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Presentation Notes
Good afternoon
I am pleased to have the opportunity to share with you how, as a designer, my team developed the design for the SuDS networks at North West Cambridge in response to the project brief and local planning policy relating to the development.




My role

— Involved in the project since 2010
— Project Manager for infrastructure design
» Supported development of masterplan
« Supported OPA , prepared sitewide strategies
* Developed design for sitewide infrastructure for Phase 1

* Developed design for on-plot infrastructure

— Multi-disciplinary co-ordination
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I am a Chartered Civil Engineer. I joined the project team in 2010.

I was the project manager for the infrastructure design team.

My team provided engineering input to the development of the masterplan

We prepared reports to accompany the Outline Planning application and to discharge conditions, post-planning.

My team developed the sitewide design for the roads, utilities, and drainage across Phase 1 and also for many of the development plots within Phase 1.

Part of my role also included the coordination of our designs with the University’s multi-disciplinary project team.
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The project that we are sharing with you today has been developed through regular consultation with key stakeholders over a period of at least 10 years. We have met with many of those stakeholders. Those listed here have a particular interest in the drainage aspects of the project.

The University of Cambridge established the need for the development. Their Quality and Sustainability Panel routinely monitored the development of the design and challenged the team to ensure our designs were of the highest quality and considered the needs of the future within our proposals.

Of the multi-disciplinary design team involved in the project, the landscape, ecology and engineering teams have had the most significant involvement in the development of the SuDS network at the site.

As infrastructure engineers, we liaised with the Environment Agency Cambridgeshire County Council, Cambridge City Council, South Cambridgeshire District Council, Cambridge Water and Anglian Water regarding the technical designs for the surface, foul, potable and non-potable water networks at the development. 

We also liaised with the County Council, City Council and District Council in relation to the coordination of the highway, landscape, ecology and engineering aspects of the designs submitted to them for approval at the various planning stages.


S
Designers
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I stand before you today as an employee of Aecom although I initially became involved in this project when Scott Wilson were appointed to provide multi-disciplinary engineering support to the University. At the time I joined the project team, Aecom were already providing masterplanning, sustainability, landscape and town planning support to the University.

Of the various engineering roles my team have provided as Scott Wilson, URS and latterly Aecom, it is the work we undertook on the infrastructure design which my presentation relates to.


®
Project Brief & Policy Background — landscape/drainage

— Project Brief — Policy Background
» create parkland and wildlife « NWC Area Action Plan
corridors linking the « Phase 2 Water Cycle Strategy
surrounding areas « Cambridge Surface Water
e create a community facility Management Plan

with high quality green spaces
» create a landscape setting

 create opportunities for
habitat restoration and
enhancement
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I have been asked to comment on how the SuDS design was developed to respond to the project brief and policy background.

The University’s vision was to create a new urban extension to the built up area of Cambridge. The development principles relating to landscape and drainage included the creation of:
a central parkland and wildlife corridor linking the surrounding development areas;
a new place for the whole community to enjoy with a range of high quality green spaces and good pedestrian and cycle links;
a green landscaped area running alongside the M11 which would provide a landscape setting to the north western edge of Cambridge and provide the opportunity for extensive habitat restoration and enhancement;
The Proposed Development will be underpinned by the highest environmental standards, embodying best practice in environmental sustainability.

In addition to national policy, there were several local strategies and plans which we had to consider when developing our designs. Of particular note, the area action plan required that:
Surface water drainage is designed as a sustainable drainage system to reduce overall run-off volumes leaving the site, to control the rate of flow and to improve water quality before it joins the Washpit Brook (the watercourse which passes through the site).

The development should be built to be an exemplar of sustainable living, able to accommodate the impacts of climate change. It should incorporate water conservation measures to significantly reduce potable water consumption.

As designers, we needed to consider the future potable water requirements of the development in order to secure credits for BREEAM Excellent and Code for Sustainable Homes level 5.


Surface Water Drainage Strategies

* Flood Risk Assessment
» Washpit Brook
* Sitewide drainage strategy

» Surface Water Drainage Strategy

11120 [8[2) " - Potable Water Supply Strategy
* Attenuation requirements for each

development parcel/Lot

Conditions

* Lot specific

RMA proposals

* Link back to SWDS
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My presentation will cover several phases of our design activities:
The development of the masterplan up to submission of the OPA
The preparation of designs and strategies to discharge sitewide pre-commencement conditions
The preparation of designs to support the Reserved Matters Applications
During these phases, our designs developed in detail but were linked together through the framework that the drainage strategies provided.
I will also discuss the detailed design and our role during the construction process.


