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Limitations

AECOM Infrastructure & Environment UK Limited (“AECOM") has prepared this Report for the sole use of the Brent
Cross Development Partners  (“Client”) in accordance with the Agreement under which our services were performed. No
other warranty, expressed or implied, is made as to the professional advice included in this Report or any other services
provided by AECOM. This Report is confidential and may not be disclosed by the Client nor relied upon by any other party
without the prior and express written agreement of AECOM.

The conclusions and recommendations contained in this Report are based upon information provided by others and upon
the assumption that all relevant information has been provided by those parties from whom it has been requested and that
such information is accurate. Information obtained by AECOM has not been independently verified by AECOM, unless
otherwise stated in the Report.

The methodology adopted and the sources of information used by AECOM in providing its services are outlined in this
Report. The work described in this Report was undertaken between April 2015 and May 2015 and is based on the
conditions encountered and the information available during the said period of time. The scope of this Report and the
services are accordingly factually limited by these circumstances.

Where assessments of works or costs identified in this Report are made, such assessments are based upon the
information available at the time and where appropriate are subject to further investigations or information which may
become available.

AECOM disclaim any undertaking or obligation to advise any person of any change in any matter affecting the Report,
which may come or be brought to AECOM'’s attention after the date of the Report.

Certain statements made in the Report that are not historical facts may constitute estimates, projections or other forward-
looking statements and even though they are based on reasonable assumptions as of the date of the Report, such
forward-looking statements by their nature involve risks and uncertainties that could cause actual results to differ
materially from the results predicted. AECOM specifically does not guarantee or warrant any estimate or projections
contained in this Report.

Copyright

© This Report is the copyright of AECOM Infrastructure & Environment UK Limited. Any unauthorised reproduction or
usage by any person other than the addressee is strictly prohibited.
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1 Model Update

1.1 Background

Since submission of the Section 73 planning application a number of amendments have been made to the hydraulic
model. These amendments have focussed on new cross section designs for Reaches 1, 2 and 3 with a particular
emphasis on:

Soffit and deck levels for the new bridges proposed along reaches 1, 2 and 3 of the realigned River Brent;

Crest levels of the flood wall designed to prevent inundation of the footway running parallel to the realigned River
Brent up to and including the 5 year event; and,

Flood risk posed to adjacent property, infrastructure and people caused by the new proposed realignment cross
section designs up to and including the 100 year event.

1.2 Scope of Work

This latest model update was designed to assess the impact of revised cross section designs for the proposed
realignment of the River Brent through Reach 2 on peak in-channel water levels for a range of return periods. The model
excluded both existing discharge rates from adopted sewers and willow hurdles along Reach 2 of the realigned River
Brent. The influence of these will be assessed as part of sensitivity testing.

Outputs from the modelling have been used to inform the following:
Soffit and decks levels for the new bridges proposed along Reach 2 of the realigned River Brent;

Crest levels of the flood wall designed to prevent inundation of the footway running parallel to the realigned River
Brent up to and including the 5 year event; and,

An assessment of flood risk associated with the new proposed realignment cross section designs up to and
including the 1000 year event against Section 73 and baseline modelling

1.3 Model Build

1.3.1 1D Domain

The updated model was based on “NewXSDEC14 RB_CHS_01_SENS_CS0500_BA_FINAL.DAT". This was an
amended version of “NewXS_RB_CHS_01_SENS_CS0500_BA_FINAL.dat” which was prepared as part of the Section 73
modelling. It includes a correctly reduced bore area from 5.2m? to 3.5m? at node CS0500 on the Clitterhouse Stream.

The following amendments were made to the “NewXSDEC14 _RB_CHS_01_SENS_CS0500_BA_FINAL.DAT".ISIS
model:

New cross sections for Reach 2 (27no. in total) were imported into the hydraulic model (locations shown overleaf
in Figure 2-1); and,

Bridges (4no. in total) along Reach 2 were represented in the model using US Bureau of Public Roads (US BPR)
ISIS units (shown overleaf in Figure 2-2 and Table 2-1) — previously only bridge abutments have been
incorporated into the cross section designs to assess the impact of these structures on conveyance.

