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IntroductionExecutive Summary
BackgreundModelling approach

This report assesses the potential impact on flood risk from the New Outfall of the relocated

Cambridge Wastewater Treatment Plant (WWTP). To make this assessment:

1

I

[l

[l

Outflows into the River Cam were calculated using Anglian Water's sewer model of the

catchment.

The sewer model was simulated for three scenarios:

Existing outfall without growth in the catchment (‘Existing’);

a.
b. Existing outfall with growth in the catchment (‘Existing Future’); and

New outfall with growth for the new works (‘New Outfall’).

0

Qutfall flows for the three scenarios were applied as additional inflow hydrographs to

the Environment Agency's latest model of the River Cam (‘2023 Cam Urban’).

The river model was simulated for a range of flood events:

a.  Nine flood magnitudes (from 1in 2 year to 1in 1000 year);

b.  Critical storm duration for the River Cam (55 hour) and the critical storm for
~ the sewer catchment (4 hours); and

c. Three climate change scenarios for the 1.in 100 year flood (9%, 19%, and 45%

increases in flows).

Model assumptions

The following assumptions should be understood when interpreting the model results

presented in this report:

1.

[~

The sewer model for future growth scenarios (Existing Future and New Outfall)
includes a 5m? allowance for uncontrolled runoff entering the sewer network from
each additional property in the catchment. This follows Anglian Water's design
standards for sewer modelling to ensure the storm water management has sufficient
capacity to deal with the runoff that will reach it. This allowance is not included in the
Existing (no growth) case.

There is potentially some double counting of runoff in the model.

The Cam Urban river model does not explicitly or separately represent WWTP
discharges so these have been added to the model for this assessment.
However, the river model should already implicitly account for discharges to
the river as the hydrological assessment is based on defining the model
inflows to give the correct flows at different points in the river.

|

For the future growth scenarios, no reduction is made for the river catchment
inflows to account for the additional 5m?2 runoff area for each new property
entering the sewer system.

=

In both cases, there is no straightforward way to accurately and fairly remove this
double-counting within the river model.

As such, the model results in terms of the impact of the new WWTP are likely to be conservative.
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1.3 Results

The river model results show that:

The new WWTP is located outside of the River Cam floodplain and is not at risk

of fluvial flooding.

The new outfall / WWTP does not change flood risk in the catchment for all

tested flood magnitudes. This is based on the comparison between Existing Future

and New Outfall scenarios, with both scenarios including future growth within the
catchment. The results from those two scenarios are almost identical. This confirms
that moving the WWTP facilities does not change the flood risk.

When comparing present flood risk to future scenarios, there is a small increase in
flood risk predicted in some locations. This small increase in flood risk is caused by the
assumed future development and population growth within the catchment. For the
future growth cases, there are increased flows entering the sewer network. The same
small increase in flood risk compared to the existing catchment (no growth) is shown
for the existing WWTP and the new WWTP outfalls — this confirms that it is not the
new outfall / WWTP causing the increase in flood risk.

The increase in flood risk in the River Cam due to future growth in the catchment is
extremely small, with flood level increases of only 0.017m or less. There are small areas
with larger changes in flood levels predicted at the edges of the flooded extent, which
relate to the slightly larger flood volume spreading further within the floodplain.
However, given that the predicted river level changes are less than or equal to the
convergence tolerance of the model simulations (0.01m) and considerably less than
the model calibration tolerance (0.15m), it would not be unreasonable to conclude
there is no genuine change in flood risk, even for the future growth scenarios.
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2.

Introduction

2.1 Background

The Cambridge Wastewater Treatment Plant (WWTP) Relocation project, also known as
CWWTPRP, includes the relocation of the existing WWTP. The project scope also includes an
extension of the existing Riverside Sewer Tunnel to convey flows to the proposed new WWTP
location and a new outfall to discharge effluent from the WWTP into the River Cam.

This report describes the river modelling to assess the impact of outfall discharges on fluvial
flood-levels-in-the-RiverCamflooding.

Since the production of the first version of this report (April 2022) the Environment Agency
have updated their river model of the Cam' (the '2023 Cam Urban’ model). This report was
revised to use this updated model and therefore supersedes the first version. The 2023 Cam
Urban hydraulic model has been reviewed which is discussed in section 5.2. There have been
further subsequent revisions to this report in response to review by, and discussions with, the
Environment Agency.

The project falls into the category of being 1 hectare or greater in Flood Zone 1 or a proposal
located in Flood Zones 2 and 3 and therefore must be accompanied by a Flood Risk
Assessment (FRA). Fhe CAWTPRPis—now—at-thestage-where—the FRA-isrequired—TFheFRA
wilkThis report is not an FRA. However, the scenarios and results in this report have been
tested and presented to assist in the assessment and understanding of the potential impacts

on flood risk. As such, an FRA has been written in conjunction with this report (Application

Document Ref 5.4.20.1: Flood Risk Assessment report) that:

e Identifyldentifies and assessassesses the risks of all sources of flooding to and from the
project.

e DemeonstrateDemonstrates how these flood risks will be managed.

e TakeTakes climate change into account.

o Help develop-the design-of the newoutfall:

ForTo assist the FRA it—is—propesed-that-three stages of modelling arewere carried out to
understand the impact of the new WWTP and associated outfall on the local fluvial and land
environment:

e Stage 1: river modelling of the River Cam using an existing one-dimensional (1D) —
two-dimensional (2D) hydraulic model of the River Cam. This is to assess fluvial flood
levels throughout the River Cam and the relative impact of the new outfall compared
to existing conditions.

e Stage 2: river and outfall modelling using a new local hydrodynamic model of the River
Cam in the vicinity of the new outfall (in 2D or 3D). This is to assess velocities and
mixing of the effluent as it enters the River Cam.



1 Cam Urban Flood Modelling, Environment Agency 2023
ENV0002539C-JBA-XX-CA-RP-MO-L0116_3-A6-C01-L0116_3-EAQ0-LODO-CAM_URBAN_MAIN_REPORT.pdf
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e Stage 3: outfall modelling using Computational Fluid Dynamics (CFD). This is to inform
the design of the outfall, for example to prevent scour of the river bed and opposite
bank.

There is also potential for a further consideration of fluvial-geomorphology modelling. Detailed
design of the relevant parts of the project will link into and be informed by the modelling results.

This report only covers the Stage 1 modelling.

Outfall flows

N
w

This report describes the river modelling undertaken to assess flood risk in the River Cam for
three cases:

e With the existing WWTP and its existing outfall, for the catchment as it is now.

e With the new WWTP and its new outfall, including runoff from future growth? in the
catchment.

e Following review by the Environment Agency, a further sensitivity case was
recommended for the existing WWTP including runoff from future growth in the
catchment (assuming that the new WWTP and outfall would not be constructed).

In effect, this is to:

Confirm that the new WWTP is not at risk of river flooding; and

Assess the relative impact on flood risk elsewhere of the flows from the new outfall
compared to existing conditions.

It is really important to note that the new WWTP and outfall will not create water or
increase catchment runoff. Whilst the modelling results show increased flow and volume
through the new outfall when compared to the existing WWTP with the catchment as it is now,
this is primarily due to inclusion of future growth within the catchment in the new outfall
scenario. The existing outfall with future growth sensitivity test has been conducted to assess
the impact of this change. The modelling approach for the two core scenarios is conservative
in assessing the new WWTP and outfall's impact for several reasons:

e There is potentially some double counting of runoff in the model. The Cam Urban river

" model does not explicitly or separately represent WWTP discharges so these have been
added to the model for this assessment. However, the river model should already
implicitly account for discharges to the river as the hydrological assessment is based on
defining the model inflows to give the correct flows at different points in the river,
through comparison with estimates derived from observed flow records. The other
model inflows could be adjusted to account for the added outfall discharge, to maintain
the same peak river flows and volumes. However, it is not clear cut how that should be
applied for the new outfall case. With additional treatment capacity and more flow
passing to the WWTP, logically the runoff from the rest of the catchment would reduce
to less than the existing outfall case. Implementing a closed water balance in the model

> Including runoff from 266 future growth (up to 2050) sites in the Cambridge and Waterbeach area.

Binnies UK Limited 24
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would mean no change in river flows or volume at all. This may be the case but would
make the modelling exercise redundant. To fully assess this would require an integrated
river and surface water model of the whole catchment, which is a disproportionately
large task for the needs in this study.

The reason for the new WWTP is that the existing WWTP could not cope with the
future demand. There would be more frequent spills to the outfall from the existing
plant in the future growth case. As recommended by the Environment Agency, this
case has also now been sensitivity tested for comparison to the new outfall.

In summary, our approach is conservative and overstates the relative impact of the new WWTP.
Much of the small impact shown is due to the allowance for future growth within the
catchment for the new outfall case, rather than the WWTP or outfall design itself. When future
growth is also considered in the model for the existing outfall, the new outfall shows no
detrimental impact on flood risk.

2-Scope
The scope provided for this work in the Project Brief is:

“Carry out hydraulic modelling of the River Cam to determine the baseline flows and
water levels along the river. Modelling is also required across a range of return periods
to determine the impact on water levels, flows, etc. and determine the likely impacts
from flooding along the watercourse.

It is understood that, based on the location of the outfall and the surrounding area,
the design flood standard should be 1 in 100 years (typical design standard for
"Built-up Areas) " in Table 10.1/pg133 of CIRIA 786 (Culvert, Screen and Outfall
Manual, 2019).

The model should include appropriate allowances for the potential effects of climate
change.

The model of the River Cam is required (based on the EA ISIS data and Lidar sets) to
assist with the design development of the proposed outfall for the new Cambridge
Waste Water Treatment Plant at the location shown on Drawing No.
00000-100006-CAMEST-FED-GAR-C-3110. The modelling is to assess the impact of
discharging Final Effluent and Storm Flows from the proposed outfall-The-€urrentfiovs

N/RD AL Ona__nrio a




Environment Agency January 2024 review

>

A previous version of this report and the associated model (P03) were reviewed by the
Environment Agency in January 2024. The Environment Agency review proposed as a way

forward:

“We consider that either another baseline scenario should be run with predicted future
growth included or another post-development scenario should be run without
planned future growth included. This would allow the baseline and post-development
results to be directly compared and would allow the impact of the new WWTP and
outfall on local flood risk to be determined. If possible, existing discharges from the
Waterbeach outfall should be included in the baseline scenario.”

lln
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As described in Section 2.3, we have taken the first option — an additional baseline scenario
representing the existing WWTP and outfall with future growth in the catchment included. As
requested, discharges from the Waterbeach outfall are also now included for the two baseline
scenarios (in earlier versions the Waterbeach discharge was not represented for the Existing
case). This additional sensitivity test helps to understand what impact the future growth in the
catchment has on the assessment of the proposed new outfall. As such, the report now (P04
onwards) includes this additional sensitivity testing by comparing the new outfall to the
existing outfall with the inclusion of future growth in the catchment, along with the previous
results comparisons. The additional scenario is referred to as the 'Existing Future’ case below.

5. Implementation

5.1 Overview

v
N

The modelling assessment for the new outfall was conducted in two stages:

1. Calculate flows from the WWTP for the Existing, Existing Future, and New Outfall cases
using the ‘sewer model'.

2. Implement these outfall flows in the ‘river model’ to assess the impact on flood risk.

2023 Cam Urban model

We were provided the 2023 Cam Urban Flood Modeller-Tuflow model (‘the river model’) by
the Environment Agency. This model supersedes the 2011 Cam Phase 2 — Cam Urban model
that was used as part of the first version of this report. The 2023 Cam Urban model was
finalised by the Environment Agency in September 2023 so represents the latest understanding
of flood risk in the study area.

On receipt we (Binnies) reviewed the model’s suitability for the purposes of the project scope.
The full details of the river model review are provided in Appendix A; however, the following
summarises the conclusion of the model review:

(a) Type — The model is a linked one-dimensional (1D) — two-dimensional (2D) Flood
Modeller-Tuflow hydraulic model of the River Cam and its floodplain through
Cambridge, from Sawston to its confluence with the Great QOuse. This choice of
software and model extent is suitable for the project scope.

(b) Survey — The model employs more recent channel topographic survey collected in
2018 of the River Cam, from Haxton to Baits Bite Lock. This survey is only 5 years old
and there is confidence that it is still representative of the River Cam.

Software — The model used the latest available version of the software at the time of
production, which were:

(i) Flood Modeller (FM) version 5.0; and

@ Tuflow version 2020-10-AD-iSP-w64.

These versions of the software are now superseded by more recent releases, although
for this study Flood Modeller 6.1 and TUFLOW 2020-10-AD-iSP-w64 were used to run
the model due to compatibility issues linking Flood Modeller 6.1 to the latest version

of TUFLOW (2023-03-AB). However, upgrading the software to the latest versions is
very unlikely to have a significant impact on the model results.

®

Hydrology — the model employs updated hydrological inflows for the River Cam and
its tributaries which are the product of rating reviews of the gauging stations in the
catchment (Dernford, Stapleford, and Burnt Mill) and fresh Flood Estimation Handbook

e
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(FEH) calculations. The final choice of model inflows uses the FEH Statistical method
combined with ReFH2 hydrographs. The FEH calculation record was reviewed as part
of this study. The approach used follows industry standard methods and is appropriate
for this study. We were able to closely reproduce the derived model inflows by
repeating the calculations with the input data contained in the calculation record.

(e) Storm duration — the storm duration used for the design flood simulations is 55
hours. This was assessed to be the critical storm duration for the River Cam in
Cambridge. However, this duration is significantly longer than the critical storm
duration for the proposed outfall (4 hours) and therefore additional hydrological
calculations will be necessary to obtain compatible River Cam flows for a 4-hour storm.

) Climate Change — the model has been simulated using the latest Environment Agency
climate change allowances; these are 9%, 19%, and 45% increases to peak flow, which
represent the Central, Higher Central, and Upper estimates for the 2080s.

(9) Model Health — the model is generally stable with only short occurrences of
non-convergence that are unlikely to affect the results. The model reports
unsatisfactory mass balance which the developers attribute to incorrect simulation
monitoring rather than an inherent numerical or physical issue with the model. The
model convergence and mass balance for the updated existing and new outfall
scenarios have been reviewed and are also stable and satisfactory.

Cambridge sewer model

A model of the sewer catchment which drains to the existing WWTP was provided by Anglian
Water (‘the sewer model’, "CAMBSC_Master ICM_9.0"). As part of the work to design the new
treatment plant the sewer model was verified to information recorded during 2019. The level
of verification was discussed with Anglian Water and it was agreed that it represents the most
up to date representation of the sewer system which drains to the existing WWTP. The sewer
model was built within InfoWorks ICM (version 9) which is the industry standard for
undertaking network modelling to understand the operation of a sewer system.

A modified version of the sewer model was first used to test and size the proposed new tunnel
from the existing treatment plant to the new site to ensure that there was no impact on the
flooding in the upstream system. The model was also used to calculate the operation of the
new pumping station to empty the tunnel ensuring that the levels through the upstream
catchment were not increased. Table 5-1 shows the proposed pump rates and start / stop
levels used within the model. The model was then further modified to include the new WWTP
itself and calculate the outfall flows.

