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1 Introduction

1.1 Background

Townsend Water Engineering has been commissioned by Story Homes to undertake a site-specific
hydraulic modelling exercise of the Syd Brook watercourse to predict peak flood levels and extents,
together with gaining an understanding of the potentially complex flow regimes within the
development site located near Charnock Richard in Lancashire.

The modelling has been undertaken to appraise the site owner of the flood risk to the Site and the
effects of the pond bund collapse. The proposed development is at Park Hall Road, Charnock Richard,
Preston, PR7 5LP and is for a residential development. The location of the site is shown in Figure 1-1.

This report details the works carried out to produce detailed hydraulic modelling of the Syd Brook
which runs through the site.

Figure 1-1: Location of Site



2 Hydrological Modelling

Hydrological modelling is required to define the inflows to the model. The modelling has been
undertaken in accordance with the techniques of the Flood Estimation Handbook (Institute of
Hydrology, 1999 and subsequent guidance), with results presented in the standard template in
Appendix A.

The results are based on the Statistical Method with justification for the use of the GEV (Generalised
Extreme Value) distribution reported in Appendix A.

Design hydrographs for the ornamental pond called the Dam inflow and lateral flow downstream of
the reservoir have been obtained through scaling of flood peaks using the hydrographs obtained from
the rainfall-runoff method and are shown in Figure 2-1.
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Figure 2-1: Design flood hydrographs for Syd Brook Watercourse.



3.1 Introduction

To predict peak flood levels and extents, together with gaining an understanding of the potentially
complex flow regimes within the study area, Townsend Water Engineering Ltd. has undertaken
detailed hydraulic modelling of the Syd Brook.

An ESTRY 1D hydraulic model of the watercourses have been built using river channel survey data
commissioned as part of this study.

The newly built 1D model has been linked to TUFLOW to allow for the representation of complex
overland flow paths, as well as land uses on the floodplain and their impact on the passage of flood
flows.

3.2 Data Collection
3.2.1 Channel Survey

Channel and structure survey data for the Syd Brook watercourse (SH.TS.05_D Park Hall Road,
Charnock Richard, Topo Survey) were obtained by SurveyEng Ltd (included in Appendix B). Figure 3-1
shows the cross sections (Red lines) collected as part of this survey. This survey data has been used to
construct the cross-sections and structures in the model.

Figure 3-1: Syd Brook Watercourse surveyed sections.



3.2.2 Topographical Site Survey

The development site existing ground levels have been updated based on the triangulation of the
elevation points from the topographic survey (SH.TS.05_D Park Hall Road, Charnock Richard, Topo
Survey.dwg) obtained by SurveyEng Ltd and the ornamental pond called the Dam ground levels have
been updated based on the triangulation of the elevation points from the topographic survey (L8028-
18_Former Camelot Pond Survey.dwg) obtained by SOCOTEC. The topographic survey drawings are
provided in Appendix B.

323 Llidar

Digital Terrain Model (DTM) data flown in 2022 (generated via LiDAR) at 1.0m resolution was
downloaded from the data.gov.uk website. The LIDAR data has been used to develop the 1d cross
sections and to construct the ground model for the 2D (TUFLOW) model downstream of the
development site. The LiDAR data covering the model extent (pink polygon) is shown in Figure 3-2.

Figure 3-2: Extent of LiDAR data.

3.24 Mastermap data

Mastermap data within the study extent was downloaded from Ordnance Survey Digital Data website.
The data consists of geometric layers representing different features, such as roads, railways,
woodlands, surface water, buildings etc. Represented as polygons, these features were used to
identify the roughness on the floodplain, which was subsequently represented as a material layer on
2D grid in the TUFLOW model.


http://lle.gov.wales/

3.3 Hydraulic Model
3.3.1 Model Extent

The extent of the linked Syd Brook modelled in ESTRY (blue polyline) and the floodplain modelling in
TUFLOW (pink polygon) and can be seen in Figure 3-3.
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Figure 3-3: ESTRY and TUFLOW Extents.

3.3.2 1D Model Geometry

Syd Brook was schematised in 1D ESTRY, with the channel geometry within the development site taken
from the detailed channel survey undertaken as part of the current study. Downstream of the site,
LiDAR data was used to define the channel and floodplain geometry where no survey information was
available.

The 1D channel was schematised to mesh with the 2D model domain by fixing the 1D channel widths
to the 2D model cells ‘nulled’ from the model.

Where surveyed river sections extended into the floodplain (which is to be represented within the 2D
TUFLOW domain), the 1D channel sections were truncated. This ensured there was no duplication of
conveyance between the 1D and 2D domains. The location of the model cross sections (red line) is
shown in Figure 3-4.

