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Loughborough IUD Modelling and “Quick Win”
Identification

Richard Marshall — URS / Scott Wilson
Background to the Study

URS Scott Wilson was appointed by Leicestershire County Council (LCC) to undertake an
Integrated Urban Drainage (IUD) study for Loughborough. LCC, as a Lead Local Flood Authority
(LLFA) were awarded Defra funding to assist with the assessment of surface water flooding in
Loughborough and determine suitable mitigation measures. The study is approaching completion

The focus of the IUD study is the surface water catchments of Grammar School Brook in the
southeast of the Borough and Willow Brook in the north. Together, these two catchments
comprise about 30% of the urban area of the town and they each include over 80 ha of
impermeable surface. Other catchments and areas of flooding within Loughborough are being
considered in parallel as part of separate studies and also in the Loughborough Surface Water
Management Plan (SWMP), which will be informed by the various studies, including this 1UD
modelling.
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Working closely with LCC, Charnwood Borough Council (CBC), Severn Trent Water (STW) and
their appointed consultants, URS Scott Wilson developed integrated sewer, open channel and
ground surface models of both catchments.



The principal data used were:

e Severn Trent Water sewer records e Combined sewer model
e Severn Trent Water DG5 locations e River model

e EA2m LIDAR DSM & DTM e Site visits

e OS mapping - 10k and 50k e STW investigations

e Geo-referenced aerial photography e Topographic survey

e Loughborough University (rainfall records) e FEHCD

The principal tools used were:

e Maplinfo (GIS) e Micro Drainage WinDes
e AutoCAD - MDCAD
e Microsoft Office - Simulation
- Word - FloodFlow
- Excel - DrawNet
Modelling

Detailed 1D baseline surface water drainage models of the Grammar School Brook and Willow
Brook catchments were constructed with over 430 and 220 nodes respectively. The initial model
build was undertaken using the MDCAD AutoCAD plug-in with the networks being snapped on to
the sewer record nodes. The OS 10k mapping was used to allow the contributing areas to be
measured with MDCAD at this stage and the impermeable densities were estimated in five
categories, 10%, 30%, 50%, 70% and 90%). The initial model was then exported to WinDes
Simulation for the addition of cover and invert levels. Apart from one notable exception (a large
housing development that had the line of the sewers but no metadata), the sewer records were
good and there were only a few gaps that needed filling by interpolation, reference to LiDAR
levels, etc.

The open reaches of the Grammar School Brook watercourse were delineated from the OS map
in plan and user-defined sections were derived mainly from the watercourse topographical
survey.

The Willow Brook model was built as a single item but the larger Grammar School Brook model
was built as four sub-catchment models that were tested separately before being joined as one
complete catchment model.

The WinDes FloodFlow module was used for the 2D analysis over a 2m grid LiDAR surface
model. Results were displayed, analysed and animated on 1:10,000 mapping as well as aerial
photography.

The project did not allow for any collection of rainfall or flow data. However, a degree of
verification was achieved by simulating an actual local storm event and then comparing the
results with an eye-witness account (by a stakeholder) and photographs of the flooded areas and
flow paths. In general, the networks behaved as would be expected, the outputs were stable, the
flood routes predictable, etc.

The input hyetograph for the actual storm event came from 15 minute increment rainfall data
recorded at the Loughborough University Geography Departments weather station only about
1 km away from the witnessed flooding in the Grammar School Brook catchment. Interestingly,
the rain gauge records showed that there were two 1 in 6 year return period events that during
the summer of 2009, one on 15 June, the other on 29 July.

The brief called for the identification of a humber of potential “quick wins” and five have been
simulated. The selection was driven in part by properties on the DG5 Register and other



properties known to flood on a regular basis, and in part by an opportunistic approach based on
where it appears that beneficial interventions could be implemented with minimal disruption.

