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Introduction

This technical note focuses on the hydrological analysis and hydraulic modelling approach
undertaken for the Stage 2 SFCA assessment for the Abermule model. The Abermule model
was developed to enable hazard rating output in addition to depth grid output for a number of
design return period events for the 234 Candidate Site (CS) reference number. The extent of
the study area and the location of the CS are shown in Figure 1. A brief description of the
hydrological analysis and hydraulic modelling is provided in the sections below.

Figure 1 Extent of model study area

2

Hydrological analysis

2.1

Introduction

A hydrological analysis was undertaken in order to determine fluvial inflows to the hydraulic
model. The adopted approach is based on the latest Environment Agency Flood Estimation
Guidance and the guidelines and methodologies included in the Flood Estimation Handbook
(FEH).
2.2

Methodology

The methodology consists of distributed rainfall-runoff inflows that will be applied in the
hydraulic model to generate flood hydrographs.
Depending on the complexity of the catchment and the study area, the catchment can be
divided into several sub-catchments, based upon model boundaries and key tributary inflows.
As the catchment is predominantly rural, ReFH analysis has been undertaken to generate the
inflow hydrographs for each sub-catchment. Time to peak and storm duration are also
determined using ReFH formula. For distributed catchments (with multiple inputs), the storm
duration is based on the dominant upstream inflow.
2.3

Detailed approach

Based on the extent of main modelled watercourses, and considering that the contributing
catchment downstream of the site is considerably smaller compared to the upstream
catchment (approximately 68 time smaller), the Abermule catchment was assessed as one
single catchment as shown in Figure 2 and detailed below:
•

The Mule upstream catchment is represented as point inflow. As a simplification, the
interim area draining to The Mule, between the site of interest and the confluence
with River Severn, is also contributing to the upper inflow.

Catchment descriptors for the catchment were estimated from the FEH CD-Rom v3 using the
area-weighting method where necessary. Key catchment properties are summarised in Table
1 whilst the 20y, 100y, 1000y and 100y+climate change event peak flows are detailed in
Table 2.
Table 1 Important catchment descriptors for each sub catchment with any changes applied
Subcatchment
River Mule

AREA

PROP WET

49.01

0.49

BFIHOST
0.456

DPLBAR
(km)

DPSBAR
(m/km)

11.32

144.2

SAAR
(mm)
917

SPRHOST
37.6

URBEXT
1990
0.0018

Table 2 Peak flow values of each sub catchment
Subcatchment

CS
number

River Mule

234

Sub-catchment
NGR

315950, 294750

20y Peak
Flow (m3/s)

100y Peak
Flow (m3/s)

1000y Peak
Flow (m3/s)

31.37

42.67

71.25

100ycc
Peak Flow
(m3/s)
51.20

Contains Ordnance Survey Data © Crown Copyright and database right 2012

River Mule catchment

Figure 2 Final sub-catchment schematisation (purple outline refers to sub-catchment
boundaries)
The storm duration adopted for the catchment is 6.9 hours with a time to peak of 3.6 hours.
No further hydrological adjustments, such as reconciliation of the hydrographs, was
undertaken.

3

Hydraulic modelling

3.1

Introduction

A TUFLOW model was developed to represent the lower reach of the Mule River watercourse
in the study area. The model extends from SO 3165 2938 to SO 3159 2947with the total
modelled watercourse being 1.71 km in length (please see Figure 1). The model has been
developed from a combination of structure survey data (2012), LiDAR data (2006), aerial
photos from Google Earth, OS Mastermap data and hydrological inputs.
3.2

Survey

Bridge and culvert dimensions were gathered during July and August 2012 for 2 structures
within the study area. The data was gathered using GPS and levelling survey techniques. The

survey was used to gather the elevations of structure soffit, deck and invert levels and the
width of the structure openings. Appendix B provides details of the survey data gathered.
3.3

Model Build

The Abermule model was entirely represented using a 2D schematization. A check of the
LiDAR DTM was carried out to ensure that the bed levels of the watercourses were well
represented in the DTM. Where necessary, z lines were used to set the channel bed levels
(i.e. where features along the watercourse, such as in-bank structures, were not removed
during the LiDAR filtering process).
Along the modelled reach of the watercourse, there are 2 structures which have been
included in the model as described in Table 3 and as shown in Figure 1. These structures
have been included in the model using the ESTRY tools within TUFLOW. Z lines were used
to set the road levels over the structures based on the survey data. Ground levels from the
DTM were used where survey data was not available. There are no flood defences within the
study area and therefore no analysis of defence failure or overtopping has been carried out.

Table 3 Structure included in the model
Modelled
structure type

Number

Survey data
available

Modelling approach

Bridge

2

Yes

Modelled as rectangular opening with ESTRY

Flood defences

None

The extent of the 2D model domain is shown in Figure 1. The grid resolution used for the 2D
model is 2m which allows for accurate representation of both the river channel and the
floodplain elements of the model.
The Manning’s n coefficient is used to represent the channel and floodplain roughness. The
Manning's n values for the channel and floodplain are based on the land-use polygons within
the OS Mastermap data. Typical floodplain Manning's values adopted are as follows:
•

Water bodies, 0.03;

•

Buildings, 0.50;

•

Green spaces, 0.04; and

•

Road tracks and paths, 0.02.

The upstream inflow and downstream boundaries are located in the model as shown in Figure
1. Details of the hydrological analysis used to determine model inflows are discussed in
Section 2.
The type of downstream boundary adopted is based on a review of ground topography and
the distance from the CS to the downstream boundary location. Given the relatively steep
slope of the ground from the site to the downstream boundary location on the River Severn,
the downstream boundary water level is likely to have a negligible influence on the water
levels at the site. A low constant water level has been adopted as the downstream boundary
condition, with the water levels based on the topography of the DTM at the location of the
downstream boundary. A sensitivity analysis to the downstream boundary has been
undertaken to check the sensitivity of the modelled water levels at the site to the levels in the
River Severn.

Model runs have been undertaken for the following scenarios:
•

Design model fluvial runs for the 1 in 20, 100, 100 plus climate change and 1000 year
return period events;

•

Blockage sensitivity run for the 100 year return period event assuming a 75%
blockage at the railway crossing bridge (SO 3162 2946); and

•

Downstream boundary sensitivity run has been undertaken for the 100 year return
period event with a 1m increase in water levels above the bank top level at the
confluence of the River Mule and the River Severn.

3.4

Model results

Flood extents together with hazard and depth grids have been prepared for the design event
and sensitivity model runs. Details of the analysis of the results from these model runs are
presented in Chapter 5 of the report with the digital deliverables (hydraulic model and
hydraulic model results) available in Appendix C.
The results of the sensitivity analysis to the culvert blockage assessment indicate that with a
75% blockage applied at the Railway crossing bridge culvert there is only a marginal increase
(~0.15m) in the water level within the channel upstream of the modelled structures.
Consequently, levels at site 234 increase by around 0.1m, however the flood extent in this
area does not change significantly.
Regarding the downstream boundary condition, the sensitivity run results show that the
change to the downstream boundary water levels only impacts on water levels for 80 m
upstream of the confluence between the River Mule and River Severn. Therefore, the levels
and extent of flooding at the site is not sensitive to changes in the downstream boundary.

4

Assumptions & Limitations

The key limitations of the model and data used to generate the model are as follows:
•

The lack of calibration data against which the model performance can been tested
against;

•

Accuracy of the dimensions and elevations of the river channels is limited to the
accuracy of the DTM;

•

No gauging stations or recorded flows/levels were used in this study, which means no
flood frequency analysis was undertaken

In the absence of a good and reliable calibration data, sensitivity analysis should be used to
set the perspective in terms of how models results should be interpreted.
The model is deemed fit for the intended purpose (a Level 2 SFCA), however it should be
used with caution of any other uses, and a suitability review is recommended at the start of
any subsequent project.
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Introduction

This technical note focuses on the hydrological analysis and hydraulic modelling approach
undertaken for the Stage 2 SFCA assessment for the Castle Caereinion model. The Castle
Caereinion model was developed to enable surface water flood mapping for a number of
design return period events for the 1081 Candidate Site (CS) reference numbers. The extent
of the study area and the location of the CS are shown in Figure 1. A brief description of the
hydrological analysis and hydraulic modelling is provided in the sections below.

Figure 1 Extent of model study area

2

Hydrological analysis

2.1

Introduction

Whenever a site of interest was estimated as being too far from any fluvial source to be
potentially involved in a flood event coming that source, or if the contributing catchment’s size
seemed to be too small to generate consequent fluvial flooding at the site, the assessment of
a pluvial event was then considered, knowing that the site of interest is close to an urban area
and can be flooded from surface runoff.
A hydrological analysis was undertaken in order to determine pluvial inflows to the hydraulic
model. The adopted approach is based on the latest Environment Agency Flood Estimation
Guidance and the guidelines and methodologies included in the Flood Estimation Handbook
(FEH).
2.2

Methodology

The methodology consists of applying the calculated net rainfall directly in the 2D hydraulic
model domain. In order to calculate the rainfall hyetographs, rainfall-runoff boundary units
from ISIS are used.
As the catchment is predominantly rural, ReFH analysis has been undertaken to generate the
hyetographs necessary for the rainfall inputs to the model. Time to peak and storm duration
are also determined using ReFH formula.
2.3

Detailed approach

In terms of catchment delineation, the contributing catchment needs to be kept as lumped,
with a storm area defined by the catchment size when the contributing catchment is relatively
small. In such a case, the hydraulic model boundaries have been set up to be reasonably
close to the storm/catchment area too.
Here, the contributing catchment at the site of interest is very small and was therefore used to
define the storm area. Model boundaries were kept fairly close to the catchment boundaries.
Catchment descriptors were directly extracted from the FEH CD-Rom v3. Key catchment
properties are summarised in Table 1
Table 1 Important catchment descriptors for each sub catchment with any changes applied
Subcacthment
Castle
Caereinion

AREA

0.87

PROP WET
0.49

BFIHOST
0.397

DPLBAR
(km)

DPSBAR
(m/km)

1.00

103.4

SAAR
(mm)
908

SPRHOST
38.45

URBEXT
1990
0.0058

Contains Ordnance Survey Data © Crown Copyright and database right 2012

Figure 2 Final catchment schematisation (purple outline refers to catchment boundaries)
The storm duration adopted for every sub-catchment is 2.7 hours with a time to peak of 1.3
hours. No further hydrological adjustments, such as reconciliation of the hydrographs, was
undertaken.

3

Hydraulic modelling

3.1

Introduction

An ISIS 2D pluvial model was developed to assess the flooding in the study area where the
Candidate Sites are located. The model extends from SJ 3150 3046 to SJ 3169 3056
covering an area large enough to evaluate the effects of surface water flooding (please see
Figure 1). The model has been developed from a combination of SAR data (data), aerial
photos from Google Earth, OS Mastermap data and hydrological inputs.
3.2

Survey

Through an initial assessment of the study area, and considering the type of model to be
implemented, no relevant structures are located with in the model domain. Therefore, the
model was built using the DTM obtained from SAR as the primary source of topographic data.
3.3

Model Build

The Castle Caereinion model was entirely represented using a 2D schematization. A check of
the SAR DTM was carried out to ensure that the topography of the model domain was
properly represented in the DTM (flow paths, embankments, roads, depressions…).
The extent of the 2D model domain is shown in Figure 1. The grid resolution used for the 2D
model is 5m, which, considering the rural nature of the zone, allows for accurate
representation of the model domain.

The Manning’s n coefficient is used to represent the terrain roughness. The Manning's n
values for the study area are based on the land-use polygons within the OS Mastermap data.
Typical floodplain Manning's values adopted are as follows:
•

Water bodies, 0.03;

•

Buildings, 0.50;

•

Green spaces, 0.04; and

•

Road tracks and paths, 0.02.