OPA


Presenter
Presentation Notes
Development of the masterplan up to submission of the OPA



®
Masterplan considerations

— Desire for high quality landscape

— Understand existing drainage regime and flooding
mechanisms

— Include spatial allowance for conveyance and attenuation
— Orientate blocks to work with topography

— Develop masterplan and site levels to reduce flood risk and
accommodate exceedance flows

— Incorporate cascading SuDS and Long Term Storage

A=COM
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The University's brief was for a high quality landscape
This had to be developed with due consideration for landscape, ecology and engineering
We needed to understand the existing drainage regime and flooding mechanisms
We included an allowance within the masterplan for conveyance of surface water and attenuation in open features
We worked with the masterplanners to orientate blocks to work with topography and consider exceedance flows
We worked with the landscape team to incorporate:
cascading SuDS to provide treatment train and restrict peak discharge leaving the development and
Long Term Storage to avoid an increase in the volume of surface water leaving the development


®
Constraints and opportunities

— Constraints
Geology

Levels

Wet spot
Washpit Brook
Existing ecology

— Opportunities

Use water as a resource
Reduce flood risk
University lead in best practice

Client with long-term interest in
project and wider area
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The geology at the site is primarily clay (shown in brown) with limited areas of gravels and sands (shown in blue) and an area of reworked chalk (shown in green) which is prone to creating solution features – there was therefore limited potential for infiltration and in due course, a sitewide condition was imposed which permitted no infiltration at the site. 
The area to the east of the ridge line (shown as a cross hatch) was not in the catchment of the Washpit Brook. Extending the catchment draining to the Washpit Brook to include this area required significant volumes of attenuation to be included in the masterplan as this area was only permitted to discharge at a rate similar to long term storage.
The surface water management plan identified that the north-eastern part of the site was within the catchment of the Bin Brook wetspot. 
Several trees and hedgerows were to be retained and we were not permitted to alter site levels in these areas.

Our run-off rate was limited to the existing catchment to the Washpit Brook. The increased catchment area to the east of the ridge line enabled a significant resource of rainwater to be generated.
We had the opportunity to modify the landscape to reduce floodrisk downstream of the development and to drain the area that was part of the Bin Brook wetspot
We had the opportunity to create a high quality environment for the University
With our client’s long term interest in the project, we had the opportunity to challenge traditional engineering solutions and create best practice examples


Evolution of the masterplan

2005 2009

2011
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The University decided in 2005 to start a collaborative masterplanning process to plan for the University’s future residential and research requirements.
The masterplan evolved through engagement with local stakeholders. 
It was updated to address feedback from the AAP and various other workshops.
One of the changes was to introduce landscape threads running through the site into the Western Edge. These threads would function as SuDS corridors, providing areas for ecological habitats and biodiversity and space for informal recreation and play.
A common theme of the masterplan was to provide a landscape and amenity corridor adjacent to the M11. 


Development of Western Edge proposals

Constraints

— HP gas main

— Existing ecology

— Award watercourse

— Washpit Brook riparian zone
— M11 culverts

Designed to provide

— Amenity space

— Noise / visual screening
— Balanced earthworks

— Washpit Brook

— Surface water attenuation
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Various constraints informed the development of the Western Edge proposals. The gas main and existing ecology prevented levels from being changed in some areas. The Washpit Brook was an award watercourse which could not be relocated without affecting its legal status. A maintenance zone needed to be retained along the length of the watercourse. Floodwater had to be contained within the site and could not surcharge back under the culverts under the M11.
In order to respond to the AAP and the client’s brief, we needed to reduce flood risk downstream and create an amenity space. The proposals included for the creation of:
a two-stage channel along the alignment of the existing watercourse which increased the capacity of the watercourse and enabled the maintenance strip to be retained.
creation of a new relief channel closer to the development to receive flows from the attenuation lagoons and to provide additional storage downstream of a new control structure.
Bunds were included within the landscaping:
to provide visual and acoustic screening of the M11 for parts of the development and
to accommodate material arising from the development.
The flood reduction scheme was designed to achieve a 25% reduction in peak flow downstream of the site in a return period of 1 in 20 and a 10% reduction in peak flow downstream of the site with a return period of 1 in 100 years (including an allowance for climate change).


lllustrative masterplan
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The illustrative masterplan which accompanied the design, access and landscape statement incorporated:
Swales adjacent to the primary street and bus gate street
Swales within green fingers
Ponds for attenuation
Landscaping, bunds and a relief channel in the Western Edge as part of the Washpit Brook Flood Reduction Scheme
A minimum two stages of treatment were available for runoff from pavement surfaces prior to discharge into the relief channel.




