmouth 05/12/2013 22:30 3.32 - 

Lowestoft 05/12/2013 22:45 3.20 0.25 

   

 
For the December 5th tidal surge event, according to recorded gauging station readings at 
both Great Yarmouth and Lowestoft, the tidal surge which had propagated up from the North 
Sea actually hit both locations at almost identical times, with a minimal lag time of 0.25hrs 
separating the peak surge level occurrence between both sites.   
 
This validates somewhat how each tidal surge design hydrograph has been applied within 
the Lowestoft 1D/2D hydraulic model. Within the model, both tidal hydrographs have been 
applied over a 100hr duration, with the tidal surge peak occurring at 45hrs into the extreme 
event. Given that the difference in time between the peak of the tidal surge for the December 
5th event at either key location has been recorded as 15 minutes, it can be assumed that the 
modelling approach of the surge peak occurring at the same time for each location is 
perfectly reasonable.  
 
 

3.4 Bascule Bridge 
 

One of the key requirements of this study has been to incorporate the structure of Bascule 
Bridge into the 2D model component. The main driver for switching to the Tuflow software 
suite was to enable the modelling of Bascule Bridge as a structure. In the legacy Lowestoft 
models, Bascule Bridge was not modelled as a hydraulic structure. The original models 
modelled the constriction in the width of the channel at the bridge between the outer and 
inner harbours, but did not model the structure itself, which meant that no bridge unit or soffit 
level was considered. This meant that should the bridge become surcharged, which would 
be the case for the more severe extreme events, the hydraulic loss through the bridge was 
not fully considered. This former schematisation was agreed upon for the previous studies 
and yielded acceptable results, some of which were validated by the December 2013 event. 

However, for the more detailed analyses sought in this study, it was a requirement to model 
this critical structure completely and not merely the constriction in the channel. The purpose 
was twofold – firstly, to enable for a direct comparison with the previous studies’ model, and 
possibly validate it; and secondly, to properly model the structure and its associated 
hydraulic effects, i.e. bridge afflux and losses.  

Therefore in this study, Bascule Bridge has been modelled fully as a structure which allows 
for the modelling of a bridge structure and its associated losses accurately and robustly.  
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3.5 Proposed Tidal Barrier 
 

Another principal requirement for this study was to model a tidal gate, both closed and 
dynamic, immediately in front of Bascule Bridge. The purpose of the tidal gate is to prevent 
the main deluge of the tidal surge from entering into the inner harbour and Lake Lothing, 
therefore protecting the majority of properties and services which lay to the west of Bascule 
Bridge. The tidal gate option has been carried forward from the ‘Lowestoft Tidal Flood Study’ 
previously and was the preferred option in conjunction with the raised outer harbour flood 
protection walls. There are two different scenarios involving the use of the tidal gate -  

1) The fixed tidal gate which is to remain closed throughout the duration of the model 
simulation (Scenario 2) set to the 1 in 200yr plus climate change peak water level 
(4.35mAOD). This ties in with the proposed outer harbour defence wall heights.  

2) The dynamic situation (Scenario 3) in which the tidal gate will begin closed and 
remain as such until the tidal surge from the North Sea has passed at Lowestoft. 
Once the surge has receded the gate will open allowing any excess water within 
Lake Lothing to drain out, providing the conditions for the return to the normal tidal 
cycle. Once opened the gate will remain open for the remainder of the simulation.  

 
 

3.6 Outer Harbour Flood Walls 
In the Lowestoft Tidal Flood Study the options 3, 4, 6 and 7 all proposed renewed outer 
harbour defence walls raised to specific heights which related to extreme event peak water 
levels. Option 6 which was carried forward from this former study, had these walls set equal 
to the peak water level for the 1 in 200yr extreme event plus climate change, which equated 
to a defence crest height of 4.35mAOD. For this study, these defences were carried forward 
and utilised again. Figure 7 shows a mixture of the proposed and existing defence types, 
whereas Figure 8 shows the proposed defence alignment of the new defence scheme.  

 

 

Figure 7 Both existing and prosed defences for outer harbour 
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Figure 8 Proposed outer harbour defences with potential defence heights 

 

3.7 Mutford Lock 
 
The final key structure to be modelled in this study is that of Mutford Lock. Mutford Lock 
comprises of two lock gates which regulate the discharge of flow between the fluvially 
dominated Oulton Broads and the tidally dominated Lake Lothing. For this study, as with the 
tidal gate, there are two scenarios in which Mutford Lock operates.  

1) Where the lock gates remain shut for the duration of the event (Scenarios 1 and 2)  

2) Where the lock gates operation is optimized to reduce water levels within the Outlon 
Broads via having them open intermittently to allow for any excess water in the Broads to 
discharge into Lake Lothing (Scenario 3)  

 
The lock is modelled within the 1D model component and is set to the levels as stated by the 
topo survey from 2007 which was provided for the previous Lowestoft Estuary Inception 
Study. 
 

Permanent Raised defences 

Temporary Demountable defences 

No raised defences required 

Possibly Consider Property 
Level Protection 
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3.8 Extreme Events Modelled 
 
The return periods assessed for this latest Lowestoft Study remain the same as before, as do the 
events incorporating extreme sea level rise due to climate change. Each event assessed in this study 
is listed in Table 3. In total there are 8 hydrological events in this study for which simulations of each 
scenario have been undertaken, giving a total of 24 simulations.  

Note that for each extreme event modelled the duration is 100hrs with the peak of the tidal surge 
wave occurring at 45hrs. 