The net rainfall obtained from the FEH methodology has been applied uniformly over the
entire hydraulic model domain. Considering that the hydraulic model domain does not
represent the entire catchment, a boundary condition has been implemented as a
downstream boundary in order to avoid accumulation of water volume in the edges of the
model domain. Details of the hydrological analysis used to determine model inflows are
discussed in Section 2. A low constant water level has been adopted as the boundary
condition to ensure the abstraction of any volume reaching the model edge, with the water
levels based on the topography of the DTM at the location of the boundary.
Model runs have been undertaken for the following scenarios:
•

3.4

Design model pluvial runs for the 1 in 20, 100, 100 plus climate change and 1000 year
return period events;.
Model results

Flood extents and depth grids have been prepared for the design event. Details of the
analysis of the results from these model runs are presented in Chapter 5 of the report with the
digital deliverables (hydraulic model and hydraulic model results) available in Appendix C.

4

Assumptions & Limitations

The key limitations of the model and data used to generate the model are as follows:
•

the lack of calibration data against which the model performance can been tested
against;

•

Accuracy of the topographic features in the domain is limited to the accuracy of the
DTM;

The model is deemed fit for the intended purpose (a Level 2 SFCA), however it should be
used with caution of any other uses, and a suitability review is recommended at the start
of any subsequent project.
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Introduction

This technical note focuses on the hydrological analysis and hydraulic modelling approach
undertaken for the Stage 2 SFCA assessment for the Four Crosses hydraulic model. This
model was developed to enable hazard rating output in addition to depth grid output for a
number of design return period events for the Candidate Site (CS) reference number 1073.
The extent of the study area and the location of the CS are shown in Figure 1. A brief
description of the hydrological analysis and hydraulic modelling is provided in the sections
below.

Figure 1 Extent of model study area

2

Hydrological analysis

2.1

Introduction

A hydrological analysis was undertaken in order to determine fluvial inflows to the hydraulic
model. The adopted approach is based on the latest Environment Agency Flood Estimation
Guidance and the guidelines and methodologies included in the Flood Estimation Handbook
(FEH).
2.2

Methodology

The methodology consists of distributed rainfall-runoff inflows that will be applied in the
hydraulic model to generate flood hydrographs.
Depending on the complexity of the catchment and the study area, the catchment can be
divided into several sub-catchments, based upon model boundaries and key tributary inflows.
As the catchment is predominantly rural, ReFH analysis has been undertaken to generate the
inflow hydrographs for each sub-catchment. Time to peak and storm duration are also
determined using ReFH formula. For distributed catchments (with multiple inputs), the storm
duration is based on the dominant upstream inflow.
2.3

Detailed approach

Based on the extents of main modelled watercourses, the Four Crosses catchment was
divided into 2 sub-catchments as shown in Figure 2 and detailed below:
•

Sarn-wen Brook upstream catchment represented as point inflow;

•

Sarn-wen Brook’s tributaries represented as point inflows (on both the right and left
banks). As no centrelines exist in the FEH data for these tributaries, it has not been
possible to generate individual sub-catchment data for each of these tributaries.
Therefore, they have been lumped as one sub-catchment, referred to as lateral
tributaries. The flows from this lumped sub-catchment have been distributed laterally
into 4 point inflows using weighting factors estimated with the help of DTM and
background mapping.

Catchment descriptors for each sub-catchment were estimated from the FEH CD-Rom v3
using the area-weighting method, and key sub-catchment properties are summarised in Table
1 whilst the 20y, 100y, 1000y and 100y+climate change event peak flows are detailed in
Table 2.
Table 1 Important catchment descriptors for each sub catchment with any changes applied
Subcatchment

Sarn-wen

AREA

PROP WET

BFIHOST

DPLBAR
(km)

DPSBAR
(m/km)

SAAR
(mm)

SPRHOST

URBEXT
1990

0.74

0.49

0.45

0.89

21.3

723

38.12

0.0034

1.27

0.49

0.448

1.14

8.95

717

39.32

0.013

Brook
Lateral
tributaries

Table 2 Peak flow values of each sub catchment
Subcatchment

Sarn-wen

CS
number

Sub-catchment
NGR

20y Peak
Flow (m3/s)

100y Peak
Flow (m3/s)

1000y Peak
Flow (m3/s)

100ycc
Peak Flow
(m3/s)

1073

327150, 318050

0.70

0.97

1.67

1.17

1073

328300, 318450

1.20

1.67

2.66

2.01

Brook
Lateral
tributaries
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Lateral
tributaries
Sarn-wen Brook

Figure 2 Final sub-catchment schematisation (purple outline refers to sub-catchment
boundaries)
The storm duration adopted for every sub-catchment is 2.3 hours with a time to peak of 1.3
hours. No further hydrological adjustments, such as reconciliation of the hydrographs, was
undertaken.

3

Hydraulic modelling

3.1

Introduction

A TUFLOW model was developed to represent the small watercourses near the confluence
with the Sarn-Wen Brook at Four Crosses. The model extends from SJ 3272 3180 to SJ 3282
3186 with the total modelled watercourse being 2.2km in length including its tributaries
(please see Figure 1). The model has been developed from a combination of structure survey
data (2012), LiDAR data (2007), aerial photos from Google Earth, OS Mastermap data and
hydrological inputs.

Bridge and culvert dimensions were gathered during July and August 2012 for 2 structures
within the study area. The data was gathered using GPS and levelling survey techniques. The
survey was used to gather the elevations of structure soffit, deck and invert levels and the
width of the structure openings. Appendix B provides details of the survey data gathered.
3.2

Model Build

The Four Crosses model was entirely represented using a 2D schematization. A check of the
LiDAR DTM was carried out to ensure that the bed levels of the watercourses were well
represented in the DTM. Where necessary, z lines were used to set the channel bed levels
(i.e. where features along the watercourse, such as in-bank structures, were not removed
during the LiDAR filtering process).
Along the modelled reach of the watercourse, there are 2 structures which have been
included in the model as described in Table 3 and as shown in Figure 1. These structures
have been included in the model using the ESTRY tools within TUFLOW. Z lines were used
to set the road levels over the structures based on the survey data. Ground levels from the
DTM were used where survey data was not available. There are no flood defences within the
study area and therefore no analysis of defence failure or overtopping has been carried out.
Table 3 Structure included in the model
Modelled
structure type

Number

Survey data
available

Modelling approach

Culvert

2

Yes

Modelled as a circular conduit with Estry

Flood defences

None

The extent of the 2D model domain is shown in Figure 1. The grid resolution used for the 2D
model is 2m which allows for accurate representation of both the river channel and the
floodplain elements of the model.
The Manning’s n coefficient is used to represent the channel and floodplain roughness. The
Manning's n values for the channel and floodplain are based on the land-use polygons within
the OS Mastermap data. Typical floodplain Manning's values adopted are as follows:
•

Water bodies, 0.03;

•

Buildings, 0.50;

•

Green spaces, 0.04; and

•

Road tracks and paths, 0.02.

Inflow and downstream boundaries are located in the model as shown in Figure 1.
Two inflows were added to the model, one applied in the upstream limit of the model
representing the Sarn-wen Brook catchment with the second inflow split in four and applied to
the small tributaries to represent the catchment referred to as lateral tributaries (see Figure 2).
Further details of the hydrological analysis used to determine model inflows is discussed in
Section 2.
The type of downstream boundary adopted is based on a review of ground topography and
the distance from the CS to the downstream boundary location. Given the relatively steep
slope of the ground and the distance from the CS to the downstream boundary location (see
Figure 1), the downstream boundary water level will have a negligible influence on the water
levels at the site. A low constant water level has been adopted as the downstream boundary

condition, with the water levels based on the topography of the DTM at the location of the
downstream boundary.
Model runs have been undertaken for the following scenarios:
•

Design model fluvial runs for the 1 in 20, 100, 100 plus climate change and 1000 year
return period events; and

•

Blockage sensitivity run for the 100 year return period event assuming a 75%
blockage at Kens culvert and the overflow culvert at this location (SJ 3274 3181) and
Housing culvert (SJ 3276 3183)

3.3

Model results

Flood extents together with hazard and depth grids have been prepared for the design event
and the blockage scenario runs. Details of the analysis of the results from these model runs
are presented in Chapter 5 of the report with the digital deliverables (hydraulic model and
hydraulic model results) available in Appendix C.
The results of the sensitivity analysis to the culvert blockage assessment indicate that with a
75% blockage applied at Kens culvert, the water levels upstream the B4393 are increased,
however the increase is not enough to overtop the B4393 and flood site 1073 located
downstream.
A blockage of 75% applied at the Housing culvert has a significant effect on the flood risk to
Site 1073. The flood extent at this site is increased and it is therefore recommended that
detailed studies are carried out before any future developments in this area.

4

Assumptions & Limitations

The key limitations of the model and data used to generate the model are as follows:
•

the lack of calibration data against which the model performance can been tested
against;

•

Accuracy of the dimensions and elevations of the river channels is limited to the
accuracy of the DTM; and

•

No gauging stations or recorded flows/levels were used in this study, which means no
flood frequency analysis was undertaken.

In the absence of a good and reliable calibration data, sensitivity analysis should be used to
set the perspective in terms of how models results should be interpreted.
The model is deemed fit for the intended purpose (a Level 2 SFCA), however it should be
used with caution of any other uses, and a suitability review is recommended at the start of
any subsequent project.
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Introduction

This technical note focuses on the hydrological analysis and hydraulic modelling approach
undertaken for the Stage 2 SFCA assessment for the Howey Brook model. This model was
developed to enable hazard rating output in addition to the depth grid output for a number of
design return period events for the Candidate Site (CS) reference number 274. The extent of
the study area and the location of the CS are shown in Figure 1. A brief description of the
hydrological analysis and hydraulic modelling is provided in the sections below.

Figure 1 Extent of model study area

2

Hydrological analysis

2.1

Introduction

A hydrological analysis was undertaken in order to determine fluvial inflows to the hydraulic
model. The adopted approach is based on the latest Environment Agency Flood Estimation
Guidance and the guidelines and methodologies included in the Flood Estimation Handbook
(FEH).
2.2

Methodology

The methodology consists of distributed rainfall-runoff inflows that will be applied in the
hydraulic model to generate flood hydrographs.
Depending on the complexity of the catchment and the study area, the catchment can be
divided into several sub-catchments, based upon model boundaries and key tributary inflows.
As the catchment is predominantly rural, ReFH analysis has been undertaken to generate the
inflow hydrographs for each sub-catchment. Time to peak and storm duration are also
determined using ReFH formula. For distributed catchments (with multiple inputs), the storm
duration is based on the dominant upstream inflow.
2.3

Detailed approach

Based on the extents of main modelled watercourses, the Howey Brook catchment was
subdivided into 4 sub-catchments as shown in Figure 2 and detailed below:
•

Howey Brook upstream catchment represented as point inflow;

•

Right bank main tributary of the Howey Brook’s represented as point inflow;

•

Left bank main tributary of the Howey Brook’s represented as point inflow; and

•

Interim area draining to Howey Brook, upstream of the confluence with River Ithon is
represented as laterally distributed inflow. The interim area does not contribute to the
flooding at the site of interest and was therefore not considered in the model.

Catchment descriptors for each sub-catchment were estimated from the FEH CD-Rom v3
using the area-weighting method where necessary, and key sub-catchment properties are
summarised in Table 1 whilst the 20y, 100y, 1000y and 100y+climate change event peak
flows are detailed in Table 2.