Figure 5-1 compares the sewer model outfall hydrographs for the 55-hour storm case between
the Existing, Existing Future, and New Outfall scenarios. The two stages of the new works,
Phase 1 and Phase 2, for the New Outfall scenario have been separated here to show the
similarity between phasing — where the noticeable difference is the increase in flow to full
treatment (FFT) from 1.79 to 1.84m3/s, respectively. Throughout this report ‘New Outfall’ is
used to refer to Phase 2 of the new works, unless explicitly stated as ‘New Outfall Phase 1.

A separate Anglian Water InfoWorks ICM sewer model ("WATBSC_Master ICM_9.0") was used to
derive the Waterbeach outfall discharges to be used in the Existing and Existing Future sensitivity
scenarios. There is no Waterbeach discharge for the New Outfall scenario as the flows from
Waterbeach will be diverted to the new WWTP, the existing Waterbeach outfall will cease to
operate and the Waterbeach runoff is accounted for within the New Outfall sewer model
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Table 5-1 — Proposed pump operation at the new WWTP

Pump rates, start and stop level to utilise the tunnel

CB CB CB CB CB
CBA CBA CBA CBA A A A K A CB
RS RS RS— RS RS RS RS RS RS A-
M.1 M2 M3 M4 M M M WM. M RS
5 & I &8 9 ¥
EE STOR
[V,
On Level -13.64 -1344 -13.24 -13.22 -11. -11. -1l — 11 -10.
7
Off Level -13.94 -13.94 -13.64 -1352 -12  -12 -11. -11. -11 -11
Pump Rate 0.49 049 049 049 1.08 1.08 108 1.08 0.26 0.53

The sewer model results were converted to inflow timeseries in a spreadsheet to be applied to
the river model for the WWTP outfall flows as follows:

e Existing and Existing Future outfalls:

Taking the sum of the flows from three sewer model conduit units —
"Flow_to_Treatment”, “TL47616700.1" and “outfall1.1”. These units represent
the treated flow from the existing plant and discharge from the existing

(o}

lagoon respectively.

e New outfall:

o Taking the sum of the flows from two sewer model conduit units — “Orifice
—  Inlet_3.1" and "Conduit ST1-MH4.1".

An example for the 1in 100 year 55-hour storm is shown in Figure 5-1.
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Figure 5-1. Example of new outfall discharge — 1 in 100 year, 55-hour storm

Table 5-2 compares the peak outfall flows as applied in the river model for the Existing outfall,

the Existing Future, and New Outfall cases. It should be noted that in the New Outfall case the

Cambridge WWTP would also receive flows from the Waterbeach catchment which are

accounted for in the peak flows for this case in Table 5-2.

The peak flows in Table 5-2 shows that:

Allowing for future growth in the catchment considerably increases the flows through

the existing Cambridge WWTP outfall. This future growth accounts for much of the

difference between the existing (no future growth in catchment) and new outfall

(including growth in catchment) peak flows.

It should be noted that the new outfall case includes a future growth design allowance

of 5m?2 per dwelling of misconnected surface area to the foul system, in accordance

with Anglian Water’ design standards for sewer modelling. This allowance is applied to
ensure the design of the new works could accommodate incorrectly connected areas
should this occur over time. However, Anglian Water are not responsible for
preventing such connections from happening although flows derived from such areas
are included for consistency between the sewer modelling (also used for storm water
management design) and the river modelling.

The peak Waterbeach outfall discharge is 0.2m3/s across the whole range of flood
magnitudes and durations.

There is not a direct relationship between changes in peak outfall flow to changes in peak

flows in the River Cam as the peaks do not coincide. The river model considers the whole

hydrograph shape so accounts for this in the results within section 6.
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Table 5-2. Peak outfall flows used in the river model

Peak flow [m3/s]

€€ qin tin 1in 1in 1in 1in 1in 1in tin LR 0 o

2 10 20 30 50 75 100 200 1000 (CC20

Existing outfall — existing Cambridge WWTP

4hourstorm 24 28 29 32 37 39 40 41 41 41 41

Sshourstorm 13 13 13 13 25 27 30 37 41 37 41

Existing outfall (Future Growth) — existing Cambridge WWTP

4hourstorm 24 27 29 32 36 38 40 41 41 41 41

Ss-hourstorm 13 13 24 27 30 36 37 37 41 41 41

Existing Waterbeach outfall (Existing / Future Growth) — existing Waterbeach outfall

4hourstorm 02 02 02 02 02 02 02 02 02 02 02

S5-hourstorm 02 02 02 02 02 02 02 02 02 02 02

New Outfall — new Cambridge WWTP

4-hour storm 28 48 50 5. 57 58 58 59 5.9 5.9 5

5.4 Modifications to the river model

No changes have been made to the 2023 Cam Urban river model except:

e Adding inflow locations for the existing and new WWTP outfall discharges, which were
not represented explicitly in the 2023 Cam Urban model provided (see Figure 5-2).

0 Existing WWTP outfall — immediately upstream of the A14 bridge, left bank.

o New WWTP outfall — immediately downstream of the A14 bridge right bank.

ha ‘A N \ANN a) a aVallV a aVaWla a¥allla

e AnFor the Existing and Existing Future scenarios: adding the outfall at Waterbeach
(around 4km downstream of the site), which currently discharges but will cease when
the new WWTP is in place.-Fhis-has-retbeenadded-to-the-model:

o The-Note that the ‘existing WWTP outfall’ refers only to the existing outfall at Milton. There is
also the Riverside CSO (combined-sewer-overflowCombined Sewer Overflow), upstream within




Cambridge itself. We were informed by the project team that this CSO “never flows". Again;
thisThis has not been added to the river model.

—
o
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Q Storm duration

The critical storm duration used in the Cam Urban river model is 55 hours. This was selected by
JBA in their hydrological analysis considering the catchment area and other descriptors, the
duration recommended for the whole catchments within the ReFH2 software, the permeability
of the catchment, and comparisons to observed data. This is similar to the 61-hour storm
duration used in the previous 2011 Cam Urban model. This approach is reasonable and is a
duration expected for a catchment of this size.

We have retained the 55-hour storm as the critical case for flooding from the River Cam.
However, the critical case for the treatment plant is the 4-hour storm. To examine the
sensitivity of the results to storm duration we have tested both cases.

(:b) 55-hour storm duration

Design floods arewere implemented by JBA in the River Cam model as 4420 inflows
representing a 6+55-hour storm over the whole 791km21076km? River Cam catchment.

Inflow files were provided for the 1 in 2, 10, 20, 30, 50, 75, 100, 200 and 1000 year floods,
along with the 1.in 100 year flood plus climate change for 9%, 19%, and 45% uplifts. Details of

these fluvial inflows are provided in Table 3-25-3 for the 1 in 100 year plus climate change

(209% uplift)-Hood-and-theirlocationsare showninFigure 32

Binnies UK Limited
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flood and their locations are shown in Figure 5-3. Peak inflows for the remaining flood
magnitudes (present day) are shown in Table 5-4.

(c) 4-hour storm duration

Alternative peak inflows for the 1 in 100 year, and 1 in 100 year plus climate change floed(9%,

19% and 45% uplift) floods were calculated as part of this study—(by—adjusting—the-storm
duration-in-the-modebinputfiles)-and. Peak flows for the 4-hour 1 in 100 year plus 9% climate

hange uplift are shown in Table 22fera-4-5-3, annq5|de the 55- hour de&gwstormlm&rsﬂa

values.

The 55-hour storm inflows are implemented in the 2023 Cam Urban model boundary files
(*.IED) as flow-time (QT) units as, presumably, the calculations were done by JBA directly using
the ReFH2 software rather than within Flood Modeller. This meant that it was not completely
straightforward to test alternative storm durations. The approach used to generate 4-hour
fluvial inflows was:

e Recreate the default ReFH2 model inflows for the 55-hour storm, using the catchment
descriptors given in JBA's Cam Flood Estimation Report. These were checked against
JBA's reported results and almost identical results were achieved.

e Calculate and apply scaling factors to the ReFH2 hydrograph to give the FEH statistical
flood peak required for each model inflow. Again, these were checked against the
actual model inflows and a very close match was achieved.

e Generate ReFH2 model inflow for a 4-hour storm.

e Apply the same scaling factors to the 4-hour storm inflows, as for the 55-hour storm
and use these inflows in the model.

The flows in Table 5-3 show that:

e The 55-hour storm gives noticeably higher peak inflows for the larger sub-catchments,
such as the upstream Cam, Granta, Rhee, Bourn Brook and Fidwell Fen. This is as
expected. These sub-catchments comprise a large proportion of the total model inflow.

e The 4-hour storm gives higher inflows for the smaller sub-catchments, such as the
lateral inflows, Coldham'’s Brook, Bin Brook and Hobson's Brook. Again, this is as
expected as a shorter storm duration will be critical for smaller catchments.




. Overall, the 55-hour storm will give higher river flows and flood levels than the 4-hour
~ storm.

[\S]
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Table 3-1-rtfermation-on-fiuwials-3. Fluvial flood inflows within river model (1 in 100 year plus 9%

climate change)

Description
Model inflow
name
River Granta{Cam at
- ICAMOT Stapleford)Sawston
River Cam-{(at Dernford)
C2CAM 02+ . Lateral to
= Byron's Pool
.  RiverRhee{atBurnt-MilhLateral to
C3LAM 03 M11 bridge
CACAM_04* Lateral to Bourn Brook inflow
C5CAM 06 Binlateral to Hobson's Brook
Hebson's BrooklLateral to Elizabeth
C6CAM_08 .
= Way bridge
&7 ChorerHinten-Brosh
CSCAM 09 Lateral to Byren'sPeelColdham's
— Brook
COCAM 10 Lateral to Jesus-GreenBaits Bite
S Lock
Lateral to BaitsBiteSwaffham Lodge
C10CAM_11
C11CAM 13 Lateral to RiverGreat Ouse
COLDH 01 Coldham's Brook
GRNT 01 River Granta
RHEE 01 River Rhee
BIN_05 Bin Brook
BOUR 01 Bourn Brook
FID_FEN Fidwell Fen
HOBS 03 Hobson'’s Brook
Bottisham Pumped inflow frem-Bottisham
PSBottisham_  Lode
PS
Swaffham Pumped inflow frem-Swaffham
PSSwaffham Lode
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e

PSUbware PS Pumped inflow from-Reach Lode - 2.5 2.5

*Note: CAM_02, CAM 03 and CAM 04 lateral inflows scaled to zero by JBA, as described in their
reporting. This approach was retained.

(O8]
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Table 3-2-Information-en-fluvial5-4. Fluvial flood inflows within river model 55-hour storm (other flood magnitudes)

Peak flow m3/s

Model inflow

1in 1in 1in 1in 1in 1in 1in 1in

10 20 30 50 75 100 200 1000
C1CAM_01 337.6 8014.1 10419.1 142209 13:023.3 144272 15:529.3 18:434.0 28.657.5
C2CAM_02 3:50.0 800.0 14000.6 307 34320.0 44500 5700 34890.0 306100
CACAM 04 7900 46200 39400 21300 24600 26000 27600 3+800 45600
€5CAM 06 2203 4405 5306 5806 6507 7008 7408 8610 12215
C€6CAM_08 0208 6813 014 1216 417 619 1720 2124 3.5
C7CAM_09 0205 06608 0809 06910 +01.1 1.2 1.3 1716 2923
CAM 10 08 13 16 17 19 21 23 28 42
COCAM 13 4305 2309 2810 3411 3513 3914 4215 4918 7427
COLDH 01 05 09 10 11 13 14 15 18 25
C1OGRNT 01 1646 2878 3391 37100 42113 46125 49134 59163 88254
RHEE 01 8.5 14.2 16.6 18.3 20.6 22.8 24.6 30.3 473
m1 3495 34146 34169 34184 34205 34224 34239 34282 34394
HOBS 03 04 07 08 09 10 11 12 14 21
Upware
PSBottisham_P 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
S
Swaffham_PS 17 17 17 17 17 17 17 17 17

—Upware PS 25 25 25 25 25 25 25 25 25
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.‘I'Upware_! PSie

(.féwafﬂwam PS
“‘Boltisham_PS aest

3:45.6 Climate change

s M - ) fl w e
Ve ey V) WU
The scope requires that the model should include appropriate allowan » e . y
climate change. In the existing2023 Cam Urban river model, the 100—yang han o
is—represented-by-a-20%uplift-in-flowrate-The EA-released-newhas been simulated tor a range
of uplifts (9%, 19%, and 45%). These uplifts correspond to the 2080s epoch in the EA's latest climate
change allowances (released in July 2024 —with-the-valuesin20213). Table 3-3-showing-their5-5

shows the values for the River Cam catchmentlhemedeLaHewane&eﬁQ%ie#ehmat&ehaﬂge

= https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances
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We have retained these river flow climate change allowances in our model runs. However, it
should be stressed that the climate change allowance in focus is the 9% uplift, as reported
for the flows in Table 5-3 and Table 5-4.

Climate change was applied in the Cambridge and Waterbeach sewer models using uplifts
to the storm rainfall, rather than to runoff. The sewer models were run for the 100-year
flood with two climate change cases — 20% and 40% increases to rainfall. This corresponds
to the 2050s epoch in the EA climate change guidance (Table 5-6).

There is not a direct link between the river flow and rainfall climate change guidance, due
to different epochs and named allowances being used. Acknowledging the mismatch in
epochs, we elected to retain the same climate change factors for consistency with other
work and used the following combinations:

e 9% uplift for river flows with 20% uplift in rainfall for outfall flows;

e 19% uplift for river flows with 20% uplift in rainfall for outfall flows; and

e 45% uplift for river flows with 40% uplift in rainfall for outfall flows.

Table 335-5. Climate change allowances for river flows in the Cam and Ely Ouse Management

Catchment

Epoch Cepkeal Higher Upper

2020s 2% +% 21%

2080s 9% 19% 45%
Epoch Central ~ Higher

= Central Upper

2020s 2% % 21%
2080s 9% 19% 45%

Table 5-6. Climate change allowances for rainfall in the 100-year event in the Cam and Ely
Quse Management Catchment

Epoch Central

2050s ﬂ 40%




2070s 25% 40%

3.55.7  inflows —outfall discharge

Fortheexisting-outfall:scenarios
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3.6 Scenariostorun

The scenarios that were simulated are listed in Table 3:45-7. As noted above, initially for the
draftfirst version of this report only the 1 in 100 year plus climate change case was tested
(rans—1-te-8run 11). However, at the project team’s request, this was then expanded to include

a range of other-floed-magnitudes{runs9-to-26)

Binnies UK Limited
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flood magnitudes as shown in the table. Runs 35-51 have also been included in version P04

onwards of this report to consider future growth in the catchment for the existing works

(‘Existing Future’), while runs and 52-53 have been included to demonstrate the potential

impact for Phase 1 of the New Qutfall.