TABLE 3 EXTREME EVENTS ASSESSED  

Event Present Day (2011) Climate Change (2111) 

20 Yes  Yes 

100 Yes Yes 

200 Yes Yes 

1000 Yes Yes 

  

 

 

3.9 Scenarios Assessed 
 
There were three scenarios assessed for this study. Each scenario was agreed upon at the project 
inception stage, under the objective of advancing and optimising the preferred option from the 
‘Lowestoft Tidal Flood Study’. 

 Scenario 1 - Do Minimum  
this scenario is the same as it was for the ‘Lowestoft Tidal Flood Study’. The scenario has been 
rerun under the revised model build using Tuflow, with Bascule Bridge now incorporated into 
the model as a structure and the results used as baseline for this study.  

 Scenario 2 - Preferred Tidal Gate and Wall Scheme (Static)  
 
This scenario assumes the following: 

o That the proposed tidal barrier at Bascule Bridge is in place and remains shut for the 
duration of the extreme storm event 

o Mutford Lock as closed for the duration of the event 
 

 Scenario 3 – Preferred Tidal Gate and Wall Scheme (Dynamic) 
 
This scenario assumes the interdependent dynamic operation of both the tidal gate at Bascule 
Bridge and Mutford Lock. It is the most complex option with the objective being to optimise the 
flood risk protection provided to both risk receptors in the Oullton Broads and within Lowestoft. 
The modelling approach adopted for this option is as follows: 

o Model the tidal gate at Bascule Bridge as fully shut until such time that the tidal 
surge has passed by and the tidal levels have receded substantially so as to not 
provide any flood risk to Lowestoft 
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o Model Mutford Lock as a flapped orifice to mimic the effect of the lock gates as 
operational and only opening to allow water to drain from the Broads at times when 
the stage is lower in Lake Lothing, therefore not detrimentally effecting flood risk to 
risk receptors within the Broads as a result of the tidal surge at Lowestoft 
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4. Results from the Modelling 
 
See Appendix C for flood maps and further images highlighting modelling results. 

4.1 General 
 
Table 4 shows the sources for the figures for the results maxima tables in this section.  

TABLE 4 RESULTS MAXIMA SOURCES 

Location Data source 

Bascule Bridge u/s 2D PO line 

Bascule Bridge d/s 2D PO line 

Mutford Lock - Lake Lothing 2D PO line 

Mutford Lock – Oulton Broads 1D BESL model section 
OD3580 

 

4.2 Scenario 1 – Do Minimum 
 
Scenario 1 has been modelled as the ‘Do Minimum’ scenario taken from the ‘Lowestoft Tidal 
Flood Study’ with the additional changes/improvements being as follows: 

 The Lowestoft 2D model has been linked with the 1D BESL model which models the 
complex interactive fluvial and tidal system of the Oulton Broads providing a more 
holistic approach to modelling the numerous flood systems which influence flooding 
within Lowestoft 

 Bascule Bridge has now been incorporated into the baseline model and is modelled 
within the 2D model component to allow for the true effect of this key structure to be 
modelled, including the hydraulic loss attributed to the bridge afflux (see Section 3.4.3) 

 The spill over Mutford Lock has been re-schematised using up-to-date LiDAR to give an 
improved representation of the land profile over Bridge Road and to its immediate north 
and south (see Section 3.4.6), which is where excess flow from the tidal surge will 
overtop when the lock gates remain closed 

 Note that for this scenario Mutford Lock remains closed for the duration of the event 

 

Table 5 gives the maximum stage at key locations in the Lowestoft.  

The figures in this section show the maximum flood extents for each of the 8 scenarios 
assessed.  
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For the 1 in 20yr the main areas at risk of flooding are as follows: 

 Properties along Belvedere Road and St John’s Road to the immediate south of the 
Inner Harbour 

 The railway track and depot to the south of Leathes’ Ham 

 A depot to the south of the swing bridge to the east of Bridge Road 

 The entire lowland broads area to the south west of Mutford Lock  
 

For the 1 in 100yr the additional areas at risk of flooding are as follows: 

 Additional properties to the south of the Inner Harbour along Belvedere Road, St John’s 
Road and the B1532 

 Properties to the north of Bascule Bridge along Waveney Road, Suffold Road, Denmark 
Road and Tonning Street at the junction with the A12 (Katwijk Way) 

 Additional flooding further east along the railway north of Commercial Road and a depot 

 Properties along Durban Road and the A12 and A146 are inundated at their junction 

 Properties to the east of Riverside Road in the business park along the south quay of the 
Inner Harbour 

 An additional depot and larger area inundated to the south of the railway track and 
Leathes’ Ham 

 Properties along Elham Terrace to the east of the swing bridge 
 

For the 1 in 200yr the additional areas at risk of flooding are as follows: 

 Custom offices and more depots along the quays to the south of Commercial Road 

 Properties along Maconochie Way, Kirkley Rise and Windsor Road 

 Properties to the east of Riverside Road in the business park 

 Industrial Estate to the west of Stevens Street and north of Denmark Road 

 More depots along the North Quay and south of the railway track 
 

For the 1 in 1000yr the additional areas at risk of flooding are as follows: 

TABLE 5 RESULTS MAXIMA AT KEY LOCATIONS      

 Bascule Bridge u/s Bascule Bridge d/s Mutford Lock - Lake 
Lothing 

Mutford Lock – Oulton 
Broads 

Location Peak 
Stage 

(mAOD) 

Time of 
Peak (hrs) 

Peak 
Stage 

(mAOD) 