Table 1 Important catchment descriptors for each sub catchment with any changes applied
Subcatchment

AREA

PROP WET

BFIHOST

DPLBAR
(km)

DPSBAR
(m/km)

SAAR
(mm)

SPRHOST

URBEXT
1990

Howey Brook

9.76

0.49

0.391

3.32

118

997

43.38

0.001

Right bank

1.06

0.49

0.378

1.12

60.9

1001

39.48

0.013

0.56

0.49

0.391

0.78

42

1022

38.97

0.036

tributary
Left bank
tributary

Table 2 Peak flow values of each sub catchment
Subcatchment

CS
number

Sub-catchment
NGR

20y Peak
Flow (m3/s)

100y Peak
Flow (m3/s)

1000y Peak
Flow (m3/s)

100ycc
Peak Flow
(m3/s)

Howey Brook

274

305000, 258800

10.01

14.00

24.32

16.80

Right bank

274

305000, 258900

1.12

1.57

2.74

1.89

274

304800, 258700

0.59

0.83

1.44

0.99

tributary
Left bank
tributary

Contains Ordnance Survey Data © Crown Copyright and database right 2012

Right bank
tributary
Interim
area

Howey Brook

Left bank
tributary

Figure 2 Final sub-catchment schematisation (purple outline refers to sub-catchment
boundaries)
The storm duration adopted for every sub-catchment is 4.7 hours with a time to peak of 2.3
hours. No further hydrological adjustments, such as reconciliation of the hydrographs, was
undertaken.

3

Hydraulic modelling

3.1

Introduction

A TUFLOW model was developed to represent the Howey Brook watercourse. The model
extends from SO 3053 2585 to SO 3040 2589 with the total modelled watercourse being
2.45km in length including its tributaries (please see Figure 1). The model has been

developed from a combination of structure survey data (2012), LiDAR data (2007), aerial
photos from Google Earth, OS Mastermap data and inputs from the hydrological analysis.
3.2

Survey

Bridge and culvert dimensions were gathered during July and August 2012 for 3 structures
within the study area. The data was gathered using GPS and levelling survey techniques. The
survey was used to gather details of the elevations of structure soffit, deck and invert levels
and the width of the structure openings. Appendix B provides details of the survey data
gathered.
3.3

Model Build

The Howey Brook model was entirely represented using a 2D schematization. A check of the
LiDAR DTM was carried out to ensure that the bed levels of the watercourses were well
represented in the DTM. Where necessary, z-lines were used to set the channel bed levels
(i.e. where features along the watercourse, such as structures, were not removed during the
LiDAR filtering process).
Along the modelled reach of the watercourse, there are 5 structures which have been
included in the model as described in Table 3 and as shown in Figure 1. These structures
have been included in the model using the ESTRY tools within TUFLOW. Z-lines were used
to set the road levels over the structures based on the survey data, or ground levels from the
DTM where survey data was not available. There are no flood defences within the study area
and therefore no analysis of defence failure or overtopping has been carried out.
Table 3 Structure included in the model
Modelled
structure type

Number

Survey data
available

Modelling approach

Bridge

3

Yes

Modelled as rectangular openings with Estry

Culvert

2

No

Modelled as a circular conduit with Estry

Flood defences

None

Where survey data was not available for a particular structure, the elevations and dimensions
of these structures were estimated using the ground levels from the LiDAR DTM and Google
Earth photographs. This approach has been used to model structures located away from the
CS which have no influence on water levels and flooding at the site.
The extent of the 2D model domain is shown in Figure 1. The grid resolution used for the 2D
model is 2m which allows for accurate representation of both the river channel and the
floodplain elements of the model.
The Manning’s n coefficient is used to represent the channel and floodplain roughness. The
Manning's n values for the river channel and the floodplains are based on the land-use
polygons within the OS Mastermap data. Typical floodplain Manning's values adopted are as
follows:
•

Water bodies, 0.03;

•

Buildings, 0.50;

•

Green spaces, 0.04; and

•

Road tracks and paths, 0.02.

Inflow and downstream boundaries are located in the model as shown in Figure 1.
Three inflows were added into the model, one applied in the upstream limit of the model
representing the Howey Brook catchment and two applied on smaller watercourses
representing the lateral catchments (left and right bank tributaries). Details of the hydrological
analysis used to determine model inflows are discussed in Section 2.
The type of downstream boundary adopted is based on a review of ground topography and
the distance from the CS to the downstream boundary location. Given the relatively steep
slope of the ground and the distance from the CS to the downstream boundary location (see
Figure 1), the downstream boundary water level will have a negligible influence on the water
levels at the site. A low constant water level has been adopted as the downstream boundary
condition, with the water levels based on the topography of the DTM at the location of the
downstream boundary.
Model runs have been undertaken for the following scenarios:
•

Design model fluvial runs for the 1 in 20, 100, 100 plus climate change and 1000 year
return period events; and

•

Blockage sensitivity run for the 100 year return period event assuming a 75%
blockage at the Holly Lane culvert (SO 3049 2589)

3.4

Model results

Flood extents together with hazard and depth grids have been prepared for the design event
runs. Details of the analysis of the results from these model runs are presented in Chapter 5
of the report with the digital deliverables (hydraulic model and hydraulic model results)
available in Appendix C.
The results of the sensitivity analysis to the culvert blockage assessment indicates that with a
75% blockage applied at the Holly Lane culvert there is only a marginal increase in the water
levels within the channel upstream of the modelled structures. There is no impact on the
extent of flooding at the site.

4

Assumptions & Limitations

The key limitations of the model and data used to generate the model are as follows:
•

the lack of calibration data against which the model performance can been tested
against;

•

Accuracy of the dimensions and elevations of the river channels is limited to the
accuracy of the DTM;

•

Where no survey data is available for a particular structure, the dimensions and levels
of this structure have been assumed; and

•

No gauging stations or recorded flows/levels were used in this study, which means no
flood frequency analysis was undertaken

In the absence of a good and reliable calibration data, sensitivity analysis should be used to
set the perspective in terms of how models results should be interpreted.

The model is deemed fit for the intended purpose (a Level 2 SFCA), however it should be
used with caution of any other uses, and a suitability review is recommended at the start of
any subsequent project.

Halcrow Group Limited
A CH2M HILL COMPANY
Estados Unidos 34 - 5º piso, C1101AAB Buenos Aires, Argentina.
Tel +54 11 4335 9700
www.halcrow.com
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Introduction

This technical note focuses on the hydrological analysis and hydraulic modelling approach
undertaken for the Stage 2 SFCA assessment for the Kerry hydraulic model. This model was
developed to enable hazard rating output in addition to depth grid output for a number of
design return period events for the Candidate Site (CS) reference number 1220. The extent of
the study area and the location of the CS are shown in Figure 1. A brief description of the
hydrological analysis and hydraulic modelling is provided in the sections below.

Figure 1 Extent of model study area

2

Hydrological analysis

2.1

Introduction

A hydrological analysis was undertaken in order to determine fluvial inflows to the hydraulic
model. The adopted approach is based on the latest Environment Agency Flood Estimation
Guidance and the guidelines and methodologies included in the Flood Estimation Handbook
(FEH).
2.2

Methodology

The methodology consists of distributed rainfall-runoff inflows that will be applied in the
hydraulic model to generate flood hydrographs.
Depending on the complexity of the catchment and the study area, the catchment can be
divided into several sub-catchments, based upon model boundaries and key tributary inflows.
As the catchment is predominantly rural, ReFH analysis has been undertaken to generate the
inflow hydrographs for each sub-catchment. Time to peak and storm duration are also
determined using ReFH formula. For distributed catchments (with multiple inputs), the storm
duration is based on the dominant upstream inflow.
2.3

Detailed approach

Based on the extents of main modelled watercourses, the Kerry catchment was subdivided
into 3 sub-catchments as shown in Figure 2 and detailed below:
•

Main river (River Mule) upstream catchment represented as point inflow;

•

Left bank tributary of the main river represented as point inflow; and

•

Interim area draining to the main river, between the left bank tributary’s confluence
and the downstream end of the model, as a laterally distributed inflow.

Catchment descriptors for each sub-catchment were estimated from the FEH CD-Rom v3,
using the area-weighting method where necessary. Key sub-catchment properties are
summarised in Table 1 whilst the 20y, 100y, 1000y and 100y+climate change event peak
flows are detailed in Table 2.

Table 1 Important catchment descriptors for each sub catchment with any changes applied
Subcatchment

River Mule
Left bank

AREA

PROP WET

BFIHOST

DPLBAR
(km)

DPSBAR
(m/km)

SAAR
(mm)

SPRHOST

URBEXT
1990

10.51

0.49

0.511

3.59

158.2

961

36.61

0.004

1.74

0.49

0.397

1.32

112.2

881

38.49

0.000

2.72

0.49

0.435

1.73

137.0

880

37.22

0.02

tributary
Interim area

Table 2 Peak flow values of each sub catchment
Subcatchment

CS
number

Sub-catchment
NGR

20y Peak
Flow (m3/s)

100y Peak
Flow (m3/s)

1000y Peak
Flow (m3/s)

100ycc
Peak Flow
(m3/s)

River Mule

1220

313600, 289650

9.02

12.58

21.82

15.10

Left bank

1220

314150, 290100

1.80

2.52

4.39

3.03

1220

315550, 290300

2.64

3.69

6.40

4.43

tributary
Interim area

Contains Ordnance Survey Data © Crown Copyright and database right 2012

Left bank
tributary

Interim
area

Main river

Figure 2 Final sub-catchment schematisation (purple outline refers to sub-catchment
boundaries)

The storm duration adopted for every sub-catchment is 3.5 hours with a time to peak of 1.8
hours. No further hydrological adjustments, such as reconciliation of the hydrographs, was
undertaken.

3

Hydraulic modelling

3.1

Introduction

A TUFLOW model was developed to represent the Afon Miwl/The Mule at Kerry. The model
extends from SO 3133 2895 to SO 3151 2903 with the total modelled watercourse being
2.99km in length including its tributaries (please see Figure 1). The model has been
developed from a combination of structure survey data (2012), LiDAR data (2007), aerial
photos from Google Earth, OS Mastermap data and hydrological inputs.
Bridge and culvert dimensions were gathered during July and August 2012 for 4 structures
within the study area. The data was gathered using GPS and levelling survey techniques. The
survey was used to gather the elevations of structure soffit, deck and invert levels and the
width of the structure openings. Appendix B provides details of the survey data gathered.
3.2

Model Build

The Kerry model was entirely represented using a 2D schematization. A check of the LiDAR
DTM was carried out to ensure that the bed levels of the watercourses were well represented
in the DTM. Where necessary, z lines were used to set the channel bed levels (i.e. where
features along the watercourse, such as in-bank structures, were not removed during the
LiDAR filtering process).
Along the modelled reach of the watercourse, there are 4 structures which have been
included in the model as described in Table 3 and as shown in Figure 1. These structures
have been included in the model using the ESTRY tools within TUFLOW. Z lines were used
to set the road levels over the structures based on the survey data. Ground levels from the
DTM were used where survey data was not available. There are no flood defences within the
study area and therefore no analysis of defence failure or overtopping has been carried out.
Table 3 Structure included in the model
Modelled
structure type

Number

Survey data
available

Modelling approach

Bridge

4

Yes

Modelled as rectangular openings with Estry

Flood defences

None

The extent of the 2D model domain is shown in Figure 1. The grid resolution used for the 2D
model is 2m which allows for accurate representation of both the river channel and the
floodplain elements of the model.
The Manning’s n coefficient is used to represent the channel and floodplain roughness. The
Manning's n values for the channel and floodplain are based on the land-use polygons within
the OS Mastermap data. Typical floodplain Manning's values adopted are as follows:
•

Water bodies, 0.03;

•

Buildings, 0.50;

•

Green spaces, 0.04; and

•

Road tracks and paths, 0.02.