Table 3:45-7. Modelling scenarios-te-be-carried-out

magnitud
e
(fluvial
and
outfall
flow)
Existing 1in2
Existing 1in5
Existing 1in 10
Existing 1in 20
Existing 1in 30
Existing 1in 50
Existing 1in75
BasekExisting 1in 100-plus 615
Qutfall climate change 5
Existing 1in 200
Existing 11in 1000
BasekExisting 11in 100 plus 615
Qutfall +9% climate change 5
Existijn 1in 100 plus 615
=XBA09 4 19% climate change 5
Qutfall =
Existing 1in 100 +45% climate
sting Outfall 1in 100plus
. 4
test climate change =
+(Sensitivity)
BTG 1in 100 +9% climate
Outfall
sting Outfall 1in 100 plus
test +19% climate change =
2(Sensitivity)
sting Outfall 1in 100 plus
test +45% climate change =
2(Sensitivity)
New Outfall 1in2

(Mod)ues

Storm
duration
(hours)

Lodeiin blee Cwl

outfall flows  offset

55
55
55
55
55
55
55
+ = 30-hours
55
55
= + 30-hours
+ = 15-hours
55
= + 15-hours
4
+ = 45 hours
= + 45 hours
55
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New Outfall 1in5

New Outfall 1in 10

New Outfall 1in 20

New Outfall 1in 30

New Outfall 1in 50

New Outfall 1in 75

test—.%m) 1 in 100-plus 455
Outfall climate change —

New Outfall 1in 200

New Outfall 1in 1000

New Outfall 1in 100 +9% climate

New Outfall 1.in 100 +19% climate
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Storm St Rlews ol
magnitu duration & ewdel e

de (hours) outfall flows offset
(fluvial flow
and
outfall
flow)
3 New Outfall 1in 100 +45% 55
New Outfall .
5 (Sensitivity) 1 lin 109 4
SensitivityN
§ 77“2::“3” 1in 100 plus . § ;
=) o/ i 0 hours
2 3(Sensitivit +9% climate change
)
9 BaseNew
3 Qutfall 1in 2100 +19% 614 _ "
B (Sensitivity) climate change = * 30-heurs
New Outfall " o
3 (Sensitivity) 1in 100 +45% 4
1
0 BasekExisting .
é e T1in2 6—1-:5 X i 30-hours
5
1
1 BasekExisting . )
é M 1in q'gé 6—1-:5 i X 30 |
6
1
2 BasekExisting . )
3 Future 1in 10 6125 * ’ 30-houtrs
7
1
3 BasekExisting . )
3 Future 1in 20 6125 * * 30-houtrs
8
1
4 BasekExisting . )
3 Future Tin 2030 6155 * ' 30-hours
9
1
5 BasekExisting . )
i Future 1in 392 6_1'2 ' 2 30-hours
0
3 BasekExisting 1in 3075 6155 N ’ 304
6 Future
4
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Future -

BaseExisting 1in 50200
Future =

BaseExisting

Future 1in #51000

BaseExisting 1in 75100 +9%

Future climate change
BaseExisting 1in 100 +19%
Future climate change
Existing  1in 100 +45%
BaseExisting 1in 100
Future

BaseExisting 1in 200100 +9%
Future climate change

BaseExisting 1in 200100 +19%

Future climate change
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Model results

6.1

General

The river modelling results are presented as:

Tables of peak water levels and flows (Table 446-1 to Table 44forthe1-ir100-year
plus—climate-change-flood6-6; Appendix Aiepethe#le%ﬂagmwdesB and Appendix

E) in the

River Cam. Note that the flows are based on the EMP1D FM results only so do

not include bypassing alongside the river in the floodplain. The node locations for these
comparison points are—(shown in Figure 4-26-1) have been selected at identifiable
points of interest (as described in the first column in Table 6-1) to assist in

comprehension.

&mpleileedFlood extent and depth d|fference maps (Flgure 44—&9&)#@%634%6

I o

I o

These maps simultaneously show the change in flood extents and maximum

water depth for the same flood magnitude between the Existing / Existing

Future and New Outfall model scenarios.

The Existing (and Existing Future) flood extent (black-outlined polygon) is

compared to additional areas that flood in the New Outfall case (‘Now

Flooded' pink-outlined polygon).

Areas within the Existing (and Existing Future) flood extent where depths

change by less than 0.01m are defined as ‘No Change’ areas and are denoted

by the blue shaded polygon.

Changes in maximum flood depth were calculated by subtracting the New

Outfall water depth results from the Existing (and the Existing Future) results,

such that positive values represent an increase in depth for the New Qutfall

scenario.

The additional flooded areas where depths are less than 0.01m are included

inside the 'Now Flooded’ pink polygon.

6.2 Existing outfall (no growth) compared to New Outfall (with growth) —

55-hour storm

This base case compares results between the Existing (no growth) and the New Qutfall (with

growth) scenarios for the 55 hour storm (the design storm). A comparison of results for the 1

in 100 year present day and 1 in 100 year plus 9% climate change floods are shown in Table

6-1, Table 6-2, Figure 6-2 and Figure 6-3 (Appendix B and Appendix C provide the results

tables and flood maps for other flood magnitudes). These results indicate that:

The new WWTP lies well outside the River Cam flood extents.




e There is almost no change in peak water levels; or flows er-flood-extents-with-the-new
WATP-outfallin the River Cam for the New Outfall case compared to the-existing
WAMTPREXisting.

e The maximum predicted increase in peak in-channel water level is 8:067m0.002m
(#mm2mm) at Baits Bite Lock.

Binnies UK Limited
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There is no change in flood depths throughout Cambridge (upstream of the A14 / the

WWTP outfalls).

There are some changes in flood depths and extents in the downstream floodplain.

Flood depths increase further downstream of the outfall for locations near

Waterbeach and beyond:

(o}

For the majority of the inundated area, there is no change in flood depth
(blue shading in Figure 6-2 and Figure 6-3).

There are areas where depths increase by a small amount (up to 0.10m — red
shading in the figures). There are also small areas where flooding is predicted
to occur in the New Outfall scenario that is not predicted in the Existing (no
growth) scenario. This leads to larger depth changes as the differences are
between initial flooding and zero depth. These areas are predicted to flood
due to the floodwater spreading further in the floodplain. These flooding
changes are a consequence of the larger flood volume in the New Outfall
scenario compared to the no future growth Existing scenario. This is
directly caused by allowing for future growth in the New Outfall scenario
since the new outfall and WWTP will not increase flood volume
themselves. In any case, the affected areas are generally low impact farmland,
except for a few properties near to Bottisham Lock.

The changes in in-channel peak flow are 8:3m30.1m3/s or smaller (which is a very small
proportion of the total flow in the River Cam, which is areund—90m3generally
70-90m3/s). This is because the peak WWTP discharge occurs well before the river
peak flow.

: o . : 1y which_i

L | | .

Note that, with changes this small, to some extent they may be due to minor differences in the
iterative numerical solution produced by FMP-TuflewFM-Tuflow rather than genuine physically

based differences. For exampleﬁé%hereumqehﬂegre%e*planaﬂenieﬁh&@ﬁrm %&ehang&m

, the

water level convergence tolerance for each model iteration is 0.01m. Normally we would only
present water level results to two decimal places (to the nearest centimetre), reflecting the
accuracy possible with a hydraulic model of this type. But in this case, as the differences are so
small, we have shown three decimal places to avoid misleading-rounding effects. This could



create a misleading impression of the accuracy of the model predictions. For comparison, the
2023 Cam Urban peak river level calibration tolerance target was +0.15m.
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Figure 6-1 1D model nodes where results are compared (note that this is a reduced selection of the overall 1D mode!
nodes)
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Table 4+.6-1 Base case — 1 in 100 yearplas-chirate-change-6+, 55-hour storm-38-heureutial-flovroffset 1D model

results

Location

M11

A1134 Fen Causeway
Silver Street

Trinity Bridge

Bridge Street
Victoria Avenue
A1134 Elizabeth Way
Railway

Al4

Baits Bite Lock US
Baits Bite Lock DS

Horningsea

Waterbeach
Bottisham Lock US
Bottisham Lock DS

Shrubbs Marina

Upware

A1123
Great Ouse confluence

M11
A1134 Fen Causeway
Silver Street

Trinity Bridge

Bridge Street

Binnies UK Limited
Project no. 123239 / March 2024

CA27350CAM

Existing

outfall

~ - VAR S A TR E—
dIinpriiugye vvvv i r niver vivucelily

New outfall

Peak water level (mMAOD)

9.5079.460
+6447.509

+4267.397

Peak flow (m3/s)

01 4253 S
CA22770CAM
02 7723d S L
CA22230usCA
M02 7160 Sl
CA21670CAM
02 6603 F1321.017
CA21250CAM
02 6177 6-5576.506
CA20440CAM
02 5371 >-3415.837
CA19600usCA
MO02_4494 >-6395.590
CAI7720CAM
— 53145.204
02 2638 ==
CA15730CAM
02_063 Ho714.641
CAI5170JCA
M02_0200 +5874.507
CAT5140CAM
02_0000 3724299
CA14200CA14
— 4.2144.203
400 -
CA12080J 4.0064.104
CA10600J 3.8353.959
CA10560 3.7383.875
Cam8647Cam
8794 3.6033.774
Cam4930Cam
5007 St
Cam2651u 3.4523.623
Cam0000 3.3963.574
CA27350CAM
01 4253 .
CA22770CAM
02 7723d 420365
CA22230usCA
MO2_7160 .
CA21670CAM
— 676.5
02_660 6165
CA21250CAM 94.378.2
(Add)nies

I\
N




Victoria Avenue

A1134 Elizabeth Way

Railway

Al14
Baits Bite Lock US
Baits Bite Lock DS

Horningsea

Waterbeach
Bottisham Lock US
Bottisham Lock DS

Shrubbs Marina

Upware

A1123

Great Ouse confluence

02 6177

CA20440CAM
02 5371
CA19600usCA
MO02_4494
CA7720CAM
02 2638
CA15730CAM
02 0636
CAY5170JCA
M02_ 0200
CAT5140CAM
02 0000
CA14200CA14
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;‘\%
3
:
[y
co

79
Ca

(o]
N

%

U1

0

Cam2651u
Cam0000

N

~
S
N

~
(o))
~

85-778.7

~
~
SN

(]
w
(o))

(]
w
(o)}

46:040.0

v
v
=y

~
o
SN

~
o
SN

+4-270.6

~
Ul
()]

(o))
Ul
o

~
D
N

~
(o))
~

~
(0]
~

~
~
w

(O3]
w
(o))

56-253.6

45:840.0

(93]
(93]
o

~
o
(6]

~
o
(6]

~N
[ERN
(o]

~
o
(o))

~
Ul
~N

o))
U1
o




“Angiian Water Cambridge WWTT River viodetiing

(Deleted graphics)

[ 1 with new outfall

Base map and data from OpenStreetMap and OpenStreetMap Foundation (CC-BY-SA).
! © https://www.openstreetmap.org and contributors _ ' =

Fgure411able 6-2. Base case — 1in 100 year plus 9% climate change, 61-55-hour stormy30-heureutiali-low-effset 1D
model re

Location Node Existing Ngw outfall
Peak water level (mAOD)

M11 CAMO1 4253 9.557 9.557

A1134 Fen Causeway CAMO02_7723d 7.779 7.779

Silver Street CAMO02 7160 7.564 7.564

Trinity Bridge CAMO02 6603 7.154 7.154

Binnies UK Limited
innies imite (édd)rns é
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Bridge Street CAMO02 6177
Victoria Avenue CAMO02 5371
A1134 Elizabeth Way = CAMO02 4494
Railway CAMO02 2638
Al4 CAMO02 0636
Baits Bite Lock US CAMO02_0200
Baits Bite Lock DS CAMO02_0000
Horningsea CA14400
Waterbeach CA12080)
Bottisham Lock US CA10600)
Bottisham Lock DS CA10560
Shrubbs Marina Cam8794
Upware Cam5007
A1123 Cam2651u
Great Ouse confluence Cam0000
M11 CAMO1 4253
A1134 Fen Causeway CAMO02 7723d
Silver Street CAMO02 7160
Trinity Bridge CAMO02 6603
Bridge Street CAMO02 6177
Victoria Avenue CAMO02_5371
A1134 Elizabeth Way  CAMO02 4494
Railway CAMO02_2638
Al4 CAMO02 0636
Baits Bite Lock US CAMO02_0200
Baits Bite Lock DS CAMO02_0000
Horningsea CA14400
Waterbeach CA12080)
Bottisham Lock US CA10600J
Bottisham Lock DS CA10560
Shrubbs Marina Cam8794
Upware Cam5007
A1123 Cam2651u
Great Quse confluence Cam0000

6.608 6.608
5.913 5.913
5.657 5.657
5.265 5.265
4,669 4,669
4539 4541
4342 4343
4.247 4.249
4139 4141
3.987 3.988
3.901 3.901
3.793 3.794
3.698 3.698
3.635 3.635
3.585 3.585
Peak flow (m3/s)
65.9 65.9
419 419
760 760
832 832
85.1 85.1
765 765
828 828
855 855
83.9 838
546 546
546 546
402 402
55.1 55.0
734 734
734 734
74.7 746
726 726
78,0 780
65.3 65.3

=y




Anglian Water

A

Cam(Mod)
love evexy dvop

(Added graphics)

nlmmn.mtopg;

ENRRAN B

3
R4
.'I f}
|l;
~ [
- /
.
11 ]
i ' J
i‘ : ! / E )
7 e
f ‘rl .\‘._‘ ¥ 4
! \“:‘ % B vl '
. : ) f ',
o / A ata®
.:; ¥ ) A : ) K \":._ / ) = . ' )



Figure 6-2. Existing (no growth) to New Qutfall (with growth) change in flood extent and depth — 1 in 100 year, 55-hour storm
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Figure 6-3. Existing (no growth) to New Qutfall (with growth) change in flood extent and depth — 1 in 100 vear plus 9% climate change. 55-hour storm
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6.3 Existing outfall (no growth) compared to New Outfall (with growth) —
4-hour storm

Sensitivity test results for the New Outfall (with future growth) 4-hour storm scenario are
compared the Existing (no growth) outfall 4-hour storm for the 1 in 100 year present day and
1 in 100 year plus 9% climate change floods in Table 6-3, and Table 6-4, respectively
(Appendix D provides the equivalent flood extent and depth differences maps for the four
tested flood magnitudes). Figure 6-4 and Figure 6-5 also compare flood extents for the
Existing outfall (no growth) for both storm durations for the 1 in 100 year present day and 1 in
100 year plus 9% climate change floods, respectively.