Interpolated sections and weirs have been added in the model where necessary to improve model
stability. Weirs have been incorporated into the hydraulic model at locations where abrupt changes
in channel bed level occur. These structures are necessary to accurately represent the hydraulic
control imposed by sudden drops or steps in the channel profile.
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Figure 3-4: Location of the ESTRY model cross sections.

Hydraulic structures in the model were represented using standard structure units in the 1D ESTRY
software such as the weir, culvert, and channel types. Structure dimensions and inverts were
extracted from the channel survey. Other energy loss coefficients were based on the values

recommended in the TUFLOW User Manual.

The model includes eight culverts and one bridge structures which have a significant impact on the
flows. Details of the schematisation of the structures in the ESTRY model are shown in Table 3-1.

Table 3-1: List of modelled structures.

Structure Model Node Model Unit

Dam outfall 1 DAM_CUL1 Circular Culvert. As the invert
level of the culvert has not been
surveyed, it is assumed to be
identical to that of Dam Outfall 2
invert level.

Dam outfall 2 DAM_CUL2 Circular Culvert

Outfall Y DAM_CUL1a Circular Culvert

Outfall X DAM_CUL2a Circular Culvert

Outfall XY DAM_CUL3 Circular Culvert

Outfall A CUL_15 Circular Culvert

Outfall 1 CUL_10 Circular Culvert

Access Bridge CUL_BL BB Bridge

Outfall B CUL_07a Circular Culvert. The large culvert

has been modelled using




replicated sections to incorporate
the associated manhole. As the
invert levels at the upstream and
downstream ends were available,
interpolation was applied to
determine the invert level of the
replicated culvert section.
OUTFALL C CUL_04a Circular Culvert. As the diameter
of the culvert has not been
surveyed, it is assumed to be
0.5m.

OUTFALL D CUL_04b Circular Culvert. As the diameter
of the culvert has not been
surveyed, it is assumed to be
0.5m

OUTFALLC-D CuUL_03 Circular Culvert.

Channel roughness values are represented in hydraulic models using the Manning’s ‘n’ coefficient.
These have been applied throughout the models with reference to a survey of the reach of the
watercourse. Selected values are supported by photographs of the model reach that were provided
with the site visit. All information was used with reference to Chow’s industry standard reference
guide to roughness coefficients (1959)1. Figure 3-5 gives some example photos and their
corresponding roughness values.

Channel Roughness
0.045 - Sluggish reaches, weedy, deep
pools

Phot h

0.045 - Sluggish reaches, weedy, deep
pools

: : |
Figure 3-5: Channel Roughness Values.

3.3.3 2D Model Geometry

The 2d model domain covers a total area 0.77 km? (Figure 3-3), with a grid size of 2 m. The 2D elevation
data was read into the model directly from the LiDAR ASCII data file.



The present development and the dam site ground levels were obtained from the topographical
survey, are represented in the model, using the 2d_ztin function in TUFLOW which creates the
triangulation of the elevation points.

The bank levels of the channel were represented in the TUFLOW model using Z line and Z point layer.
Z line and Z point layer is used to represent the dam spillway and Road levels.

Initial water of the dam and pond downstream of the dam were represented in the TUFLOW using
IWL layer. These values are obtained from the dam top survey drawing.

A culvert located beneath the footpath downstream of the pond was incorporated into the 2D domain
using the 1d_mwk layer. The culvert dimensions and levels were taken from the topographical survey.

Floodplain roughness has been represented in the model through incorporation of an appropriate
Manning’s ‘n’ value. These values were determined from assessment of the land use types included
in the Ordnance survey digital data GIS files. The data contains different layers of land use type in the
form of lines and polygons, which can be transferred to a material layer. Each type of land use was
assigned an ID which was then linked to the Manning’s ‘n’ values in the material files. The list of
Manning’s ‘n’ values used in the model is presented in Table 3-2.

Table 3-2: Floodplain Roughness Values.

Roughness Code Description Manning’s n
1 General Surface 0.04
2 Buildings 0.5
3 Water 0.035
4 Roads tracks and paths 0.025
5 Woodlands 0.1

3.4 Model Boundaries
34.1 Inflows

The design inflows generated (as outlined in Appendix A) for the Syn Brook Watercourse and
upstream of the ornamental pond called the Dam were applied as a QT (flow versus time). The peak
inflows used in the model for 30yr, 100yr, 100yr35CC and 1000yr events are showed in Table 3-3.