Brent Cross Development: Flood Risk Assessment Addendum for Reserved May 2015
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Table 1-1 Bridge Designs

Bridge No. | Design Detall

03

04

05

06
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New GIS layers were created during the model build process are summarised below in Table 2-2.

Table 1-2

GIS Layer

1d_ISIS_nodes_BC_PR_RB_MAY15XS

GIS Layers Created

Description

ISIS 1D cross section locations for River Brent

1d_x1d_ISIS_nwk_BC_PR_RB_MAY15XS

ISIS 1D network polylines for River Brent

2d_bc_hxcnlinks_BC_PR_RB_MAY15XS

Links from 1D ISIS River Brent domain into 2D domain

2d_bc_hxcnlinks BC_PR_RB_MAY15XS_LBNOSPILL

As above but link upstream of A41 removed to prevent out
of bank flows onto A406 North Circular

2d_bc_BC_PR_ISIS_domain_RB_MAY15XS

Deactivated 1D River Brent ISIS extent in 2D domain

2d_z_line_banks_BC_PR_RB_MAY15XS

Top of bank levels enforce along the River Brent

1d_WLL_BC_PR_RB_MAY15XS

Water level lines to create realigned River Brent 2D water
surface

Figure 2-3 below shows the changes in channel width proposed as part of the latest realignment designs for Reach 2 of

the River Brent.

Figure 1-3

Revised Reach 2 Channel Extent (Backgro

und Mapping © Bing)

GIS layers derived from the existing baseline and/or proposed hydraulic modelling are summarised below in Table 2-3.

Table 1-3

Existing GIS Layers

GIS Layer Description

2d_loc_Brent_Cross_v1l

Defines grid orientation and location

2d_code_BC_003

Defines the active extent of the 2D domain

2d_bc_BC_PR_ISIS_domain_CHS_001

Deactivated 1D Clitterhouse Stream extent in 2D domain

2d_zpt_BC_2m_002

2D domain z point elevations extracted from 1m? LiDAR

Brent Cross Development: Flood Risk Assessment Addendum for Reserved
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2d_z BC_PR_Buildings_001 Building threshold levels from OS MasterMap and survey

Proposed internal building floor levels and external ground

2d_z_patch_BC_PR_NewGLFL_002 levels north of the River Brent

2d_zsh BC_PR_PCAve_002 Proposed location of Prince Charles Avenue south of River

Brent
2d_zsh_BC_PR_Road_W_001 Proposed roadway to the north west of the River Brent
2d_zsh_BC_PR_Road_E_002 Proposed roadway to the east of the River Brent

Representation of raised ground at south west boundary of

2d_z_line_BC_PR_SW_Boundary_001 -
=== == - model domain

2d_mat_BC_PR_003 Materials roughness values for proposed development

2d_mat_BC_PR_stability_patch_001 Materials patch to aid model stability

Links from 1D ISIS Clitterhouse Stream domain into 2D

2d_bc_hxcnlinks_BC_PR_CHS_001 TUFLOW domain

2D domain external boundaries for River Brent preventing

2d_bc_HQ_BC_PR_RB_002 ;
—De_Me_ Pl _FR_Rb_ glass-walling.

2D domain external boundaries for Clitterhouse Stream

2d_bc_HQ_BC_PR_CHS_001 - -
preventing glass-walling.

Projection_v1 Sets the projection to OSGB 1936 British National Grid
1d_ISIS nodes_BC_PR_CHS 001 ISIS 1D cross section locations for Clitterhouse Stream
1d_x1d_ISIS_nwk BC_PR_CHS_001 ISIS 1D network polylines for Clitterhouse Stream

Water level lines to create Clitterhouse Stream 2D water

1d WLL BC PR_CHS 001
- - = = - surface

1.4

2d_po_BC_PR_001 Locations for time series output in the 2D domain

Model Limitations

The updated model includes the following limitations:

Bridges in Reaches 1 and 3 were only included in the model update as cross sections with a representation of
proposed abutments;

Bridge cross section geometries were based on adjacent river cross sections where a cross section through the
bridge structure was not provided,;

