Lowestoft Modelling Validation Note- Hydraulic
Modelling
PREPARED BY:

Libby Bush

DATE:

June 22nd, 2018

PROJECT NUMBER:

676284

REVISION NO.:

1.0

CHECKED BY:

Silvia Garattini

APPROVED BY:

1.0

Introduction

CH2M (now JACOBS) have been commissioned by Balfour Beatty to develop an Outline Business Case
(OBC) on behalf of the Waveney District Council for the Lowestoft Flood Risk Management Project
(LFMRP). The proposed scheme includes construction of a tidal barrier at Bascule Bridge and walls on
both sides of the barrier tying into high-ground. As part of the OBC, a model was developed for the
existing scenario (Do-minimum) and for the proposed scheme. The hydraulic model and related results
have been used to derive tidal flood damages and benefits of the proposed scheme.
Alongside the OBC, CH2M (now JACOBS) is also preparing a planning application for the proposed walls.
A Flood Risk Assessment (FRA) is included in the aforementioned planning application. The FRA will use
both a do-minimum model, a model of the proposed scheme and a model with ‘walls only’ (without the
tidal barrier). Breach scenarios will also be considered as appropriate together with the combined effect
of wave overtopping and seepage.
This technical note describes the methodology/ tests undertaken to develop the appropriate Dominimum model for the FRA. The note also comments on the impact of any suggested changes of the
OBC economics.

2.0

Available Data and Quality Review

2.1

Available Models

Available models for the FRA exercise are listed below:
·

2014 Lowestoft Model – feasibility study: this is a 1D-2D model developed in ISIS- TUFLOW. The
2D model domain covers the urban area of Lowestoft, whilst the 1D element includes the whole
Broadlands system. The model was used to evaluate risk of flooding from tidal sources as part of
a high level feasibility study.

·

2016 Lowestoft Model- strategic outline case: the model was developed using the 2014 files as a
baseline. Key modifications include:
-

Use of 2015 LiDAR,

·

2.2

Tidal boundaries updated based on UKCP09 medium emission scenario (95 percentile) sea
level additions (for the change factor),

2017 Lowestoft Model- OBC: the model was developed using the 2016 files as a baseline. Key
modifications include:
-

improvements to Mutford Lock representation,

-

adoption of most recent extreme water levels for the East Coast (JBA, 2015),

-

sea bed level lowered from 0.0 mAOD to -1.5 mAOD at the entrance to the outer harbor,

-

2D grid resolution of 10 m was used for the urban area of Lowestoft,

-

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,

-

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,

-

Please consult the technical memorandum as part of the OBC; ‘Lowestoft tidal barrier and
flood walls’ (2017); Appendix J of the main FRA report, for a full description of the
modifications undertaken to the model files previously.

Quality Review

The 2017 OBC model constitutes the most up-to-date version of the Lowestoft model.
A quality review of the model files was undertaken and the following points are noted:
·

The model methodology used (1D-2D) is considered suitable for representing the Lowestoft
system.

·

Bed levels in Lake Lothing were modelled as -1.5mAOD (this being lowest astronomical tide level
at Lowestoft) instead of -6.2mAOD (level maintained by ABP). The reason behind this change is
unknown but assumed to be to increase model numerical stability.

·

No allowance was made for Kirkley Stream pumping station

Owing to the tidal nature of the events, it is believed that bed levels and pumped inflows should have a
negligible impact on the extreme water levels in Lake Lothing. However, as part of the current exercise,
sensitivity of modelled water levels and flood extents to these two parameters was evaluated.

3.0

Outline method

Model modifications were made prior to the FRA for the proposed flood walls and barrier following
receipt of new/ additional information. The changes made to the model (which was used for the OBC)
were:
-

Bed level changed from -1.5 mAOD to -6.2 mAOD,

-

Pump added at Kirkley Ham with a 1 in 10 year/ 10% AEP inflow applied to represent inflows
from Kirkley Stream,

-

Introduction of level changes around a dry dock in the north west of Lake Lothing.