The 4-hour storm sensitivity testing-results inFable-4-2toTable-4-4-and-Figure-4-3to-Figure 45
indicate that:

e Predicted in-channel flood levels are noticeably lower (by 0.2 to 0.7m) for the 4-hour
storm sensitivity test compared to the 55-hour storm base case for both flood
magnitudes. Unsurprisingly, predicted flood extents are also noticeably smaller for the
4-hour storm than the 55-hour storm. This confirms that the 55-hour storm remains
the appropriate duration to assess flood risk from the River Cam. Using the 4-hour
storm would underestimate the existing and post-development flood extent.

e o—There is—almestno—impactremains minimal impact in the New Outfall scenario

upstream of the outfall / A14 (2mm0.002m or less)-whereas—the-impact-increases
rmoving-downstream-along-the River Cam-{6-to-15mm in the river channel).

e The relative impact from the new outfall (including future growth) downstream of the
outfall is larger for the 4-hour storm than the 55-hour storm. This is because, with
lower peak flows in the River Cam, the outfall flows make up a bigger proportion of




the total river flow. However, the predicted changes in flood depth and extent
between the Existing and New Outfall scenarios remain small.
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Table 426-3. Sensitivity test+— 1in 100 yearphus-climate-change-61, 4-hour storm—+5-houreutiall-ow-offset

Existing New outfall

Location Node outfall

Peak water level (MAOD)

CA27350CAM
M11 01 4253 9.5069.156 9.5079.156 {
A1134 Fen Causeway o2 79CAM 5 0147280 7.6447.280
02_7723d -
. CA22230usCA
Silver Street MO2 7160 +4266.756 +4266.756
. . CA21670CAM
Trinity Bridge 02 6603 +1326.389 +1316.389 =
. CA21250CAM
Bridge Street 02 6177 6.5576.024 6.5576.025 [
Victoria Avenue CAM 5:9415.444 5:9415.445 {
02 5371 =
. CA19600usCA
A1134 Elizabeth Way MO2 4494 5:6995.250 5:6995.250
. CATF720CAM
Railway 02 2638 5:3134.916 53134.917 [
CA15730CAM
Al14 02 0636 46714474 46734477 {
- CAT51704CA
Baits Bite Lock US MO2 0200 4.5864.322 4.5884.326 [
Baits Bite Lock DS CAM 4.3714.056 4.3724.060 {
02 0000 =
Horningsea 400% 4.2103.892 4.2113.897 {
Waterbeach CA12080) 4.0023.458 4.0043.475 (
Bottisham Lock US CA10600)J 3-8313.335 3-8333.352 {
Bottisham Lock DS CA10560 3.7353.224 3-7373.240 {
Shrubbs Marina Cam 3.6003.139 3-6013.155 {
8794 = =
Upware Lam 3.5023.060 3.5033.076 {
5007 =
A1123 Cam2651u 3.4503.004 3.4523.020 [
Great Ouse confluence ~ Cam0000 3:3942.946 3:3952.963
Peak flow (m3/s) F
CA27350CAM
M11 01 4253 63-133.6 63:133.
CA22770CAM
A1134 Fen Causeway 02 7723d 42.029.1 42.029.1
. CA22230usCA
Silver Street MO2 7160 4.753.2 4.753.2
. . CA21670CAM
Trinity Bridge 02 6603 91-651.2 91551.2
. CA21250CAM
Bridge Street 02 6177 94351.9 94351.9
Victoria Avenue CA20440CAM 93.250.7 93.250.7
Binnies UK Limited .-
(}Iod hies 1877

Project no. 123239 / Aprit-2622March 2024



A1134 Elizabeth Way
Railway

Al4

Baits Bite Lock US
Baits Bite Lock DS

Horningsea

Waterbeach
Bottisham Lock US
Bottisham Lock DS

Shrubbs Marina

Upware

A1123
Great Ouse confluence

02 5371
CA19600usCA
MO02 4494
EA720CAM
02 2638
CA15730CAM

02 06
CA15170JCA
M02_0200
EAT51H40CAM
02_0000
CA14200CA14
400
CA12080J
CA10600)J
CA10560
Cam8647Cam
8794
Cam4930Ca
5007
Cam2651u
Cam0000

(98]
i

Q)
N

[08)
(o]
[08]

5

Ul
—
w

Ul
o
[o¢]

§

Ul
—
w

Ul
o
[\e]

g
69
~

g
o
~

?




Angiian Water Carmuriuge WWTr River iVioueiing

Table 436-4. Sensitivity test2— 1in 100 year plus 9% climate change, 6+4-hour stormy45-heurewtiall-flow
afzar

Existing New outfall

Location Node

outfall
Peak water level (MNAOD)

CA27350CAM
M11 01 4253 9.5069.234 9.5069.234
A1134 Fen Causeway = o2 POCAM 5 0147 469 7.6447.469
02_7723d — —
. CA22230usCA
Silver Street MO2 7160 +4266.854 +4266.854
. . CA21670CAM
Trinity Bridge 02 6603 +1326.494 +1326.494
: CA21250CAM
Bridge Street 02 6177 6.5576.105 6.5576.105
Victoria Avenue CAM 5:9415.516 5:9425.516 {
02 5371 = =
: CA19600usCA
A1134 Elizabeth Way MO2 4494 5:6995.310 5:6995.311 {
. CAY7720CAM
Railway 02 2638 53144.967 5:3144.969 {
CA15730CAM
Al4 02 0636 4.6724.508 4.6754.511
- CAT5170JCA
Baits Bite Lock US MO2 0200 4.5884.357 4.5904.361 {
- CA15140CAM
Baits Bite Lock DS 02 0000 4.3754.088 4.3794.092
Horningsea 400% 4.2163.926 4.2203.929 {
Waterbeach CA12080) 4.0073.593 4.0113.605 (
Bottisham Lock US CA10600)J 3.8353.474 3.8383.486 {
Bottisham Lock DS CA10560 3.7383.371 3.7423.384 {
Shrubbs Marina 8794Ca:m 3.6023.287 3.6053.300 {
Upware Lam 3.5043.211 3.5073.225 (
5007 = =
A1123 Cam2651u 3.4523.159 3.4553.173 {
Great Ouse confluence Cam0000 3:3963.107 3:3993.121 {
Peak flow (m3/s) F
CA27350CAM
M11 01 4253 631364 631364
CA22770CAM
A1134 Fen Causeway 02 7723d 42.034.9 42.034.9
. CA22230usCA
Silver Street MO2 7160 4.756.0 4.756.0
. . CA21670CAM
Trinity Bridge 02 6603 91.654.6 91.554.6
: CA21250CAM
Bridge Street 02 6177 94355.7 94355.7
Binnies UK Limited /
innies Iimite (t\_l()Ll )\ES 4928
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(Added graphics)
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Figure 6-4. 1 in 100 year, 55-and 4-hour storms compared for the Existing Outfall case (no growth)
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6.4 Existing outfall (no growth) compared to New Outfall (with growth) — other
flood magnitudes

The results for other flood magnitudes are shown in Appendix B and C for the 55-hour storm.
These results indicate that:

e The new WWTP lies well outside the River Cam flood extents, even in the largest flood
magnitudes.

There is no genuine impact on peak water levels, peak flows or flood extent upstream
of the A14. The maximum predicted in-channel increase in water level is 0.007m, with
no discernible change in flood extent.

e Small increases in in-channel water level (up to 0.010m) and flow (up to 0.3m3/s) are
predicted downstream of the A14. The impact is larger for the lower return periods
because the WWTP discharge makes up a larger proportion of the total River Cam flow.

As with the 1 in 100 year flood, there are some small increases in flood depth and
extent shown at locations downstream of the outfall. There is not a consistent pattern
to where these increases occur as it relates to different parts of the floodplain
activating in different flood magnitudes. Again, these predicted changes, compared
to the Existing outfall (with no future growth in the catchment) relate to changes
in flood volume between the two scenarios. The increase in flood volume for the
New Outfall scenario is due to inclusion of future growth in the catchment,
rather than the new WWTP or outfall itself.

6.5 Existing outfall (with Future Growth) compared to New Outfall (with
growth)

Sensitivity results comparing the New Outfall (with growth) to the Existing Future (with growth)
scenarios for the 55-hour storm are presented in Table 6-5 and Figure 6-6, and in Table 6-6 and
Figure 6-7 for the 1 in 100 year present day, and 1 in 100 year plus 9% climate change floods,
respectively. The results for the remaining flood magnitudes are provided in Appendix E for the
tabulated results, and in Appendices F and G for the comparative flood maps.

The comparative flood maps presented in Figure 6-6 and Figure 6-7 show the change in flood
depth and extent between the Existing Future scenario and the New Outfall, such that positive
depth changes indicate areas where depths would increase with the New Outfall. Negative
depth changes indicate areas where flood depths would reduce with the New Outfall.

These sensitivity results indicate that when future growth in the catchment is considered:

e There is almost no change in peak water levels or flows in the River Cam for the New
Outfall case compared to Existing Future.

e The maximum predicted increase in peak in-channel water level is 0.001Tm (1Tmm) at
Horningsea. More often there is no change or a very small reduction to peak
in-channel water levels.

e There is no change in flood depths throughout Cambridge (upstream of the A14 / the
WWTP outfalls).

A
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The New Outfall does not increase floodplain water levels for the design storm
(55-hour) anywhere in the study area beyond +0.001m, for the range of flood
maghnitudes considered, expect for the few isolated exceptions discussed below.

Although the New Outfall would discharge a slightly higher peak flow than the
Existing with future growth (see Table 5-2 above), these increases (0.1-0.7m3/s) do not
coincide with the peak river flow. The maximum change in peak river flow is 0.1m3/s
and more often there is no change or a small reduction.

The new outfall does show a few small, isolated areas of minor detriment downstream
of Upware. For the 1 in 100 year plus 9% climate change, there is a small region of a
field in the left-bank floodplain adjacent to the River Cam at Upware where levels
have increased by generally 0.04m (as seen in Figure 6-7) with several model cells
increasing to 0.1m; and another region of a field on the south side of Stretham Road
in the vicinity of Dimmock’s Cote Drain where levels have increase by up to 0.01m. No
sensitive receptors appear to be impacted by this increase.

There are no increases in flood depth during the 4-hour storm case. In general, there
are reductions in flood depth in the floodplain around Waterbeach and downstream
of Upware, although the reductions are small and isolated, as seen in Appendices G.2
to GA4.
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Angiian Water

Table 44-Sensitisitrtest36-5 Existing Future sensitivity — 1 in 100 yearplus cimate-change-4-hourstorm-0-houroutfall
Howrotfsel_55-hour storm1D model results

New outfall

Existing

Location

Peak water level (mMAOD)

CA27350CAM
M11 01 4253 9.0739.460 9.0739.460
CA22770CAM
A1134 Fen Causeway 02 7723d 7-2447.509 7.2417.509
. CA22230usCA
Silver Street MO2 7160 6.2997.397 6.2997.397
Trinity Bridge CAY) 6.0727.017 6.0727.017
02 660 == =
Bridge Street CAZRBSOCAM - ¢ 9066 506 5.8066.506
02 6177 = =
Victoria Avenue CAM 52445.837 52445.837
02 5371 = =
. CA19600usCA
A1134 Elizabeth Way MO2 4494 5.0825.590 5.0835.590 {
. CAI7720CAM
Railway 02 2638 4.7675.205 4.7695.204 C
A14 CAM 43844642 4.3904.641 C
02 063 S S
. CA15170JCA
Baits Bite Lock US MO2 0200 42444508 4.2504.508 {
Baits Bite Lock DS CAM 3.9954.302 4.0004.301 C
02 000 S S
Horningsea 400% 3:7424.204 37474.204
Waterbeach CA12080) 3.2284.106 3.2374.106
Bottisham Lock US CA10600) 3.0943.960 3.1043.960
Bottisham Lock DS CA10560 2.9803.876 29923 876
Shrubbs Marina ga"'88769' 4; Cam 59233774 2.8863.774 (
Upware c 07Ca:m 2.7833.684 2.7973.684 {
A1123 Cam2651u 27313.624 2.7453.624 {
Great Ouse confluence Cam0000 26543575 26693.575 {
Peak flow (m3/s) F
CA27350CAM
M11 01 4253 27360.9 27-360.9
CA22770CAM
A1134 Fen Causeway 02 7723d 33:236.5 33:236.5
. CA22230usCA
Silver Street MO2 7160 1865.7 1865.8
Trinity Bridge 02 6603 45:276.5 45:276.5

Binnies UK Limited
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Table 6-6 Existing Future sensitivity — 1 in 100 year plus 9% dlimate change, 55-hour storm1D model results

. Existin New outfall
Location Node :gf ture (with (with
Peak water level (MAOD)
M11 CAMO1 4253 9.557 9.557
A1134 Fen Causeway CAMO2 7723d 7.779 7.779
Silver Street CAMO02 7160 7.564 7.564
Trinity Bridge CAMO02 6603 7.154 7.154
Bridge Street CAMO2 6177 6.608 6.608
Victoria Avenue CAMO02 5371 5913 5913
A1134 Elizabeth Way =~ CAMO02 4494 5.657 5.657
Railway CAMO02 2638 5.265 5.265
Al4 CAMO02 0636 4.670 4.669
Baits Bite Lock US CAMO02 0200 4.540 4.541
Baits Bite Lock DS CAMO02 0000 4.343 4.343
Horningsea CA14400 4.249 4.249
Waterbeach CA12080) 4.141 4141
Bottisham Lock US CA10600J 3.988 3.988
Bottisham Lock DS CA10560 3.902 3.901
Shrubbs Marina Cam8794 3.794 3.794
Upware Cam5007 3.698 3.698
A1123 Cam2651u 3.635 3.635
Great Ouse confluence ~ Cam0000 3.585 3.585
Peak flow (m3/s)
M11 CAMO1 4253 65.9 65.9
A1134 Fen Causeway CAMO2 7723d 41.9 41.9
Silver Street CAMO02 7160 76.0 76.0
Trinity Bridge CAMO02 6603 83.2 83.2
Bridge Street CAMO02 6177 85.1 85.1
Victoria Avenue CAMO02 5371 76.5 76.5
A1134 Elizabeth Way =~ CAMO02_4494 82.8 82.8
Railway CAMO02 2638 855 5.5
Al4 CAMO02 0636 83.8 83.8
Baits Bite Lock US CAMO02 0200 54.6 54.6
Baits Bite Lock DS CAMO02 0000 54.6 54.6
Horningsea CA14400 40.3 40.2
Waterbeach CA12080J 55.0 55.0
Bottisham Lock US CA10600J 734 734
Bottisham Lock DS CA10560 734 734
Shrubbs Marina Cam8794 74.7 74.6
Upware Cam5007 727 72.6
A1123 Cam2651u 78.1 78.0
Great Quse confluence  Cam0000 65.3 65.3
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Figure 44-Sensitivity-testb-6. Existing Future (with growth) to New Qutfall (with growth) change in flood extent and depth
— 1in 100 yearplus€limatechange-61, 55-hour storm-45-heurouttall flov-offset
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o
o

Existing outfall (no growth) compared to New Outfall Phase 1

The flood difference maps in Figure 6-8 and Figure 6-9 compare depths and extents between
for the Existing outfall and New Outfall Phase 1 scenarios for the 1 in 75 and 1 in 100 year
floods (55-hour storm), respectively. These flood magnitudes were used as these are the cases
with greatest, albeit still small, impacts predicted from future growth in the catchment.

The maps demonstrate that there is minimal difference between the Phase 1 impact (shown
here in Figure 6-8 and Figure 6-9) and the Phase 2 impact (shown in section 6.2 and Appendix
Q) of the New Outfall (with growth) compared to the Existing outfall (no growth). The predicted
changes are marginally smaller for Phase 1 (approximately 0.02m lower than Phase 2 in the
areas of greatest change) but the extent of areas affected remain very similar.

&
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Figure 6-8 Existing (no growth) to Phase 1
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In non-flood conditions (normal and low flows), river levels at the outfall location are
controlled by the operation of Baits Bite Lock. Water levels upstream of Baits Bite Lock are
maintained at around 3.85mAOD (normally within 3.80 to 3.90mAOD), as shown by both:

e The operating logic within the hydraulic model for the Bates Bite sluice gates (node
CA15170SusCAM_0200Sus).

e Recorded water levels for Bates Bite gauge. For example, as shown on the River Levels
website?website4.