Where bridges have been included the lowest soffit levels detailed on the latest design drawings were used as
part of a conservative approach;

Top of bank levels for cross sections along the updated Reaches 2 were derived from levels applied in the
December 2014 model update;

Drainage inflows from the existing surface water network have not been incorporated into the updated model;

Drainage inflows associated with the proposed development have been included where design discharge rates
were provided;

Proposed drainage inflows were limited to the 1, 5, 15, 30 and 100 year plus climate change events;

Brent Cross Development: Flood Risk Assessment Addendum for Reserved May 2015
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Where inflows were not provided a conservative approach was taken. For example the 100 year plus climate
change drainage inflow was used in conjunction with the 100 year event fluvial runs; and,

Terrain levels and 2D materials values in the 2D domain associated with the new roadways etc. have not been
updated since submission of the Brent Cross Cricklewood Section 73 Planning Application modelling, as the
design evolves the model should be updated to reflect these

1.5 Model Runs

The model was run using two different arrangements: one which allowed the exchange of flood water along the modelled
length of the River Brent and Clitterhouse Stream and a second which prevented out of bank flows from the River Brent
onto the A406 North Circular road for a distance of approximately 460 metres. The latter was considered the worst case
scenario and represented the impact construction of a formal flood defence would have in this location.

Design events were run for the 5 year, 10 year, 20 year, 50 year, 70 year 100 year, 100 year plus climate change and
1000 year events using the ISIS 3.7 flow engine (version 6.7.0.110) and TUFLOW build 2013-12-AD-iDP-w64. Run
parameters in both ISIS and TUFLOW were unchanged from previous model runs.

1.6 Model Results

1.6.1 Comparisons with Section 73 Modelling

The impact of the revised Reach 1, 2 and 3 cross sections on flood risk was assessed by comparing peak water levels for
a range of return periods against those predicted by the Section 73 planning application modelling. As in the Flood Risk
Assessment (FRA) which supported the application peak water levels at two ISIS model nodes upstream and downstream
of the proposed realignment have been interrogated. The two nodes are ‘BR00400’ upstream of the Brent Cross Flyover
Bridge and ‘BR02400’ at an arched railway bridge adjacent to Adrian Avenue. Node locations are shown below in Figure
1-4.

Contains Ordnance Survey 1:10,000 Data © Crown Copyright 2013. All rights reserved. Licence number 100022432

Figure 1-4 Schematic Map Showing Node Locations

Brent Cross Development: Flood Risk Assessment Addendum for Reserved May 2015
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As Table 1-4 shows below, the Section 73 modelling predicted a reduction in peak water levels (MAOD) between the
existing and proposed model scenarios for the 50 year event and above upstream of the proposed realignment at ISIS
node ‘BR00400’. The Reserved Matters modelling predicts reductions in peak water levels for all return periods even
assuming a worst case scenario whereby the flood flow route onto the A406 North Circular Road is deactivated.
Reductions in peak water levels increase with event rarity and peak water levels are predicted to reduce for the 100 year
event by 530mm for the worst case scenario, deactivation of the A406 North Circular flood flow route. It can therefore be
considered that the raised Reach 1, 2 and 3 cross section designs reduce flood risk upstream of the proposed realignment
of the River Brent. There is a significant improvement in performance of the Reserved matters channel sections over the
Section 73 channel sections — where there was previously a minor increase in flood risk up to the 20 year event, there now
is a reduction at all events.

Table 1-4 - Maximum Water Level Comparison Upstream  at Brent Cross Flyover (ISIS Node BR00400)

Maximum Stage (mMAOD)

Flood Event (1 in X Year
AEP)

100 + CC
Baseline 30.24 | 3942 | 39.60 | 39.84 | 40.01 40.19 40.38 40.75
S73 Proposed 30.48 | 3953 | 39.63 | 39.77 | 30.82 30.88 39.98 40.23
Difference from Baseline +0.24 +0.11 +0.03 -0.07 - 0.19 -0.31 -0.40 -0.52
Reser‘éep?"'\ﬁitttﬁf ~LB | 3922 | 3038 | 3951 | 39.65 | 39.74 39.86 40.04 40.49
Difference from Baseline |-0.02 -0.04 -0.09 -0.19 - 0.27 -0.33 -0.34 -0.26
Ressepri""ege'\gz‘g\f:ea LB | 3922 | 3938 | 3951 | 39.66 | 39.72 39.81 39.93 40.22
Difference from Baseline |-0.02 -0.04 -0.09 -0.18 - 0.29 -0.38 -0.45 -0.53

