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Introduction
This note sets out the assumptions made in the hydraulic modelling used for the Lowestoft Outline
Business Case. The hydraulic modelling exercise aims to assess the impact of the proposed flood gates,
barrier and walls flood scheme to inform the economic and technical analysis of options in light of revised
coastal extreme water levels made available to the project by the Environment Agency. Three scenarios
were considered for the purpose of this exercise:
•

Do Nothing/ do-minimum: the model includes only the existing quaysides and sea walls / coastal
defences (Figure 1).

Figure 1 Location of the existing quaysides and sea walls.
•

Option 3 – The option includes building new floodwalls along Lake Lothing following the alignment
illustrated in Figure 2. Four sub-options were considered offering respectively a 1 in 20, 75, 200
and 500 year standard of protection. An adaptive approach was considered with two alignments
modelled up to 2070 and in 2117. Design levels for the walls (excluding any freeboard allowance)
is summarised in Table 1.
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Figure 2 Location of the flood walls for alignments in 2070 and 2117 for Option 3.

•

Option 5 – The option includes a tidal barrier at Bascule Bridge and walls along the outer Harbour
(see Figure 3). Three sub-options were considered offering a standard of protection of 1 in 75,
200 and 500 year respectively. An adaptive approach was considered with two alignments
modelled up to 2070 and in 2117.

Figure 3 Location of the flood walls for alignment in 2070 and 2117 for Option 5
Table 1 Flood walls and Bascule Barrier level

OPION 3

Alignment
2070

2117

Walls level [m AOD]

Walls level [m AOD]

SoP 0020

3.11

3.52

SoP 0075

3.48

3.89

SoP 0200

3.78

4.19

OPTION 5

SoP 0500

2

4.06

4.47

Walls level
[m AOD]

Barrier level
[m AOD]

Walls level
[m AOD]

Barrier level
[m AOD]

SoP 0075

3.48

3.89

3.89

3.89

SoP 0200

3.78

4.19

4.19

4.19

SoP 0500

4.06

4.47

4.47

4.47

LEGAL ENTITY (IF APPLICABLE)

[INSERT JETT ID]

LOWESTOFT TIDAL BARRIER AND FLOOD WALLS

Data Provided
The given model of Lowestoft harbor is 1D/2D model built in FloodModeller/ TUFLOW (Figure 4). The
model was built by CH2M in 2014 and was used to derive damages for the strategic outline case.

Figure 4 Extent of 1D and 2D domains

Data provided for this study include:
• 1D-2D model files and outputs for 3 scenarios: do minimum, do nothing and ‘option’ model
•

Accompanying modelling technical note (issued on 24/03/2016)

•

2014 hydraulic modelling report
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The 1D model domain covers the whole extent of the Broadlands system. The model is hydro-dynamically
linked at Mutford Lock to a 2D domain at Lowestoft. Model boundaries consist of tidal head-time
boundaries at Lowestoft and Great Yarmouth, and fluvial baseflows at numerous locations within the
Broads.
The paragraphs below describe improvements made to the baseline model and modifications required to
represent the options considered by the business case.

Methodology
Baseline Model
The baseline model provided was considered satisfactory to develop the required outputs for the
outline business case. However, the following improvements were made to make sure the model was
robust/ compliant with latest guidance:
•

•
•
•
•

The present day tidal boundaries were extracted from the draft version of the draft
Environment Agency JBA Coastal Hydraulic Model (JBA - on going – Products 6&7). Phasing in
time between tidal events at Great Yarmouth and Lowestoft was assumed to be 1 hour. Sea
level rise uplifts for the tidal boundaries at Great Yarmouth and Lowestoft were updated based
on UKCP09 medium emission scenario (95 percentile) consistently with appraisal guidance
recommendations. Please see accompanying technical note for further details.
The sea bed level was lowered from 0.0 m AOD to -1.5 m AOD at the entrance to the outer
harbour to match Lower Astronomical Tide at Lowestoft.
A 2D grid resolution of 10 m was used for the urban area of Lowestoft; this allows a reasonable
level of detail whilst keeping run times practical.
On the west end of the 2D domain, near Oulton Broad, a HQ boundary was applied to ensure no
“glasswalling” within the area of interest.
In all scenarios, Mutford Lock was modeled as a flapped orifice unit and was assumed to be
closed during tidal conditions in Lowestoft. The lock was assumed to open only when gravity
discharge is possible between Oulton Broad and Lake Lothing (Figure 5).

