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1 Introduction

Ipsen Biopharm is seeking to build an extension to the existing chemical production plant located on
the Wrexham Industrial Estate. In order to complement a Flood Consequences Assessment and fulfil
the requirements of Natural Resources Wales (NRW) and Wrexham County Borough Council
(WCBC), OPUS have undertaken a Hydraulic Model for the existing fluvial conditions and simulate
possible blockage and flood flow path scenarios. This was undertaken to assess the risk of flooding
to the existing production plant and the proposed development on site.

1.1 Location

The site location is shown in Figure 1 below and is centred at Ordnance Survey National Grid
Reference (OS NGR) 337489, 350407. The site is located on the north-western part of Wrexham
Industrial Estate. It is bounded by Cytec to the North, Ash Road N to the East, the junction between
Ash Road N and Abenbury Way to the South and Abenbury Way to the West.

!

edwither Wood

Key

open channel

I Pond

Culvert 750mm
(. Culvert 900mm

E Ipsen Site

Blackwood House
Erlas
Black Wood

o s 100

Figure 1 Ipsen Biopharm. Source: OS Vector Map District
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The site is currently crossed by a small unnamed watercourse which runs from West-Northwest to
East and through a small greenfield area and a pond. Flow levels at this pond are controlled by a weir
followed by a culvert entrance headwall and inlet grating arrangement. The watercourse is culverted
under the parking area and crosses Ash Road N.

The inlet is formed by an approximate length of 35m, 750mm diameter culvert followed by a goomm
for the remaining 190m. In total the culvert length is approximately 225m.

The unnamed watercourse is a tributary of the Redwither Brook and is located approximately 440m
downstream of the pond.

Key

B Weir and culvert entrance

open channel

- Pond
RS Greenfield

Culvert 750mm
. Culvert 900mm

Ipsen Site
¥ = ==

1 . ——

Figure 2 Site layout plan. Source: OS Vector Map District

Site levels have been reviewed as part of the watercourse topographic survey which is included in
Appendix A.
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2 Hydrology

2.1 Catchment & Watercourse Characteristics

As the unnamed watercourse of interest for this study is less than 0.5 km? in area and it is a tributary
of the Redwither Brook. No catchment characteristics in FEH Web Service for this particular site
were found. Therefore the analysis has been undertaken on an adjacent catchment with similar
characteristics with flows proportioned to the catchment size to develop this study.

The catchment descriptors from the FEH Web Service are presented in Appendix B, whilst a plan of
the catchment area is shown in Figure 3 below;

Figure 3 Catchment Plan. Source: Lle Geoportal for Wales.
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2.2 Hydrological Assessment

The Flood Estimation Handbook (FEH) Statistical method was deemed the most suitable for the
derivation of design flows for this study with hydrographs and the critical storm obtained from
Revitalised FEH Rainfall Runoff method (ReFH1) and scaled to the peak flow values calculated using
the FEH Statistical method. The ReFH1 hydrograph was developed using Flood Modeller Pro (FMP)
hydraulic modelling software. The results of this assessment are presented in the Flood Estimation
Calculation Record in Appendix C.

Hydraulic models were run to assess the potential effects of climate change for this purpose, the 100
year return period event was run with additional flow to represent climate change. Current guidelines
by the Natural Resources Wales require that a +30% allowance (central estimate) and also a +75%
allowance (upper end estimate). This supersedes precautionary contingency allowances provided in
Table 1 of Technical Advice Note 15: Development and Flood Risk (TAN15) Guidance document.

2.3 Applied Flows

Figure 4 below illustrates how the return period affects the hydrograph with Table 1 giving the
calculated peak flows for key events on watercourses.

028
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—0Q20
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Q(md/s)
(=]
5%

0.16

0.14

0.12

0.1

0.08
0 0.5 1 15 2 25 3 35 4 45 5

Time (hr)

Figure 4 Hydrographs calculated
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Return Period (yrs) Peak Flow (m3/s)
2 0.070
20 0.147
100 0.207
100+30%CC 0.269
1000 Morris 0.412
Table 1 Peak Flows

In order to prevent the 1D model from drying out and becoming unstable a minimum flow has been
set on the applied hydrographs of 0.09 m3/s (90 1/s).