Table 3-3: Peak inflows (m3/s)

Node Label 30yr 100yr 100yrplus35CC 1000yr
US_Inflow 4.79 6.25 8.43 10.39
WC_Inflow 0.21 0.28 0.37 0.46




3.4.2 Downstream Boundary

The 1D downstream boundary condition is represented using a head—flow (HQ) boundary
implemented through a rating curve. To construct this rating curve, the conveyance values were
extracted from the hydraulic geometry of the last cross-section and are combined with the channel
bed slope using Manning’s equation, allowing discharge to be calculated for a range of stages. This
produces a hydraulically consistent stage discharge relationship that reflects the channel’s capacity at
the boundary and provides a stable, realistic head—flow condition for 1D modelling.

The location of the model boundaries is shown in Figure 3-6.

Links between the 1d ESTRY channel and the 2d TUFLOW domain have been schematised using HX
lines digitised along the channel bank tops. The elevation of the HX cell in the TUFLOW model should
match, or be close to, the elevation of the bank in the cross section used by ESTRY to accurately model
the spilling between the 1d and 2d models.

fife Wood s
|

Figure 3-6: Location of model boundaries.

3.5 Model Performance
3.5.1  Run Configuration

All simulations were run using TUFLOW build TUFLOW 2025.0.2-iSP-w64.The model was run to
simulate 20 hours which allowed substantial time for the hydrograph to pass through the catchment.

A fixed time-step of 0.5 seconds was applied to the 1D element of the model and a time-step of 1.0
second was applied to the 2D element of the model. These time-steps were chosen as they provided
model stability and are appropriate given the 2-m cell size of the 2D grid.

All the 1D run parameters remained as default.




3.5.2 ESTRY TUFLOW Model Performance

Numerical convergence in a 1D and 2D models has been checked through examination of the mass
balance time series within the MB1D and MB2D csv results. Numerical convergence is considered
good, if the mass balance errors is within +/- 1%.

The ESTRY (1D) mass balance output for the 1in 100 (1% AEP) event is shown in Figure 3-7. The model
simulation shows that the mass balance is within the 1% target and hence 1D stability is good.

Mass Balance Error
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Figure 3-7: 1D Mass balance.

Numerical convergence has been checked through examination of the mass balance time series within
the MB2D csv results. Numerical convergence is considered very good if cumulative mass balance
errors are less than 1%. The mass balance output for the 100yr event is shown in Figure 3-8. The
model simulation shows that the mass balance is within the 1% target and hence 2D stability is good.
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Figure 3-8: 2D Mass balance.



For 1000yr event, 31 instances of 1d negative depths were recorded in the TUFLOW simulation. These
small negative depths are associated with the abrupt change in bed levels downstream of the
development site, particularly around the culvert. Given the good mass balance performance (0.1%
volume error) and the absence of 2D negative depths, these occurrences do not affect the reliability
of the hydraulic results. The model run summary was shown in Figure 3-9.

SIMULATION SUMMARY

Input File: D:%PROJECTS\CAMELOT%\Final Model\TUFLOW\runs\Camelot_baseline_108@yr_82.tcf
Log File: D:\PROJECTS\CAMELOT\Final Model\TUFLOW\Runs‘\Log\Baseline\5.45HR\Camelot_baseline_18@0yr_82.tlf

Start Time (h): ©.
End Time (h): 20.
Computational Steps (based on largest 2D timestep): 72080

Initialisation Times
Clock Time:
Processor Time:
Final Times

Clock Time: 3:16:57 [3.283 h]
Processor Time: 3:10:18 [3.172 h]

[0.4433 h]
[0.3545 h]

[=a B+ )]

9:26:3
8:21:1

Simulation FINISHED

TUFLOW 1D Negative Depths: 31
Classic 2D Negative Depths: @

IARNINGs prior to simulation: 43 [0 not in _messages layer]
JARNINGs during simulation: 31 [@ not in _messages layer]
CHECKs prior to simulation: 228 [@ not in _messages layer]
CHECKs during simulation: 1 [® not in _messages layer]

Peak Flow In (m3/s): 18.9 at Time 5.25

Peak Flow Out (m3/s): 11.1 at Time 5.54

Molume at Start (m3): 7990

Volume at End (m3): 4899

Total Volume In (m3): 256417

Total Volume Out (m3): 2608022

Volume Error (m3): 514 or 8.1% of Volume In + Out
Final Cumulative ME: a.1e%

Whole Simulation Qi+Qo » 5%
Peak +ve dV (m3): 4.3 at 4.37h 4.3 at 4.37h
Peak -wve dV (m3): -3.8 at B.22h -3.8 at 8.22h
Peak ddV over one timestep: 2.1 at B.87h 1.4 at 6.14h
Peak ddV as a ¥ of peak dV: 48.9% 32.5%
Peak Cumulative ME: -8.93% at 4.79h 8.41% at 7.73h

Figure 3-9: Model run summary




4.1 Flood Extents

The ESTRY TUFLOW model has been run for 30year, 100year, 100year35CC and 1000year events.
Outputs from the TUFLOW models have been extracted in ASCIl format to provide an estimate of the
maximum water level, depth and velocity across the model extent.