The pumped inflow from Kirkley stream was extracted from the JBA 2017 Lowestoft FRMS study
“2017s6113 - Lowestoft FRMS - Options Appraisal Report (Draft Rev 1)”. It was assumed that peak flow

would coincide with peak tide adopting therefore a conservative approach. A 1 in 10 year event/ 10%
AEP was selected on the basis of low correlation between fluvial and tidal events on the East Coast
according to FD2308 (Defra, 2005). The location of the pump is shown in Figure 1.

Figure 1: Location of Kirkley pump inflow.

Level from Dry Dock were extracted from level plan survey taken by ABP (Associated British Ports)
(2014). See Figure 2 for location.

Figure 2: Z line added to the model to raise the elevation around a dry dock. This was done as survey data, provided
by ABP, had a higher level (mAOD) than the LiDAR was representing the dry dock to have.

The following runs were tested with the Kirkley Stream pump and dry dock levels with the original bed
level of -1.5 mAOD:
-

Do nothing/minimum for 1 in 20 year/ 5% AEP,

-

Option 5 with an SoP at 1 in 75 year/ 1.33% AEP in 2117 and a tidal event of 1 in 200 year/0.5%
AEP in 2117.

Following the amendments to the model summarised above; the following model runs were chosen for
comparison to the original model (detailed in the main model note).
-

Return periods: 1 in 20/ 75/ 200 year (5%/1.33%/0.5% AEP),

-

Climate change scenarios: Present day and 2117,

-

Options: Do nothing/ minimum, Option 5 with the SoP at 1 in 75 and 1 in 200 year (1.33% and
0.5% AEP).

The runs were chosen so that a range of both scenarios and flood events were covered to capture any
changes in results following the model amendments. In addition, the events were chosen on the basis of
the Partnership Funding (PF) risk bands.
The 1 in 10 year/ 10% AEP Kirkley Stream pump inflow-time series is shown below in Figure 3. For the
proposed works scenarios’ the Kirkley Stream pump inflows were added into the Lake Lothing reservoir
unit as a QT boundary.

Figure 3. Inflows for the 1 in 10 year/ 10% AEP Kirkley Stream pump taken from JBA (2017). Timing of onset has been
modified to match the peak of the tidal events in the model.

4.0

Model Results

4.1

Sensitivity to bed levels

Following the amendments described in section 3.0, the do nothing/ minimum model initially presented
numerical instability issues which prevented it from completing successfully the simulations. To increase
computational solving to allow the model to run; the time step was changed from 2.5 (s) to 1.25 (s) for
1D and 5 (s) to 2.5 (s) for 2D.
Following changes to the bed level and the time step being halved, the model showed instability with
unrealistic and large changes in water level over a short distance (see Figure 4-which did not have the
Kirkley pump inflows added at that point).
To obtain realistic results, a roughness patch was added in the area with the largest changes in water
level; the harbor. The location of the roughness patch is shown in Figure 5. This was set to have a
Manning’s n value of 0.3. This is a modelling expedient to slow water down and therefore increase
stability. It is therefore not physically realistic. The stage results, following the addition of the roughness
patch, were consistent and did not show unrealistic jumps in water level (see Figure 6).

Figure 4: The stage results (mAOD) (graduated to visually show different stages) for Do nothing/ Do minimum in a 1
in 10 year/ 10% AEP tidal event in 2018. The model amendments at this time were the bed level set to -6.2 mAOD
and a pump (of a fixed rate of 1.2 m3/s as it was before the inflow data for the 1 in 10 year/ 10% AEP was received).

Figure 5: Location or roughness patch used in the model to increase stability (green rectangle).

Figure 6: Stage results (mAOD) for the 1 in 10 year/ 10 AEP event and Do nothing/ minimum scenario and the model
with the modification of Lake Lothing bed level to -6.2 mAOD with the roughness patch added to the model. See
Figure 5 for location of roughness patch. Note: the pump was not in this run to reduce variables that the results were
due to. Therefore, the only amendment to this model was bed level and roughness patch to enable the stability
problems to be addressed.