Inflow and downstream boundaries are located in the model as shown in Figure 1.
Three inflows were included in the model, one applied in the upstream limit of the model
representing the upper catchment and two applied on smaller watercourses representing the
lateral catchments. Details of the hydrological analysis used to determine model inflows are
discussed in Section 2.
The type of downstream boundary adopted is based on a review of ground topography and
the distance from the CS to the downstream boundary location. Given the relatively steep
slope of the ground and the distance from the CS to the downstream boundary location (see
Figure 1), the downstream boundary water level will have a negligible influence on the water
levels at the site. A low constant water level has been adopted as the downstream boundary
condition, with the water levels based on the topography of the DTM at the location of the
downstream boundary.
Model runs have been undertaken for the following scenarios:
•

Design model fluvial runs for the 1 in 20, 100, 100 plus climate change and 1000 year
return period events; and

•

Blockage sensitivity run for the 100 year return period event assuming a 75%
blockage at the Main Road Bridge (SO 3140 2899)

3.3

Model results

Flood extents together with hazard and depth grids have been prepared for the design event
and the blockage scenario runs. Details of the analysis of the results from these model runs
are presented in Chapter 5 of the report with the digital deliverables (hydraulic model and
hydraulic model results) available in Appendix C.
The results of the sensitivity analysis to the culvert blockage assessment indicate that with a
75% blockage applied at the Main Road Bridge there is only a marginal increase in the water
levels upstream the bridge. However, there is an increased volume of water overtopping the
road and flooding the site located just downstream. Therefore, the flood extent and flood
hazard classification is increased within the affected Site 1220.

4

Assumptions & Limitations

The key limitations of the model and data used to generate the model are as follows:
•

the lack of calibration data against which the model performance can been tested
against;

•

Accuracy of the dimensions and elevations of the river channels is limited to the
accuracy of the DTM; and

•

No gauging stations or recorded flows/levels were used in this study, which means no
flood frequency analysis was undertaken.

In the absence of a good and reliable calibration data, sensitivity analysis should be used to
set the perspective in terms of how models results should be interpreted.

The model is deemed fit for the intended purpose (a Level 2 SFCA), however it should be
used with caution of any other uses, and a suitability review is recommended at the start of
any subsequent project.

Halcrow Group Limited
A CH2M HILL COMPANY
Estados Unidos 34 - 5º piso, C1101AAB Buenos Aires, Argentina.
Tel +54 11 4335 9700
www.halcrow.com
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Introduction

This technical note focuses on the hydrological analysis and hydraulic modelling approach
undertaken for the Stage 2 SFCA assessment for the Kingwood model. The Kingswood
model was developed to enable surface water flood mapping for a number of design return
period events for the 248 and 1130 Candidate Sites (CS) reference numbers. The extent of
the study area and the location of the CS are shown in Figure 1. A brief description of the
hydrological analysis and hydraulic modelling is provided in the sections below.

Figure 1 Extent of model study area

2

Hydrological analysis

2.1

Introduction

Whenever a site of interest was estimated as being too far from any fluvial source to be
potentially involved in a flood event coming that source, or if the contributing catchment’s size
seemed to be too small to generate consequent fluvial flooding at the site, the assessment of
a pluvial event was then considered, knowing that the site of interest is close to an urban area
and can be flooded from surface runoff.
A hydrological analysis was undertaken in order to determine pluvial inflows to the hydraulic
model. The adopted approach is based on the latest Environment Agency Flood Estimation
Guidance and the guidelines and methodologies included in the Flood Estimation Handbook
(FEH).
2.2

Methodology

The methodology consists of applying the calculated net rainfall directly in the 2D hydraulic
model domain. In order to calculate the rainfall hyetographs, rainfall-runoff boundary units
from ISIS are used.
As the catchment is predominantly rural, ReFH analysis has been undertaken to generate the
hyetographs necessary for the rainfall inputs to the model. Time to peak and storm duration
are also determined using ReFH formula.
2.3

Detailed approach

In terms of catchment delineation, the contributing catchment needs to be kept as lumped,
with a storm area defined by the catchment size when the contributing catchment is relatively
small. In such a case, the hydraulic model boundaries have been set up to be reasonably
close to the storm/catchment area too.
Here, the contributing catchment at the site of interest is very small and was therefore used to
define the storm area. Model boundaries were kept fairly close to the catchment boundaries.
Catchment descriptors were directly extracted from the FEH CD-Rom v3. Key catchment
properties are summarised in Table 1.
Table 1 Important catchment descriptors for each sub catchment with any changes applied
Subcatchment
Kingswood
catchment

AREA

0.61

PROP WET
0.49

BFIHOST
0.372

DPLBAR
(km)

DPSBAR
(m/km)

0.74

35.2

SAAR
(mm)
756

SPRHOST
39.34

URBEXT
1990
0.0061

Contains Ordnance Survey Data © Crown Copyright and database right 2012

Kingswood catchment

Figure 2 Final catchment schematisation (purple outline refers to catchment boundaries)
The storm duration adopted for the catchment is 1.8 hours with a time to peak of 1.02 hour.
No further hydrological adjustments, such as reconciliation of the hydrographs, was
undertaken.

3

Hydraulic modelling

3.1

Introduction

An ISIS 2D pluvial model was developed to assess the flooding in the study area where the
Candidate Sites are located. The model extends from SJ 3226 3007 to SJ 3243 3022
covering an area large enough to evaluate the effects of surface water flooding (please see
Figure 1). The model has been developed from a combination of LiDAR data (2006), SAR
data, aerial photos from Google Earth, OS Mastermap data and hydrological inputs.
3.2

Survey

Through an initial assessment of the study area, and considering the type of model to be
implemented, no relevant structures are located with in the model domain. Therefore, the
model was built using the DTM obtained from LiDAR and SAR as the primary source of
topographic data. The higher resolution LiDAR data is only available for approximately 20% of
the model area; therefore SAR data forms the basis for the majority of the topographic data
used to develop the model.

3.3

Model Build

The Kingswood model was entirely represented using a 2D schematization. A check of the
LiDAR and SAR DTM was carried out to ensure that the topography of the model domain was
properly represented in the DTM (i.e. flow paths, embankments, roads and depressions).
The extent of the 2D model domain is shown in Figure 1. The grid resolution used for the 2D
model is 5m, which, considering the resolution of the SAR data and the rural nature of the
site, allows for an accurate representation of the ground surface.
The Manning’s n coefficient is used to represent the terrain roughness. The Manning's n
values for the study area are based on the land-use polygons within the OS Mastermap data.
Typical floodplain Manning's values adopted are as follows:
•

Water bodies, 0.03;

•

Buildings, 0.50;

•

Green spaces, 0.04; and

•

Road tracks and paths, 0.02.

The net rainfall obtained from the FEH methodology has been applied uniformly over the
entire hydraulic model domain. Considering that the hydraulic model domain has been
extended to cover a larger area than the catchment, a boundary condition has been
implemented around the perimeter of the hydraulic model domain in order to avoid
accumulation of water volume in the edges of the model domain. Details of the hydrological
analysis used to determine model inflows are discussed in Section 2. A low constant water
level has been adopted as the boundary condition to ensure the abstraction of any volume
reaching the model edge, with the water levels based on the topography of the DTM at the
location of the boundary.
Model runs have been undertaken for the following scenarios:
•

3.4

Design model pluvial runs for the 1 in 20, 100, 100 plus climate change and 1000 year
return period events;
Model results

Flood extents and depth grids have been prepared for the design events listed in Section 3.3.
Details of the analysis of the results from these model runs are presented in Chapter 5 of
report with the digital deliverables (hydraulic model and hydraulic model results) available in
Appendix C.

4

Assumptions & Limitations

The key limitations of the model and data used to generate the model are as follows:
•

the lack of calibration data against which the model performance can been tested
against;

•

Accuracy of the topographic features in the domain is limited to the accuracy of the
DTM, in this case the lower resolution SAR data has formed the basis for the majority
of the topographic data used to develop the model;

•

Considering the small size of the catchment, the pluvial model extents beyond the
limits of it in order to minimize the effects of the boundary conditions.

The model is deemed fit for the intended purpose (a Level 2 SFCA), however it should be
used with caution of any other uses, and a suitability review is recommended at the start
of any subsequent project.

Halcrow Group Limited
A CH2M HILL COMPANY
Estados Unidos 34 - 5º piso, C1101AAB Buenos Aires, Argentina.
Tel +54 11 4335 9700
www.halcrow.com
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Introduction

This technical note focuses on the hydrological analysis and hydraulic modelling approach
undertaken for the Stage 2 SFCA assessment for the Llanrhaeadr model. The Llanrhaeadr
model was developed to enable hazard rating output in addition to depth grid output for a
number of design return period events for the 961 Candidate Site (CS) reference number.
The extent of the study area and the location of the CS are shown in Figure 1. A brief
description of the hydrological analysis and hydraulic modelling is provided in the sections
below.

Figure 1 Extent of model study area

2

Hydrological analysis

2.1

Introduction

A hydrological analysis was undertaken in order to determine fluvial inflows to the hydraulic
model. The adopted approach is based on the latest Environment Agency Flood Estimation
Guidance and the guidelines and methodologies included in the Flood Estimation Handbook
(FEH).
2.2

Methodology

The methodology consists of distributed rainfall-runoff inflows that will be applied in the
hydraulic model to generate flood hydrographs.
Depending on the complexity of the catchment and the study area, the catchment can be
divided into several sub-catchments, based upon model boundaries and key tributary inflows.
As the catchment is predominantly rural, ReFH analysis has been undertaken to generate the
inflow hydrographs for each sub-catchment. Time to peak and storm duration are also
determined using ReFH formula. For distributed catchments (with multiple inputs), the storm
duration is based on the dominant upstream inflow.
2.3

Detailed approach

Based on the extents of main modelled watercourses, and the fact that the contributing
catchment downstream from the site is considerably small compared to the upstream
catchment (15 times smaller), Newtown catchment was kept as one single catchment as
shown in Figure 2 and detailed below:
•

Main river (Afon Rhaeadr) upstream catchment represented as point inflow. As a
simplification, the draining to the main river, between the site of interest and the
confluence with River Severn, is also contributing to the upper inflow.

Catchment descriptors for each sub-catchment were estimated from the FEH CD-Rom v3
using the area-weighting method where necessary. Key sub-catchment properties are
summarised in Table 1 whilst the 20y, 100y, 1000y and 100y+climate change event peak
flows are detailed in Table 2.

Table 1 Important catchment descriptors for each sub catchment with any changes applied
Subcatchment
Afon Rhaeadr

AREA

PROP WET

26.36

0.51

BFIHOST
0.394

DPLBAR
(km)

DPSBAR
(m/km)

7.57

238.5

SAAR
(mm)
1549

SPRHOST
45.69

URBEXT
1990
0.0012

Table 2 Peak flow values of each sub catchment
Subcatchment

Afon Rhaeadr

CS
number

961

Sub-catchment
NGR

313000, 325350

20y Peak
Flow (m3/s)

100y Peak
Flow (m3/s)

1000y Peak
Flow (m3/s)

33.05

46.62

83.19

100ycc
Peak Flow
(m3/s)
55.95

Contains Ordnance Survey Data © Crown Copyright and database right 2012

Main river

Interim area

Figure 2 Final sub-catchment schematisation (purple outline refers to sub-catchment
boundaries)
The storm duration adopted for is 6.0 hours with a time to peak of 2.4 hours. No further
hydrological adjustments, such as reconciliation of the hydrographs, was undertaken.

3

Hydraulic modelling

3.1

Introduction

An ISIS 2D model was developed to model the Afon Rhaeadr watercourse in the study area.
The model extends from SJ 3122 3262 to SJ 3132 3249 with the total modelled watercourse
being 1.87 km in length (please see Figure 1). The model has been developed from a
combination of structure survey data (2012), LiDAR data (2006), aerial photos from Google
Earth, OS Mastermap data and hydrological inputs.

3.2

Survey

Bridge dimensions were gathered during July and August 2012 for one structure within the
study area. The data was gathered using GPS and levelling survey techniques. The survey
was used to gather the elevations of structure soffit, deck and invert levels and the width of
the structure openings. Appendix B provides details of the survey data gathered.