For the 30year, 100year, 100year35CC and 1000year events the baseline model results indicate that
there is risk of flooding to the development site, as shown in Figure 4-1, Figure 4-2, Figure 4-3 and
Figure 4-4 respectively.

Legend.
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Figure 4-1: Baseline Flood depth for 30year.



Legend
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Figure 4-2: Baseline Flood depth for 100year.
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Figure 4-3: Baseline Flood depth for 100yearPlus35CC.
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Figure 4-4: Baseline Flood depth for 1000year.

As can be seen, route B does not flood in all events and route A is flood free in the 1 in 30 year
event.

4.2 Sensitivity Analysis

Sensitivity analysis is important in understanding modelling uncertainty and confirming the reliability
of model results. Sensitivity tests on Manning’s n roughness and the downstream boundary condition
have been undertaken as part of the modelling assessment.

4.2.1 Roughness

Simulations were undertaken with the 1D(ESRTY) in-bank channel and 2D floodplain roughness values
(Manning’s n coefficient) uniformly decreased and increased by 20%. The sensitivity analysis can be
used to assess the impacts of channel maintenance and vegetation growth/decline in addition to
understanding modelling parameterisation uncertainty.

Increasing roughness by 20% resulted in increases the maximum water level in the channel by 0.1m
at node CUL_07a.2. There is slight increase in flood extent compared to the baseline model at the
development site as shown in Figure 4-5.



Figure 4-5: Increasing roughness by 20% compared to baseline flood extent.

Decreasing roughness by 20% resulted in decreases the maximum water level in the channel by 0.37m
at node CUL_03.2 and there is significant decrease in flood extent compared to the baseline model at
the development site as shown in Figure 4-6.

sensitivity RoughnessMinus20p 100yr Flood Exten
Baseline 100yr Flood Extent

Figure 4-6: Decreasing roughness by 20% compared to baseline flood extent.



4.2.2 Downstream Boundary

To evaluate uncertainty associated with downstream boundary, the slope parameter with in the 1D
(normal depth boundary) was increased and decreased by 20% for the 100yr event.

Increasing downstream boundary slope by 20% resulted in decreases the maximum water level in the
channel by 0.03m at node CUL_03.2. There is no change in flood extent compared to the baseline
model at the development site as shown in Figure 4-7.

Baseline 100yr Flood Extent
sensitivity DownstreamPlus20p 100yr Flood Extent

Figure 4-7: Increasing downstream slope by 20% compared to baseline flood extent.

Reducing the downstream boundary slope by 20% produced no significant change in the maximum
water levels within the channel. The simulated flood extents at the development site also remain
unchanged compared with the baseline model, as shown in Figure 4-8.



sensitivity DownstreamMinus20p 100yr Flood Exten

Figure 4-8: Model sensitivity to decreasing the downstream boundary by 20%

4.3 Proposed Model

As a part of current study, the baseline model was used to assess the proposed option which involves
replacing the existing long culvert with an open watercourse. The location of the culvert identified for
alteration are shown in Figure 4-9.

Figure 4-9: Location of the culvert altered in proposed model.

The river sections for the proposed watercourse were derived through interpolation, based on the
culvert invert levels at the upstream and downstream ends and added to the hydraulic model within

the 1D domain.



It is expected that the new watercourse will have similar conditions to the existing channel, therefore
the same roughness values were applied.

The associated TUFLOW layers (bank lines, channel code, 1D-2D interface, etc.) were updated to
reflect the new channel alignment.

The proposed model was simulated for 30year, 100year, 100year35CC and 1000year events. The
corresponding flood depth maps for all assessed events are presented in Figure 4-10, FFigure 4-11,
Figure 4-12 and Figure 4-13.
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Figure 4-11: Proposed Flood depth for 100year.
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Figure 4-12: Proposed Flood depth for 100year35CC.
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Figure 4-13: Proposed Flood depth for 1000year.

For the 100yr35CC proposed scenario, the hydraulic model predicts an increase of approximately
164 mm in the peak water level at node CUL BL.1, located upstream of the bridge within the
development site (see Figure 4-9). Conversely, a slight reduction in the water levels is observed
downstream of the development site, as detailed in Appendix C, Table C-1.

A comparison of the baseline and proposed flood extents shows a reduction in flooding both within
the development site and downstream, as shown in Figure 4-14. A localised increase in flood extent is



observed within the development site, consistent with the predicted rise in upstream water levels, as
shown in Figure 4-15.
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Figure 4-15: Comparison of the baseline and proposed flood extent for 100yr35CC event.