Time of 
Peak (hrs) 

Peak 
Stage 

(mAOD) 

Time of 
Peak (hrs) 

Peak 
Stage 

(mAOD) 

Time of 
Peak (hrs) 

20 2.648 45.11 2.638 45.28 2.640 45.23 1.666 47 

20cc 3.679 45.03 3.408 45.33 3.318 45.49 1.876 45.5 

100 3.004 45.19 2.941 45.27 2.935 45.29 1.758 46 

100cc 4.101 45.02 3.752 45.51 3.620 45.60 2.008 46 

200 3.165 45.18 3.079 45.51 3.067 45.43 1.797 46 

200cc 4.297 45.02 3.925 45.41 3.755 45.53 2.059 46 

1000 3.749 45.02 3.462 45.34 3.363 45.48 1.891 46 

1000cc 4.798 45.02 4.417 45.77 4.125 45.96 2.253 46 
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 Large area to the immediate north of Hamilton Dock as far as the industrial Estate 
including the Gas Works,  Newcombe Road,  Wilde Street, Hamilton Road and sections 
of Whapload Road  

 Additional properties along Surrey Street, Suffolk Road, Tonning Street, Bevan Street 
West and Denmark Road 

 To the south additional properties along Grosvenor Road, Windsor Road and Salisbury 
Road including a fire station 

 A significant number of properties to the west of Tom Crisp Way all the way up until the 
A1117 Bridge 

 Properties in the vicinity of the junction of Rotterdam Road and Norwich Road 

 The entire Brook Business and Industrial Park and the works to the immediate east  

 School Road Quay 
 

For the 1 in 20yr plus climate change the additional areas at risk are identical to those of the 
1 in 1000yr present day event, apart from the following: 

 Properties along Veldac and Aldwyck Way to the north east of the A1117 bridge are not 
at risk 

 A lesser number of the smallholdings along Blackheath Road are at risk  

 The industrial estate to the north of the Gas Works along the North Beach is no longer at 
risk 

 

For the 1 in 100yr plus climate change the additional areas at risk are: 

 Larger area inundated north of the Industrial Estate along North Beach as far as Denes 
recreational ground  

 To the south a significant number of properties beyond the right and left banks of the 
Kirkley Stream channel as far as Lowestoft Road including properties along Laxfield 
Way, Thornam Close, Love Lane and Silverwood Close. Also properties along Long 
Road along the left bank of Kirkley Stream 

 

For the 1 in 200yr plus climate change the additional areas at risk are: 

 Flood water extends approximately 500m further south along Lowestoft Road 

 Generally the flood extent is very similar to that of the 1 in 100yr plus climate change 
event, with the 1 in 200yr one extending up to 30m further inland in some cases 

 

For the 1 in 1000yr plus climate change the additional areas at risk are: 

 To the south, properties long Beaconsfield Road, Lawson Road, Ontario Road, 
Claremont Road, Wellington Esplanade, Waterloo Road 

 Properties along Stradbroke Road 

 Towards the upstream end of Kirkley Stream properties along Low Farm, Shaw Avenue, 
Beech Road, Poplar Road, Ashtree Gardens and Lowestoft Road   

 Properties along Deepdale, Ribblesdale, Portsch Road and Seavert on the right bank of 
the Kirkley Stream 

 Circa 40 additional properties along Waveney Drive and Crescent  
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4.3 Scenario 2 – Tidal Barrier and Flood Walls (Static) 
 
Scenario 2 is the preferred option carried forward from the ‘Lowestoft Tidal Flood Study’ 
(2013). The criteria for this option are: 

 The addition of a tidal gate at Bascule Bridge with a closed gate crest height set equal to 
the 1 in 200yr plus climate change peak water level of 4.35mAOD. The gate remains 
fully shut for the duration of the event 

 Proposed Outer Harbour defence walls (permanent and demountable) tied into Bascule 
Bridge set equal to the 1 in 200yr plus climate change peak water level of 4.35mAOD 

 Mutford Lock remains shut for the duration of the event 

 

The conditions listed above are present in order to: 

a) Prevent a tidal surge of up to the magnitude of the 1 in 200yr plus climate change 
(second largest event in this study) from entering the Inner Harbour and Lake Lothing 

b) Preventing water volume from Lake Lothing from entering into the Oulton Broads 
through Mutford Lock 

c) Preventing excess flow in the Oulton Broads as a result of the propagation of the tidal 
surge at Great Yarmouth from entering into Lake Lothing 

 

Table 6 gives the maximum stage at key locations in the Lowestoft.  

The figures in this section show the maximum flood extents for each of the 8 scenarios 
assessed.  

 

For all of the events up until the 1 in 100yr plus climate change there the tidal surge is 
contained within the Outer Harbour and the only flooding is: 

TABLE 6 RESULTS MAXIMA AT KEY LOCATIONS      

 Bascule Bridge u/s Bascule Bridge d/s Mutford Lock - Lake 
Lothing 

Mutford Lock – Oulton 
Broads 

Location Peak 
Stage 

(mAOD) 

Time of 
Peak (hrs) 

Peak 
Stage 

(mAOD) 

Time of 
Peak (hrs) 

Peak 
Stage 

(mAOD) 

Time of 
Peak (hrs) 

Peak 
Stage 

(mAOD) 

Time of 
Peak (hrs) 