3.3

Model Build

The Llanrhaeadr model was entirely represented using a 2D schematization. A check of the
LiDAR DTM was carried out to ensure that the bed levels of the watercourses were well
represented in the DTM. Where necessary, z lines were used to set the channel bed levels
(i.e. where features along the watercourse, such as in-bank structures, were not removed
during the LiDAR filtering process).
No structures have been included in the model. Survey data was gathered for the bridge at
Market Street, however, this structure was not included in the model as it will not impact on
flooding at the site. There are no flood defences within the study area and therefore no
analysis of defence failure or overtopping has been carried out.
The extent of the 2D model domain is shown in Figure 1. The grid resolution used for the 2D
model is 2m which allows for accurate representation of both the river channel and the
floodplain elements of the model.
The Manning’s n coefficient is used to represent the channel and floodplain roughness. The
Manning's n values for the channel and floodplain are based on the land-use polygons within
the OS Mastermap data. Typical floodplain Manning's values adopted are as follows:
•

Water bodies, 0.03;

•

Buildings, 0.50;

•

Green spaces, 0.04; and

•

Road tracks and paths, 0.02.

Inflow and downstream boundaries are located in the model as shown in Figure 1. Details of
the hydrological analysis used to determine model inflows are discussed in Section 2.
The type of downstream boundary adopted is based on a review of ground topography and
the distance from the CS to the downstream boundary location. Given the relatively steep
slope of the ground and the distance from the CS to the downstream boundary location (see
Figure 1), the downstream boundary water level will have a negligible influence on the water
levels at the site. A low constant water level has been adopted as the downstream boundary
condition, with the water levels based on the topography of the DTM at the location of the
downstream boundary.
Model runs have been undertaken for the following scenario:
•

3.4

Design model fluvial runs for the 1 in 20, 100, 100 plus climate change and 1000 year
return period events.
Model results

Flood extents together with hazard and depth grids have been prepared for the design event
and sensitivity model runs. Details of the analysis of the results from these model runs are
presented in Chapter 5 of the report with the digital deliverables (hydraulic model and
hydraulic model results) available in Appendix C.

4

Assumptions & Limitations

The key limitations of the model and data used to generate the model are as follows:
•

The lack of calibration data against which the model performance can been tested
against;

•

Accuracy of the dimensions and elevations of the river channels is limited to the
accuracy of the DTM; and

•

No gauging stations or recorded flows/levels were used in this study, which means no
flood frequency analysis was undertaken

In the absence of a good and reliable calibration data, sensitivity analysis should be used to
set the perspective in terms of how models results should be interpreted.
The model is deemed fit for the intended purpose (a Level 2 SFCA), however it should be
used with caution for any other uses, and a suitability review is recommended at the start of
any subsequent project.

Halcrow Group Limited
A CH2M HILL COMPANY
Estados Unidos 34 - 5º piso, C1101AAB Buenos Aires, Argentina.
Tel +54 11 4335 9700
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Introduction

This technical note focuses on the hydrological analysis and hydraulic modelling approach
undertaken for the Stage 2 SFCA assessment for the Llanyre model. This model was
developed to enable hazard rating output in addition to depth grid output for a number of
design return period events for the Candidate Site (CS) reference number 280. The extent of
the study area and the location of the CS are shown in Figure 1. A brief description of the
hydrological analysis and hydraulic modelling is provided in the sections below.

Figure 1 Extent of model study area

2

Hydrological analysis

2.1

Introduction

A hydrological analysis was undertaken in order to determine fluvial inflows to the hydraulic
model. The adopted approach is based on the latest Environment Agency Flood Estimation
Guidance and the guidelines and methodologies included in the Flood Estimation Handbook
(FEH).
2.2

Methodology

The methodology consists of distributed rainfall-runoff inflows that will be applied in the
hydraulic model to generate flood hydrographs.
Depending on the complexity of the catchment and the study area, the catchment can be
divided into several sub-catchments, based upon model boundaries and key tributary inflows.
As the catchment is predominantly rural, ReFH analysis has been undertaken to generate the
inflow hydrographs for each sub-catchment. Time to peak and storm duration are also
determined using ReFH formula. For distributed catchments (with multiple inputs), the storm
duration is based on the dominant upstream inflow.
2.3

Detailed approach

Based on the extents of main modelled watercourses, Llanyre catchment was subdivided into
2 sub-catchments as shown in Figure 2 and detailed below:
•

Main river upstream catchment represented as point inflow;

•

Right bank main tributary represented as point inflow. At this location, there was no
obvious way of detaching the right bank catchment from the rest of the downstream
main catchment, as no centreline exists in the FEH for the right bank tributary.
Therefore, as a simplification, the interim area draining to main river channel,
between the confluence with the right bank tributary and the downstream end of the
model is also contributing to the right bank main tributary.

Catchment descriptors for each area were estimated from the FEH CD-Rom v3 using the
area-weighting method, and key sub-catchment properties are summarised in Table 1 whilst
the 20y, 100y, 1000y and 100y+climate change event peak flows are detailed in Table 2.

Table 1 Important catchment descriptors for each sub catchment with any changes applied
Subcatchment

AREA

PROP WET

BFIHOST

DPLBAR
(km)

DPSBAR
(m/km)

SAAR
(mm)

SPRHOST

URBEXT
1990

Main River

0.91

0.49

0.422

1.69

96.6

1130

37.74

0.0027

Right bank

0.81

0.49

0.377

0.89

81.7

1117

39.14

0.011

tributary

Table 2 Peak flow values of each sub catchment
Subcatchment

CS
number

Sub-catchment
NGR

20y Peak
Flow (m3/s)

100y Peak
Flow (m3/s)

1000y Peak
Flow (m3/s)

100ycc
Peak Flow
(m3/s)

Main River

280

304600, 262750

1.17

1.67

2.97

2.00

Right bank

280

304650, 262700

1.13

1.61

2.89

1.94

tributary

Contains Ordnance Survey Data © Crown Copyright and database right 2012

Main River

Right bank
Tributary

Figure 2 Final sub-catchment schematisation (purple outline refers to sub-catchment
boundaries)
The storm duration adopted for every sub-catchment is 2.7 hours with a time to peak of 1.3
hours. No further hydrological adjustments, such as reconciliation of the hydrographs, was
undertaken.

3

Hydraulic modelling

3.1

Introduction

A TUFLOW model was developed to represent the small watercourse (tributary of the River
Ithon) at Llanyre. The model extends from SO 3042 2631 to SO 3050 2628 with the total
modelled watercourse being 1.6km in length including its tributaries (please see Figure 1).

The model has been developed from a combination of structure survey data (2012), LiDAR
data (2007), aerial photos from Google Earth, OS Mastermap data and hydrological inputs.
Culvert dimensions were gathered during July and August 2012 for 1 structure within the
study area. The data was gathered using GPS and levelling survey techniques. The survey
was used to gather the elevations of structure soffit, deck and invert levels and the width of
the structure openings. Appendix B provides details of the survey data gathered.
3.2

Model Build

The Llanyre model was entirely represented using a 2D schematization. A check of the LiDAR
DTM was carried out to ensure that the bed levels of the watercourses were well represented
in the DTM. Where necessary, z lines were used to set the channel bed levels (i.e. where
features along the watercourse, such as in-bank structures, were not removed during the
LiDAR filtering process).
Along the modelled reach of the watercourse, there are 4 structures which have been
included in the model as described in Table 3 and as shown in Figure 1. These structures
have been included in the model using the ESTRY tools within TUFLOW. Z lines were used
to set the road levels over the structures based on the survey data. Ground levels from the
DTM were used where survey data was not available. There are no flood defences within the
study area and therefore no analysis of defence failure or overtopping has been carried out.
Table 3 Structure included in the model
Modelled
structure type

Number

Survey data
available

Modelling approach

Culvert

1

Yes

Modelled as a circular conduit with Estry

Culvert

3

No

Modelled as a circular conduit with Estry

Flood defences

None

Where survey data was not available for a particular structure, the elevations and dimensions
of this structure were estimated using the ground levels from the LiDAR DTM and Google
Earth photographs. This approach has been used to model structures located away from the
CS which have no influence on water levels at the site.
The extent of the 2D model domain is shown in Figure 1. The grid resolution used for the 2D
model is 2m which allows for accurate representation of both the river channel and the
floodplain elements of the model.
The Manning’s n coefficient is used to represent the channel and floodplain roughness. The
Manning's n values for the channel and floodplain are based on the land-use polygons within
the OS Mastermap data. Typical floodplain Manning's values adopted are as follows:
•

Water bodies, 0.03;

•

Buildings, 0.50;

•

Green spaces, 0.04; and

•

Road tracks and paths, 0.02.

Inflow and downstream boundaries are located in the model as shown in Figure 1.

Two inflows were added into the model, both applied in the upstream limit of the model on
both watercourses representing the upper catchments. Details of the hydrological analysis
used to determine model inflows are discussed in Section 2.
The type of downstream boundary adopted is based on a review of ground topography and
the distance from the CS to the downstream boundary location. Given the relatively steep
slope of the ground and the distance from the CS to the downstream boundary location (see
Figure 1), the downstream boundary water level will have a negligible influence on the water
levels at the site. A low constant water level has been adopted as the downstream boundary
condition, with the water levels based on the topography of the DTM at the location of the
downstream boundary.
Model runs have been undertaken for the following scenarios:
•

Design model fluvial runs for the 1 in 20, 100, 100 plus climate change and 1000 year
return period events; and

•

Blockage sensitivity run for the 100 year return period event, assuming a 75%
blockage, has been carried out at the Cagebrook Lane culvert (SO 3045 2627).

3.3

Model results

Flood extents together with hazard and depth grids have been prepared for the design event
and the blockage scenario runs. Details of the analysis of the results from these model runs
are presented in Chapter 5 of the report with the digital deliverables (hydraulic model and
hydraulic model results) available in Appendix C.
The results of the sensitivity analysis to the culvert blockage assessment indicate that with a
75% blockage applied at the Cagebrook Lane Road culvert there is only a marginal increase
in the water level within the channel upstream of the modelled structures. As a result, the
flood extent and flood hazard classification increases only marginally within CS site 280.

4

Assumptions & Limitations

The key limitations of the model and data used to generate the model are as follows:
•

the lack of calibration data against which the model performance can been tested
against;

•

Accuracy of the dimensions and elevations of the river channels is limited to the
accuracy of the DTM;

•

Where no survey data is available for a particular structure, the dimensions and levels
of this structure have been assumed; and

•

No gauging stations or recorded flows/levels were used in this study, which means no
flood frequency analysis was undertaken.

In the absence of a good and reliable calibration data, sensitivity analysis should be used to
set the perspective in terms of how models results should be interpreted.
The model is deemed fit for the intended purpose (a Level 2 SFCA), however it should be
used with caution of any other uses, and a suitability review is recommended at the start of
any subsequent project.
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Introduction

This technical note focuses on the hydrological analysis and hydraulic modelling approach
undertaken for the Stage 2 SFCA assessment for the Newtown model. This model was
developed to enable hazard rating output in addition to depth grid output for a number of
design return period events for the Candidate Site (CS) reference number 592. The extent of
the study area and the location of the CS are shown in Figure 1. A brief description of the
hydrological analysis and hydraulic modelling is provided in the sections below.

Figure 1 Extent of model study area

2

Hydrological analysis

2.1

Introduction

A hydrological analysis was undertaken in order to determine fluvial inflows to the hydraulic
model. The adopted approach is based on the latest Environment Agency Flood Estimation
Guidance and the guidelines and methodologies included in the Flood Estimation Handbook
(FEH).
2.2

Methodology

The methodology consists of distributed rainfall-runoff inflows that will be applied in the
hydraulic model to generate flood hydrographs.
Depending on the complexity of the catchment and the study area, the catchment can be
divided into several sub-catchments, based upon model boundaries and key tributary inflows.
As the catchment is predominantly rural, ReFH analysis has been undertaken to generate the
inflow hydrographs for each sub-catchment. Time to peak and storm duration are also
determined using ReFH formula. For distributed catchments (with multiple inputs), the storm
duration is based on the dominant upstream inflow.
2.3

Detailed approach

Based on the extents of main modelled watercourses, and the fact that the contributing
catchment downstream from the site is considerably small compared to the upstream
catchment (215 times smaller), Newtown catchment was kept as one single catchment as
shown in Figure 2 and detailed below:
•

Main river (Mochdre Brook) upstream catchment represented as point inflow. As a
simplification, the interim area draining to the main river, between the site of interest
and the confluence with River Severn, is also contributing to the upper inflow.