Figure 4-16 presents the flood depth difference map for the 100yr35CC event. Across the development
site, the proposed scenario results in a maximum increase of approximately 420 mm in floodplain
water levels. This increase is primarily due to the removal of the culvert, which shifts hydraulic control



to the bridge located immediately upstream. With the bridge becoming the dominant control
structure, upstream water levels rise accordingly.

Overall, the proposed changes improve downstream flood conditions while the increases in upstream
water levels remain localised and manageable.
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Figure 4-16: Proposed and baseline scenario flood difference map for 100yr35CC event.

As can be seen, route B does not flood in all events and route A is flood free in the 1 in 30 year
event.

4.4 Ornamental pond called the Dam Collapse Model

As a part of current study, the ornamental pond collapse scenario was modelling to predict the peak
flood levels and the flood extents at the development site. The baseline hydraulic model formed the
basis for assessing the potential impacts of partial failure.

A conservative approach was adopted when defining the collapse parameters. The collapse location
was selected at the point considered most critical based on pond ground levels, ensuring that the
model captured the worst-case release of water. The ornamental pond collapse location is shown in
Figure 4-17.

To assess flood behaviour under extreme failure conditions, the collapse level was lowered to 57.32 m,
which corresponds to the lowest average level within the pond based on the available topographic
survey drawing. The collapse was assumed to be wide and fully open, remaining in place for the entire
model simulation period. This represents a static, non—time-varying collapse scenario intended to
reflect a conservative worst-case failure condition.

The collapse was represented in the 2D domain using a Z-shape modification, which locally lowers the
ground levels within a defined polygon, providing a stable and transparent way to represent structural
failure.



This scenario was applied to both the baseline and proposed models to understand the maximum
potential hazard.
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Figure 4-17: Location of the Pond collapse.

Partial Collapse - Baseline Scenario

The baseline model was used to assess the Partial collapse baseline scenario. This scenario was
simulated for the 100yr35CC event, and the resulting flood depth map is presented in Figure 4-18.
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Figure 4-18: Baseline partial collapse Flood depth for 100year35CC.



For the 100yr35CC flood event, the model predicts an increase in flood extent immediately
downstream of the pond compared with the baseline scenario, as shown in Figure 4-19.

" Baseline_Flood extent_100yr35CC
[ PartialCollapse_Flood extent_100yr35CC|

Figure 4-19: Comparison of the Partial collapse baseline scenario and baseline models for 100yr35CC
event.

For the same event, the Partial collapse baseline model also produces a slight reduction in flood
extents downstream of the collapse, as shown in Figure 4-20. This occurs because, when the pond
collapses, the pond drains very quickly and the water level in the pond drops much lower than baseline
water level. When the pond is no longer full, it can’t push as much water downstream through the
culverts. As a result, after the initial burst of water right below the collapse, the rest of the channel
receives less water than in the baseline flood.
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Figure 4-20: Comparison of the partial collapse baseline and baseline scenario for 100yr35CC event.

Comparison of water-level hydrographs at the pond culvert outfall inlet and outlet further illustrates
these effects.

Figure 4-21 shows, at the pond culvert outfall inlet, the water levels in the partial-collapse scenario
drops much faster than the baseline immediately after the collapse. This happens because the collapse
allows the ornamental pond to drain rapidly, lowering the upstream water level and removing the
head that normally drives flow into the culvert. Once the pond has drained down to the collapse level,
it cannot maintain the higher water levels seen in the baseline. As a result, the pond culvert outfall
receives less sustained flow throughout the event.
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Figure 4-21: Baseline Pond culvert outfall inlet water levels compared to the baseline partial-collapse.

Figure 4-22 shows, at the pond culvert outfall outlet, both scenarios reach almost the same peak water
levels, showing that the collapse does not increase peak flow at this location. However, after the peak,



the partial-collapse water level falls away more quickly than the baseline. This again reflects the
reduced storage and driving head in the pond collapse scenario, the system cannot continue to push
water downstream for as long as it does in the baseline scenario.
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Figure 4-22: Baseline Pond culvert outfall outlet water levels compared to the baseline partial-collapse.

The water depth difference mapping for baseline and Partial collapse baseline scenarios for 100yr35CC
event is shown in Figure 4-23.
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Figure 4-23: Partial collapse baseline scenario flood difference map for 100yr35CC event.

As can be seen, route B does not flood in all events.



Partial collapse - proposed scenario

The partial collapse proposed model was also assessed for the 30yr, 100yr, 100yr35CC and 1000year
events. The flood depth maps for all assessed events are shown in Figure 4-24, Figure 4-25, Figure
4-26 and Figure 4-27.
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Figure 4-24: Proposed partial collapse Flood depth for 30year.
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Figure 4-25: Proposed partial collapse Flood depth for 100year.
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Figure 4-26: Proposed partial collapse Flood depth for 100year35CC.
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Figure 4-27: Proposed partial collapse Flood depth for 1000year.