20 2.673 45.03 0 0 0 0 1.652 48.5 

20cc 3.731 45.02 0 0 0 0 1.717 61.5 

100 3.092 45.02 0 0 0 0 1.668 48 

100cc 4.151 45.01 0 0 0 0 1.740 60.5 

200 3.291 45.02 0 0 0 0 1.673 48.5 

200cc 4.351 45.02 0 0 0 0 1.743 60 

1000 3.802 45.02 0 0 0 0 1.690 49.5 

1000cc 4.857 45.01 2.996 46.12 2.854 46.17 1.779 46.5 
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 The inundation of the lowland area to the south west of Mutford Lock by floodwater from 
the Broads. This area is generally caravan parks, car parks and a boathouse including 
the Nicholas Everitt Park 

 

For the 1 in 100yr and the 1 in 200yr plus climate change the additional areas at risk of 
flooding due to the tidal surge at Lowestoft are –  

 Belvedere Road, St John’s Road and the B1532 are at risk of flooding due to a gap 
between the proposed and existing defence lines beyond South Pier. Flood water spills 
through this low point and propagates a few hundred metres westwards 

 Apart from this the lowland area to the south west of Mutford Lock remains at risk from 
flooding from the Broads 

 

Wide scale flooding occurs for the most extreme event modelled – the 1 in 1000yr plus 
climate change. This is attributed to the fact that the proposed tidal gate and Outer Harbour 
defences are only set to a crest height of that equaling the maximum stage achieved by the 
1 in 200yr plus climate change extreme event. Therefore the 1 in 1000yr plus climate change 
peak stage exceeds the proposed defence crest height and overtops them, inflicting severe 
flood damage. 

For the 1 in 1000yr plus climate change, the flood risk within the estuary and Lake Lothing 
(entire area to the west of Bascule Bridge) is comparable to that of the 1 in 200yr present 
day event for the baseline Scenario 1. This highlights how much the flood risk is reduced for 
the most extreme event considered in this study even when the defences are overtopped.  

 For the 1 in 1000yr plus climate change the following areas are at flood risk: 

 Extensive flooding to the north of Lake Lothing all along the North Quay. The railway 
track is completely inundated. Flood water extents into an industrial estate and over 
Denmark Road to Norwich Road 

 In the vicinity of Bascule Bridge to the north - Station Square and beyond including 
Waveney Road, Suffolk  Road, Surrey street, Beach Road, Clapham Road South, 
Denmark Road, Grove Road and London Road North  

 In the vicinity of Bascule Bridge to the south Belvedere Road, St John’s Road and the 
B1532 

 To the north of Hamilton Dock flood risk is similar to that of the same event for Scenario 
1 

 To the south of Lake Lothing flood water is generally contained by the quay walls which 
act as de-facto defences, apart from – some overtopping at the Kirkley Stream outfall 
along the A146 and some properties at risk along Durban Road and some depots at risk 
to the west of the Kirkley Stream outlet 

 Further west, a caravan park and a depot to the east of the swing bridge and a few 
properties along Elham Terrace are at risk 

 Apart from this the lowland area to the south west of Mutford Lock remains at risk from 
flooding from the Broads 

 

Note that for the removal of flood risk to the immediate south west of Bascule Bridge for the 
1 in 100yr and 1 in 200yr plus climate change extreme events, the proposed defences need 
only be extended slightly south beyond the South Pier by circa 30m to tie them in with the 
existing ones.  
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4.4 Scenario 3 – Tidal Barrier and Flood Walls (Dynamic) 
 
Scenario 3 is a more complex derivative of Scenario 2 and it incorporates the dynamic 
operation of both: 

a) Tidal gate at Bascule Bridge 

b) Mutford Lock 

This option looks at the optimisation of the operation of both of the above structures in order 
to minimize flood risk to Lowestoft. It is the most complex of the three scenarios assessed in 
this study and also out of any antecedent Lowestoft option considered in each of the 
previous studies. It is the only option to be considered thus far which uses dynamic structural 
conditions, i.e. changing during the event.  

After much consideration, the following dynamics were deemed to have the most positive 
impact on the reduction in flood risk within Lowestoft –  

 The tidal gate remains shut until the tidal surge has passed, with it initiating its opening 
sequence at 51hrs over a period of 1hr. From 52hrs onwards the gate remains fully open 

 Mutford Lock gates open whenever the water level in Lake Lothing is lower than the 
water level in the Broads. This has been achieved through modelling the lock gates as 
flapped orifices  

These operational parameters were maintained for each event in this scenario. Once the 
tidal gate opens the main surge wave has receded and tidal levels are in the process of 
decreasing back to normal, therefore the main flood risk has been removed for events up to 
the 1 in 200yr plus climate change. With regards the operation of Mutford Lock, flow results 
through the flapped orifice show exactly when water levels in Lake Lothing are lower than 
those of the Broads. Consequently this highlights the times when it is suitable to open the 
lock gates to allow flow to discharge into Lake Lothing and to reduce the volume of water in 
the Broads system.  

An example of when the Mutford Lock gates could be opened for the 1 in 1000yr present day 
event is as follows - flow has passed through the flapped orifice from the Broads and into 
Lake Lothing each time tidal levels within Lake Lothing are inferior to water levels within the 
Broads at Mutford Lock. For the 1 in 1000yr event, a peak discharge of 45 cumecs is 
achieved at 61.5hrs. This coincidentally, is when the tidal is in remission and water levels 
within the Broads are close to their maximum, therefore producing the greatest head 
difference to drive the flow from the Broads into Lake Lothing.  

It was found that even with the allowance for the drainage of flood volume from the Broads, 
the overall effect on maximum water levels is not very significant, with the overall reduction 
for the 1 in 1000yr present day event being 0.2m. Table 7 compares the maximum water 
levels occurring in the Broads at Mutford Lock for the 1 in 1000yr event.  