Catchment descriptors for each sub-catchment were estimated from the FEH CD-Rom v3
using the area-weighting method where necessary. Key sub-catchment properties are
summarised in Table 1 whilst the 20y, 100y, 1000y and 100y+climate change event peak
flows are detailed in Table 2.

Table 1 Important catchment descriptors for each sub catchment with any changes applied
Subcatchment
Mochdre

AREA

PROP WET

30.15

0.49

BFIHOST
0.454

DPLBAR
(km)

DPSBAR
(m/km)

6.27

166

SAAR
(mm)
1022

SPRHOST
38.3

URBEXT
1990
0.0002

Brook

Table 2 Peak flow values of each sub catchment
Subcatchment

Mochdre
Brook

CS
number

592

Sub-catchment
NGR

308550, 290650

20y Peak
Flow (m3/s)

100y Peak
Flow (m3/s)

1000y Peak
Flow (m3/s)

26.50

36.77

63.33

100ycc
Peak Flow
(m3/s)
44.12

Contains Ordnance Survey Data © Crown Copyright and database right 2012

Main river

Figure 2 Final sub-catchment schematisation (purple outline refers to sub-catchment
boundaries)
The storm duration adopted for every sub-catchment is 4.9 hours with a time to peak of 2.3
hours. No further hydrological adjustments, such as reconciliation of the hydrographs, was
undertaken.

3

Hydraulic modelling

3.1

Introduction

A TUFLOW model was developed to represent the Mochdre Brook at Newtown. The model
extends from SO 3086 2895 to SO 3085 2906 with the total modelled watercourse being
1.3km in length (please see Figure 1). The model has been developed from a combination of
structure survey data (2012), LiDAR data (2007), aerial photos from Google Earth, OS
Mastermap data and hydrological inputs.

Bridge and culvert dimensions were gathered during July and August 2012 for 2 structures
within the study area. The data was gathered using GPS and levelling survey techniques. The
survey was used to gather the elevations of structure soffit, deck and invert levels and the
width of the structure openings. Appendix B provides details of the survey data gathered.
3.2

Model Build

The Newtown model was entirely represented using a 2D schematization. A check of the
LiDAR DTM was carried out to ensure that the bed levels of the watercourses were well
represented in the DTM. Where necessary, z lines were used to set the channel bed levels
(i.e. where features along the watercourse, such as in-bank structures, were not removed
during the LiDAR filtering process).
Along the modelled reach of the watercourse, there are 3 structures which have been
included in the model as described in Table 3 and as shown in Figure 1. These structures
have been included in the model using the ESTRY tools within TUFLOW. Z lines were used
to set the road levels over the structures based on the survey data. Ground levels from the
DTM were used where survey data was not available. There are no flood defences within the
study area and therefore no analysis of defence failure or overtopping has been carried out.
Within the model floodplain, a z line was added to the model to represent an opening through
the railway embankment.
Table 3 Structure included in the model
Modelled
structure type

Number

Survey data
available

Modelling approach

Bridge

2

Yes

Modelled as rectangular openings with Estry

Bridge

1

No

Modelled as rectangular openings with Estry

Flood defences

None

Where survey data was not available for a particular structure, the elevations and dimensions
of this structure were estimated using the ground levels from the LiDAR DTM and Google
Earth photographs. This approach has been used to model structures located away from the
CS and will have no influence on water levels at the site.
The extent of the 2D model domain is shown in Figure 1. The grid resolution used for the 2D
model is 2m which allows for accurate representation of both the river channel and the
floodplain elements of the model.
The Manning’s n coefficient is used to represent the channel and floodplain roughness. The
Manning's n values for the channel and floodplain are based on the land-use polygons within
the OS Mastermap data. Typical floodplain Manning's values adopted are as follows:
•

Water bodies, 0.03;

•

Buildings, 0.50;

•

Green spaces, 0.04; and

•

Road tracks and paths, 0.02.

Inflow and downstream boundaries are located in the model as shown in Figure 1.
One inflow, applied in the upstream limit of the model was added in order to represent the
upstream catchment. The lower catchment (See Figure 2) was also included in the upstream

inflow. Details of the hydrological analysis used to determine model inflows are discussed in
Section 2.
A constant water level representing a bank full water level at the River Severn was adopted
as the downstream boundary for the Newtown model. To check the influence that the
downstream boundary could have on the water levels at the site, a sensitivity test was carried
out increasing the bank full level by 1m.
Model runs have been undertaken for the following scenarios:
•

Design model fluvial runs for the 1 in 20, 100, 100 plus climate change and 1000 year
return period events; and

•

Downstream boundary sensitivity run has been undertaken for the 100 year return
period event with a 1m increase in the adopted downstream boundary water level.

During the initial site assessment, a culvert blockage assessment was specified at the
Railway Bridge (SO 3085 2906). Based on the survey data provided for this structure (see
Appendix B), it was decided that a blockage scenario at this location was unlikely given the
large dimensions of the bridge opening.
3.3

Model results

Flood extents together with hazard and depth grids have been prepared for the design event
and the blockage scenario runs. Details of the analysis of the results from these model runs
are presented in Chapter 5 of the report with the digital deliverables (hydraulic model and
hydraulic model results) available in Appendix C.
The results of the sensitivity analysis to the downstream boundary indicate that there is only a
marginal increase in the water level upstream the railway embankment. As such, the flood
extent and flood hazard classification increase only marginally within the affected Site 592.

4

Assumptions & Limitations

The key limitations of the model and data used to generate the model are as follows:
•

the lack of calibration data against which the model performance can been tested
against;

•

Accuracy of the dimensions and elevations of the river channels is limited to the
accuracy of the DTM;

•

Where no survey data is available for a particular structure, the dimensions and levels
of this structure have been assumed; and

•

No gauging stations or recorded flows/levels were used in this study, which means no
flood frequency analysis was undertaken

In the absence of a good and reliable calibration data, sensitivity analysis should be used to
set the perspective in terms of how models results should be interpreted.
The model is deemed fit for the intended purpose (a Level 2 SFCA), however it should be
used with caution of any other uses, and a suitability review is recommended at the start of
any subsequent project.
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Introduction

This technical note focuses on the hydrological analysis and hydraulic modelling approach
undertaken for the Stage 2 SFCA assessment for the Presteigne fluvial model. This model
was developed to enable hazard rating output in addition to the depth grid output for a
number of design return period events for the Candidate Sites (CS) reference number 97,
782, 414 and 871. The extent of the study area and the location of the CS are shown in
Figure 1. A brief description of the hydrological analysis and hydraulic modelling is provided in
the sections below.

Figure 1 Extent of model study area

2

Hydrological analysis

2.1

Introduction

A hydrological analysis was undertaken in order to determine fluvial inflows to the hydraulic
model. The adopted approach is based on the latest Environment Agency Flood Estimation
Guidance and the guidelines and methodologies included in the Flood Estimation Handbook
(FEH).
2.2

Methodology

The methodology consists of distributed rainfall-runoff inflows that will be applied in the
hydraulic model to generate flood hydrographs.
Depending on the complexity of the catchment and the study area, the catchment can be
divided into several sub-catchments, based upon model boundaries and key tributary inflows.
As the catchment is predominantly rural, ReFH analysis has been undertaken to generate the
inflow hydrographs for each sub-catchment. Time to peak and storm duration are also
determined using ReFH formula. For distributed catchments (with multiple inputs), the storm
duration is based on the dominant upstream inflow.
2.3

Detailed approach

Based on the extents of main modelled watercourses, the River Lugg catchment was
subdivided into 5 sub-catchments as shown in Figure 2 and detailed below:
•

River Lugg upstream catchment represented as point inflow;

•

Clatter Brook tributary’s upper catchment represented as point inflow;

•

Left bank tributary joining River Lugg at Presteigne represented as point inflow

•

Interim area draining to Clatter Brook tributary, upstream of the confluence with River
Lugg is represented as laterally distributed inflow.

•

Interim area draining to River Lugg between the left tributary confluence and Clatter
Brook confluence is represented as laterally distributed inflow. But here, the interim
area does not contribute to the flooding at the site of interest and was therefore not
considered in the model.

Catchment descriptors for each sub-catchment were estimated from the FEH CD-Rom v3
using the area-weighting method where necessary, and key sub-catchment properties are
summarised in Table 1 whilst the 20y, 100y, 1000y and 100y+climate change event peak
flows are detailed in Table 2.
Table 1 Important catchment descriptors for each sub catchment with any changes applied
Subcatchment

AREA

River Lugg

101.64

0.49

0.56

4.22

Left bank

PROP WET

BFIHOST

DPLBAR
(km)

DPSBAR
(m/km)

SAAR
(mm)

SPRHOST

URBEXT
1990

0.592

12.33

169.3

1006

31.82

0.0012

0.49

0.637

1.27

100

874

31.24

0.000

0.49

0.665

2.08

159.9

894

21.64

0.0012

tributary
Clatter Brook

Clatter Brook

1.44

0.49

0.622

1.22

97.01

851

31.31

0.041

interim area

Table 2 Peak flow values of each sub catchment
Subcatchment

CS
number

Sub-catchment
NGR

20y Peak
Flow (m3/s)

100y Peak
Flow (m3/s)

1000y Peak
Flow (m3/s)

River Lugg

97, 414,

100ycc
Peak Flow
(m3/s)

331350, 264700

50.31

68.84

116.10

82.60

331400, 264700

0.26

0.36

0.63

0.44

330900, 263950

2.72

3.88

6.95

4.66

332200, 264350

1.07

1.52

2.70

1.82

782 & 871
Left bank
tributary

Clatter Brook

97, 414,
782 & 871
97, 414,
782 & 871

Clatter Brook
interim area

97, 414,
782 & 871

Contains Ordnance Survey Data © Crown Copyright and database right 2012

Left bank
tributary

River Lugg

Clatter Brook
interim area
Upper
Clatter
Brook
Figure 2 Final sub-catchment schematisation (purple outline refers to sub-catchment
boundaries)

Here, two different storm profiles were used, with the large storm covering the entire River
Lugg catchment, with a 7.3 hours duration and a time to peak of 3.6 hours adopted for the
Upper River Lugg catchment and for its left bank tributary. The other storm profile is more
local and covers exclusively the Clatter Brook catchment, with a 2.5 hours duration and a time
to peak of 1.3 hours adopted for the Clatter Brook upper catchment and for its interim area.
No further hydrological adjustments, such as reconciliation of the hydrographs, was
undertaken.