Figure 4:66-10 contains:

e The hydraulic model results for the model node immediately-downstream-ofat the A14

bridge (the rew—-WWTP outfall site), comparing flow and water levels. Results are
presented for both the whole rising limb of the 1 in 2 year flood and the flood peaks
for all the design floods considered.

e The nominal 3.85mAQOD retention level.

e Flow exceedance statistics for the closest river flow gauging station — the River Cam at
Bottisham, a short distance downstream.

These results confirm that even at the peak of the 1 in 2 year flood, water levels at the A14 are
only 8-+m0.15m above the normal 3.85mAOQOD retention level at Baits Bite Lock. In normal flows
and low flows, we would expect water levels at the outfall to be at, or very close to, 3.85mAOD.




P-lttps://riverlevels.uk/river—cam—fen—ditton—cambridqe—baits—bite#.YIthc]MK

Uk
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Cambridge WWTP River Modelling

Anglian Water
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Angiian Water Carmbridge WWir River ivioueiiing

Conclusions

This report describes river modelling undertaken to assess the impact of the Cambridge WWTP
Relocation project new outfall on fluvial flood risk in the River Cam.

Environment Agencys 20HRiver2023 Cam hyd-rauheUrban river model was used with onIy

minor modifications (to en
explicitly include the existing and new WWTP outfaII dlscharge) Outfall dlscharqes (existing and
new outfall) were calculated using results from Anglian Water's Cambridge sewer model.

An additional scenario was tested, as recommended by the Environment Agency, to consider
the existing outfall with future growth in the catchment to provide a more comparable case
with which to compare to the new outfall.

It is important to note that:

e For the Existing Outfall scenario, runoff in the sewer model is for the catchment
as it is now.

e For the New Outfall scenario, runoff in the sewer model is for the catchment
including future growth. This means that the New Outfall flow volume is larger than
for the Existing outfall. The new WWTP and outfall will not increase flow volume, it is
only because future growth within the catchment is included for this scenario.

e The additional Existing Future scenario accounts for future growth in the
catchment but for the existing WWTP and outfall.

The 1 in 100 year flood ineludingwith and without climate change allowance was used as the
primary design case and for sensitivity testing. A range of other fluvial flood magnitudes were
also simulated.

There is a mismatchlarge difference in the critical storm durations used-in-the-modelling—the
river-model-uses—a-61-for the WWTP outfall flows and the River Cam catchment — a 55-hour

storm asis the critical case for the whole River Cam fluvial catchment; whereas the critical case
for the WWTP outfall discharge is a 4 hour storm. We have explored this issue using sensitivity

testing to-offset-the-timing-of-the- WWTP-discharge-and-also-testfor a 4-hour river catchment

storm, in addition to the base case of a 55-hour storm.




When comparing the New Outfall (with growth) to the Existing outfall (without growth), the
river model results show that:

e The new WWTP lies well outside the River Cam flood extents, even in the largest flood
magnitudes.

e The 55-hour storm gives noticeably higher flood levels and larger flood extents than
the 4-hour storm. This confirmed that the 55-hour storm is the right case for assessing
flood risk from the River Cam.

e There is almost no change in peak water levels or flows in the River Cam for the New
Outfall case compared to Existing. The maximum predicted increase in peak in-channel
water level is 0.002m (2mm) at Baits Bite Lock in the 1 in 100 year flood (present day or
climate change case). Across the range of flood magnitudes tested, the largest increase
in in-channel flood levels is 0.010m for the 55-hour storm.

Binnies UK Limited
Project no. 123239 / March 2024
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There are no changes in flood depth and extent throughout Cambridge (upstream of
the A14 / the WWTP outfalls) across all the flood magnitudes tested.

The are some areas downstream of the outfall with small increases in flood depth and
extent for the New Outfall (with growth) scenario compared to Existing (without
growth). These predicted differences are a result of the increased flow volume
through the New Outfall, due to including future growth within the catchment in this
scenario. This is not a change due to the new WWTP or new outfall itself.

The phasing of the new works (Phase 1 and Phase 2) would see a small increase in FFT
(from 1.729m3/s in Phase 1 to 1.840m3/s in Phase 2). The impact of Phase 1 of the
New Outfall has been tested for sensitivity and is marginally smaller than Phase 2;
although depth increases would only be approximately 0.02m lower in the areas of
greatest increase (from 0.07m in Phase 1 to 0.09m in Phase 2).

In non-flood conditions, water levels at the outfall will be controlled by the operation
of Baits Bite Lock, which has a normal retention level of around 3.85mAQOD.

However, when the New Outfall (with growth) is compared to the Existing Future scenario

(including future growth in the catchment), the river model results show that:

The new outfall does not increase in-channel or floodplain water levels for the 1 in
100 year design storm (55-hour) anywhere in the study area beyond 0.001m, for the
range of flood magnitudes considered.

The new outfall would slightly increase water levels in a few isolated small areas within

fields during the 1 in 100 year plus 9% climate change flood, where levels would

increase by up to 0.1m. There are no properties within these areas.

In other flood magnitudes, there are some very small reductions in flood depths and

extent predicted with the new outfall compared to the existing outfall. Again, these

are rural locations with no properties so there is no practical difference in flood risk.

In summary, we have found minimal impact from the new WWTP and outfall on fluvial flood

risk. Even where small changes are shown, we believe these are due to the modelling

assumptions and setup rather than genuine impacts from the new WWTP or outfall itself. The

additional sensitivity testing requested by the Environment Agency has confirmed that the

differences shown in flood extent and level are almost entirely due to future growth within the




catchment, rather than the new WWTP or outfall. The presence of the new WWTP and
outfall does not increase flood risk.

Binnies UK Limited
Project no. 123239 / April-2622March 2024
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Appendix A: River model review record

Binni Limi
Project no. 123239 / March 2024 (Add)mes

i



Angiian Water Carroriage WWIir River IVIOUEiing

Appendix B: Results tables for other flood magnitudes 55-hour -
comparing Existing (no growth) to New Outfall (with
rowth
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Angiian Water

AB.1 1in 2 year flood

New outfall

Existing

Location

outfall

Increase

M11

A1134 Fen Causeway
Silver Street

Trinity Bridge

Bridge Street

Victoria Avenue

A1134 Elizabeth Way
Railway

Al4

Baits Bite Lock US
Baits Bite Lock DS

Horningsea

Waterbeach

Bottisham Lock US
Bottisham Lock DS

Shrubbs Marina

Upware

A1123

Great Ouse confluence

M11

A1134 Fen Causeway
Silver Street

Trinity Bridge

Bridge Street

Binnies UK Limited
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CA22230usCA
M02_7160
€A21670CAMO
2 6603

CAT9600usCA

CA12080)J

CA10600)

CA10560
Cam8647Cam8

Cam4930Cam5
007
Cam2651u
Cam0000

€A22230usCA
M02 7160
€A21670CAMO
2_6603

Peak water level (MmAOD)

27232.836

2:6372.725
2:3142.552

2:2192.468

2:0962.365

2:6142.277
1:9162.183

2.7272.838

2:6412.725
2:3332.560

22382475

21172373

2.0352.287
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Peak flow (m3/s)

11:920.
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19:825.
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Level (m)

0.000

0.000

Flow (m3/s
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Victoria Avenue
A1134 Elizabeth Way
Railway

Al4

Baits Bite Lock US
Baits Bite Lock DS

Horningsea

Waterbeach
Bottisham Lock US
Bottisham Lock DS

Shrubbs Marina

Upware

A1123
Great Ouse confluence

CA19600usCA
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Angiian Water

B.2  1in 10 year flood
Location Node EXIStIfngll ] (‘l;lvjvgoutfall
A2  1in 10 year
M11 CAMO1_4253 9.131 9.131
A1134 Fen Causeway = CAMO02 7723d 7.241 7.241
Silver Street CAMO02 7160 6.394 6.394
Trinity Bridge CAMO02 6603 6.104 6.104
Bridge Street CAMO2 6177 5.810 5.810
Victoria Avenue CAMO02_ 5371 5.245 5.246
A1134 Elizabeth Way =~ CAMO02_4494 5.079 5.080
Railway CAMO2 2638 4.780 4.781
Al14 CAMO02 0636 4.381 4383
Baits Bite Lock US CAMO02 0200 4233 4.236
Baits Bite Lock DS CAMO02_0000 3.974 3977
Horningsea CA14400 3.773 3.777
Waterbeach CA12080J 3.260 3.268
Bottisham Lock US CA10600J 3.145 3.153
Bottisham Lock DS CA10560 3.036 3.042
Shrubbs Marina Cam8794 2.950 2.956
Upware Cam5007 2.865 2.871
A1123 Cam2651u 2.802 2.809
Great Ouse confluence Cam0000 2.732 2.739
M11 CAMO1_ 4253 328 32.8
A1134 Fen Causeway =~ CAMO02_7723d 27.6 27.6
Silver Street CAMO02 7160 40.6 40.6
Trinity Bridge CAMO02 6603 40.6 40.6
Bridge Street CAMO2 6177 41.6 41.6
Victoria Avenue CAMO02 5371 41.3 41.3
A1134 Elizabeth Way =~ CAMO02 4494 41.6 41.6
Railway CAMO2 2638 41.8 41.8
Al4 CAMO02_0636 42.0 417
Baits Bite Lock US CAMO02_0200 40.8 40.9
Baits Bite Lock DS CAMO02_0000 40.8 40.9
Horningsea CA14400 379 37.9
Waterbeach CA12080J 38.6 38.7
Bottisham Lock US CA10600J 379 38.1
Bottisham Lock DS CA10560 37.9 38.1
Shrubbs Marina Cam8794 40.3 40.5
Upware Cam5007 41.2 414
A1123 Cam2651u 45.1 45.1
Cam000 4.2 44.4
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B.3

Angiian Water

1 in 20 year flood

Location Node
M11 CAMO1 4253
A1134 Fen Causeway = CAMO02 7723d
Silver Street CAMO02_ 7160
Trinity Bridge CAMO02 6603
Bridge Street CAMO2 6177
Victoria Avenue CAMO02 5371
A1134 Elizabeth Way CAMO02_4494
Railway CAMO02 2638
Al4 CAMO02 0636
Baits Bite Lock US CAMO02_0200
Baits Bite Lock DS CAMO02_0000
Horningsea CA14400
Waterbeach CA12080J
Bottisham Lock US CA10600J
Bottisham Lock DS CA10560
Shrubbs Marina Cam8794
Upware Cam5007
A1123 Cam2651u
Great Ouse confluence Cam0000
M11 CAMO1_ 4253

A1134 Fen Causeway

CAMO02 _7723d

Silver Street CAMO02 7160
Trinity Bridge CAMO02 6603
Bridge Street CAMO2 6177
Victoria Avenue CAMO02 5371
A1134 Elizabeth Way CAMO2 4494
Railway CAMO02 2638
Al4 CAMO2 0636
Baits Bite Lock US CAMO02 0200
Baits Bite Lock DS CAMO02_0000
Horningsea CA14400
Waterbeach CA12080J
Bottisham Lock US CA10600J
Bottisham Lock DS CA10560
Shrubbs Marina Cam8794
Upware Cam5007
A1123 Cam2651u
(Graat Nuca ranflyence Cam0000

L g e

Existing

outfall (no

e = :
Cdinuinuyge W ir RIVED IVIOUELTY

New fall

(with

W (|
N DN
| —
N

(O8]
—
(04
O

3106
(Add)

ES
=
(O8]

N
O
—

9]
N
N

U
=
O

9]
|98}
o

9]
N
N

9]
(98]
N

9]
|98}
w

(9]
—
(9]

N
(9]
~

N
(921
~

(O8]
o
I

U1
(@]
N

U1
o
(0]

U1
(@]
(O]

U
N
[o)]

Ul
—
o

Ul
w
[e)]

1]
N
(\e]

N
O
—

9]
N
(08}

U
N
o

(921
)
(98]

9]
N
N

(O]
W
[\

(921
)
W

(9]
=
N

N
ul
[o¢]

N
Ul
[o¢]

[08)
o
N

U1
o
(O8]

U1
(@]
~

ol
(@]
]

9]
N
~

Ul
RN
[\

9]
w
]

\9al
29
—




Project no. 123239 / March 2024

(3



B.4

Angiian Water

1in 30 year flood
Location Node
M11 CAMO1 4253
A1134 Fen Causeway = CAMO02_7723d
Silver Street CAMO02 7160
Trinity Bridge CAMO02 6603
Bridge Street CAMO02 6177
Victoria Avenue CAMO02_5371
A1134 Elizabeth Way CAMO02_ 4494
Railway CAMO02 2638
Al4 CAMO02 0636
Baits Bite Lock US CAMO02 0200
Baits Bite Lock DS CAMO02_0000
Horningsea CA14400
Waterbeach CA12080J
Bottisham Lock US CA10600J
Bottisham Lock DS CA10560
Shrubbs Marina Cam8794
Upware Cam5007
A1123 Cam2651u
Great Ouse confluence Cam0000
M11 CAMO01 4253
A1134 Fen Causeway  CAMO02_7723d
Silver Street CAMO02 7160
Trinity Bridge CAMO02 6603
Bridge Street CAMO02 6177
Victoria Avenue CAMO02 5371
A1134 Elizabeth Way CAMO02 4494
Railway CAMO02 2638
Al4 CAMO02 0636
Baits Bite Lock US CAM02_0200
Baits Bite Lock DS CAMO02_0000
Horningsea CA14400
Waterbeach CA12080J
Bottisham Lock US CA10600J
Bottisham Lock DS CA10560
Shrubbs Marina Cam8794
Upware Cam5007
A1123 Cam2651u

Cam000

e e ——r
Cdinuinuye W ir RIVED IVIOUELTY

Existing New outfall
outfall (no (with
A3 1in 20 year
9.286 9.286
7.316 7.316
6.891 6.891
6.539 6.539
6.141 6.141
5.550 5.550
5345 5345
4.996 4.996
4524 4525
4373 4.375
4.105 4.106
3.953 3.955
3722 3.728
3615 3620
3.523 3.529
3.443 3.448
3.370 3.376
3.320 3.326
3.272 3.278
44.8 44.8
291 291
26.2 26.2
562 562
574 574
556 556
56.6 56.5
568 56.8
563 562
417 478
477 478
388 390
525 525
55.0 552
55.0 552
57.0 571
549 550
57.6 57.8
57.0 57.2
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Angiian Water