TABLE 7 1000YR MAXIMUM WATER LEVELS IN OUTLON BROADS AT 
MUTFORD LOCK 

Scenario Stage (mAOD) Time (hrs) 

1 1.891 46 

2 1.690 49.5 

3 1.689 49.5 
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Table 8 gives the maximum stage at key locations in the Lowestoft. It shows that the 
maximum stage downstream of Bascule Bridge in Lake Lothing occurs much later than the 
peak in the tidal surge which occurs at 45hrs into the event. Downstream of Bascule Bridge 
the peak water level occurs after 57hrs for each event bar the 1 in 1000yr plus climate 
change. This is because the tidal gate only opens after 51hrs therefore the main tidal surge 
has passed and tidal levels receded by then, with the next tidal peak occurring at 57.50hrs. 
For the 1 in 1000yr plus climate change event, the tidal waters overtop the tidal gate and 
Outer Harbour defences therefore the influence of the surge peak at 45hrs is felt 
immediately downstream of Bascule Bridge. However this effect is localised and not enough 
volume of water propagates as far downstream as Mutford Lock to raise the tidal level higher 
than the ensuing lesser peak at 57.50hrs, after the tidal gate has opened.  

The figures in this section show the maximum flood extents for each of the 8 scenarios 
assessed.  

 

For this event, flood risk is kept to a minimum by the optimisation of the operation of both the 
tidal gate and Mutford Lock for all of the present day scenarios assessed, with risk only 
become significant for the climate change scenarios. 

Flood risk for the 1 in 20yr plus climate change scenario is as follows: 

 To the immediate south of Bascule Bridge Belvedere Road, St Johns Road and the 
B1532 

 A section of the railway track and a depot to the south of Leathes’ Ham 

 A depot to the east of the swing bridge 
  

Additional flood risk for the 1 in 100yr plus climate change scenario is as follows: 

 A section of Pier Terr to the immediate south of Bascule Bridge 

 To the south of the Kirkley Stream outfall, sections of the A146 and A12 and some 
properties along Durban Road 

 To the east of the swing bridge some properties along Elham Terrace 

TABLE 8  RESULTS MAXIMA AT KEY LOCATIONS      

 Bascule Bridge u/s Bascule Bridge d/s Mutford Lock - Lake 
Lothing 

Mutford Lock – Oulton 
Broads 

Location Peak 
Stage 

(mAOD) 

Time of 
Peak (hrs) 

Peak 
Stage 

(mAOD) 

Time of 
Peak (hrs) 

Peak 
Stage 

(mAOD) 

Time of 
Peak (hrs) 

Peak 
Stage 

(mAOD) 

Time of 
Peak (hrs) 

20 2.673 45.03 1.682 57.66 1.697 57.75 1.632 48.5 

20cc 3.731 45.02 2.691 57.78 2.690 57.74 1.737 58 

100 3.092 45.02 1.922 57.60 1.931 57.69 1.665 48.5 

100cc 4.151 45.01 2.862 57.78 2.856 57.81 1.805 58.5 

200 3.291 45.02 2.036 57.56 2.042 57.69 1.671 48.5 

200cc 4.351 45.02 2.935 57.77 2.931 58.09 1.824 58.5 

1000 3.802 45.02 2.317 57.57 2.32 57.68 1.689 49.5 

1000cc 4.858 45.02 3.240 45.35 3.136 57.89 1.884 58 
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Additional flood risk for the 1 in 200yr plus climate change scenario is as follows: 

 Small segment of Commercial Road immediately north of the Dry Dock and Town Quay 

 Tidal water spills into the Kirkley Stream channel and propagates approximately 400m 
upstream 

 Flood water enters onto the railway track south of Leathes Ham and flows eastwards 
along it for circa 700m where it floods a depot 

 

Additional flood risk for the 1 in 1000yr plus climate change scenario is as follows: 

 To the north of Hamilton Dock flood risk is similar to that of the same event for Scenario 
1 

 To the north of Bascule Bridge and Lake Lothing flood risk is similar to that of Scenario 
2, with flood risk to Station Square, Waveney Road, Suffolk  Road, Surrey street, Beach 
Road, Clapham Road South, Denmark Road, Grove Road and London Road North 

 Extensive flooding to the north of Lake Lothing all along the North Quay. The railway 
track is completely inundated. Flood water extends into an industrial estate and over 
Denmark Road to Norwich Road 

 To the south additional flooding to the industrial estate to the west of Riverside Road 

 To the south east of the Kirkley Stream outfall water propagates circa 350m as far as 
Windsor and Grosvenor Road 

 Water propagates further up the Kirkley Stream channel putting some properties along 
Brid’s Lane, Long Road, Carlton Road and Blackheath Road at risk. A riding School off 
Carlton Road is also at risk 

 A depot and a factory on School Road Quay  
 

The reduction in flood risk between Scenario 1 and Scenario 3 for the largest extreme event 
modelled (1 in 1000yr plus climate change) is considerable, with a large reduction in flood 
risk to the south of Lake Lothing and the Kirkley Stream channel. 
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4.5 Comparison with Previous Modelling Results 
 

Given that this study involved not only significant further developments to the original 
Lowestoft model but also its complete rebuild with a different software (yielding the switch 
from ISIS 2D to Tuflow), a brief analysis was undertaken between results from both 
elements.  