4.2

Sensitivity to Kirkley Stream pumped inflows

The model was run for two events with the bed level at -1.5 mAOD. This therefore did not need the time
step to be halved for stability and the time step of 2.5 (s) for 1D and 5 (s) for 2D was retained from the
original model.
Do nothing/ minimum for a 1 in 20 year/ 5% AEP present day tidal event was similar with two areas
showing an increase in flood extent due to the pump.
The spatial extent of change is not large and localised to near the pump location. See Figure 7Error!
Reference source not found.. The brown colour is where both match. Purple is the model with the
pump and dry dock level added. Adjacent to Kirkley Ham itself; there is a larger flood extent but only 1
building extra is flooded and it is associated with the building which was already being flooded in this
return period (1 in 20 year/ 5% AEP) in the equivalent model without the pump. In addition, south east
of the Bascule Bridge there is again a slightly larger extent. This appears to result in the flooding of
approximately 2 extra properties.

Figure 7: Stage results (mAOD) for Do nothing/ minimum 1 in 20 year/ 5% AEP in the model with bed level at -1.5
mAOD and model with bed level at -1.5 mAOD, 1 in 10 year/ 10% AEP pump and dry dock levels.

The model was also run for option 5 with a SoP of 1 in 75 year/ 1.33% AEP in 2117 and a tidal event of 1
in 200 year/ 0.5% AEP in 2117. The flood extent output matched well with minimal difference in flood
extent. See Figure 8Error! Reference source not found..

Figure 8: Stage results (mAOD) for Option 5 with an SoP of 1 in 75 year/ 1.33% AEP in 2117 and a tidal event of 1 in
200 year/ 0.5% AEP in 2117 in the model with bed level at -1.5 mAOD and model with bed level at -1.5 mAOD, 1 in 10
year pump (10% AEP) (plus 25% climate change) and dry dock levels.

The addition of a pump and dry dock levels therefore does not change the results of the model to the
point of requiring the economics of the options to be re-done.
The Do nothing/ minimum 1 in 20 year/ 5% AEP results showed oscillations in the maximum stage
results near to the pump. This was in the order of 2 cm (see Figure 9) and therefore deemed acceptable/
within modeling tolerance considering that the flood extents correlated well (see above) to the OBC
model. The water colour gradient was manually picked and therefore the levels specified on the legend
do not represent the water level across the model.

Figure 9. Stage results(mAOD) for the Do nothing/ minimum 1 in 20 year/ 5% AEP event with the 1 in 10 year/ 10%
AEP pump, dry dock levels and bed level set at -1.5 mAOD.

4.3

Comparison with OBC results

Option results
A comparison between the OBC flood extents and flood extents derived using the newly developed model was
undertaken. Results were found to be largely similar, especially for the proposed option scenario the largest change
from the original in terms of flood extent in area being +0.03 km2. See

Table: 1 and

Table: 2.

Table: 1. Area difference between original model set at a bed level of -1.5 mAOD and the model modified as per
section 1 of this document for option 5 with an SoP of 1 in 75 year/ 1.33% AEP. A – sign indicates that the model with
the bed level set at -6.2 mAOD was smaller in flood extent. A + sign indicates that the modified model with bed level
at 6.2 mAOD was larger in flood extent.

Area
difference
(km2)

Option 5 SoP
1 in 75 year/
1.33% AEP
with a tidal
event of 1 in
20 year/ 5%
AEP present
day.
-0.001

Option 5 SoP
1 in 75 year/
1.33% AEP
with a tidal
event of 1 in
75 year/
1.33% AEP
present day.
-0.001

Option 5 SoP
1 in 75 year/
1.33% AEP
with a tidal
event of 1 in
200 year/
0.5% AEP
present day.
-0.002

Option 5 SoP
1 in 75 year/
1.33% AEP
with a tidal
event of 1 in
20 year/ 5%
AEP in 2117.
+0.001

Option 5 SoP
1 in 75 year/
1.33% AEP
with a tidal
event of 1 in
75 year/
1.33% AEP in
2117.
+0.002

Option 5 SoP
1 in 75 year/
1.33% AEP
with a tidal
event of 1 in
200 year/
0.5% AEP in
2117.
+0.031

Table: 2. Area difference between original model set at a bed level of -1.5 mAOD and the model modified as per
section 1 of this document for Option 5 with an SoP of 1 in 200 year/ 0.5% AEP. A – sign indicates that the model with
the bed level set at -6.2 mAOD was smaller in flood extent. A + sign indicates that the modified model with bed level
at 6.2 mAOD was larger in flood extent.