The study revealed a number of assets owned by stakeholders and third parties that were either
totally unknown, suspected but undocumented, known but apparently not functioning, known and
in need of structural repair or replacement, etc. If the experience gained during this study is
typical, the implication is that actually finding assets should constitute a significant part of
compiling any asset register and, by implication, reliance on compiling a register from existing
records or databases could result in many being overlooked.

Willow Brook Catchment

The topography of the Willow Brook catchment is essentially flat. The area that gave rise for
concern in relation to flooding is to the south of the A6, Derby Road where the development is
mainly suburban housing. The average gradient across this half of the catchment is 1in 157
although some significant lengths of road are virtually flat. Historically, this area was generally
rural and used for agriculture.

The remainder of the catchment, to the north of the A6, is much flatter with an average gradient of
about 1:680. This area is covered by light industry, offices, research establishments, etc and it is
thought that the majority of this was built since the housing to the south was in existence.
Historically, this area has been used for agriculture, as an airfield and, before that, as a race
course. Old maps show that there were a number of watercourses and ditches that drained this
area and that their courses were changed over the years to reflect the use of the land.

Although the Environment Agency and the Councils were only aware of one “Willow Brook”, the
historical mapping shows two more or less parallel streams draining the area with the more
easterly stream joining the westerly stream before that in turn was intercepted by the Grand
Union Canal. None of the old maps that are readily available attribute the name “Willow Brook” to
either of these watercourses. There are three short lengths of open watercourse within this
industrial area but the great majority has been culverted.

One noteworthy feature of the downstream end of the Willow Brook is the Astrazeneca site that it
flows through. Within that site, the stream is initially in a high capacity, straight, artificial channel
and subsequently in large, clearly over-sized, box culverts. There are numerous penstocks that
can protect the watercourse from contaminated spillages from the various drainage systems
within the site. There is also a large penstock installation where the stream leaves the site that
can be used to back up the flow into several thousand cubic metres of storage, including a
depressed surface area used as a car park, in the event of a major contamination event.

The data supplied by Severn Trent Water did not show any DG5 properties within the catchment.

FloodFlow simulation suggests that the general capacity of the surface water sewerage system
falls well short of the standards that would be required by Sewers for Adoption. However, surface
flooding tends to use the roads as relief channels and there are one or two locations where, by
accident or design, water is diverted to one or other of the open watercourses to the east and
west of the catchment.

Analysis of the system without any impermeable area contribution from the industrial area
downstream did not make a significant difference to the likelihood of flooding with the residential
area. This leads to the conclusion that it is general hydraulic inadequacy within the sewerage
system, rather than a backwater effect caused by the development downstream, that leads to
flooding within the housing area. Similarly, the effects of closing the main control penstock at the
outfall would not reach far enough upstream to make a difference within the housing area.



Flooding in Residential Areas within Willow Brook Catchment during a Historical Event

Simulation while excluding Contributing Areas from Industrial Areas
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Grammar School Brook Catchment

The Grammar School Brook catchment has a greater range of elevation and has generally better
overall gradients than the Willow Brook catchment described above. However, it has eighteen
properties on the DG5 Register and at least one property known to be affected by flooding from
the open section of the watercourse.

The hydraulic model was built by combining three models of significant sub-catchments with a
model of the open section of the Grammar School Brook. The latter model included several
smaller surface water sewerage sub-catchments.

Several additions to the basic model were made to more accurately reflect the hydrology and
performance of the catchment. These included:

* An attenuation tank and control at the discharge from an estate where Severn Trent Water
were unable to supply the necessary details.

* A system of attenuation storage pipes beneath a superstore car park. Once again, it was
not possible to find details of the installation or control device.

A ReFH catchment to define the inflow from a golf course and fields at the upstream end
of the Grammar School Brook, now just a ditch with no flow in dry weather.

e A ReFH catchment with a ditch and surface attenuation features on an in-filled brick pit
within the catchment.