3 Hydraulic Model Configuration

Opus have developed a 1D-2D hydraulic model of the watercourse to investigate the response of the
watercourse to flood events (including a blockage scenario). Therefore the following Sections 3.1 to
3.8 (inclusive) describe the model development.

The constructed model consists of a Tuflow model linked with a Flood Modeller Pro (FMP née ISIS)
network with inflows applied to the top of the network and a normal boundary applied to the bottom
of the domain. The active area covers 0.27 km2 (27 ha) with a 1 metre cell size. Water is able to leave
the model at the model boundaries where appropriate and inflows are applied using hydrology
derived via statistical analysis. The model is sufficiently large enough to model all significant flows
and boundary conditions are sufficiently distant from the site of interest for any boundary effects to
normalise.

3.1 Topographic Data

Outputs from hydraulic models are dependent on how accurately the channel sections are
represented and whether any obstructions to flow or structures have been described. An appropriate
survey is therefore an important component of any hydraulic model. A topographic survey was
commissioned for this project and undertaken in September 2017 by PM Surveys UK with the data
provided in Appendix A. The watercourse is a well-defined channel which reaches a pond area just
before been channelized through a 225m long culvert. The pond area, the parking area and the road
can have floodplain behaviour therefore the model requires a 2D component as a representation of
the floodplain. The 2D domain has been constructed from 1m DTM LiDAR obtained from the Lle
Geoportal for Wales.

3.2 Tuflow Model Configuration

The 2D model extent cover 130 m upstream from the top end of the 1D domain, 110 m downstream
of the 1D domain. The downstream edge was set with a head-flow (HQ) type boundary to allow water
to flow out of the model with the gradient set based on LiDAR.

For this Tuflow model version 2016-03-AB-iSP-w64 was used with a 2.0 second timestep. Model
simulations have been run for 6 hours. The Manning’s roughness coefficient was set at 0.035 for the
entire area before being overwritten based upon land use classifications digitized manually. Table 2
below details the standard classifications applied.
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Tuflow Code Manning’s Value Description
1 0.035 General Surface
2 0.040 Grass Open Land
3 0.100 Buildings
4 0.020 Roads and Paved Ares
5 0.040 Railway*
6 0.045 Mixed surfaces and gardens
7 0.040 Open Carparks
8 0.200 Multi-storey carparks*®

* N/A no such feature in current area

Table 2 Tuflow Manning’s Values

3.3 Digital Terrain Model (DTM)

The DTM consists of an array of points with elevations representing the surface and forms the basis
on which structures and relevant features can be added. The DTM was abstracted from 1 metre
resolution (DTM) LiDAR data, which can be seen in Figure 5 below;

Key

E Ipsen Site
[ 20_Code_active_RC62472_R
LiDAR

Figure 5 LiDAR and Active Area

In addition to the stream represented in the 1D domain and linked to the 2D domain, the topography
of the 2D domain also needs consideration. The base topography has been created from LiDAR with
a 1 metre cell size; this has been patched, amended the bank level of the watercourse from the FMP
section file set via a ‘z-line’ and extra contour lines obtained from topographical survey to give it
more detail at the pond area.
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3.4 Flood Modeller Pro Configuration

The Flood Modeller Pro version 4.3.6458.29637 was used for this study with a 1 second timestep.
The model was developed from the topographic survey information specified and commissioned by
Opus as part of this study. These data were extracted and imported into Flood Modeller Pro to form
river units. Structures were then added manually giving careful consideration to the selection of unit
and associated parameters. Details of the model build process as recorded in the model build log are
presented in Appendix D.

3.4.1 Flood Modeller Pro Labelling Convention

The reaches on this model have been labelled with a three letter code to identify site, (i.e. IPS),
followed by an underscore to separate the Five digit chainage number, showing the distance from
the downstream end of the channel in metres (plus 490 metres). For example IPS_00800 is 310
metres from the end of the modelled reach. This labelling convention has some variations within the
model with “c” denoting a culvert and “s” for spill. The same manner the region of interest at the
Pond was labelled with a P after the underscore and the number of reaches that was divided to its
detailed modelling until the spill/culvert at downstream.

3.4.2 Flood Modeller Pro Key Parameters

The main parameter to consider in a 1D hydraulic model is the roughness value, in this model
roughness coefficients (manning’s n) were estimated during the walking visit. The roughness! values
for the channel were 0.04 for both the bed and the banks, with the culverts set to 0.030.