Figure 5 Schematization of the Mutford Lock in the model

•

4

Wall on Saltwater Way A1117 – from inspection of Google Street View near Mutford Lock, a
brick wall was located located on the north side of the A1117 road (Figure 6 and 7). This
structure was not included in the model, because there are permeable structures on both ends
of the wall which would allow for leaking during a tidal event (Figure 8 and 9).
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Figure 6 Wall on Saltwater Way © Google 2017

Figure 7 Brick wall on Saltwater Way © Google 2017

Figure 8 Wooden gate on the end of the brick wall © Google 2017
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Figure 9 Barrier on the other end of the brick wall © Google 2017

Please note that for the purpose of deriving flood damages, the baseline model outputs were used for
both the do-nothing and do-minimum scenario as there are no formal or adopted informal tidal flood
defences reducing tidal flood risk to Lowestoft.
Option 3
To test the impact of the proposed flood wall alignments on the current flood risk, the following
amendments were made to the 2D domain of the baseline model:
• Flood defences location and height were applied as ‘2d z-lines’ using the levels summarized in
Table 1 and the alignments reported in Figure 2.
No other modifications were made to the baseline model.
Option 5
A separate model was created for option 5 with Bascule Barrier and Lake Lothing modeled in 1D using
FloodModeller (Figure 10). The approach used ensured that the operating rules could be explicitly
included in the model.
Lake Lothing was modelled as a reservoir unit. The level-volume curve for the reservoir was generated
based on the shape of Lake Lothing and 0.5 m resolution LiDAR data. The lowest point in the curve was
set manually to start from -1.5 m AOD to match with the adjusted Lake Lothing bed level in 2D used for
the other scenarios.
Bascule Barrier was modeled as a vertical sluice with logical operating rules and an orifice which works as
an opening below the barrier. The designed sluice is 5 m high and 28 m width. Logical rules were applied
to close the barrier when water level in Lake Lothing is higher than water level in the harbour. To ensure
that water does not go over the barrier in 1D (causing numerical instabilities), the barrier height was set
to 10 m in the sluice unit. However, in 2D the height of sluice was set to be equal to the peak of tide for
different SoP for 2117 epoch (see Table 1). This allows the water to overtop the sluice in 2D if the tide
water level will be higher than the height of the sluice.
The maximum size of the opening below the barrier was optimized to keep the max water level in Lake
Lothing below 2.8 mAOD (onset of flooding for residential properties around the perimeter of Lake
Lothing) in the 1 in 200 year event, in 2117. Three openings were considered: 0.20m, 0.15m, and 0.10m.
The 0.10m opening was the only one meeting the set criteria (see Figure 11).
In this option, flood defences were applied as ‘2d z-lines’ using the levels summarized in Table 1 and the
alignments reported in Figure 3 to represent three different standards of protection.
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Figure 10 Mutford Lock, Lake Lothing and Bascule Barrier schematization in Option 5.

Figure 11 Water level hydrograph at Lake Lothing for three openings, 1 in 200 year event, 2117.