Sitewide Conditions


Presenter
Presentation Notes
Once planning consent was granted, we assisted the discharge of several drainage related planning conditions by preparing designs, calculations and strategies presenting further detail on the proposals.

Two of these strategies which are relevant to the benefits achieved through SuDS at NWC are the Surface Water Drainage Strategy and the Potable Water Supply Strategy.


B

Surface Water Drainage Strategy
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The surface water drainage strategy was a comprehensive report which defined the runoff rate from each plot into the 8 drainage networks at the site.



Surface Water Drainage Strategy
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The characteristics of each plot were considered, its size, underlying geology, and location in relation to the ridge line. For plots to the east of the ridgeline, their runoff rate was limited to 2l/s/ha, similar to that for long term storage.

The illustrative masterplan was reviewed to determine the likely permeable and impermeable areas. Runoff from the impermeable areas was assigned to the drainage networks in order to determine the size of the swales and sub-surface pipe and manhole network. 

The strategy identified the likely attenuation volumes required on each plot based on an assumed percentage impermeable and which forms of attenuation we considered were likely to be suitable. The strategy also identified the volume of attenuation and long-term storage required in each lagoon.

This document referred back to the FRA but also set the framework for the RMA designs that later followed.


Water Supply Strategy

litres / person / da

wWC 12.3 Non-potable
Taps (excluding kitchen 79 Potable
taps) '
Bath 15.5 Potable
Shower 23.9 Potable
Kitchen sink taps 11.8 Potable
Washing machine 14.3 Non-potable
Dishwasher 3.3 Potable
Garden 5.0 Non-potable
Total potable 61.7
demand/person
Total non-potable

31.6
demand/person
Total demand/person 93.3
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The East of England has the lowest rainfall in the country and is classified as semi-arid.

The Area Action Plan required that the development incorporates water conservation measures to reduce potable water consumption.

In order to meet Code for Sustainable Homes Level 5, we needed to reduce the daily potable use to 80 litres/head/day.

This table shows the potential potable and non-potable water uses of a home built to Code for Sustainable Homes Level 5 using the Code’s Water Calculator.

It identifies that non-potable water could provide approximately one third of a person’s daily water use through flushing toilets, use in washing machines and garden irrigation.




Review of water use

— Investigation of options to
reduce water use l

storage, gravel
head or pond

— Review of single, grouped éj @@
or sitewide treatment él/d i .
facilities B oo

— Decision to use surface
water drainage network to o
common treatment facility g

— Incorporation of non-potable
water distribution network ‘ Y e

Stormwater
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The University's team reviewed a series of options to reduce potable water use. They considered
greywater recycling
surface water recycling
a combination of greywater and surface water recycling
in addition to the use of water saving devices

Consideration was also given to the installation of these facilities to each dwelling, or whether they should be provided based on a group of properties or on a sitewide basis.

The University chose to use a sitewide rainwater recycling facility. This image illustrates how the process would operate. Rainfall would discharge from each plot into the sitewide network. It would pass through swales within the green fingers before being intercepted, treated and returned to each plot as non-potable water. An outfall to the Washpit Brook would be maintained at greenfield rates. Each plot would also be connected to the incoming potable water main. Foul water leaving each plot would discharge to the foul water network.

This process ensured that all properties would be connected to the non-potable water network and would satisfy the credits for CSH and BREEAM.




Storage requirement

— Reviewed local rainfall data to determine supply
— Determined demand for non-potable water

— Determined storage required to maintain 30 day supply

—Lagoon size reviewed
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This slide outlines the process we went through to determine the storage requirement for rainwater.

We reviewed historic data from Cambridge Botanic Gardens from 2005 to 2011 to determine the potential supply of rainwater. Allowances were made for evapotranspiration and maintaining the greenfield runoff to the Washpit Brook.

We reviewed the population by network to determine the potential demand for non-potable water. We were liaising with Cambridge Water about the design of the facility and they recommended that 30 day’s storage of non-potable water was incorporated within the proposals.

We determined the volume of storage required to maintain a non-potable supply throughout the year, allowing for the seasonality of rainfall. The larger of the volume to restock the non-potable supply or the long term storage for each catchment was taken forwards into the Surface Water Drainage Strategy and the Potable Water Supply Strategy.