3

Hydraulic modelling

3.1

Introduction

A TUFLOW model was developed to represent the River Lugg and its tributaries at
Presteigne. The model extends from SO 3305 2639 at the Clatter Brook and SO 3314 2647 at
the River Lugg to SO 3330 2643 with the total modelled watercourse being 5.40km in length
including its tributaries (See Figure 1). The model has been developed from a combination of
structure survey data (2012), LiDAR data (2007), aerial photos from Google Earth, OS
Mastermap data and inputs from the hydrological analysis.
3.2

Survey

Bridge and culvert dimensions were gathered during July and August 2012 for 5 structures
within the study area. The data was gathered using GPS and levelling survey techniques. The
survey was used to gather details of the elevations of structure soffit, deck and invert levels
and the width of the structure openings. Appendix B provides details of the survey data
gathered.
3.3

Model Build

The River Lugg, the Clatter Brook and the other watercourses were entirely represented using
a 2D schematization. A check of the LiDAR DTM was carried out to ensure that the bed levels
of the watercourses were well represented in the DTM. Where necessary, z-lines were used
to set the channel bed levels (i.e. where features along the watercourse, such as structures,
were not removed during the LiDAR filtering process).
Along the modelled reach of the watercourse, there are 5 structures which have been
included in the model as described in Table 3 and as shown in Figure 1. These structures
have been included in the model using the ESTRY tools within TUFLOW. Z-lines were used
to set the road levels over the structures based on the survey data, or ground levels from the
DTM where survey data was not available. There are no flood defences within the study area
and therefore no analysis of defence failure or overtopping has been carried out.
Table 3 Structure included in the model
Modelled
structure type

Number

Survey data
available

Modelling approach

Bridge

4

Yes

Modelled as rectangular openings with Estry

Culvert

1

Yes

Modelled as a circular conduit with Estry

Flood defences

None

The extent of the 2D model domain is shown in Figure 1. The grid resolution used for the 2D
model is 2m which allows for accurate representation of both the river channel and the
floodplain elements of the model.
The Manning’s n coefficient is used to represent the channel and floodplain roughness. The
Manning's n values for the river channel and the floodplains are based on the land-use
polygons within the OS Mastermap data. Typical floodplain Manning's values adopted are as
follows:
•

Water bodies, 0.03;

•

Buildings, 0.50;

•

Green spaces, 0.04; and

•

Road tracks and paths, 0.02.

Inflow and downstream boundaries are located in the model as shown in Figure 1.
Four inflows were added into the model, each one applied in the upstream limits of the model
at the four watercourses represented within the study area. Details of the hydrological
analysis used to determine model inflows are discussed in Section 2.
Two downstream boundary conditions were used in the Presteigne model to allow the water
to be extracted from the system. One at the river Lugg and the other located at the Southern
limit of the 2D domain. (See Figure 1) At the River Lugg, the type of downstream boundary
adopted is based on a review of ground topography and the distance from the CS to the
downstream boundary location. Given the relatively steep slope of the ground and the
distance from the CS to the downstream boundary location, the downstream boundary water
level will have a negligible influence on the water levels at the sites. A bank full water level
has been adopted as downstream boundary condition, with the water levels based on the
topography of the DTM at the location of the downstream boundary.
For the second downstream boundary condition, a low constant water level has been adopted
to allow the exit of the system of the floodplain flow.
Model runs have been undertaken for the following scenarios:

3.4

•

Design model fluvial runs for the 1 in 20, 100, 100 plus climate change and 1000 year
return period events; and

•

Blockage sensitivity run for the 100 year return period event assuming a 75%
blockage at the B4355 Bridge (SO 3315 2640) and the Hereford Bridge (SO 3316
2641)
Model results

Flood extents together with hazard and depth grids have been prepared for the design event
runs. Details of the analysis of the results from these model runs are presented in Chapter 5
of the report with the digital deliverables (hydraulic model and hydraulic model results)
available in Appendix C.
The results of the sensitivity analysis to the culvert blockage assessment indicates that with a
75% blockage applied at the B4355 Bridge there is a significant increase in the water levels
within the channel upstream of the modelled structure. Also, there is an increased volume of
water overtopping the B4355 Road and flooding the sites 782 and 414 located in a SouthEasterly direction from the blockage location. Therefore, the flood extent and flood hazard
classification is increased within the affected Sites.

The results of the sensitivity analysis to the culvert blockage assessment indicates that with a
75% blockage applied at the Hereford Bridge there is a only a marginal increase in the water
levels within the channel upstream of the modelled structure. Anyway, there is more volume
of water flooding the Hereford Road which conveys the water toward the sites 414 and 871
located in an Easterly direction from the blockage location. Therefore, the flood extent and
flood hazard classification is increased within the affected Sites.

4

Assumptions & Limitations

The key limitations of the model and data used to generate the model are as follows:
•

the lack of calibration data against which the model performance can been tested
against;

•

Accuracy of the dimensions and elevations of the river channels is limited to the
accuracy of the DTM;

•

Where no survey data is available for a particular structure, the dimensions and levels
of this structure have been assumed; and

•

No gauging stations or recorded flows/levels were used in this study, which means no
flood frequency analysis was undertaken

In the absence of a good and reliable calibration data, sensitivity analysis should be used to
set the perspective in terms of how models results should be interpreted.
The model is deemed fit for the intended purpose (a Level 2 SFCA), however it should be
used with caution of any other uses, and a suitability review is recommended at the start of
any subsequent project.
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Introduction

This technical note focuses on the hydrological analysis and hydraulic modelling approach
undertaken for the Stage 2 SFCA assessment for the Presteigne pluvial model. This model
was developed to enable surface water flood mapping for a number of design return period
events for the Candidate Sites (CS) reference number 97, 782, 414 and 871. The extent of
the study area and the location of the CS are shown in Figure 1. A brief description of the
hydrological analysis and hydraulic modelling is provided in the sections below.

Figure 1 Extent of model study area

2

Hydrological analysis

2.1

Introduction

Whenever a site of interest was estimated as being too far from any fluvial source to be
potentially involved in a flood event coming that source, or if the contributing catchment’s size
seemed to be too small to generate consequent fluvial flooding at the site, the assessment of
a pluvial event was then considered, knowing that the site of interest is close to an urban area
and can be flooded from surface runoff.
But when the site of interest did not provide any certainty on whether most of the flooding
would come from fluvial flooding or surface runoff, then both fluvial and pluvial approaches
where considered.
A hydrological analysis was therefore undertaken in order to determine both fluvial and pluvial
inflows to 2 separate hydraulic models. Both adopted approaches are based on the latest
Environment Agency Flood Estimation Guidance and the guidelines and methodologies
included in the Flood Estimation Handbook (FEH).
2.2

Methodology

The pluvial methodology consists of applying the calculated net rainfall directly in the 2D
hydraulic model domain. In order to calculate the rainfall hyetographs, rainfall-runoff boundary
units from ISIS are used.
As the catchment is predominantly rural, ReFH analysis has been undertaken to generate the
hyetographs necessary for the rainfall inputs to the model. Time to peak and storm duration
are also determined using ReFH formula.
2.3

Detailed approach

In terms of catchment delineation, the contributing catchment needs to be kept as lumped, as
shown in Figure 2, with a storm area defined by the catchment size when the contributing
catchment is relatively small. In such a case, the hydraulic model boundaries have been set
up to be reasonably close to the storm/catchment area too.
Here, the contributing catchment at the site of interest is much smaller than the fluvial
contributing catchment. The Clatter Brook catchment was used to define the pluvial storm
profile but using a catchment area even smaller, more or less of the size of the Clatter Brook
Interim area, which corresponds roughly to the model boundaries. Catchment descriptors
were directly extracted from the FEH CD-Rom v3. Key catchment properties are summarised
in Table 1.
Table 1 Important catchment descriptors at subject site with any changes applied
Site

Presteigne

AREA

1.5

PROP WET
0.49

BFIHOST
0.622

DPLBAR
(km)

DPSBAR
(m/km)

1.22

97.011

SAAR
(mm)
851

SPRHOST
31.31

URBEXT
1990
0.041

Contains Ordnance Survey Data © Crown Copyright and database right 2012

Figure 2 Final catchment schematisation (purple outline refers to catchment boundaries whilst
brown outline refers to storm area boundaries)
The pluvial storm profile has here an area of 5.66 km2 corresponding to the Clatter Brook
catchment, with a duration of 3.1 hours and a time to peak of 1.6 hours. No further
hydrological adjustments, such as reconciliation of the hydrographs, was undertaken.

3

Hydraulic modelling

3.1

Introduction

An ISIS 2D pluvial model was developed to assess the flooding in the study area where the
Candidate Sites are located. The model extends from SO 3305 2629 to SO 3327 2643
covering an area large enough to evaluate the effects of surface water flooding (please see
Figure 1). The model has been developed from a combination of LiDAR data, aerial photos
from Google Earth, OS Mastermap data and hydrological inputs.
3.2

Survey

Through an initial assessment of the study area, and considering the type of model to be
implemented, no relevant structures are located with in the model domain. Therefore, the
model was built using the DTM obtained from LiDAR as the primary source of topographic
data.
3.3

Model Build

The Presteigne pluvial model was entirely represented using a 2D schematization. A check of
the LiDAR DTM was carried out to ensure that the topography of the model domain was
properly represented in the DTM (flow paths, embankments, roads, depressions…).
The extent of the 2D model domain is shown in Figure 1. The grid resolution used for the 2D
model is 2m, which, considering the rural nature of the zone, allows for accurate
representation of the model domain.

The Manning’s n coefficient is used to represent the terrain roughness. The Manning's n
values for the study area are based on the land-use polygons within the OS Mastermap data.
Typical floodplain Manning's values adopted are as follows:
•

Water bodies, 0.03;

•

Buildings, 0.50;

•

Green spaces, 0.04; and

•

Road tracks and paths, 0.02.

The net rainfall obtained from the FEH methodology has been applied uniformly over the
entire hydraulic model domain. A low constant water level has been adopted as the boundary
condition to ensure the abstraction of any volume reaching the model edge, with the water
levels based on the topography of the DTM at the location of the boundary.
Model runs have been undertaken for the following scenarios:
•

3.4

Design model pluvial runs for the 1 in 20, 100, 100 plus climate change and 1000 year
return period events
Model results

Flood extents and depth grids have been prepared for the design event. Details of the
analysis of the results from these model runs are presented in Chapter 5 of the report with the
digital deliverables (hydraulic model and hydraulic model results) available in Appendix X.

4

Assumptions & Limitations

The key limitations of the model and data used to generate the model are as follows:
•

the lack of calibration data against which the model performance can been tested
against;

•

Accuracy of the topographic features in the domain is limited to the accuracy of the
DTM;

The model is deemed fit for the intended purpose (a Level 2 SFCA), however it should be
used with caution of any other uses, and a suitability review is recommended at the start of
any subsequent project.

Halcrow Group Limited
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Estados Unidos 34 - 5º piso, C1101AAB Buenos Aires, Argentina.
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Introduction

This technical note focuses on the hydrological analysis and hydraulic modelling approach
undertaken for the Stage 2 SFCA assessment for the Rhayader model. This model was
developed to enable hazard rating output in addition to depth grid output for a number of
design return period events for the Candidate Site (CS) reference number 443. The extent of
the study area and the location of the CS are shown in Figure 1. A brief description of the
hydrological analysis and hydraulic modelling is provided in the sections below.

Figure 1 Extent of model study area

2

Hydrological analysis

2.1

Introduction

A hydrological analysis was undertaken in order to determine fluvial inflows to the hydraulic
model. The adopted approach is based on the latest Environment Agency Flood Estimation
Guidance and the guidelines and methodologies included in the Flood Estimation Handbook
(FEH).
2.2

Methodology

The methodology consists of distributed rainfall-runoff inflows that will be applied in the
hydraulic model to generate flood hydrographs.
Depending on the complexity of the catchment and the study area, the catchment can be
divided into several sub-catchments, based upon model boundaries and key tributary inflows.
As the catchment is predominantly rural, ReFH analysis has been undertaken to generate the
inflow hydrographs for each sub-catchment. Time to peak and storm duration are also
determined using ReFH formula. For distributed catchments (with multiple inputs), the storm
duration is based on the dominant upstream inflow.
2.3

Detailed approach

Based on the extents of main modelled watercourses, Rhayader catchment was subdivided
into 3 sub-catchments as shown in Figure 2 and detailed below:
•

Main river (Rhyd-Hir Brook) upstream catchment represented as point inflow;

•

Left bank tributary of the main river represented as point inflow; and

•

Interim area draining to the main river, upstream of the confluence with the River Wye
is represented as laterally distributed inflow.

Catchment descriptors for each sub-catchment were estimated from the FEH CD-Rom v3
using the area-weighting method when necessary, and key sub-catchment properties are
summarised in Table 1 whilst the 20y, 100y, 1000y and 100y+climate change event peak
flows are detailed in Table 2.