3.5 Model Inflows & Outflows

Design inflow hydrographs were derived for each event of interest through the methodology
described in Section 2.2.

Hydraulic models depend on a water level to be specified at the downstream limit. Ideally this should
be where a reliable stage-discharge rating is available which is rarely possible. It is accepted practice
to extend the model downstream of the study reach to a point where the uncertainty in the boundary
water levels should not significantly influence the results at the location of interest. The downstream
model boundary was represented by a “Normal” boundary unit which sets the energy slope parallel
with the river bed slope over the lower sections of study reach. The primary point of interest for this
model is the pond and its interaction with the culvert inlet, from which the boundary is located
sufficiently downstream at approximately 280 m distant to the point of interest.

3.6 Assumptions & Limitations

3.6.1 Assumptions

The representation of any complex system by a model requires a number of assumptions to be made.
In case of a one dimensional hydraulic model of a river system it must be assumed that:

e The sections accurately represent the watercourse.

1 Chow, V.T. (1959). Open Channel Hydraulics. New York: McGraw- Hill
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e The predicted flows are an accurate representation of a specific event
e Model parameters can be satisfactorily determined (including roughness & structures).
e A stable numerical solution can be achieved.

Further for the 2D component of the model it must be assumed that:

e The LiDAR and cell size actively represent the topography and its flowpaths.

e The Digitized layer of the land use and roughness accurately represent such features.
¢ Embankments, bunds and ground features are impermeable.

e The head only transfer of water between domains is representative.

e There is no significant 3D component to water movement.

3.6.2 Model Limitations

Hydraulic models are ideally calibrated using gauged flow data in addition to observations of water
level during flood events at numerous locations, such data is rarely available. The FMP model itself
may be considered appropriate for flows up to bank full capacity. The FMP model alone is not
appropriate for considering floodplain flow as only the channel is represented. However when linked
with the 2D Tuflow model, the model is appropriate for modelling more complex out-of-bank flows.

Sensitivity modelling was undertaken and is discussed in the results, the sensitivity tests suggest that
the model generally is within acceptable limits. This is outlined in Section 4.3 of this report.
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3.7 Model Stability

A few changes were required to improve stability in the model.Changes required in the modelling
included:

e Applying an automated Priessman slot in FMP;

¢ Orifice units were added instead normal inlet/outlet unit to improve the stability of the
Modell

e 60% blockages reduced timestep to 0.25s for 1D model

¢ Levelling off the pond below the weir crest

e Applying a 0.09 m3/s minimum flow.

After these alterations the model is considered adequately stable as based on the Flood Modeller Pro
.bmp outputs, however there is concern with the stability of the thousand year event.

Figure 6 below shows the mass balance error plot as recorded in the 2D Tuflow domain. This shows
that the values remain within the generally considered acceptable limits of +/- 1%, with the exception
of the Q1000 (0.1%AEP).

In particular to Q1000 (0.1%AEP), this model experienced a Cumulative Mass Balance Error only
marginally exceeded for approx. 10 min during the initial wetting of the 2D domain and shortly
reverts back to the desired range, the maximum Cumulative Mass Balance Error % (MBE%) whilst
Qi + Qo > 5% is -0.82% This suggests that these results are acceptable provided suitable care is taken
with their interpretation.

05

Q20
Q100
Q1000
Q100430

05 Q100+inflow

«+ve Q1004inflow2

Cumulative Mass Balance Error (%)

0 0.5 1 15 2 2.5 3 35 4 4.5 5
Time (hrs)

Figure 6 Mass Balance Error curve
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With suitable care these results may be used to indicate mitigation which is their desired purpose,
furthermore the 0.1% (Annual Exceedance Probability) AEP simulation may be considered
acceptably stable at approximately the flow level desired and a sense check between these
simulations confirms that the results are in accordance with the expectations which gives confidence
in their suitability to inform this study.

3.8 Model Simulations

The following Table 3 below summary model runs.