RMA designs


Presenter
Presentation Notes
The University appointed a series of building architects to develop the designs which would lead to the submission of Reserved Matters for various plots within Phase 1 and two landscape architects to develop proposals for the streetscape and wider open areas.


®
Surface water design development

— Landscape designed to accommodate attenuation
— Promotion of Water Sensitive Urban Design

— Consideration of maintenance

— Levels designed to consider exceedance

— Coordination of landscape and underground features
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We worked alongside more than 10 architects in Phase 1 to promote the integration of attenuation within the landscape to develop water sensitive urban design solutions
Maintenance aspects were considered throughout the selection of drainage features
Ensured the levels were designed to consider exceedance events
Coordinated underground drainage with tree pits and root protection zones


.

Primary Street
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Example of the primary street through the development
The primary street corridor is to be adopted by Cambridgeshire County Council. The swales within this corridor are therefore the only swales which are limited to receiving runoff from adoptable highway surfaces only. In contrast, Bus Gate Street was to be retained within the University’s ownership and could receive runoff from Bus Gate Street and the surrounding hard landscaping.
Extensive consideration of the corridor was needed to ensure sufficient space was available for the carriageway, pedestrian and cycle facilities, verge, landscaping, trees, swales, parking areas, refuse collection facilities and underground utilities.



Green fingers
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This is an example of a green finger in the heart of the phase 1 development which incorporates pedestrian footbridges to link parts of the development together. It is on a strategic cycle route through the development, linking the Western Edge to the west of the development through the District Centre and out to the city centre to the east of the development.

This is one of the largest green fingers in Phase 1 and provided online attenuation storage in addition to conveyance and treatment. The swales formed part of the surface water network which will be retained in the University’s ownership.

Maintenance of the green fingers and the piped drainage networks will therefore be undertaken by the University. SUDS features will be maintained to the general requirements and frequencies indicated in the Cambridge Design and Adoption Guide for Sustainable Drainage. 


Western Edge Attenuation Lagoon
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This image illustrates how the swales, lagoon non-potable water treatment plant and relief channel are interconnected.
Surface water discharges into the lagoon from two strategic green fingers. After passing through a reed bed into the main part of the lagoon, surface water is extracted and passed through the treatment facility prior to distribution around the site as non-potable water.
Cambridge Water have chosen to design and adopt the treatment plant and to adopt the non-potable water network.
Part of the lagoon was also deepened to provide a permanent retention amenity.




Western Edge
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These images present cross-sections through the lagoon and bund in the Western Edge.

The top image provides an illustration of the landscaped Western Edge. From the left hand side of the image, we have the M11, then the existing Washpit Brook which will be upgraded to provide a two-stage channel, there is then the maintenance strip, and the new relief channel, the new bund, followed by the lagoon and lastly the development to the east.

A complex control will ensure that the discharge from the lagoon to the relief channel is maintained at greenfield run off rates, with the outfall set above the 1:100 flood level in the relief channel.





Examples of SuDS
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I’ve attached some examples of the SuDS used across Phase 1 to provide parts of the treatment train and to restrict peak discharge from each of the plots.
Swales were used both on-plot and in the wider Phase 1 landscaping. They were used within the Primary Street and Bus Gate street road corridors.
Controlled surface flooding was used on several plots. The example here is from Lot 3 and shows the areas in blue which were designed to hold water in significant rainfall events.
Rills were used in Lot 2
In addition, attenuation was provided in blue and brown roofs and in permeable pavements across various lots.
Attenuation crates were also incorporated in the designs but this was the least preferred solution of the design team, the University and the City Council.


Detalled design


Presenter
Presentation Notes
Aecom prepared the detailed landscaping and infrastructure designs for the highway corridors and Western Edge in Phase 1.



S
Sitewide infrastructure

— Complex underground network

— Surface and foul water networks

— Potable and non-potable water

— District Heating and gas

— LV & HV electricity, traffic signal ducts

— BT, Virgin, Granta communications networks
— Underground bins and tree pits

— Civil 3D models, coordinated in Navisworks
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The underground network of infrastructure at this development was particularly complex. In addition to the standard utilities which accompany every development, we also had a district heating network, non-potable water network and the University’s own communications network to integrate.

This development will also have its own refuse arrangements. A series of underground bins will be provided which will be collected by a bespoke refuse collection vehicle which will operate at NWC.

During the detailed design period we updated the designs of the surface water and foul water networks to reflect the latest proposals from the plots. We reviewed the velocities in the swales and reduced the gradients where possible to keep the velocity below 0.3m/s. Where this was not possible we introduced weirs, check dams and erosion protection.