The 1 in 1000yr ‘Do Minimum’ event was selected to be used for the comparison, given that 
this is in the mid-range of all of the scenarios assessed and the most severe present day 
extreme event modelled. The ‘Do Minimum’ scenario was chosen because Scenario 1 in this 
study essentially models ‘Option 2’ from the preceding ‘Lowestoft Tidal Flood Study’ (Do 
Minimum - maintaining current coastal and estuary defences) with the addition of Bascule 
Bridge as a hydraulic structural unit and also using a different modelling software package in 
Tuflow.  

Figure 9 shows the comparison between the ‘Do Minimum’ 1 in 1000yr event for both the 
original ISIS 2D simulation and the revised Tuflow one with the incorporation of Bascule 
Bridge. It can be seen that there are two key areas yielding a difference in flood extent –  

1) The area to the immediate north of the Outer Harbour 

2) The area to the south of Kirkley Stream to the immediate north of the A1117 bridge 
crossing 

Figure 10 and Figure 11 are zoomed in to these two areas to give a better idea of where 
flood risk has been augmented.  

In the area to the north of the Outer Harbour, additional flood risk now lies along Whapload 
Road, Wilde Street and the industrial estate including the Gas Works.  

In the area to the south of the Kirkley Stream channel, additional flood risk now presents 
itself to the smallholdings along Tom Crisp Way, and to the properties which lie along Veldac 
and Aldwyck Way. Here there are approximately 20 additional properties at risk when 
compared against the previous ‘Lowestoft Tidal Flood Study’ ‘Do Minimum’ model results.  

Figure 12 shows the head loss through Bascule Bridge for the original model and the revised 
version. It shows that the revised version has a greater head loss through the bridge 
contributing to a higher peak stage upstream of the bridge and a lower one downstream. 
This is expected as the revised model now models the bridge correctly as a structure and 
therefore produces a greater head loss, as the hydraulic loss of the bridge afflux is now 
simulated. The figure also shows how the revised model is more stable at this critical 
location, as the oscillations which were present in the original ISIS 2D model now eradicated 
in the revised Tuflow build for this study. Figure 13 shows the maximum stage profile for this 
event for both model versions from the coast (left side) all the way along Lake Lothing right 
up to Mutford Lock. Upstream of Bascule Bridge the water level is greater for the revised 
model in this study by circa 0.07m, and similarly the water level is reduced by approximately 
0.07m downstream of the bridge.  
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Figure 9 1000yr event comparison between the Original Lowestoft model (blue hatched) and the revised one 
(red) 
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Figure 10 Additional flooding for the 1000yr event in this study north of the Outer Harbour 

 

Figure 11 Additional flooding for the 1000yr event in this study along Kirkley Stream 
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Figure 12 Head loss through Bascule Bridge for the 1 in 1000yr event (original ISIS 2D model is red, revised 
Tuflow version is green) 

 

Figure 13 Head loss through Bascule Bridge for the 1 in 1000yr event from the coast to Mutford Lock (original 
ISIS 2D model is red, revised Tuflow version is green)  
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5.  Available Flood Water Storage Volumes in Lake Lothing 
 

Table 9 below shows the storage volume available within Lake Lothing for each event in which 
its capacity is not exceeded.  

For Scenario 1, the baseline ‘as-is’ situation, the capacity of the lake is exceeded for every 
event, with flooding occurring for even the lowest event – the 1 in 20yr present day scenario.  

For Scenario 2, there is a significant storage capacity available within Lake Lothing to 
accommodate pluvial and/or fluvial run off. Due to the effectiveness of having the tidal barrier 
and Mutford Lock remaining shut, this storage capacity is maintained right up until the largest 
event – the 1 in 1000yr plus climate change.  

For Scenario 3, the Lake Lothing storage threshold is only not exceeded for the three smallest 
events – 1 in 20yr, 1 in 100yr and 1 in 200yr present day scenarios – with the volume storage 
capacity deteriorating as each event increases in magnitude. For these three events, it can be 
seen that the storage capacity volume is significantly reduced when compared with the 
capacity provided by the Scenario 2 option, with the storage volume of the 1 in 200yr present 
day event being slightly less than 14 times that provided by its Scenario 2 counterparts.   

 

TABLE 9 LAKE LOTHING AVAILABLE VOLUME STORAGE   

Scenario 2 (all except 
T1000cc) 

Scenario 3 T20 Scenario 3 T100 Scenario 3 T200 

704046 169174 89049 50800 

*all figures in m3    

   

 

The methodology used for measuring the storage capacity of Lake Lothing was as follows: 

1) The 1 in 1000yr plus climate change results were analysed 
2) The point at which Lake Lothing reaches its threshold capacity was recorded (the 

threshold capacity was decided as the volume stored within the lake immediately 
before the onset of flooding) 

3) The threshold was found to be a water level of 2.14mAOD which occurs 30hrs into the 
1 in 1000yr plus climate change event 

4) A volume grid was created assuming that Lake Lothing is infilled up to this level of 
2.14mAOD – this was taken as the ‘full capacity’ storage volume 

5) A raster calculation within GIS software has been used to subtract the maximum water 
elevation results grid from this ‘full capacity’ one for any event where the onset of 
flooding has not occurred (where the onset of flooding has occurred then the storage 
capacity of Lake Lothing has been already exceeded and no further storage can be 
provided without further adding to flood risk) 

 

Figure 14 shows Lake Lothing for the 1 in 1000yr plus climate change event at 30hrs into the 
extreme tidal event. Here Lake Lothing has reached capacity just before the onset of flooding.  