For the 100yr35CC flood event, the model predicts an increase in flood extent immediately
downstream of the pond compared with the baseline scenario, as shown in Figure 4-29. Similar to the
partial collapse baseline scenario, the Partial collapse proposed model also produces a slight reduction
in flood extents downstream of the collapse, as shown in Figure 4-30.
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Figure 4-28: Comparison of the proposed partial collapse scenario and proposed flood extent for
100yr35CC event.
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Figure 4-29: Comparison of the proposed partial collapse scenario and proposed flood extent for
100yr35CC event.

The water depth difference mapping for proposed and Partial collapse baseline scenarios for
100yr35CC event is shown in Figure 4-31.

Figure 4-30: proposed partial collapse scenario and proposed flood difference for 100yr35CC event.

As can been seen in all events route B is flood free.



5 Modelling Limitations and Assumptions

The hydraulic model is based on topographic survey data supplied. The accuracy of the model is
limited to the accuracy of the data supplied.

The hydraulic model has not been verified due to lack of available data although sensitivity checks
have been undertaken to understand the possible impacts on modelled water levels due to the
assumptions made as part of the modelling.

No survey data for the dam outfalll, as there is no visible pipe upstream. Modelled as 56.58m same
as dam outfall 2 invert level.

No survey data for the outfall C, as there is no visible opening upstream and downstream of the
culvert. The diameter of pipes is assumed as 0.5m.

No survey data for the watercourse upstream of the Outfall 1. The river sections were obtained by
interpolating the upstream riverbed and downstream culvert invert levels.

No survey data for the watercourse downstream of the development. The river sections were
obtained by using Lidar data.

Weirs have been included in the model in area where abrupt changes in the channel bed profile occur,
to improve model stability. It is believed that these amendments will not affect the model results.

This modelling exercise has been undertaken to produce a good representation of flood risk
mechanisms in and around the study site. It has not been designed to accurately map flooding in the
wider catchment.

The collapse parameters and location were selected using a conservative approach. While this ensures
that impacts are not underestimated, the actual failure mechanism of dam can vary depending on
material properties, failure mode, and antecedent conditions.

The Z-shape modification provides a controlled and transparent method for representing the collapse.
However, it does not simulate progressive erosion or widening of the collapse over time. The model
therefore represents a static collapse, not a dynamically evolving one.



6 Conclusion

A new 1D-2D (FMP-ESTRY-TUFLOW) baseline model of the Syd Brook watercourse has been produced
making use of all the latest available data.

New hydrological inputs for the model have been derived using Statistical Method.

The baseline model runs for the 30year, 100year, 100year35CC and 1000year events assessed as part
of this study.

The baseline model indicates that Route B is flood free in all events and Route A does not flood in the
1in 30 year event.

Flooding is predicted at the site for all the four design baseline events.

The baseline model was used to assess the proposed option: replacing the long culvert with
watercourse.

The proposed model runs for the 30year, 100year, 100year35CC and 1000year events.

The proposed model in all events indicates that route B does not flood and does not flood in the 1 in
30 year event for Route A.

Overall, the proposed changes improve downstream flood conditions while introducing manageable
increases in flooding upstream.

The results of an increase in roughness coefficient indicated that there is slight increase in flood risk
to the proposed development site.

The results of a decrease in roughness coefficient indicated that there is decrease in the flood risk to
the proposed development site.

Overall, the model is not sensitive to flood depths regarding changes in downstream boundary.

The pond collapse was assessed for two scenarios: partial collapse (baseline) and partial collapse
(proposed). For both the scenarios, the model results for 100yr35CC demonstrate that:

e There is an initial surge in flood extent immediately downstream of the pond due to the
sudden release of water.

e After this initial burst, the pond drains rapidly, lowering water levels far below baseline
conditions.

e With the pond no longer full, it cannot sustain downstream flows, resulting in reduced flood
extents further along the channel.

e Inall events route B does not flood in all events.
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2. Method Statement

2.1 Requirements for flood estimates
Overview and Project Scope:

Flood modelling is required to support a planning application for redevelopment
of a brownfield Site. Hydrological boundary conditions are required for the
model. The catchment are to the site mostly drains through a small reservoir, the
effects of which need to be reflected in the hydrological assessment.

2.2 The Catchment
Maps:

The catchment area is shown in Figure 1 with the FEH catchment area for the
downstream model boundary (353862, 415522) shown in Figure 2. Adjustments
to the FEH boundary are shown on Figure 1 and are described in the next
Section.