Name Sensitivity Run?
Q20 -
Q100 -
100yr Blockage 30% -
100yr Blockage 60% -
100yr Blockage 90% -
1000yr Blockage 30% -
1000yt Blockage 60% -
1000yr Blockage 90% -
Q100_mMannings -20% Mannings
Q100_pMannings +20% Mannings
Q100_mBound -20% Boundary
Q100_pBound +20% Boundary
Q100+20q +20% Discharge
Q100-20q -20% Discharge
Q100+30% -
Q1000 -
Q100+inflow =
Q100+inflow2 -

<

NENEN

| <

NN RN RN ENRNENENENY

Table 3 Model Simulations
The names of each model are based on the return period in years of the flow applied.

In addition to the above, further model runs include sensitivity tests i.e.: +/- 20% to Mannings (i.e.
0.04 baseline becomes 0.048 and 0.032) and +/- 20% outflow gradient.

The blockage model considers three scenarios for two different return periods 30%, 60% and 90%
reduction in cross sectional area on the culvert upstream from the site (Section 00775¢) from the
start of the 100 year and 1000 year event.

Two further events have been allowed for assuming existing impermeable area at Ipsen site direct to
the culvert system as follows;

e Additional 0.025 m3/s at constant flow calculated with the catchment descriptors and the
reduction area to the approximately 1.3 ha impermeable area which can drain to the 750mm
diameter culvert —Q100+inflow.

e The Worst Case scenario with an additional 0.24 m3/s calculated with SuDS, and added as
lateral inflow at the 750mm diameter culvert —Q100+inflowz2.
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4 Results

This section reviews the key simulation results with mapped outputs provided in Appendix E (and
listed in section 6) show the maximum depths across the site. In reference to this project the key
results are from the 100+30% event (1% probability +30% increased flow for climate change). The
depths resulting in the pond in the more extreme events and the blockage event are also of interest.

The flood mechanism identified by the modelling suggest that at 2 hours into the simulated flood,
water backs up at the shallow areas of the pond about 0.13m (13c¢m) and overtop the left bank, but
this is retained in the landscaped area (greenfield area). The constraint produced by the foot-bridge
jointly with the negative slope of the bed causes that the waters overspill of about 0.066m (6.6cm).
The water remains over the greenfield area and none of the water spills over the road, parking or the
working areas on the site. The water ponds to a level of approximately 36.417m AOD, and current
site levels are around 37m AOD
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Figure 7 Predicted Stage - Time graph at pond

4.1 Existing Scenarios

The most narrow area is located at the left bank of the pond and it is one of the points where it is very
likely to experience the highest water levels. Another key area is at the foot-bridge which is located
upstream of the pond around 15 m. Hydraulically, this bridge represents a constraint in the flow that
will be denoted in flows greater than Q100, but due to its location, it does not cause any flooding on
the developed area of the site.

The modelling results shows that at Q20 event, the Pond area experiences relatively shallow flooding
of about 6 cm at peak stage, without affecting other parts of the site.

For Q100 which represents a peak flow approximately 0.207 m3/s (207 1/s), the same shallow area
of the left bank illustrated the highest water level of about 0.097 m (~10 ¢cm), again without causing
any flooding on site.
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For Qiroo0+inflow and Qi1o00+inflow2, two special scenarios were modelled to allow for the
existing surface water drainage system on site drains to the culverted watercourse. This inflow was
located at the inlet of the 750mm diameter culvert to simulate the accumulation of flow in that reach,
assess any reduction of capacity and calculate the possible consequences of that scenario. For both
scenarios the simulations show that the maximum water depth is about 0.097 m and is located at
the left bank of the pond, similar to the Q100 event.

For Q100+30CC this climate change allowance scenario illustrated that the most affected zone due
to the increase of flow is the left bank of the pond area and is expected a rise of about 0.132 m (13
cm). This amount of flux also affects the footbridge showing an increase up to 0.07 m in that area.
None of the scenarios modelled caused any flooding on the developed areas of the site.

4.2 Blockage Scenarios

Culvert blockage scenarios for 30% and 60% were performed to show the flowpaths and water depths
for those cases. Another 90% blockage scenario was attempted but from the .bmp, the simulation
crashed out at 1.53 hours before the flood peak and therefore did not generate usable results.

The blockage scenarios were introduced at the entrance of the 750mm diameter culvert. For 30%
blockage, the net diameter is 628mm and for 60% blockage this diameter is reduced to 475mm, for
90% this diameter is reduced to 170mm.