Table 1 Important catchment descriptors for each sub catchment with any changes applied
Subcatchment
Rhyd-Hir

AREA

PROP WET

BFIHOST

DPLBAR
(km)

DPSBAR
(m/km)

SAAR
(mm)

SPRHOST

URBEXT
1990

5.3

0.57

0.483

2.7

114.9

1203

37.86

0.000

1.24

0.65

0.567

1.36

135.1

1200

33.18

0.001

0.72

0.63

0.651

0.83

82.13

1204

29.08

0.113

Brook
Left bank
tributary
Interim area

Table 2 Peak flow values of each sub catchment
Subcatchment

Rhyd-Hir

CS
number

Sub-catchment
NGR

20y Peak
Flow (m3/s)

100y Peak
Flow (m3/s)

1000y Peak
Flow (m3/s)

100ycc
Peak Flow
(m3/s)

443

297950, 268500

7.04

10.14

18.37

12.17

443

297800, 264700

1.57

2.25

4.07

2.71

443

297400, 263950

0.77

1.12

2.04

1.34

Brook
Left bank
tributary
Interim area

Main river

Interim
Area

Left bank
tributary

Contains Ordnance Survey Data © Crown Copyright and database right 2012

Figure 2 Final sub-catchment schematisation (purple outline refers to sub-catchment
boundaries)
The storm duration adopted for every sub-catchment is 3.0 hours with a time to peak of 1.4
hours. No further hydrological adjustments, such as reconciliation of the hydrographs, was
undertaken.

3

Hydraulic modelling

3.1

Introduction

A TUFLOW model was developed to represent the Rhyd-Hir Brook at Rhayader. The model
extends from SN 2979 2685 to SN 2974 2677 with the total modelled watercourse being
1.25km in length including its tributary (please see Figure 1). The model has been developed
from a combination of structure survey data (2012), LiDAR data (2007), aerial photos from
Google Earth, OS Mastermap data and hydrological inputs.
Bridge and culvert dimensions were gathered during July and August 2012 for 4 structures
within the study area. The data was gathered using GPS and levelling survey techniques. The
survey was used to gather the elevations of structure soffit, deck and invert levels and the
width of the structure openings. Appendix B provides details of the survey data gathered.
3.2

Model Build

The Rhayader model was entirely represented using a 2D schematization. A check of the
LiDAR DTM was carried out to ensure that the bed levels of the watercourses were well
represented in the DTM. Where necessary, z lines were used to set the channel bed levels
(i.e. where features along the watercourse, such as in-bank structures, were not removed
during the LiDAR filtering process).
Along the modelled reach of the watercourse, there are 5 structures which have been
included in the model as described in Table 3 and as shown in Figure 1. These structures
have been included in the model using the ESTRY tools within TUFLOW. Z lines were used
to set the road levels over the structures based on the survey data. Ground levels from the
DTM were used where survey data was not available. There are no flood defences within the
study area and therefore no analysis of defence failure or overtopping has been carried out.
Table 3 Structure included in the model
Modelled
structure type

Number

Survey data
available

Modelling approach

Bridge

4

Yes

Modelled as rectangular openings with Estry

Culvert

1

No

Modelled as a circular conduit with Estry

Flood defences

None

Where survey data was not available for a particular structure, the elevations and dimensions
of this structure were estimated using the ground levels from the LiDAR DTM and Google
Earth photographs. This approach has been used to model structures located away from the
CS and will have no influence on water levels at the site.
The extent of the 2D model domain is shown in Figure 1. The grid resolution used for the 2D
model is 2m which allows for accurate representation of both the river channel and the
floodplain elements of the model.
The Manning’s n coefficient is used to represent the channel and floodplain roughness. The
Manning's n values for the channel and floodplain are based on the land-use polygons within
the OS Mastermap data. Typical floodplain Manning's values adopted are as follows:
•

Water bodies, 0.03;

•

Buildings, 0.50;

•

Green spaces, 0.04; and

•

Road tracks and paths, 0.02.

Inflow and downstream boundaries are located in the model as shown in Figure 1.
Two inflows were added into the model, one applied in the upstream limit of the model which
also includes the main river catchment and the interim area catchment distributed along the
watercourse (as shown in Figure 2). A second inflow has been added to the model
representing the left bank tributary. Details of the hydrological analysis used to determine
model inflows are discussed in Section 2.
The type of downstream boundary adopted is based on a review of ground topography and
the distance from the CS to the downstream boundary location. Given the relatively steep
slope of the ground and the distance from the CS to the downstream boundary location (see
Figure 1), the downstream boundary water level will have a negligible influence on the water
levels at the site. A low constant water level has been adopted as the downstream boundary
condition, with the water levels based on the topography of the DTM at the location of the
downstream boundary.
Model runs have been undertaken for the following scenarios:
•

Design model fluvial runs for the 1 in 20, 100, 100 plus climate change and 1000 year
return period events

During the initial site assessment, a culvert blockage assessment was specified at the Tan
House Bridge (SN 2974 2677). During the detailed model built and based on analysing the
LiDAR ground levels, it was decided that a blockage scenario at this location was not
required. Given the difference in ground levels between the channel and the site, the
influence of a blockage at this culvert would not result in changes to the extents and flood
levels at the site.
3.3

Model results

Flood extents together with hazard and depth grids have been prepared for the design event
and the blockage scenario runs. Details of the analysis of the results from these model runs
are presented in Chapter 5 of the report with the digital deliverables (hydraulic model and
hydraulic model results) available in Appendix C.

4

Assumptions & Limitations

The key limitations of the model and data used to generate the model are as follows:
•

the lack of calibration data against which the model performance can been tested
against;

•

Accuracy of the dimensions and elevations of the river channels is limited to the
accuracy of the DTM;

•

Where no survey data is available for a particular structure, the dimensions and levels
of this structure have been assumed; and

•

No gauging stations or recorded flows/levels were used in this study, which means no
flood frequency analysis was undertaken.

In the absence of a good and reliable calibration data, sensitivity analysis should be used to
set the perspective in terms of how models results should be interpreted.

The model is deemed fit for the intended purpose (a Level 2 SFCA), however it should be
used with caution of any other uses, and a suitability review is recommended at the start of
any subsequent project.
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A CH2M HILL COMPANY
Estados Unidos 34 - 5º piso, C1101AAB Buenos Aires, Argentina.
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Introduction

This technical note focuses on the hydrological analysis and hydraulic modelling approach
undertaken for the Stage 2 SFCA assessment for the Tregynon model. The Tregynon model
was developed to enable surface water flood mapping for a number of design return period
events for the 81 Candidate Site (CS) reference numbers. The extent of the study area and
the location of the CS are shown in Figure 1. A brief description of the hydrological analysis
and hydraulic modelling is provided in the sections below.

Figure 1 Extent of model study area

2

Hydrological analysis

2.1

Introduction

Whenever a site of interest was estimated as being too far from any fluvial source to be
potentially involved in a flood event coming that source, or if the contributing catchment’s size
seemed to be too small to generate consequent fluvial flooding at the site, the assessment of
a pluvial event was then considered, knowing that the site of interest is close to an urban area
and can be flooded from surface runoff.
A hydrological analysis was undertaken in order to determine pluvial inflows to the hydraulic
model. The adopted approach is based on the latest Environment Agency Flood Estimation
Guidance and the guidelines and methodologies included in the Flood Estimation Handbook
(FEH).
2.2

Methodology

The methodology consists of applying the calculated net rainfall directly in the 2D hydraulic
model domain. In order to calculate the rainfall hyetographs, rainfall-runoff boundary units
from ISIS are used.
As the catchment is predominantly rural, ReFH analysis has been undertaken to generate the
hyetographs necessary for the rainfall inputs to the model. Time to peak and storm duration
are also determined using ReFH formula.
2.3

Detailed approach

In terms of catchment delineation, the contributing catchment needs to be kept as lumped,
with a storm area defined by the catchment size when the contributing catchment is relatively
small. In such a case, the hydraulic model boundaries have been set up to be reasonably
close to the storm/catchment area too.
Here, the contributing catchment at the site of interest is quite small and was therefore used
to define the storm area. Model boundaries were kept fairly close to the catchment
boundaries. Catchment descriptors were directly extracted from the FEH CD-Rom v3. Key
catchment properties are summarised in Table 1.

Table 1 Important catchment descriptors for each sub catchment with any changes applied
Subcatchment

Tregynon

AREA

1.08

PROP WET
0.49

BFIHOST
0.478

DPLBAR
(km)

DPSBAR
(m/km)

1.04

91.332

SAAR
(mm)
957

SPRHOST
35.48

URBEXT
1990
0.004

Contains Ordnance Survey Data © Crown Copyright and database right 2012

Figure 2 Final catchment schematisation (purple outline refers to catchment boundaries)
The storm duration adopted for the catchment is 2.3 hours with a time to peak of 1.2 hours.
No further hydrological adjustments, such as reconciliation of the hydrographs, was
undertaken.

3

Hydraulic modelling

3.1

Introduction

An ISIS 2D pluvial model was developed to assess the flooding in the study area where the
Candidate Sites are located. The model extends from SO 3083 2978 to SO 3097 2990
covering an area large enough to evaluate the effects of surface water flooding (please see
Figure 1). The model has been developed from a combination of LiDAR data (2007), aerial
photos from Google Earth, OS Mastermap data and hydrological inputs.
3.2

Survey

Through an initial assessment of the study area, and considering the type of model to be
implemented, no relevant structures are located with in the model domain. Therefore, the
model was built using the DTM obtained from LiDAR as the primary source of topographic
data.
3.3

Model Build

The Tregynon model was entirely represented using a 2D schematization. A check of the
LiDAR DTM was carried out to ensure that the topography of the model domain was properly
represented in the DTM (i.e. flow paths, embankments, roads and depressions).

The extent of the 2D model domain is shown in Figure 1. The grid resolution used for the 2D
model is 2m, which, considering the resolution of the LiDAR data and the characteristics of
the model area, allows for an accurate representation of the ground surface.
The Manning’s n coefficient is used to represent the terrain roughness. The Manning's n
values for the study area are based on the land-use polygons within the OS Mastermap data.
Typical floodplain Manning's values adopted are as follows:
•

Water bodies, 0.03;

•

Buildings, 0.50;

•

Green spaces, 0.04; and

•

Road tracks and paths, 0.02.

The net rainfall obtained from the FEH methodology has been applied uniformly over the
entire hydraulic model domain. Considering that the hydraulic model domain does not
represent the entire catchment, a boundary condition has been implemented along the lower
section of the perimeter of the hydraulic model domain in order to avoid accumulation of water
volume in the edges of the model domain. Details of the hydrological analysis used to
determine model inflows are discussed in Section 2. A low constant water level has been
adopted as the boundary condition to ensure the abstraction of any volume reaching the
model edge, with the water levels based on the topography of the DTM at the location of the
boundary.
Model runs have been undertaken for the following scenario:
•

3.4

Design model pluvial runs for the 1 in 20, 100, 100 plus climate change and 1000 year
return period events.
Model results

Flood extents and depth grids have been prepared for the design events listed in Section 3.3.
Details of the analysis of the results from these model runs are presented in Chapter 5 of the
report with the digital deliverables (hydraulic model and hydraulic model results) available in
Appendix C.

4

Assumptions & Limitations

The key limitations of the model and data used to generate the model are as follows:
•

the lack of calibration data against which the model performance can been tested
against;

•

Accuracy of the topographic features in the domain is limited to the accuracy of the
DTM;

•

The pluvial model does not cover the total area of the catchment (the upper section of
the catchment was not covered by high resolution DTM). However, a sensibly large
area (90% of the catchment) has been modelled to represent the effects of surface
water flooding in the surroundings of the site of interest.

The model is deemed fit for the intended purpose (a Level 2 SFCA), however it should be
used with caution of any other uses, and a suitability review is recommended at the start of
any subsequent project.