Area
difference
(km2)

Option 5 SoP
1 in 200
year/ 0.5%
AEP with a
tidal event of
1 in 20 year/
5% AEP
present day.

Option 5 SoP
1 in 200
year/ 0.5%
AEP with a
tidal event of
75 year/
1.33% AEP
present day.

-0.001

+0.001

Option 5 SoP
1 in 200
year/ 0.5%
AEP with a
tidal event of
1 in 200/
0.5% AEP
year present
day.
0

Option 5 SoP
1 in 200/
0.5% AEP
year with a
tidal event of
1 in 20/ 5%
AEP year in
2117.

Option 5 SoP
1 in 200
year/ 0.5%
AEP with a
tidal event of
1 in 75 year/
1.33% AEP in
2117.

Option 5 SoP
1 in 200
year/ 0.5%
AEP with a
tidal event of
1 in 200
year/ 0.5 %
AEP in 2117.

+0.006

+0.002

+0.002

Do minimum Results
The Do minimum change was larger than when compared to the OBC flood extents. The largest change
was -0.219 km2. Therefore, the bed level and patch in the do minimum was resulting in a smaller flood
extent. This was investigated further.
National Receptors Database (NRD) data was cleaned to remove upper floors. All Multi Coloured Manual
(MCM) codes were left in. This resulted in fewer properties (although this would include MCM codes not

counted in the economics) in the model with the lowered bed level and roughness patch. See Table: 3.
In addition, property depth thresholds were not taken into account and therefore the difference may be
smaller than reported in this note.

Table: 3. Property difference between model set at bed level -1.5 mAOD and model with modifications as listed in
section 1. All properties are less in the model with the bed level set to -6.2 mAOD.

Difference in
properties

Do nothing/
minimum
tidal event of
1 in 20 year/
5% AEP
present day.

Do nothing/
minimum
tidal event of
1 in 75 year/
1.33% AEP
present day.

Do nothing/
minimum
tidal event of
1 in 200
year/ 0.5%
AEP present
day.

Do nothing/
minimum
tidal event of
1 in 20 year/
5% AEP 2117.

Do nothing/
minimum
tidal event of
1 in 75 year/
1.33% AEP
2117.

Do nothing/
minimum
tidal event of
1 in 200
year/ 0.5%
AEP 2117.

-1

-113

-57

-34

-118

-330

The modified model with the bed level at -6.2 mAOD showed a decrease in properties flooding. This was
due to an increase in head loss through Bascule Bridge of approximately 10 cm (compared to the
equivalent -1.5 mAOD model run). This decreased level was leading to less flooding north of the
Lowestoft Railway Station and in the Kirkley Stream area.
Therefore, the model with the bed level lowered and the roughness patch (which was necessary to run
the model), was resulting in fewer properties being flooded in the do nothing/ minimum scenario. This is
can be attributed to the roughness patch slowing water down in the Harborside which is increasing head
loss through Bascule Bridge and thus lowering water level in the east Lake Lothing.
On the whole (as there were differences through Bascule Bridge as discussed above), the water levels
between the model at -1.5 mAOD and -6.2 mAOD were similar. A point to the east of Bascule Bridge;
approximately at 654767.9, 292708.7, was used to spot check water level results. The maximum
difference was 3 cm. This was deemed to be within modelling tolerance and also showed that a bed
level change of 4.7 m did not result in a large change of modelled water level output. See Table: 4.
Table: 4. Water level comparison between the model set at bed level of -1.5 mAOD and model with the
modifications in section 1. Water levels (mAOD) were taken at the approximate co-ordinates of 654767.9,
292708.7. Water levels were rounded to 2 decimal places. + indicates the model with -6.2 mAOD has higher water
levels. – indicates lower levels.

Scenario

Modified model (-6.2
mAOD) water level
(mAOD). Note this also
contained the Kirkley
pump inflow.

Original model (-1.5
mAOD bed level) water
level (mAOD).

Difference in water level
(m).

Do nothing/ minimum
present day 1 in 20 year/
5% AEP.