* A representation of Charnwood Water, a lake in an old brick pit that has no conventional
inflow but has a controlled outlet to limit the discharge and that joins the Grammar School
Brook near to its outfall.

e A connection to an existing shallow surface storage basin. This was achieved by means of
a lowered manhole cover to reflect the lowest ground level where flow transfers between
the basin and the surface water sewer rather than the cover level for the structure shown
in the sewer records.



However, although considerable uncertainties were involved in modelling these features and with
the possible exception of the brick pit attenuation volume, they are sufficiently peripheral to have
little effect on the operation of the model within the key areas of interest.

The most immediately obvious problems within the catchment are:

e The extent of the sub-urban development that was probably not anticipated when the
downstream surface water sewers were constructed.

e The extent to which front gardens, most of which slope towards the road, have been
paved over.

» Paving over of grass verges to permit parking where the carriageways are narrow.

 The general shape of the topography whereby relatively steep gradients change to much
flatter sections within a short distance, the classic cause of surcharged hydraulic gradients
running above the ground level.

There are two locations where there has been a duplication of the surface water sewer and that
have, no doubt, made some improvement. Nevertheless, the surface water sewers are generally
well below the capacity that would be necessary to meet the current Sewers for Adoption
standards.

Quick Wins

The study brief called for the investigation of a number of ‘quick wins’ and five were investigated,
summarised as follows:

Castledine
Intervention Scheme Holt Drive Beacon Inn gﬁglémont Street T.A. Centre
Extension
Description Attenuation Attenuation Attenuation OV L0 Flood Defence
P interception

Moderate to

Length of new sewer large Large Minimal Minimal None
Storage volume :\:1 :;deerate © :\:1 :;deerate 0 Large None None
Flood defences None None None None Yes
Highway profile work Yes None None Yes None
Hydraulic controls Yes Possibly Possibly None None
Capital cost Relatively high  High Eizlr;]itively Low k/logééfate
Operating cost Low to Moderate Low to Low to Minimal Minimal
moderate moderate
DG5s 4 4 plus 5? 2? 2 0
Adjacent implications None None None None Yes

Although this has been a high level consideration of possible interventions, the indications are
that all of them would merit further, more detailed investigation.

As an example, modelling the storm event of 15 June 2009, which was a short duration, high
intensity, 1in 6 year event (18 mm being recorded in two consecutive 15 minute periods and
20.6 mm in 75 minutes overall), produces the following flooding at the location where it was
witnessed by one of the stakeholders:



Park Road

Ling Road

Beaumont Road

Two of these properties
are on the DG5 Register

With the proposed intervention added to the model and simulated with the same storm event, the
situation would clearly be improved.

Park Road

New Pipe Work

Cellular Storage

Ling Road

Beaumont Road

Two of these properties
are on the DG5 Register

The example shown above uses only about half of the available attenuation storage during that
particular storm event but, nevertheless, its implementation produces a marked reduction in the
flood risk several hundred metres downstream at the Territorial Army Centre. The inclusion of a
control system to optimise the usage of the attenuation would almost certainly create even more
benefit in terms of reducing downstream flooding at the TA Centre.

This is a prime example of the need for an integrated approach to surface water drainage
because the TA Centre flood risk comes from an open watercourse, presumably in riparian
ownership but the only visible inputs to the watercourse are from Severn Trent’s public surface
water sewers. Nevertheless, even in dry weather there is a constant discharge of water from the
two large surface water sewers at the head of the open watercourse although the study did not
reveal any running water entering the surface water sewer system upstream in dry weather from
either of the ditches that are known to be connected into the sewer system. The implication is that
the surface water sewer system is picking up ground water, either by means of deliberate
connection of land drainage pipe work, by general infiltration or by a combination of these.

At the time of writing, November 2011, the initial phase of this IUD study is nearing completion
and it is expected that its findings will be used inform future investment in surface water drainage
improvements within the town of Loughborough.