Downstream of the proposed realignment at ISIS node ‘BR02400’ the Section 73 modelling predicted negligible increases
in peak water levels of up to +10mm which is within the bounds of modelling accuracy. The Reserved Matters modelling
predicts larger increases in peak water levels of up to 80mm. Peak water levels were not significantly influenced by
deactivation of the A406 North Circular Road flood flow route. It should be noted that the increases in peak water levels
are contained within the channel for events up to and including the 1000 year event as top of bank levels are 40.00mAOD.
Therefore, flood risk downstream of the proposed realignment is not considered to be significantly impacted.

Table 1-5 Maximum Water Level Comparison Downstre  am at Arched Railway Bridge (ISIS Node BR02400)

Maximum Stage (MAOD)

Flood Event (1 in X Year

AEP) ‘ 100 | 100+CC | 1000
Baseline 37.97 38.14 38.25 38.36 38.38 38.46 38.59 38.87
S73 Proposed 37.97 38.14 38.25 38.37 38.39 38.46 38.59 38.87
Difference from Baseline 0.00 0.00 0.00 +0.01 +0.01 0.00 0.00 0.00
Reserved Matters —LB | 550, | 3819 | 3832 | 3843 38.45 38.51 38.62 38.90
Spill Active
Difference from Baseline +0.07 +0.05 +0.07 +0.07 +0.07 +0.05 +0.03 +0.03
Reserved Matters — LB | 555, | 3819 | 3832 | 3844 | 38.46 38.52 38.63 38.92
Spill Deactivated
Difference from Baseline +0.07 +0.05 +0.07 +0.08 +0.08 +0.06 +0.04 +0.05
Brent Cross Development: Flood Risk Assessment Addendum for Reserved May 2015
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1.6.2 Bridge Levels

As Table 2-5 shows below all bridges soffits have a minimum freeboard in excess of the 600mm including an allowance
for climate change. It should be noted that Bridges 02 and 07 have been modelled as cross sections with a representation
of left and right bank abutments.

Table 1-6 100 Year plus Climate Change Peak Water Levels at Reach 2 Bridges
e Sg;fi;g%v)el 100 Year plus -Clime.lte Change Peak Water -Level @AOD) MinimuTmI;:;aeboard
Left Bank Spill Activated Left Bank Spill Deactivated
02 41.840 39.32 39.33 2510
03 41.421 39.38 39.39 2030
04 40.852 39.49 39.50 1350
05 40.356 39.60 39.60 760
06 40.746 39.78 39.79 960
07 41.585 39.87 39.88 1705
Brent Cross Development: Flood Risk Assessment Addendum for Reserved May 2015
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2 Conclusions

The following key conclusions can be drawn:

Section 73 modelling suggested increases in peak water levels upstream of the proposed realignment for
modelled events up to and including the 20 year against baseline modelling. The Reserved Matters hydraulic
modelling predicts lower peak water levels across all return periods upstream of the proposed realignment when
compared against baseline results;

Downstream of the proposed realignment peak water levels are marginally higher than those predicted by the
Section 73 and baseline modelling however all flows will be contained within the existing channel and the
increase in flood risk is therefore considered negligible;

Reserved Matters hydraulic modelling demonstrates that there is no significant flood risk impact upon the
surrounding areas upstream or downstream of the proposed realigned reaches of the River Brent;

As concluded in the Section 73 FRA, the development site can be considered as Flood Zone 1 as all flow is
contained by the proposed channel on-site, up to and including the 1 in 100 year flood, inclusive of climate
change; and,

Deck levels of bridges 02 — 07 have a minimum freeboard in excess of the 600mm required for the 100 year
event including an allowance for climate change.

Brent Cross Development: Flood Risk Assessment Addendum for Reserved May 2015
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