Figure 8 below shows the location of the blockages applied to the culvert entrance on site.
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Figure 8 Location of Blockage and Lateral Inflow scenarios
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Table 4 below shows a summary of the blockage scenarios modelled and results.

Name Stage Depth Existing Proposed
(m AOD) (m) development development
m AOD m AOD
Q20 36.379 0.059
Q100 36.417 0.097
Q100+30% CC 36.452 0.132
Q100+inflow 36.417 0.097
Q100+inflow2 36.417 0.097
Q1000 36.523 . 0.203 37.05 36.74
Blockage Scenarios

Q100 blk 30% 36.417 0.097
Q100 blk 60% 36.417 0.097
Q100 blk 90% ** N/A N/A
Q1000 blk 30% 36.523 0.203
Q1000 blk 60% 36.630 0.310
Q1000 blk 90% ** N/A N/A

** Simulation unstable.

Table 4 Key Model Maximum Results at Access

The Q100 at 30% and 60% blockage scenarios show similar results as the previous simulations
without obstruction for the same return periods.

For the Q1000 and 30% blockage, similar results were obtained as the Q1000 without blockage. This
model experienced a Mass Balance Error (MBE) only marginally exceeded (> 1%) for approximately
10 min during the initial wetting of the 2D domain and shortly reverts back to the desired range.

For Q100 scenario at 90% blockage the simulation crashed out at 1.53 hours before the peak flow

occurred at approximately 2 hours. The same unstable result was obtained for the Q100 event with
a 90% blockage. Efforts were made to avoid the model crashing without successful results.
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4.3 Sensitivity Results

Additional simulations were modelled to investigate whether the model is overly sensitive to key
parameters (namely roughness, boundary and flow). These simulations consists in the following:

e +/-20% in the 1D Roughness parameter —Roughness
e +/-20% in the slope gradient at downstream boundary -Gradient
e +/-20% in Q100 flow -Flow

These values suggest that the model is relatively robust with +/- 20% sensitivity to the Flow
conditions.
To the +/- 20% Roughness resulted in a negligible difference in water levels.

For the +/-20% Gradient the results shows that the model is slightly susceptible, plus 20% gradient
shows MBE exceeded during initiate the wetting of 2D domain, and returns to desired range.

Figure 9 below shows Cumulative Mass Balance Error (MBE) for sensitivity analysis.
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Figure 9 Sensitivity analysis MBE%
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5 Summary

This report has assessed the risk of fluvial flooding at Ipsen Biopharm site to different return period
design flows and to different blockage scenarios. The following conclusions can be made from this
study:

e Water is predicted to pond upstream of the spill/culverts increasing the water level in the
existing greenfield area (pond) only. The existing and proposed car parking and buildings on
the site are not affected for the modelled events

e The footbridge is predicted to overspill in the greater flow events (>Q100), although the
excess of water will remain in the Greenfield area and not affect other parts of the site.

e The culverts have sufficient capacity to transport up to Q1000 with water levels rising up to
20.3 cm at the pond area, without affecting other parts of the site.

e The 30% and 60% blockage scenarios have demonstrated that the existing culvert has
sufficient capacity to drain the Q100 flows without causing any flooding on the site.
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6 Drawing List

This section provides a table detailing the accompanying drawings contained in Appendix E.

Table 5 List of Accompanying Drawings & Mapped Outputs

Drawing Drawing

Name Number
Existing Unblocked Q20 Maximum Depths V/R6472/01/G
Existing Unblocked Q100 Maximum Depths V/R6472/02/G
Existing Unblocked Q100+30%CC Maximum Depths V/R6472/03/G
Existing Unblocked Q1000 Maximum Depths V/R6472/04/G
Existing Unblocked Qio00+inflow2 Maximum Depths V/R6472/05/G
Existing Blocked 30% Q100 Maximum Depths V/R6472/06/G
Existing Blocked 60% Q100 Maximum Depths V/R6472/07/G
Existing Blocked 30% Q1000 Maximum Depths V/R6472/08/G
Existing Blocked 60% Q1000 Maximum Depths V/R6472/09/G
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7 Appendices

Appendix A
Topographic Survey

Appendix B
Catchment Descriptors

Appendix C
FEH Calculation Record

Appendix D
Model Build Log

Appendix E
Flood Maps
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