B.5 1in 50 year flood

Location Node E):utlfgll (no (\I:lvitvlz fal
(Add)
M11 CAMO1 4253 9.352 9.352
A1134 Fen Causeway = CAMO02 7723d 7.365 7.365
Silver Street CAMO02_ 7160 7.087 7.087
Trinity Bridge CAMO02 6603 6.715 6.715
Bridge Street CAMO02 6177 6.274 6.274
Victoria Avenue CAMO02 5371 5.662 5.662
A1134 Elizabeth Way =~ CAMO02 4494 5440 5440
Railway CAMO02 2638 5.072 5.072
Al4 CAMO02 0636 4.572 4.572
Baits Bite Lock US CAMO02_0200 4.424 4.426
Baits Bite Lock DS CAMO02 0000 4.164 4.166
Horningsea CA14400 4.034 4.037
Waterbeach CA12080J 3.898 3.903
Bottisham Lock US CA10600J 3.785 3.790
Bottisham Lock DS CA10560 3.706 3.711
Shrubbs Marina Cam8794 3.627 3.632
Upware Cam5007 3.557 3.562
A1123 Cam2651u 3.510 3.514
Great Ouse confluence Cam0000 3.464 3.469
(Add)
M11 CAMO1 4253 50.2 50.2
A1134 Fen Causeway = CAMO02_7723d 29.1 29.1
Silver Street CAMO02 7160 60.7 60.7
Trinity Bridge CAMO02 6603 62.9 62.9
Bridge Street CAMO02 6177 64.3 64.3
Victoria Avenue CAMO02 5371 62.7 62.7
A1134 Elizabeth Way =~ CAMO2 4494 63.7 63.7
Railway CAMO02 2638 64.5 64.5
Al4 CAMO02_0636 63.7 63.6
Baits Bite Lock US CAMO02_0200 504 504
Baits Bite Lock DS CAMO02_0000 504 504
Horningsea CA14400 393 39.5
Waterbeach CA12080J 537 537
Bottisham Lock US CA10600J 61.3 61.5
Bottisham Lock DS CA10560 61.3 61.5
Shrubbs Marina Cam8794 63.0 63.1
Upware Cam5007 60.0 60.1
A1123 Cam2651u 62.8 63.0
(Graat Nuca ranfluence Cam0000 62.0 2.2
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1.in 75 year flood

Location Node
M11 CAMO1 4253
A1134 Fen Causeway = CAMO02_7723d
Silver Street CAMO02 7160
Trinity Bridge CAMO02 6603
Bridge Street CAMO02 6177
Victoria Avenue CAMO02_5371
A1134 Elizabeth Way CAMO02_ 4494
Railway CAMO02 2638
Al4 CAMO02 0636
Baits Bite Lock US CAMO02 0200
Baits Bite Lock DS CAMO02_0000
Horningsea CA14400
Waterbeach CA12080J
Bottisham Lock US CA10600J
Bottisham Lock DS CA10560
Shrubbs Marina Cam8794
Upware Cam5007
A1123 Cam2651u
Great Ouse confluence Cam0000
M11 CAMO01 4253
A1134 Fen Causeway  CAMO02_7723d
Silver Street CAMO02 7160
Trinity Bridge CAMO02 6603
Bridge Street CAMO02 6177
Victoria Avenue CAMO02 5371
A1134 Elizabeth Way CAMO02 4494
Railway CAMO02 2638
Al4 CAMO02 0636
Baits Bite Lock US CAM02_0200
Baits Bite Lock DS CAMO02_0000
Horningsea CA14400
Waterbeach CA12080J
Bottisham Lock US CA10600J
Bottisham Lock DS CA10560
Shrubbs Marina Cam8794
Upware Cam5007
A1123 Cam2651u
Great Ouse confluence Cam0000

Existing New outfall
outfall (no (with
A4  1in30year
9.420 9.420
7.436 7.436
7.281 7.281
6.904 6.904
6419 6419
5772 5772
5534 5534
5.154 5.154
4617 4617
4477 4479
4.247 4.250
4.149 4.152
4053 4055
3921 3923
3.840 3.842
3.746 3.747
3.662 3.663
3.606 3.607
3.558 3.559
56.6 56.6
340 340
63.9 63.9
711 711
728 728
705 705
716 716
731 731
720 719
526 527
526 52.7
398 398
547 546
673 674
673 674
68.8 68.9
678 679
724 725
64.5 64.5
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1 in 200 year flood
Location Node
M11 CAMO1 4253
A1134 Fen Causeway = CAMO02 7723d
Silver Street CAMO02 7160
Trinity Bridge CAMO02 6603
Bridge Street CAMO2 6177
Victoria Avenue CAMO02 5371
A1134 Elizabeth Way CAMO02_4494
Railway CAMO02 2638
Al4 CAMO02 0636
Baits Bite Lock US CAMO02_0200
Baits Bite Lock DS CAMO02_0000
Horningsea CA14400
Waterbeach CA12080J
Bottisham Lock US CA10600J
Bottisham Lock DS CA10560
Shrubbs Marina Cam8794
Upware Cam5007
A1123 Cam2651u
Great Ouse confluence Cam0000
M11 CAMO1_ 4253

A1134 Fen Causeway

CAMO02 _7723d

Silver Street CAMO02 7160
Trinity Bridge CAMO02 6603
Bridge Street CAMO2 6177
Victoria Avenue CAMO02 5371
A1134 Elizabeth Way CAMO2 4494
Railway CAMO02 2638
Al4 CAMO2 0636
Baits Bite Lock US CAMO02 0200
Baits Bite Lock DS CAMO02_0000
Horningsea CA14400
Waterbeach CA12080J
Bottisham Lock US CA10600J
Bottisham Lock DS CA10560
Shrubbs Marina Cam8794
Upware Cam5007
A1123 Cam2651u
(Graat Nuca ranflyence Cam0000
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9.562
71.755

7.728
7.315

w |jw
Ul ||
N
N

]
N
N

N
o
N

~
=
N

[ee]
e
(o)

O
N
[o)]

~
~
~

O
(@]
—

O
(98]
[08]

(e}
—
N

Ul
(9]
]

U1
(92l
]

I
(]
[e)]

U1
()]
(O8]

~
()]
—

~
oY
—

~
~J
—

]
N
—

[0¢]
o
—

(o))
o
[0}




Project no. 123239 / March 2024

I3



B.3

Angiian Water

e e ——r
Cdinuinuye W ir RIVED IVIOUELTY

1in 1000 year flood
Location Node
M11 CAMO1 4253
A1134 Fen Causeway = CAMO02 7723d
Silver Street CAMO02 7160
Trinity Bridge CAMO02 6603
Bridge Street CAMO02 6177
Victoria Avenue CAMO02_5371
A1134 Elizabeth Way CAMO02_ 4494
Railway CAMO02 2638
Al4 CAMO02 0636
Baits Bite Lock US CAMO02 0200
Baits Bite Lock DS CAMO02 0000
Horningsea CA14400
Waterbeach CA12080J
Bottisham Lock US CA10600)
Bottisham Lock DS CA10560
Shrubbs Marina Cam8794
Upware Cam5007
A1123 Cam2651u
Great Ouse confluence Cam0000
M11 CAMO1 4253
A1134 Fen Causeway  CAMO02_7723d
Silver Street CAMO02 7160
Trinity Bridge CAMO02 6603
Bridge Street CAMO02 6177
Victoria Avenue CAMO02 5371
A1134 Elizabeth Way CAMO02 4494
Railway CAMO02 2638
Al4 CAMO02 0636
Baits Bite Lock US CAMO02_0200
Baits Bite Lock DS CAM02_0000
Horningsea CA14400
Waterbeach CA12080)
Bottisham Lock US CA10600J
Bottisham Lock DS CA10560
Shrubbs Marina Cam8794
Upware Cam5007
A1123 Cam2651u
Great Quse confluence Cam0000

Existing New outfall
outfall (no (with
A5 1in 50 year
9.942 9.942
8,632 8,632
8.596 8.596
8.199 8.199
7.157 7.157
6500 6500
6170 6170
5.740 5.740
4877 4876
4724 4725
4572 4573
4487 4488
4298 4298
4.086 4.086
3.986 3.985
3.851 3.851
3.737 3.737
3.667 3.667
3.613 3613
113.0 113.0
484 483
96.7 96.7
926 926
1434 1434
81.0 81.0
1275 1275
145.1 145.1
138.9 139.0
636 636
63.6 63.6
411 411
58.6 586
84.6 847
846 847
852 852
789 789
864 864
66.0 66.0
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Angiian Water

B.9 1.in 100 year flood + 19% climate change

Location Node E):utlfgll (no (\I:lvitvlz fal
(Add)
M11 CAMO1 4253 9.609 9.609
A1134 Fen Causeway = CAMO02 7723d 7.892 7.892
Silver Street CAMO02_ 7160 1.742 1.742
Trinity Bridge CAMO02 6603 7314 7314
Bridge Street CAMO02 6177 6.705 6.705
Victoria Avenue CAMO02 5371 5.996 5.996
A1134 Elizabeth Way =~ CAMO02 4494 5.736 5.736
Railway CAMO02 2638 5.331 5.331
Al4 CAMO02 0636 4.697 4.697
Baits Bite Lock US CAMO02_0200 4.569 4.570
Baits Bite Lock DS CAMO02 0000 4.380 4381
Horningsea CA14400 4.290 4.292
Waterbeach CA12080J 4.173 4.173
Bottisham Lock US CA10600J 4.011 4.011
Bottisham Lock DS CA10560 3.922 3.922
Shrubbs Marina Cam8794 3.808 3.809
Upware Cam5007 3.708 3.708
A1123 Cam2651u 3.644 3.644
Great Ouse confluence Cam0000 3.593 3.593
(Add)

M11 CAMO1 4253 715 715
A1134 Fen Causeway = CAMO02 7723d 431 431
Silver Street CAMO02 7160 78.6 78.6
Trinity Bridge CAMO02 6603 89.8 89.8
Bridge Street CAMO02 6177 92.6 92.6
Victoria Avenue CAMO02 5371 778 77.8
A1134 Elizabeth Way =~ CAMO02 4494 90.1 90.1
Railway CAMO02 2638 933 933
Al4 CAMO02_0636 911 911
Baits Bite Lock US CAMO02_0200 55.7 55.7
Baits Bite Lock DS CAMO02_0000 55.7 55.7
Horningsea CA14400 40.5 40.5
Waterbeach CA12080J 55.7 55.7
Bottisham Lock US CA10600J 75.9 75.8
Bottisham Lock DS CA10560 75.9 75.8
Shrubbs Marina Cam8794 77.1 76.9
Upware Cam5007 741 741
A1123 Cam2651u 80.1 80.1
(Graat Nuca ranflyence Cam0000 65.5 65.5
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Angiian Water

B.10 1in 100 year flood + 45% climate change

e = :
Cdinuinuye Wir RIVED IVIOUELITY

Location Node E):::Ifgll (no (\':lv?tvl\: outtall
A6 1in75 year
M11 CAMO1_4253 9.738 9.738
A1134 Fen Causeway = CAMO2 7723d 8.206 8.206
Silver Street CAMO02 7160 8.128 8.128
Trinity Bridge CAMO02 6603 7.703 7.703
Bridge Street CAMO02 6177 6.900 6.900
Victoria Avenue CAMO02_5371 6.204 6.204
A1134 Elizabeth Way =~ CAMO02 4494 5911 5911
Railway CAMO02 2638 5.504 5.504
Al4 CAMO02 0636 4.768 4.767
Baits Bite Lock US CAMO02 0200 4.637 4.637
Baits Bite Lock DS CAMO02_0000 4.466 4.467
Horningsea CA14400 4.379 4.379
Waterbeach CA12080J 4.232 4.232
Bottisham Lock US CA10600) 4.050 4.050
Bottisham Lock DS CA10560 3.956 3.956
Shrubbs Marina Cam8794 3.833 3.833
Upware Cam5007 3.725 3.725
A1123 Cam2651u 3.658 3.658
Great Ouse confluence Cam0000 3.606 3.606
M11 CAMO1_4253 86.2 86.2
A1134 Fen Causeway =~ CAMO02_7723d 44.8 44.8
Silver Street CAMO02 7160 85.8 85.8
Trinity Bridge CAMO02 6603 92.0 92.0
Bridge Street CAMO02 6177 113.2 113.2
Victoria Avenue CAMO02 5371 79.5 79.5
A1134 Elizabeth Way =~ CAMO2 4494 105.0 105.0
Railway CAMO02 2638 113.8 113.8
Al14 CAMO02 0636 110.5 110.5
Baits Bite Lock US CAMO02_0200 284 8.5
Baits Bite Lock DS CAMO02_0000 584 585
Horningsea CA14400 40.9 40.8
Waterbeach CA12080J 57.5 57.5
Bottisham Lock US CA10600J 79.9 79.7
Bottisham Lock DS CA10560 79.9 79.7
Shrubbs Marina Cam8794 80.7 80.5
Upware Cam5007 76.3 76.3
A1123 Cam2651u 83.9 83.9
Great Ouse confluence Cam0000 65.8 65.8
ARGHaHAaHeT SRR HAge W IO g
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Angiian Water Carforiage WWIir River IVIOUEiing

Appendix C: Flood difference for other flood magnitudes 55-hour -
comparing Existing (no growth) to New Outfall (with
rowth
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(Mel

Anglian Water Cambridge WWTP River Modelling
Locatien Node Eristine New outfall Increase
Peak-waterlevel (mAOD) Level-(m)
M CA27350 9394 9393
A1134-Fen Causeway CA22770 LA0E LE 0.000
Silver Street CA22230us £o4e 7045
Trinity-Bridge CA21670 &6 6.760
Bridge Street CA21250 6.328 6.327
Victoria-Avenue CA20440 5719 5719 0.000
A1134 Elizabeth Way CA19600us 5.507 5.507 0.000
Railway CA17720 e s 0.000
A CA15730 4582 4E84 0.002
Baits Bite Lock US CA151704 4478 4482 0.604
Baits Bite Lock DS CA15140 4245 4.249 0.004
Horningsea CA14200 4050 4065 R
Waterbeach CA12080) 3.852 3.860 0.008
Bottisham-Lock US CA106004 2202 2-on 0.008
Bottisham-Lock DS CA10560 3595 2602 0.008
Shrubbs-Marina Cam8647 2 2482 0.008
Upware Cam4930 3.387 3.394 0.007
AR23 Cam2651u 3.340 3.347 0.607
GreatOuseconfluence  Cam0000 2200 220 0.007
Peak-flow (m3/s) Flow (m3/s)
M CA27350 52.5 524 -0.1
A134-Fen Causeway CA22770 2 442 0.0
Silver Street CA22230us 4.6 4.6 0.0
Bridge Street CA21250 76.0 759 -0
A1134-Elizabeth-Way CA19600us 39 738 0.0
Prolinss CA17720 o e 0.0
A4 CA15730 745 745 -0
Baits Bite-Lock US CA151704 524 524 0.0
Herningsea CA14200 452 448 04
Waterbeach CA120804 e e 0.0
Bottisham-Lock US CA106004 e £E2 03
Bottisham-Lock DS CA10560 66.0 66.3 03
Shrubbs-Marina Cam8647 68.5 68.8 03
Upware Cam4930 655 659 04
S22 Cam2651u e cel 03
Great Ouca confluence Cam0000 573 574 02 ,

oo

Binnies UK Limited 5
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Angiian Water

Cambridge WWTP River iviodeiiing
C3 1in 20 year flood
e e po (Del)wves 34
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Angiian Water

Cambridge WWTP River iviodeiiing

C4 1in 30 year flood
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Anglian Water Cambridge WWTP River Modelling

(Modified graphics)
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B-1C.5 1in 250 year flood









Anglian Water

C.6 1in 75 year flood

(Added graphics)

Cambridge WWTP River iviodeiiing
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Angiian Water Cambridge WWTP River iviodeiiing

C.7 1in 200 year flood

(Added graphics)

0.5% AEP 55 hour

Legend
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" Angiian Water Cambridge WWTP River iviodeiiing

C.8 1in 1000 year flood

(Added graphics)
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" Angiian Water Cambridge WWTP River viodeiiing

BC.29 1in 10100 year flood + 19% climate change

(Added graphics)
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Angiian Water Cambridge WWTP River iviodeiiing