2.76

2.76

0.00

Do nothing/ minimum
present day 1 in 75 year/
1.33% AEP.

3.08

3.08

0.00

Do nothing/ minimum
present day 1 in 200
year/ 0.5% AEP.

3.31

3.32

-0.01

Do nothing/ minimum,
2117, 1 in 20 year/ 5%
AEP.

3.41

3.44

-0.03

Do nothing/ minimum,
2117, 1 in 75 year/ 1.33%
AEP..

3.70

3.72

-0.02

Do nothing/ minimum,
2117, 1 in 200 year/ 0.5%
AEP.

3.93

3.94

-0.01

Option 5 present day with
SoP of 1 in 200 year/
0.5% AEP, with a 1 in 20
year/ 5% AEP tidal event.

2.77

2.78

-0.01

Option 5 2117 with SoP
of 1 in 200 year/ 0.5%
AEP, with a 1 in 200 year/
0.5% AEP tidal event.

4.19

4.19

0.00

Option 5 2117 with SoP
of 1 in 75 year/ 1.33%
AEP, with a 1 in 200 year/
0.5% AEP tidal event.

3.91

3.90

+0.01

5.0

Conclusions

The amendments kept are as follows:
-

-

Pump added at Kirkley Ham with a 1 in 10 year/ 10% AEP inflow applied to represent inflows
from Kirkley Stream (for present day; an uplift for climate change runs of 25% will be applied),
Introduction of level changes around a dry dock in the north west of Lake Lothing.

It was found that the model would not run and required further modifications to get results that were
consistent for the bed level lowering. These modifications were halving the time step and including a
roughness patch that covered the entire harbor area. A smaller roughness patch was tested and this did
not produce realistic stage results.

The Option 5 scenario with the roughness patch added and bed level lowered produced realistic spatial
trends and matched the model with bed level at -1.5 mAOD in terms of which return period the walls
were overtopped in.
Do nothing/ minimum resulted in less properties as a result of the roughness patch; which was a
necessity to be able to run the bed level at -6.2 mAOD. This was due to the water being slowed in the
harbor which increased the head loss through Bascule Bridge by 10 cm (compared to an equivalent
model run with -1.5 mAOD). This resulted in a smaller flood extent especially around the Kirkley Stream
area and north of the rail way station. Both head loss values for the models with different bed levels
were not unfeasible. The head loss change of 30 cm, for the model with the bed level set at -1.5 mAOD,
through Bascule Bridge with a Do nothing/ minimum 1 in 200 year/ 0.5% AEP event in 2117, however,
seemed more realistic than 40 cm, which was the head loss of the model with the bed at -6.2 mAOD.
The property differences calculated may not reflect the values found in the economics as depth
thresholds and mcm codes were not taken into account for this investigation owing to the high-level
nature of this document.
The water levels spot checked increased confidence that changing the model bed level did not
significantly alter the water levels that were output from both models.
The model being set at -6.2 mAOD did not produce physically realistic results without the addition of a
roughness patch; which in itself is not physically realistic as it was a large area set to a mannings n
roughness of 0.3. Therefore, the reality trying to be achieved by setting the bed level to -6.2 mAOD was
negated through the need of a large roughness patch which slowed the water/ flood wave.
Furthermore, flood models are mathematical models and not physical models; there have to be
approximations for the model to run. TUFLOW uses shallow water equations. These equations do not
work over large depths. By reducing the bed level to -6.2 mAOD the model could not solve these
equations. This was seen in the TUFLOW instability error messages and the fact that the model required
a smaller time step to run. As the model is tidally dominated (which is set at a water level) and
underwater currents or advection is not being taken into account for this project; the bed level is more
an arbitrary number than a number that needs to reflect the actual bed level conditions. The water
levels on land are more important than the bed level and the model with the bed level set to -1.5 mAOD
produced more spatially realistic trends in water level.
Therefore, owing to the fact that the model with the bed level set at -1.5 mAOD correlated well with
2013 indicative flood data (see 2014 Lowestoft modeling note; Appendix K of the main FRA); it was
decided that this model should be taken forward for the FRA with the amendment of the 1 in 10 year/
10% AEP pump (with 25% uplift for any climate change runs).