Figure 1: Catchment area
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Figure 2: Catchment area for downstream model boundary

Catchment at 353850,415550

az

Do |

Descriptor

NGR SD 53850 15550
Area 2.44 km?

Catchment Description:

The FEH catchment has an area of 2.32 km2. It is a headwater catchment of the
Syd Brook, which drains in turn to the River Yarrow. The Yarrow is gauged at
Croston Mill (ref 70004) where the catchment area is 74.4 km2.

A full set of catchment descriptors for the subject Site is provided in Table 2. The
key observations from this are as follows:

It is a rural catchment;

The geology and soils give rise to a moderately high rate of runoff with
SPRHOST of around 39% and BFIHOST19 of around 0.435.

The presence of the reservoirs at the catchment outlet does not appear to
have been reflected in the FARL which is 1.0. This is not of consequence for the
study since the attenuating effects of the reservoir are to be included in the
hydraulic model.

The tributary catchment has an area of 0.12 km2 (2.44 less 2.32).

2.3 Hydrometric Data
Source of flood peak data:

NRFA Peak Flow Data Set v13.02
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Table 1: Area adjustments (see Figure 1)

Component | Area (m2) Comment

Extra1 342,834 Along south-eastern boundary
Extra2 62,000 Along north-eastern boundary
Extra3 5,872 From M6

Total 410,706

URBEXT source and method for updating:
None undertaken given rural nature of catchment.
BFIHOST source, checks and updates:

The values are consistent with the BGS Geology map which shows that the
catchment is underlain by mudstone, siltstone and sandstone and which would
give rise to low permeability soils.

Figure 5: Extract from BGS Geology Map - Bedrock geology
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Geology X

Bedrock geology

Pennine Lower Coal Measures Formation - Mudstone, siltstone and sandstone. Sedimentary bedrock
formed between 319 and 318 million years ago during the Carboniferous period.

Checks and revisions to other catchment descriptors:

No further checks warranted.
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4. Stationary statistical methods

4.1 Method overview
What is the purpose of applying these methods?
To obtain design flood peaks for the reservoir catchment.

What methods will be used to estimate QMED and growth curves?

Site code Methods used for QMED | Methods used for growth

curves
Res Equation PG

4.2 Estimating QMED

QMED at gauged subject sites:

Site code Method (AM/ | Initial QMED | Number of Adjustment  Final QMED

POT/LF) (m3/s) water years | for climatic (m3/s)
of data used | variation?

n/a
Methods: AM — Annual maxima; POT — Peaks over threshold; LF — Low flow

(flow duration curve) statistics.

QMED at ungauged subject sites:

Method Initial | Donors Donor Individual Combined | Urban Final
(CD/ QMED | used distances donor and adjustment QMED
DT/BCW) | (rural) | (NRFA from weights  weighted | factor (m3/s)

ligelpy numbers) | subject donor
CDs centroid adjustment
(m3/s) (km) factor
RES | DT 1.662 | 69046 17.95 1.20 1.014 2.024

Methods: CD - Catchment descriptors alone; DT - catchment descriptors with
donor transfer; BCW - catchment descriptors with bankfull channel width.

The Feh Procedure only identified a single donor but which resulted in an upward
shift in QMEDrural of around 20%. Interestingly, the QMEDobs for the Yarrow at
Croston Mill is around 8% higher than the QMEDcds; a consistent, though
smaller difference.
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Urban adjustment of QMED:
Using UAF
Search for donor sites:

n/a

Donor sites chosen and QMED adjustment factors:

NRFA Method Adjustment QMED De- QMED Adjustment
no. (AM/ for climatic  from urbanised from ratio (A/B)
POT/LF) variation?  flow QMED catchment

data from flow  descriptors
(m3/s) data (m3/s) (B)
(m3s) (A)
69046 | AM No Y 21.682 12.256 1.77
Methods: AM — Annual maxima; POT — Peaks over threshold; LF — Low flow
(flow duration curve) statistics.

4.3 Estimating growth curves
Derivation of growth curves at subject sites:

Method | If P or | Distribution  Any urban Parameters  Growth

(SS, P, ESS, used and or non-flood of factor
ESS, name  reason for years distribution for
H.) of choice adjustments (location, 100-
pooling scale and year
group shape after  return
adjustments) period
Res P P GEV No Locat 0.866 | 3.085
(Lowest abs Scale 0.357
z value) Shape -
0.124

Methods: SS - Single Site; P - Pooled; ESS - Enhanced Single Site; H -
Historical. Pooled and ESS growth curves were derived using the procedures
from Science Report SC050050 (2008). Urban adjustments are carried out using
the method of Kjeldsen (2010).