Model runs
For the model scenarios as detailed above the following mode simulations have been undertaken:
• Six climate change epochs (Present day-2018 (only do-minimum/ do-nothing scenario), 2020,
2040, 2070, 2070/2117 (do minimum/ do nothing and Option scenarios) and 2117, note that
only the tidal boundaries are changed at the downstream ends within a scenario);
• 2-year, 10-year, 20-year, 75-year, 100-year, 200-year, 500-year and 1000-year events were run
for each of the scenarios.
A total of 320 simulations have been run as part of this study.
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Results
Analysis of model results show that, For Do Nothing and Option 3 scenarios, the area near Saltwater
Way A1117 starts flooding for 1 in 2 year event when the water level exceeds 1.96 mAOD. For Option 5
water flows across the road from 1 in 200 year event.
In the Do Nothing scenario, flooding around Lake Lothing commences from the 1 in 10 year event, when
water level exceeds 2.40 mAOD. Flooding occurs at localised low spots in the existing quaysides and sea
walls, generally corresponding to slipways. Onset of flooding for most of residential properties in the
vicinity of the quayside is between 2.8mAOD and 2.96mAOD.
When water level is higher than 2.60 mAOD, minor flooding occurs near the outer harbour, at road A12
(from the 1 in 10 year). The flooded area considerably increases from the 1 in 75 year event.
For option 3 (standard of protection of 1 in 20 year) minor flooding near Mutford Lock starts from the 1
in 20 year event (affecting only (boat slips and car parks). Flooding considerably increases for the 1 in 75
year event. The outer harbour starts flooding from the 1 in 100 year event. In 2117, onset of flooding for
the outer harbour changes to 1 in 75 year.
For Option 3 (standard of protection of 1 in 75 year), the 1 in 200 year event causes flooding of
properties near Mutford Lock, whilst in the in outer harbour water overtops the walls in the 1 in 500
year event. Flood outlines/ mechanism is similar for Option 3, standard of protection of 1 in 200 year.
Maximum water level in Lake Lothing for Option 5 is below 2.5mAOD (bank level) up to 1 in 500 year
event, 2070 epoch and up to the 1 in 100 year event for 2117 epoch. Maximum water level in Lake
Lothing is 2.87m AOD for 1 in 1000 year event for 2117 epoch.
Standard of protection 75 year secures properties near Outer harbour up to 1 in 500 year event in 2020,
and up to 1 in 100 year for 2117 epoch. For standard of protection 200 years epoch 2020 and
2070/2177, for options 5, flooding in the outer harbour occurs for events with a severity between 1 in
500 and 1 in 1000 year. The walls and barrier with the highest standard of protection (1 in 500 year) will
overtop in the 1 in 1000 year event level predicted in 2070 and in the 1 in 500 year event for 2117.
Maximum water levels in the outer harbour for the baseline scenario are lower than correspondent
water levels for all the other option scenarios. Differences are limited (below 0.06 m for the 1 in 100
year event) as shown in Table 2, 3 and 4. Maximum water levels in Lake Lothing are considerably lower
in Option 5 (1.3 m than for Option 3 and baseline for the 1 in 100 year event). This is due to the
presence of the barrier at Bascule Bridge. Water levels in Lake Lothing are very similar for option 5 and
the baseline, as expected.
For Option 5, Lake Lothing does not cause flooding in surrounding area as expected due to the presence
of the barrier (Figure 13, 14 and 15). However, for 1 in 1000 year event, tide water level exceeds flood
walls in the Outer Harbour and floods the surrounding area (Figure 16, 17 and 18).
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Figure 12 Location of the check points
Table 2 Maximum modelled water levels in the outer harbour and Lake Lothing – 1 in 100 year event – 2020
Max water level (mAOD)
Outer Harbour
4
5
6
7
3.200
3.20
3.20
3.20
3.21
3.21
3.21
3.21
3.23
3.23
3.23
3.23

100yr - 2020
Location Point
Do Nothing
Option 3
Option 5

Tide
3.23
3.23
3.23

1
3.20
3.21
3.23

2
3.200
3.21
3.23

3
3.20
3.21
3.23

8
3.20
3.21
3.23

9
3.20
3.21
3.23

Lake Lothing
10
11
3.12
3.12
3.18
3.18
1.86

Table 3 Maximum modelled water levels in the outer harbour and Lake Lothing – 1 in 200 year event – 2020
Max water level (mAOD)
Outer Harbour

200yr - 2020
Location
Point
Do
Nothing
Option 3
Option 5

Lake Lothing

Tide

1

2

3

4

5

6

7

8

9

10

11

3.44

3.38

3.38

3.38

3.38

3.39

3.40

3.39

3.38

3.39

3.31

3.32

3.44
3.44

3.40
3.44

3.40
3.44

3.40
3.44

3.40
3.44

3.40
3.44

3.41
3.44

3.40
3.44

3.40
3.44

3.40
3.44

3.34
3.35
1.98

Table 4 Maximum modelled water levels in the outer harbour and Lake Lothing – 1 in 1000 year event – 2020
Max water level (mAOD)