We also gave consideration to the size of channel drains that would be required to drain large paved areas in significant rainfall events and incorporated them into the design.

In order to determine that the highway corridors could accommodate the swales, piped drainage, utilities, underground bins and landscaping provisions, we chose to model the various items of infrastructure listed here in 3d. This enabled us to include duct boxes, chambers and manholes associated with this infrastructure.



Coordinated designs
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Pause to show green fingers, swales, underground bins, western edge lagoon, non-potable treatment plant, potable water booster station


Coordinated designs
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We supported 8 Lots with the provision of structural, mechanical and electrical and infrastructure design support up until tender. 

We refined the locations for drainage connections from the plots into the sitewide networks. We liaised with our building services colleagues to determine where the incoming supplies should be taken to on the plot boundary and updated the sitewide designs accordingly.

This is an image from Lot 5 where the university ran a design trial using BIM. On this plot we modelled in 3d every rainwater downpipe connection (shown in blue) to the onplot surface drainage network and every soil vent pipe connection  (shown in brown) to the onplot foul drainage network. We also modelled the incoming services to the plot which included the potable and non-potable water networks.




Construction


Presenter
Presentation Notes
The design team continues to provide support to the University through the construction phase.


Designer’s role during construction

— Prepared CEMP & Pollution Control Strategy
— Prepared haul road design with pollution control lagoons

—Works let as Design & Build
e Design assurance role

* Review drawings to ensure design intent and compliance with
RMA

e Design coordination role
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We prepared the Construction Environmental Management Plan and Pollution Control Strategy for the wider development to establish the mitigation measures required to prevent pollution and contaminants reaching the Washpit Brook, groundwater and the SUDS network.

We prepared the design for the haul road and incorporated swales and pollution control lagoons in accordance with these strategies to ensure runoff was managed appropriately.

The works were tendered as design and build and during the construction stage, our role as designers has been to provide a design assurance role to the University, reviewing designs to ensure compliance with the RMA and to coordinate design during the construction phase where deviations from the original design are required.


Progress to date

-_—
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Stuart has already shown you this recent image from site. One of the aspects of the Potable Water Supply Strategy was to construct the lagoon at an early stage in order that the lower part could fill up before any water was extracted from it.

In response to planning policy and comments from the EA and CCC, commitments were given that:
the main surface water drainage infrastructure would be constructed in advance of any discharge being permitted from a plot into the drainage network in order to provide that plot with a drained outfall to the Washpit Brook.
Runoff from each plot will be restricted to the rate specified in the Surface Water Drainage Strategy during the construction phase.
The construction of the Washpit Brook relief channel and the main Phase 1 surface water drainage network and retention lagoon will take place as part of the first works at the development to ensure that pollution control protection and attenuation provision is in place for the Phase 1 development. 

This photo shows how these commitments are being delivered upon.


Conclusion


Presenter
Presentation Notes
So, what messages can we take away from this project?


®
What have we learned from this project?

— One solution can have multiple benefits

— Sustainable and green solutions can be cheaper to build
and maintain than heavily engineered solutions and bring
aesthetic benefits

— Rainwater is a true resource that should be recycled
wherever possible

— Proud to be involved in landmark project

— Sharing best practice with other clients in order to apply to
other projects
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One solution can have multiple benefits. A constraint such as the Washpit Brook floodplain can be redesigned to provide a series of opportunities. 

Sustainable and green solutions such as swales and treatment lagoons can be cheaper to build and maintain than mechanical engineering solutions and bring aesthetic benefits with them.

Rainwater is a resource that has the potential to become increasingly scarce. It should therefore be looked after and reused wherever possible.

We are proud to have been involved in such a landmark project and are sharing some of the best practice design supported by the University and the City Council with other clients.


The Vision Delivered
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Stuart has already shown you an image of the Western Edge lagoon. Here is another one that I would like to leave you with.

This shows part of the landscaped area running alongside the M11 providing a wildlife corridor, pedestrian and cycle links and a landscape setting. A community amenity will be created whilst providing a sustainable resource.

At the beginning of my presentation I mentioned some of the local policy relating to the development. Some of the key tasks were to:

Design the surface water drainage as a sustainable drainage system to reduce overall run-off volumes leaving the site, to control the rate of flow and to improve water quality before it joins the Washpit Brook.

The development should incorporate water conservation measures to significantly reduce potable water consumption.

This image shows how the project brief and planning policy will look once they are delivered.

Thank you.


Thank you
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