Lowestoft Tidal Defences – Additional Modelling Studies 

40 
Doc Ref LTD/R04: Issue 2.0: October 2014 

Figure 15 shows the situation one hour later into the event (31hrs). Flooding has begun to the 
immediate south west of Bascule Bridge along Belvedere Road and also along the railway line 
at Leathes' Ham. 

Figure 16 shows the storage depth provided within Lake Lothing before it becomes completely 
infilled and the risk of flooding occurs. It shows how the far lower water level for the Scenario 
2 option provides a much greater freeboard in which the water levels can rise before causing 
flooding.  

Figure 17 depicts a stage/volume curve for Lake Lothing. It shows the approximate rate at 
which the volume stored within the lake increases with water level.  

 

Figure 14 Lake Lothing at full storage capacity (2.14mAOD) 
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Figure 15 Lake Lothing at onset of flooding 

 

 

 

 

Figure 16 Lake Lothing storage capacity represented by depth 
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Figure 17 Lake Lothing ‘Stage-Volume’ curve 
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6. Conclusions 
 
This study has produced the most complex and complete hydrodynamic hydraulic model to 
date for the Lowestoft area. The final model versions for each of the three scenarios 
undertaken in this study have been further developed and improved from the legacy models 
built in the preceding Lowestoft studies of the Lowestoft Estuary Inception Study (Halcrow, 
2012) and the Lowestoft tidal Flood Study (Halcrow, 2013). The improvements made are 
summarized below: 

 Conversion of a solely ISIS 2D model to a dynamic 1D/2D ISIS/Tuflow one 

 Linked the 2D component to a robust ISIS 1D model which has been vastly developed 
over a large timespan (circa 10yrs) to represent the entire fluvial and tidal system within 
Oulton Broads  

 Bascule Bridge now modelled as a structure 

 Insertion of a proposed tidal gate modelled as both closed and operational 

 The modelling of Mutford Lock as open and operational  

Incorporating each of these aspects into the original Lowestoft model has resulted in a much 
improved 1D/2D hydraulic model which now gives us a more holistic representation of the 
complex hydraulic system which exists between the Oulton Broads, Lake Lothing and the 
Lowestoft Harbour. Whereas previously the downstream boundary was merely a fixed Head-
Time one set equal to the peak water level reached at Mutford Lock for the 1 in 1000yr 
present day scenario, which was being overly conservative; now the model has a completely 
interactive link with the 1D BESL model which itself has the dynamic event of the tidal surge 
propagating through it from Great Yarmouth. This gives a significant advantage in predicting 
flood risk in that now how the flood system within the Oulton Broads during an extreme tidal 
event interacts with the flood system within Lake Lothing and Lowestoft during an extreme 
tidal surge can be seen. There is no longer the ambiguity of assigning a fixed Head-Time 
boundary at any location within the hydraulic model. Also, the recent hydrology updates 
undertaken for the ‘Lowestoft Estuary Inception Study’ which devised updated tidal boundary 
hydrographs for an extreme tidal surge at Lowestoft, also included revised tidal hydrographs 
for Great Yarmouth. These updated tidal boundary curves for Great Yarmouth were able to 
be incorporated into the 1D BESL model once it was linked up with the 2D Lowestoft 
element. These design tidal hydrographs were derived using the latest guidance at the time 
of the 2012 study - ‘DEFRA cot 2006 Climate change guidance’ and UKCIP 09 'Adapting to 
climate Change Guidance, August 2011', and so are still considered to be robust and the 
most advanced possible at the time of this study.  

From this study and its defined three scenarios, the following conclusions can be made: 

 Scenario 1 – this has been an improvement in model built on the previous Lowestoft 
model versions, and now provides more reliable and robust results. It has consisted of a 
schematisation which best represents the current ‘as is’ situation and for this reason was 
suitable for use as a baseline scenario against which the two option scenarios can be 
compared in order to gauge the effects, both positive and negative, of each option 
The projected flood risk to Lowestoft for this baseline data has increased upstream of 
Bascule Bridge, with peak water levels increasing by circa 0.07m, and water levels within 
Lake Lothing have reduced by an average of approximately 0.07m. 

 Scenario 2 – this option incorporates a tidal gate and proposed Outer Harbour flood 
defences set to a crest height equal to the 1 in 200yr plus climate change maximum 
water level. It is the most effective option, for which flood risk up until the largest 
modelled event, the 1 in 1000yr plus climate change, is almost negligible. The exception 
is the slight inundation of the area to the immediate south and south west of Bascule 
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Bridge for the 1 in 100yr and the 1 in 200yr plus climate change events, as a result of a 
gap between the proposed existing defence line just beyond the South Pier. The 
reduction in flood risk even for the 1 in 1000yr plus climate change event, which overtops 
the proposed defences and tidal gate, is so great that it reduces the catastrophic flooding 
to the south of Lake Lothing to only a small number of properties. It is for this reason that 
this option is recommended to be brought forward as the most effective at reducing flood 
risk to the urban area of Lowestoft. 