Flood frequency curve plots:

n/a
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10.2 Other Supporting Information

Table 2: Catchment Descriptors from FEH Web Services

a
River: ? Yarrow
Location| Charnock Richard Croston Mill
Reference: At Dam Corrected
NGR: | sD 54200 15450 SD498179
AREA Catchment area (km2) 2.3175 2.73 81.4
ALTBAR Mean elevation (m) 71 71
ASPBAR Mean aspect 284 284
ASPVAR Variance of aspect 0.35 0.35
BFIHOST Base flow index 0.441 0.441
BFIHOST19 Base flow index 2019 0.435 0.435 0.473
DPLBAR Mean drainage path length (km) 1.34 1.34
DPSBAR Mean drainage path slope 21.5 21.5
FARL Index of lakes 1 1 0.939
FPEXT Prop. of catchment in1% FP 0.2697 0.2697
FPDBAR Mean flood depth (catchment) 2.381 2.381
FPLOC Avg dist of FP to outlet 1.003 1.003
LDP Longest drainage path (km) 2.33 2.33
PROPWET Proportion of time soil is wet 0.51 0.51
RMED-1H Median 1 hour rainfall (mm) 10.6 10.6
RMED-1D Median 1 day rainfall (mm) 34 34
RMED-2D Median 2 day rainfall (mm) 46.4 46.4
SAAR Average annual rainfall (mm) 996 996 1050
SAAR4170 Ditto for 1941-1970 (mm) 985 985
SPRHOST Percentage runoff 38.99 38.99
URBCONC1990 Urban concentration1990 0.414 0.414
URBEXT1990 Urban extent 1990 0.0162 0.0162
URBLOC1990 Urban location 1990 1.352 1.352
URBCONC2000 Urban concentration 2000 0.567 0.567
URBEXT2000 Urban extent 2000 0.0135 0.0135 0.097
URBLOC2000 Urban location 2000 1.308 1.308
QMEDcds (m’/s) 1.446 1.662 23.830
I/s/ha 6.24 6.09 2.93
QMEDurban uef 1.047 1.047 1.047
Enter year (m’/s) 1.467 1.687 26.596
2025 I/'s/ha 6.33 6.18 3.27
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Drawingl: SH.TS.05_D Park Hall Road, Charnock Richard, Topo Survey.dwg

Drawing2: L8028-18_ Former Camelot Pond Survey.dwg
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Appendix C Post Development Results

Table C-1: Water level comparison for Post Development.

Peak water levels (m)
Node Label Baseline Proposed B-A (m)
100yr35CC (A) | 100yr35CC (B)

CULI_10.1 47.47 47.47 0.00
CULI_10.2 45.75 45.88 0.13
Culvert.1 50.87 50.87 0.00
Culvert.2 49.81 49.81 0.00
CUL_03.1 42.37 42.39 0.02
CUL_03W.2 42.16 42.15 -0.01
CUL_04a.1 43.06 43.06 -0.01
CUL_15.1 47.60 47.60 0.00
CUL_15.2 47.59 47.59 0.00
CUL_15W.2 47.59 47.59 0.00
CUL_BL.1 45.73 45.87 0.13
CUL_BL.2 45.71 45.88 0.16
DAM_CUL1A1 58.52 58.52 0.00
DAM_CUL1.2 51.08 51.08 0.00
DAM_CUL1a.1 51.06 51.06 0.00
DAM_CUL1a.2 49.08 49.08 0.00
DAM_CUL2.1 58.52 58.52 0.00
DAM_CUL2.2 51.07 51.06 -0.01
DAM_CUL2a.1 51.05 51.05 0.00
UNKNW_01a.1 39.71 39.70 -0.01
UNKNW_01a.2 39.02 39.01 -0.01
UNKNW_01b.2 38.33 38.33 -0.01
UNKNW_01c.2 36.59 36.59 0.00
UNKNW_02.1 4214 4213 -0.01
UNKNW_02.2 42.12 42.12 -0.01
UNKNW_02a.2 41.14 41.14 -0.01
UNKNW_05.1 43.07 43.07 -0.01
UNKNW_08.1 45.74 45.87 0.13
UNKNW_11.1 47.52 47.52 0.00
UNKNW_11.2 47.50 47.50 0.00
UNKNW_11i.2 47.49 47.49 0.00
UNKN\QVJ ik 47.49 47.49 0.00
UNKN\QIJ iz 47.48 47.48 0.00




UNKNW_12.1 47.57 47.57 0.00
UNKNW_12.2 47.54 47.54 0.00
UNKNW_12i.2 47.53 47.53 0.00
UNKNW_16.1 47.81 47.81 0.00
UNKNW_17.1 49.13 49.13 0.00
UNKNW_17.2 48.77 48.77 0.00
UNKNW_17i.2 48.29 48.29 0.00

Maximum 0.16

Minimum 0.01

Average 0.01
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