C.10 1 in 100 year flood + 45% climate change

(Added graphics)

Legend
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Angiian Water Carrurage WWTFP RIvEr IVIOUEling

Appendix D: Flood difference for 4-hour storm — comparing
Existing (no growth) to New Outfall (with growth)

Binnies UK Limited 3767
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'Angiian Water Cambridge WWTP River iviodeiiing

B3D.1 1in 20100 year flood

(Added graphics)

1% AEP 4 hour
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Angiian Water Cambridge WWTP River ivioaeiiing

D.2 1in 100 year flood + 9% climate change

(Added graphics)
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" Angiian Water Cambridge WWTP River iviodeiiing

D.3 1in 100 year flood + 19% climate change

(Added graphics)

"‘,‘ | 1% AEP + 19% CC 4 hour
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Angiian Water Cambridge WWTP River iviodeiiing

D.4 1in 100 year flood + 45% climate change

(Added graphics)

Legend
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Angiian Water Carrurage WWTFP RIvEr IVIOUEling

Appendix E: Results tables for Existing Future vs New Outfall -
comparing Existing Future (with growth) to New
Outfall (with growth)

(]
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Angiian Water

Caimnurnuye ¥WAEEVWWWIF RIVET IVIOUETTTTY

E1 1in 2 year flood
. Existing outfall New outfall
Location Node (with growth) (with Increase
Peak water level (MAOD) Level (m)
M11 CAMO1 4253 8.719 8.719 0.000
A1134 Fen Causeway = CAMOQ2 7723d 7.145 7.145 0.000
Silver Street CAMO02_7160 5.814 5.814 0.000
Trinity Bridge CAMO02 6603 5.595 5.595 0.000
Bridge Street CAMO02 6177 5.406 5.406 0.000
Victoria Avenue CAMO02 5371 4.743 4.742 -0.001
A1134 Elizabeth Way ~ CAMO02 4494 4.619 4.618 -0.001
Railway CAMO2 2638 4.356 4353 -0.003
Al4 CAMO2 0636 4.028 4.023 -0.005
Baits Bite Lock US CAMO02_0200 3.923 3.918 -0.005
Baits Bite Lock DS CAMO02 0000 3.508 3.503 -0.005
Horningsea CA14400 3.301 3.297 -0.004
Waterbeach CA12080J 2.839 2.838 -0.001
Bottisham Lock US CA10600J 2.726 2.725 -0.001
Bottisham Lock DS CA10560 2.561 2.560 -0.001
Shrubbs Marina Cam8794 2477 2475 -0.002
Upware Cam5007 2.375 2.373 -0.002
A1123 Cam2651u 2.289 2.287 -0.002
Great Ouse confluence Cam0000 2.195 2.193 -0.002
~ Peak flow (m¥/s) Flow (m?/.
M11 CAMO1 4253 203 203 0.0
A1134 Fen Causeway  CAMO02 7723d 223 223 0.0
Silver Street CAMO02 7160 25.2 25.2 0.0
Trinity Bridge CAMO02 6603 252 252 0.0
Bridge Street CAMO02 6177 26.5 26.5 0.0
Victoria Avenue CAMO02_ 5371 26.5 26.6 0.0
A1134 Elizabeth Way ~ CAMO02 4494 26.5 26.5 0.0
Railway CAMO02 2638 26.6 26.6 0.0
Al4 CAMO02 0636 26.9 26.7 -0.1
Baits Bite Lock US CAMO02_0200 277 27.5 -0.2
Baits Bite Lock DS CAMO02_0000 27.7 27.5 -0.2
Horningsea CA14400 27.8 27.7 -0.2
Waterbeach CA12080) 27.9 27.8 -0.1
Bottisham Lock US CA10600J 28.1 28.0 -0.1
Bottisham Lock DS CA10560 28.1 28.0 i
Shrubbs Marina Cam8794 304 30.2 -0.1
Upware Cam5007 31.0 30.9 -0.1
A1123 Cam2651u 333 333 0.0
Great Ouse confluence Cam0000 33.3 33.3 0.0
% / March 2024 (Add)nies 73



Angiian Water
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Project no. 123239 / March 2024

E2  1in 10 year flood
. Existing outfall New outfall
Location Node (with growth)  (with Increase
Peak water level (mMAOD) Level (m)
11 CAMO1 4253 9.131 9.131 0.000
A1134 Fen Causeway CAMO02 7723d 7.241 7.241 0.000
Silver Street CAMO02 7160 6.394 6.394 0.000
Trinity Bridge CAMO02 6603 6.105 6.104 -0.001
Bridge Street CAMO02 6177 5.810 5.810 0.000
Victoria Avenue CAMO02 5371 5.246 5.246 0.000
A1134 Elizabeth Way CAMO02 4494 5.080 5.080 0.000
Railway CAMO02 2638 4.781 4.781 0.000
Al4 CAMO02 0636 4.384 4.383 -0.001
Baits Bite Lock US CAMO02 0200 4.236 4.236 0.000
Baits Bite Lock DS CAMO02 0000 3.977 3.977 0.000
Horningsea CA14400 3.776 3.777 0.001
Waterbeach CA12080)J 3.268 3.268 0.000
Bottisham Lock US CA10600)J 3.153 3.153 0.000
Bottisham Lock DS CA10560 3.043 3.042 -0.001
Shrubbs Marina Cam8794 2.957 2.956 -0.001
Upware Camb5007 2.872 2.871 -0.001
A1123 Cam2651u 2.810 2.809 -0.001
Great Ouse confluence Cam0000 2.740 2.739 -0.001
Peak flow (m3/s) Flow (m3/.
M11 CAMO1 4253 32.8 32.8 0.0
A1134 Fen Causeway  CAMO02 7723d 27.6 27. 0.0
Silver Street CAMO02 7160 40.6 40.6 0.0
Trinity Bridge CAMO02 6603 40.6 40.6 0.0
Bridge Street CAMO02 6177 41.6 41.6 0.0
Victoria Avenue CAMO02 5371 41.3 41.3 0.0
A1134 Elizabeth Way CAMO02 4494 41.6 41.6 0.0
Railway CAMO02 2638 41.8 41.8 0.0
Al4 CAMO02 0636 41.8 417 0.0
Baits Bite Lock US CAMO02 0200 40.9 40.9 0.0
Baits Bite Lock DS CAMO02 0000 40.9 40.9 0.0
Horningsea CA14400 37.9 37.9 0.0
Waterbeach CA12080)J 38.6 38.7 0.0
Bottisham Lock US CA10600J 38.0 38.1 0.0
Bottisham Lock DS CA10560 38.0 38.1 0.0
Shrubbs Marina Cam8794 40.5 40.5 -0.1
Upware Cam5007 414 414 0.0
A1123 Cam2651u 45.2 451 -0.1
Great Ouse confluence Cam0000 444 444 0.0
Binnies UK Limited (Add)mes 7



Angiian Water

E3

1 in 20 year flood

Location Node
M11 CAMO1_ 4253
A1134 Fen Causeway  CAMO02 7723d
Silver Street CAMO02_7160
Trinity Bridge CAMO02 6603
Bridge Street CAMO02 6177
Victoria Avenue CAMO02 5371
A1134 Elizabeth Way CAMO02 4494
Railway CAMO02 2638
Al4 CAMO02 0636
Baits Bite Lock US CAM02_0200
Baits Bite Lock DS CAMO02 0000
Horningsea CA14400
Waterbeach CA12080J
Bottisham Lock US CA10600J
Bottisham Lock DS CA10560
Shrubbs Marina Cam8794
Upware Cam5007
A1123 Cam2651u
Great Ouse confluence Cam0000
M11 CAMO1 4253
A1134 Fen Causeway CAMO02 7723d
Silver Street CAMO02 7160
Trinity Bridge CAMO02 6603
Bridge Street CAMO2 6177
Victoria Avenue CAMO02_5371
A1134 Elizabeth Way CAMO02 4494
Railway CAMO02 2638
Al4 CAMO02 0636
Baits Bite Lock US CAMO02_0200
Baits Bite Lock DS CAMO02_0000
Horningsea CA14400
Waterbeach CA12080J
Bottisham Lock US CA10600J
Bottisham Lock DS CA10560
Shrubbs Marina Cam8794
Upware Cam5007
A1123 Cam2651u
Great Ouse confluence Cam0000

Carmonage WWTF RIver IVIOUEITTTY

Existing outfall New outfall
(with growth) (with

Peak water level (mAOD)
9.240 9.240
7.290 7.290
6.768 6.766
6.432 6.432
6.062 6.062
5.484 5.484
5.284 5.284
4.940 4.940
4489 4489
4339 4339
4075 4075
3917 3917
3.588 3.588
3.478 3477
3.378 3.378
3.205 3.205
3219 3218
3.166 3.166
3114 3113
Peak flow (mi@i
413 413
291 291
53.1 523
520 520
533 533
524 524
532 532
533 533
515 514
458 458
458 458
384 384
503 503
507 507
507 507
528 527
512 512
537 537
53.1 53.1

Increase
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Angiian Water
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BE
Binnies-Ubimited .
Location Node Ex1slmu e Nemuﬁall
s s — (with growth) (with
Peak water level (MAOD)
M11 CAMO1 4253 9.286 9.286
A1134 Fen Causeway  CAMO02 7723d 7.316 7.316
Silver Street CAMO02_7160 6.891 6.891
Trinity Bridge CAMO02 6603 6.539 6.539
Bridge Street CAMO2 6177 6.141 6.141
Victoria Avenue CAMO02 5371 5.550 5.550
A1134 Elizabeth Way ~ CAMO02 4494 5.345 5.345
Railway CAMO02 2638 4.996 4.996
Al4 CAMO02 0636 4.526 4.525
Baits Bite Lock US CAMO02_0200 4375 4375
Baits Bite Lock DS CAMO02_0000 4.107 4.106
Horningsea CA14400 3.955 3.955
Waterbeach CA12080J 3.728 3.728
Bottisham Lock US CA10600J 3.621 3.620
Bottisham Lock DS CA10560 3.530 3.529
Shrubbs Marina Cam8794 3.449 3.448
Upware Cam5007 3.376 3.376
A1123 Cam2651u 3.327 3.326
Great Ouse confluence Cam0000 3.278 3.278
7Peak flow (mi@i
M11 CAMO1 4253 44.8 44.8
A1134 Fen Causeway = CAMO02 7723d 29.1 29.1
Silver Street CAMO02 7160 56.2 56.2
Trinity Bridge CAMO02 6603 56.2 56.2
Bridge Street CAMO02 6177 574 574
Victoria Avenue CAMO02_ 5371 55.5 55.6
A1134 Elizabeth Way ~ CAMO2 4494 56.5 56.5
Railway CAMO02 2638 56.8 56.8
Al4 CAMO02 0636 56.3 56.2
Baits Bite Lock US CAMO02 0200 47.9 47.8
Baits Bite Lock DS CAMO02 0000 47.9 47.8
Horningsea CA14400 38.8 39.0
Waterbeach CA12080) 52.6 52.5
Bottisham Lock US CA10600J 55.2 55.2
Bottisham Lock DS CA10560 55.2 55.2
Shrubbs Marina Cam8794 57.2 57.1
Upware Cam5007 55.0 55.0

Increase
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Angiian Water

ey -
Carnuriage WWITF River viodeiing

BE
. Existing outfall New outfall
Location Node (with growth)  (with Increase
Peak water level (mMAOD) Level (m)
M11 CAMO1 4253 9.352 9.352 0.000
A1134 Fen Causeway CAMO02 7723d 7.365 7.365 0.000
Silver Street CAMO02 7160 7.087 7.087 0.000
Trinity Bridge CAMO02 6603 6.715 6.715 0.000
Bridge Street CAMO02 6177 6.274 6.274 0.000
Victoria Avenue CAMO02 5371 5.662 5.662 0.000
A1134 Elizabeth Way CAMO02 4494 5.440 5.440 0.000
Railway CAMO02 2638 5.072 5.072 0.000
Al4 CAMO02 0636 4,573 4,572 -0.001
Baits Bite Lock US CAMO02 0200 4426 4.426 0.000
Baits Bite Lock DS CAMO02 0000 4.166 4.166 0.000
Horningsea CA14400 4.037 4.037 0.000
Waterbeach CA12080)J 3.903 3.903 0.000
Bottisham Lock US CA10600)J 3.790 3.790 0.000
Bottisham Lock DS CA10560 3.711 3.711 0.000
Shrubbs Marina Cam8794 3.632 3.632 0.000
Upware Camb5007 3.562 3.562 0.000
A1123 Cam2651u 3.515 3.514 -0.001
Great Ouse confluence Cam0000 3.469 3.469 0.000
Peak flow (m3/s) Flow (m3/.
M11 CAMO1 4253 50.2 50.2 0.0
A1134 Fen Causeway  CAMO02 7723d 29.1 29.1 0.0
Silver Street CAMO02 7160 60.7 60.7 0.0
Trinity Bridge CAMO02 6603 62.9 62.9 0.0
Bridge Street CAMO02 6177 64.3 64.3 0.0
Victoria Avenue CAMO02 5371 62.7 62.7 0.0
A1134 Elizabeth Way CAMO02 4494 63.7 63.7 0.0
Railway CAMO02 2638 64.5 64.5 0.0
Al4 CAMO02 0636 63.6 63.6 0.0
Baits Bite Lock US CAMO02 0200 50.4 50.4 0.0
Baits Bite Lock DS CAMO02 0000 50.4 50.4 0.0
Horningsea CA14400 394 39.5 0.1
Waterbeach CA12080)J 53.7 53.7 0.0
Bottisham Lock US CA10600J 61.5 61.5 -0.1
Bottisham Lock DS CA10560 61.5 61.5 -0.1
Shrubbs Marina Cam8794 63.2 63.1 -0.1
Upware Cam5007 60.2 60.1 0.0
A1123 Cam2651u 63.1 63.0 0.0
Great Ouse confluence Cam0000 62 62 0.0 .
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Anglian Water

E.6 1in75 year flood

Cambridge WWTP River Modelling

New outfall
(with growth) (with Increase
Level (m)
M11 CAMO1 4253 9.420 0.000
0.000
0.000
Bridge Street‘:-. : CAMO02 6177 6.419 6.419 0.000
0.000
0.000
l._-"ase map and data from OpenStreetMap and OpenStreetMap Foundation (CC-BY-SA). -0.001
g : © https://www.openstreetmap.org and contributors ——
DA DILE LUCK UD CAIVIUZ UZUU “HT T “H T 0.000
Baits Bite Lock DS CAMO02 0000 4.250 4.250 0.000
Horningsea CA14400 4151 4152 0.001
Waterbeach CA12080J 4.055 4.055 0.000
Bottisham Lock US CA10600J 3.923 3.923 0.000
Bottisham Lock DS CA10560 3.842 3.842 0.000
Shrubbs Marina Cam8794 3.748 3.747 -0.001
Upware Cam5007 3.663 3.663 0.000
A1123 Cam2651u 3.607 3.607 0.000
Great Ouse confluence Cam0000 3.559 3.559 0.000
~ Peak flow (m¥/s) Flow (m*/
M11 CAMO1 4253 56.6 56.6 0.0
A1134 Fen Causeway = CAMO02_7723d 339 34.0 0.0
Silver Street CAMO02_7160 63.9 63.9 0.0
Trinity Bridge CAMO02_6603 71.1 71.1 0.0
Bridge Street CAMO02 6177 72.8 72.8 0.0
Victoria Avenue CAMO02_ 5371 70.5 70.5 0.0
A1134 Elizabeth Way ~ CAMO02 4494 71.6 71.6 0.0
Railway CAMO02 2638 73.1 73.1 0.0
Al4 CAMO02 0636 71.9 71.9 0.0
Baits Bite Lock US CAMO02_0200 52.7 52.7 0.0
Baits Bite Lock DS CAMO02_0000 52.7 52.7 0.0
Horningsea CA14400 39.8 39.8 0.0
Waterbeach CA12080J 54.6 54.6 0.0
Bottisham Lock US CA10600J 67.5 674 0.0
Bottisham Lock DS CA10560 67.5 674 @
Shrubbs Marina Cam8794 69.0 68.9 -0.1
Upware Cam5007 68.0 67.9 0.0
A1123 Cam2651u 72.6 72.5 0.0
Great Ouse confluence Cam0000 64.5 64.5 0.0
Binnies UK Limited (édd)mes 7
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Anglian Water