 Scenario 3 – This option incorporates an operation tidal gate which remains closed until 
after the peak of the tidal surge has passed. In addition to this, Mutford Lock is fully 
operational with the gates opening anytime water levels within Lake Lothing is less than 
those within the Oulton Broads at Mutford Lock. The objective of this scenario is to 
optimise the operation of both the tidal gate and the lock gates at Mutford Lock. This aim 
is to see whether flood risk within the Oulton Broads can be reduced by allowing excess 
flood volume (contributed to the tidal surge from great Yarmouth propagating through the 
Broads) to drain out into Lake Lothing once the tidal surge has passed at Lowestfoft. The 
findings from this scenario are that even if the tidal gate at Bascule Bridge opens after 
the main peak of the tidal surge has passed, the flood risk within Oulton Broads beyond 
Mutford Lock is not significant, with peak water levels reduced by circa 0.2m for the 1 in 
1000yr event. However, flood risk within Lowestoft for the 1 in 1000yr event is not 
increased when compared with Scenario 2. Therefore, having both Mutford Lock and the 
tidal gate operational is beneficial to maximum flood levels in the Oulton Broads without 
detrimentally effecting those within Lake Lothing. However, for the climate change 
scenarios, flood risk begins to increase as a result of the opening of the tidal gate once 
the main tidal surge wave has passed. This is due to the overall tidal peak being 
increased by 1.08m, which means that the tidal peak which follows the principal surge 
one, still achieves a significant height to enable flood waters to inundate overland areas. 
As a result of the increase to flood risk for the climate change events for Scenario 3 
when compared with Scenario 2, the following has been concluded: 

o For the present day scenarios the allowance for the operation of both the tidal 
gate at Bascule Bridge and the lock gates at Mutford Lock has a beneficial effect 
on flood risk within the Oulton Broads without detrimentally effecting it within 
Lowestoft. Therefore should the benefits of the reduction in flood levels within the 
Broads prove to outweigh the complexities, cost and associated degradation of 
the structures as a result of their operation, this option should be utilised 

o For future scenarios where sea levels could see a rise of greater than 1m, the 
additional flood risk as a result of opening the tidal gate once the tidal surge peak 
has surpassed renders this option less attractive, and the conditions for Scenario 
2 should be enforced  

 

Volume Storage 

Lake Lothing provides a method of transport for ships and cargo during normal tides, with the 
passageway provided when Bascule Bridge opens its bridge deck. However, in times of flood, 
whether pluvial, fluvial and/or tidal, it transforms itself into a critical flood storage reservoir. 
Provided that the volume storage capacity of this reservoir is not exceeded, it can contain 
massive quantities of water, thereby protecting the urban area of Lowestoft from large scale 
flooding. It does this by acting as a drain for both pluvial and fluvial floodwater which flows 
naturally into it from outlets and overland flow paths. It acts as a giant bath for any tidal surge 
which hits the coast by containing it for as long as its storage capacity is not exceeded. 
However, it is during times when its capacity is exceeded where the gravest flood risk presents 
itself to Lowestoft. Therefore it is imperative to maintain at least some storage capacity within 
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Lake Lothing during an extreme tidal event, to allow for the drainage of any possible pluvial 
and fluvial floodwater which may occur. 

For the baseline ‘Do Minimum’ scenario, the storage capacity of the lake is exceeded even for 
the smallest extreme event modelled – the 1 in 20yr present day scenario. However, for the 
option scenarios, this study has shown that both options provide sufficient flood reduction 
measures to maintain some storage capacity within the lake for the present day (scenarios 2 
and 3), and indeed future epoch extreme events (scenario 2). With the flood threshold of Lake 
Lothing not being exceeded, the flood risk to Lowestoft due to all forms of flood risk – tidal, 
fluvial and pluvial – is further mitigated due to the incorporation of each flood risk options 
assessed for this study.  
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7. Limitations 
 
For a study of this complexity, with large-scale detailed 1D and 2D hydraulic models, 
hydrology for extreme events and numerous critical hydraulic structures, there are always a 
number of limitations which influence the final results. The limitations within this study are 
listed below: 

 For Scenario 3, given the limited time and budget, there was the inability to 
undertake many combinations of the operation of both the tidal barrier and lock gates 
at Mutford Lock. Given that this is such a complex option in which the changing of 
any parameters could vastly effect flood risk, possibly further variants of the system 
outlined in this study should be undertaken in order to optimise flood risk mitigation  

 For this study, tidal boundary hydrographs have only been developed for a total of 
four extreme tidal surge events and their associated future epoch climate change 
scenarios. It could possibly be beneficial to undertake further analysis for an 
increased range of scenarios 

 The interaction of the tidal flood cell with the fluvial flood cell of Kirkley Stream has 
not been considered. It could be beneficial to incorporate Kirkley Stream into the 
hydraulic model to attain a more holistic viewpoint of the entire flood system affecting 
Lowestoft, which might yield a greater confidence in the model output 

 The Lake Lothing storage capacity calculations have been conducted assuming, as 
has been the case for the option modelling, that an initial water level of 0mAOD has 
been maintained within Lake Lothing for the inception of an extreme event. Given 
that the tidal water level within the estuary decides on the available storage capacity 
within Lake Lothing, and this storage capacity is a critical factor in determining how 
much pluvial and fluvial runoff can be stored, it is recommended that further detailed 
calculations are undertaken under a range of possible tidal levels. This would allow 
for a more informative correlation between a varying tidal water level maintained 
within Lake Lothing and the resultant storage capacity.   
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8. Glossary 
 
mAOD  metres Above Ordnance Datum 

EA  Environment Agency 

MHWS   Mean High Water Spring 

SLR  Sea Level Rise 

CC  Climate Change 

AEP  Annual Exceedance Probability 

RP  Return Period 

DTM  Digital Terrain Model 

FSA  Flood Storage Area 

HTBDY  Head-Time Boundary 

QTBDY  Flow-Time Boundary 

Defra  Department for Environment, Food and Rural Affairs 

UKCP09  UK Climate Projections  