1000yr - 2020
Location
Point
Do Nothing

Outer Harbour

Tide

1

2

3

4

5

6

7

8

9

10

11

3.95

3.91
3.93

3.91
3.93

3.91
3.93

3.91
3.93

3.92
3.94

3.91
3.93

3.91
3.93

3.91
3.93

3.63
3.58

3.63
3.60

3.94

3.94

3.94

3.94

3.95

3.94

3.94

3.94

Option 3

3.95

3.91
3.93

Option 5

3.95

3.94
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Figure 13 Long profile for 1 in 100 year event in 2020 epoch (for Option 3 and 5 results are for Standard of Protection
200 year)

Figure 14 Long profile for 1 in 200 year event in 2020 epoch (for Option 3 and 5 results are for Standard of Protection
200 year)
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Figure 15 Long profile for 1 in 1000 year event in 2020 epoch (for Option 3 and 5 results are for Standard of
Protection 200 year)

Figure 16 Maximum flood extents – 1 in 100 year event- epoch 2020
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Figure 17 Maximum flood extents – 1 in 200 year event- epoch 2020

Figure 18 Maximum flood extents – 1 in 1000 year event- epoch 2020

Water levels in the harbour for 1 in 1000 year event are very similar for all the scenarios considered3.91 m AOD (baseline), 3.93 m AOD (Option 3) and 3.95 m AOD (Option 5) (Figure 18 and 19). At
Hamilton Road, the flood extent for option 5 is bigger than the flood extent for the baseline (do nothing), which would appear incorrect. Further analysis of the results shows that differences in
maximum water level between Do Nothing and Option 5 is 0.04 m (i.e. well within model tolerance).
12
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Also, given the model computational grid size (10m), representation of flooding mechanism in urban
areas may not be fully accurate. Increase in grid resolution (5m), may assist in this respect.

Figure 19 Maximum flood extent – 1 in 1000 year event – epoch 2020 – Hamilton Road
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Conclusions
This study was performed to assess the impact of the proposed flood gates, barrier and walls flood scheme
to inform the economic and technical analysis of options in light of revised coastal extreme water levels
made available to the project by the Environment Agency. Three scenarios were considered for the
purpose of this exercise: Do Nothing (do- minimum), Option 3 (new location and height of flood walls in
the outer and inner harbour) and Option 5 (new location and height of flood walls in the outer harbour
and tide barrier in front of the Bascule Bridge).
The flood walls proposed in Option 3 protect the area near Bascule Bridge (Tom Crisp Way and Waveney
Drive), but area closer to Mutford Lock still suffers from flooding. Tidal barrier (and new flood walls)
modelled in the Option 5 considerably decreased maximum water level in Lake Lothing.
Overall, the model is performing well and proves that proposed schemes are reducing flood risk in area
surrounding Lake Lothing. The model is considered suitable to conduct the economic analysis and assess
technical aspects of the options (which have not been explored as part of this note).
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Appendix A
Naming convention
Logical file naming conventions were used for data management, clarity and consistency. The ISISTUFLOW models are labelled using following system: Study area_Model Scenario_Standard of
Protection (if applicable) _Return Period_Epoch_Version number.
Example: LS_OP5_BB_0200_T0005_2020_15
The naming convention above consists of the letters, as follows:
• LS – Lowestoft;
• OP5 _BB – Option 5 Bascule Barrier;
• 0200 – Standard of Protection 200 years;
• T0005 – 1 in 5 year event;
• 2020 – Epoch 2020;
• 15 – Version number.

Quality check
To check quality and performance of the model the following actions were conducted:
• Maximum water depth rasters were subtracted between probabilities and epochs to check if the
water depth increases with probability and epoch.
•

Maximum water level in check points were plotted on the graphs to ensure that the water level
increases with increase of probability and epoch.

Model passed the quality check.
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