Cambridge WWTP River Modelling

E.7 1.in 200 year flood

Location Node Ex1slmu outfall Nemuﬁall
= _— (with growth) (with Increase
Peak water level (MAOD) Level (m)
M11 CAMO1 4253 9.562 9.562 0.000
A1134 Fen Causeway = CAMO02 7723d 7.755 7.755 0.000
Silver Street CAMO02_7160 7.728 71728 0.000
Trinity Bridge CAMO02 6603 7.315 7315 0.000
Bridge Street CAMO02 6177 6.705 6.705 0.000
Victoria Avenue CAMO02 5371 5.996 5.996 0.000
A1134 Elizabeth Way =~ CAMO02 4494 5.736 5.736 0.000
Railway CAMO02 2638 5.332 5.332 0.000
Al4 CAMO02 0636 4.699 4.698 -0.001
Baits Bite Lock US CAMO02_0200 4.571 4.571 0.000
Baits Bite Lock DS CAMO02_0000 4384 4384 0.000
Horningsea CA14400 4.295 4.295 0.000
Waterbeach CA12080J 4177 4177 0.000
Bottisham Lock US CA10600J 4.012 4.012 0.000
Bottisham Lock DS CA10560 3.923 3.922 -0.001
Shrubbs Marina Cam8794 3.809 3.809 0.000
Upware Cam5007 3.708 3.708 0.000
A1123 Cam2651u 3.644 3.644 0.000
Great Ouse confluence Cam0000 3.593 3.593 0.000
© Peak flow (m¥/s) Flow (m?/
M11 CAMO1 4253 72.2 72.2 0.0
A1134 Fen Causeway = CAMO02 7723d 404 404 0.0
Silver Street CAMO02 7160 714 714 0.0
Trinity Bridge CAMO02 6603 89.9 89.9 0.0
Bridge Street CAMO02 6177 92.6 92.6 0.0
Victoria Avenue CAMO02_ 5371 7.7 7.7 0.0
A1134 Elizabeth Way =~ CAMO02 4494 90.1 90.1 0.0
Railway CAMO02 2638 933 933 0.0
Al4 CAMO02 0636 91.2 91.2 0.0
Baits Bite Lock US CAMO02_0200 55.7 55.7 0.0
Baits Bite Lock DS CAMO02_0000 55.7 55.7 0.0
Horningsea CA14400 40.5 40.6 0.1
Waterbeach CA12080) 56.3 56.3 0.0
Bottisham Lock US CA10600J 761 76.1 0.0
Bottisham Lock DS CA10560 76.1 76.1 @
Shrubbs Marina Cam8794 77.2 771 -0.1
Upware Cam5007 742 741 0.0
A1123 Cam2651u 80.1 0.1 0.0

(Del)ues
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Angiian Water

Carmonage WWTF RIveEr IVIOUEITTTY

E.8  1in 1000 year flood
. Existing outfall New outfall
Location Node (with growth)  (with Increase
Peak water level (mMAOD) Level (m)
11 CAMO1 4253 9.942 9.942 0.000
A1134 Fen Causeway CAMO02 7723d 8.632 8.632 0.000
Silver Street CAMO02 7160 8.596 8.596 0.000
Trinity Bridge CAMO02 6603 8.199 8.199 0.000
Bridge Street CAMO02 6177 7.157 7.157 0.000
Victoria Avenue CAMO02 5371 6.500 6.500 0.000
A1134 Elizabeth Way CAMO02 4494 6.170 6.170 0.000
Railway CAMO02 2638 5.740 5.740 0.000
Al4 CAMO02 0636 4878 4.876 -0.002
Baits Bite Lock US CAMO02 0200 4.725 4.725 0.000
Baits Bite Lock DS CAMO02 0000 4,573 4573 0.000
Horningsea CA14400 4.488 4.488 0.000
Waterbeach CA12080)J 4.298 4.298 0.000
Bottisham Lock US CA10600)J 4.086 4.086 0.000
Bottisham Lock DS CA10560 3.986 3.985 -0.001
Shrubbs Marina Cam8794 3.851 3.851 0.000
Upware Camb5007 3.737 3.737 0.000
A1123 Cam2651u 3.667 3.667 0.000
Great Ouse confluence Cam0000 3.613 3.613 0.000
Peak flow (m3/s) Flow (m3/.
M11 CAMO1 4253 113.0 113.0 0.0
A1134 Fen Causeway  CAMO02 7723d 484 48.3 0.0
Silver Street CAMO02 7160 96.7 96.7 0.0
Trinity Bridge CAMO02 6603 92.6 92.6 0.0
Bridge Street CAMO02 6177 143.4 143.4 0.0
Victoria Avenue CAMO02 5371 81.0 81.0 0.0
A1134 Elizabeth Way CAMO02 4494 127.5 127.5 0.0
Railway CAMO02 2638 145.1 145.1 0.0
Al4 CAMO02 0636 138.9 139.0 0.0
Baits Bite Lock US CAMO02 0200 63.6 63.6 0.0
Baits Bite Lock DS CAMO02 0000 63.6 63.6 0.0
Horningsea CA14400 41.1 41.1 0.0
Waterbeach CA12080)J 58.6 58.6 0.0
Bottisham Lock US CA10600J 84.6 84.7 0.1
Bottisham Lock DS CA10560 84.6 84.7 0.1
Shrubbs Marina Cam8794 85.2 85.2 0.0
Upware Cam5007 78.9 78.9 0.0
A1123 Cam2651u 86.4 86.4 0.0
Great Ouse confluence Cam0000 66.0 66.0 0.0
Binnies UK Limited (Add)mes 8
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Angiian Water Carmurnidge WWir River ivioueiiing

BE.69 75100 + 19% climate change
. Existing outfall New outfall
Location Node (with growth) (with Increase
Peak water level (MAOD) Level (m)
M11 CAMO1 4253 9.609 9.609 0.000
A1134 Fen Causeway = CAMOQ2 7723d 7.892 7.892 0.000
Silver Street CAMO02_7160 1.742 1.742 0.000
Trinity Bridge CAMO02 6603 7314 7314 0.000
Bridge Street CAMO02 6177 6.705 6.705 0.000
Victoria Avenue CAMO02 5371 5.996 5.996 0.000
A1134 Elizabeth Way ~ CAMO02 4494 5.736 5.736 0.000
Railway CAMO02 2638 5.332 5.331 -0.001
Al4 CAMO02 0636 4.698 4.697 -0.001
Baits Bite Lock US CAMO02 0200 4.570 4.570 0.000
Baits Bite Lock DS CAMO02 0000 4381 4381 0.000
Horningsea CA14400 4292 4292 0.000
Waterbeach CA12080J 4.174 4.173 -0.001
Bottisham Lock US CA10600J 4.011 4.011 0.000
Bottisham Lock DS CA10560 3.922 3.922 0.000
Shrubbs Marina Cam8794 3.809 3.809 0.000
Upware Cam5007 3.709 3.708 -0.001
A1123 Cam2651u 3.644 3.644 0.000
Great Ouse confluence Cam0000 3.593 3.593 0.000
7Peak flow (mi@i Flow (m3/
M11 CAMO1 4253 71.5 71.5 0.0
A1134 Fen Causeway  CAMO02 7723d 43.1 43.1 0.0
Silver Street CAMO02 7160 78.6 78.6 0.0
Trinity Bridge CAMO02 6603 89.8 89.8 0.0
Bridge Street CAMO02 6177 92.6 92.6 0.0
Victoria Avenue CAMO02_ 5371 77.8 77.8 0.0
A1134 Elizabeth Way =~ CAMO02 4494 90.1 90.1 0.0
Railway CAMO02 2638 933 933 0.0
Al4 CAMO02 0636 91.1 91.1 0.0
Baits Bite Lock US CAMO02_0200 55.7 55.7 0.0
Baits Bite Lock DS CAMO02_0000 55.7 55.7 0.0
Horningsea CA14400 40.5 40.5 0.0
Waterbeach CA12080) 55.7 55.7 0.0
Bottisham Lock US CA10600J 759 75.8 -0.1
Bottisham Lock DS CA10560 75.9 75.8 ;
Shrubbs Marina Cam8794 77.0 76.9 -0.1
Upware Cam5007 741 741 0.0
A1123 Cam2651u 80.1 80.1 0.0
Great Ouse confluence Cam0000 65.5 65.5 0.0
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Anglian Water

Cambridge WWTP River Modelling

E.10 1 in 100 year flood + 45% cIimate.ch-ah'ge

New outfall

(with growth) (with Increase
Level (m)
M11 CAMO1 4253 9.738 0.000
0.000
0.000
Bridge Street B CAMO02 6177 6.900 6.900 0.000
0.000
Base map and data from OpenStreetMap and OpenStreetMap Foundation (CC-BY-5SA). M
o htitps://www.openstreetmap.org and contributors %
DAILS DILE LUCK US CAIVIUZ_UZUU 4007 EACEYE 0.000
Baits Bite Lock DS CAMO02_0000 4467 4467 0.000
Horningsea CA14400 4379 4379 0.000
Waterbeach CA12080J 4.233 4.232 -0.001
Bottisham Lock US CA10600J 4.050 4.050 0.000
Bottisham Lock DS CA10560 3.956 3.956 0.000
Shrubbs Marina Cam8794 3.833 3.833 0.000
Upware Cam5007 3.726 3.725 -0.001
A1123 Cam2651u 3.658 3.658 0.000
Great Ouse confluence Cam0000 3.606 3.606 0.000
~ Peak flow (m¥/s) Flow (m?/
M11 CAMO1 4253 86.2 86.2 0.0
A1134 Fen Causeway = CAMO02_7723d 44.8 44.8 0.0
Silver Street CAMO02_7160 85.8 85.8 0.0
Trinity Bridge CAMO02_6603 92.0 92.0 0.0
Bridge Street CAMO02 6177 113.2 113.2 0.0
Victoria Avenue CAMO02_ 5371 79.5 79.5 0.0
A1134 Elizabeth Way ~ CAMO02 4494 105.0 105.0 0.0
Railway CAMO02 2638 1138 113.8 0.0
Al4 CAMO02 0636 1104 110.5 0.0
Baits Bite Lock US CAMO02_0200 584 585 0.0
Baits Bite Lock DS CAMO02_0000 584 585 0.0
Horningsea CA14400 40.7 40.8 0.1
Waterbeach CA12080J 574 57.5 0.1
Bottisham Lock US CA10600J 79.8 79.7 0.0
Bottisham Lock DS CA10560 79.8 79.7 @
Shrubbs Marina Cam8794 80.6 80.5 -0.1
Upware Cam5007 76.3 76.3 0.0
A1123 Cam2651u 83.9 83.9 0.0
Great Ouse confluence Cam0000 65.8 65.8 0.0
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Angiian Water Carrurage WWTFP RIvEr IVIOUEling

Appendix F: Flood difference Existing Future vs New Outfall 55
hour — comparing Existing Future (with growth)
to New Outfall (with growth)

(O8]

Binnies UK Limited 41
Project no. 123239 / Aprit-2022March 2024 (N iod s




Cambridge WWTP River iviodeiiing

Angilan Water

BF71 1in 1002 year flood
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Anglian Water Cambridge WWTP River Modelling

(Modified graphics)
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F.2 1in 10 year flood




" Angiian Water

Cambridge WWTP River iviodeiiing

BF.83 1in 20020 year flood

(Added graphics)
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" Angiian Water Cambridge WWTP River iviodeiiing

F.4 1 in 30 year flood

(Added graphics)
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Anglian Water Cambridge WWTP River Modelling

(Modified graphics)
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F.5 1in 50 year flood




" Angiian Water Cambridge WWTP River iviodeiiing

F.6 1in 75 year flood

(Added graphics)
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Angiian Water Cambridge WWTP River iviodeiiing

F.7 1in 200 year flood

(Added graphics)
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Angiian Water Cambridge WWTP River iviodeiiing

BF.98 1in 1000 year flood

(Added graphics)

0.1% AEP 55 hour

Legend
Cambridge WWTP &
Modelled watercourses ——

Model extent T

Flood status
Now Flooded

Now Dry

No change
Existing flood extent
™ Change in flood depth
[m]

<= -0.100

-0.100 - -0.050
-0.050 - -0.020
-0020 --0.010
-0.01 - 0.000
0.000 - 0.010

| 0010-0020
0020 - 0.050
0050 - 0.100

ARRNACAEER (N[0

> 0100

Binnies UK Limited @m i

Project no. 123239 / March 2024




(Deleted graphics)
5 e N

|7 with new outfall
.‘f

= %
I

'/ A

oo @g il







Angiian Water Cambridge WWTP River iviodeiiing

F.9 1in 100 year flood + 19% climate change

(Added graphics)
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Angiian Water Cambridge WWTP River iviodeiiing

F.10 1 in 100 year flood + 45% climate change

(Added graphics)
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Angiian Water Carrurage WWTFP RIvEr IVIOUEling

Appendix G: Flood difference Existing Future vs New Outfall 4 hour
— comparing Existing Future (with growth) to New
Outfall (with growth)
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Anglian Water

G.1 1.in 100 year flood

Cambridge WWTP River iviodeiiing

(Added graphics)
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Angiian Water Cambridge WWTP River iviodeiiing

G.2 1in 100 year flood + 9% climate change

(Added graphics)

Wpora/opght

{wirws o

‘ 1% AEP + 9% CC 4 hour
Legend

Cambridge WWTP 4
Modelled watercourses ——
Model extent L)
Flood status
Now Flooded 1
Now Dry [:
No change [
Existing flood extent [ ]

Change in flood depth
[m]
<= -0.100

-0.100 - -0.050
-0.050 - 0020
-0020 - -0.010
i -0.01 - 0000
*| 00000010

| 0.010-0020
- | 0.020-0.050
0.050 - 0.100

| 0100

Binnies UK Limited @m 96
Project no. 123239 / March 2024 o

<

-
-
Il]|
i l



Angiian Water

G.3

Cambridge WWTP River iviodeiiing

1in 100 year flood + 19% climate change

(Added graphics)
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Angiian Water Cambridge WWTP River iviodeiiing

G4 1in 100 year flood + 45% climate change

(Added graphics)
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