A380 KINGSKERSWELL BYPASS

FLOOD RISK ASSESSMENT

Planning Policy Guidance Note 25 ( PPG 25 ) Development and Flood Risk by the Department of Transport, Local
Government, and Regions 2001 states that those proposing developments are responsible for:

e Providing an assessment of whether any proposed development is likely to be affected by flooding and whether it
will increase flood risk elsewhere and of the measures proposed to deal with these effects and risks; and

e  Satisfying the local planning authority that any flood risk to the development or additional risk arising from the
proposal will be successfully managed with the minimum environmental effect, to ensure that the site can be
developed and occupied safely

RISK-BASED APPROACH

Local planning authorities should adopt a risk-based approach to proposals for development in or affecting flood-risk areas.
The assessment of risk should take account of:

e The area liable to flooding

e The probability of it occurring, both now and over time

e The extent and standard of existing flood defences and their effectiveness over time

o The likely effects of flooding

e The rates of flow likely to be involved

e The likelihood of impact to other areas, properties, and habitats

e  The effects of climate change, and

e The nature and currently expected lifetime of the development proposed and the extent to which it is designed to

deal with flood risk

HYDROLOGY

Flood hydrology for the Aller Brook and Edginswell Stream has been reviewed following publication by the National
Environment Research Council ( NERC ) of the Flood Estimation Handbook (FEH ) which is the current standard work on
flood prediction in the British Isles, and Project Appraisal Guidance (PAG 4) notes by DEFRA. FEH estimates of flood
flows are broadly in line, for the 100 year flood design values, with those produced by the application, in 1994, of the
earlier standard work the Flood Studies Report 1975 ( FSR).

PAG 4 however goes further and advises that flows as predicted by FEH should be increased by 20% in peak rates and
volume to take account of the changes which will come about as a direct result of climate change. These increases are
expected to be fully developed by 2050 AD. and require a reappraisal of those works proposed in the decade 1990-2000.

A detailed Report on flood growth ( Parsons Brinckerhoff 2002 ) is attached as Appendix A

Potential increases in flood flows due to road construction (Table 1 FEH Q4o post road) above present values vary from
1.2% to 6.1% at various points in the stream network (average 3.3%) and therefore generally make little difference to flood
yields in either frequency or magnitude.

The FEH flood growth curve is notably flatter than its FSR equivalent generally indicating lesser flows in extreme
conditions (e.g. 1000 years period ) as illustrated by the table below where Q¢ is the flow which should be expected, on
average, to be experienced or exceeded once in any one hundred years or so.



Table 1. Flood Growth

Subject site Micro FSR Micro FSR FEH QlOO FEH QlOO FEH QlOOPRd FEH QlOOO
QlOO QlOOO post road +20%

1 30.00 n/a 33.71 34.54 41.45 46.62

3 13.08 22.00 12.81 13.43 16.12 17.03

5 12.40 20.80 10.50 10.81 12.97 13.75

6 7.07 12.24 10.13 10.47 12.56 13.37

Lo

Above values are cubic metres per second ( cumecs )

2. Site 1 is upstream of the railway bridge at Keyberry, site 3 upstream of the main railway line near the Langford
Brook confluence, site 5 is upstream of the Beer Brook confluence just south of Aller Road, and site 6 is the
Edginswell Stream immediately south of the Aller Brook confluence at Brookeador

Six outfalls for highway run-off are proposed. Of these only two will discharge directly to the receiving
watercourses. These outfalls are located at the upstream (south) end of the supermarket site, the other is at the
southern limit of the proposed new road at Hamelin Way. All other highway run-off and flows “captured” from
surrounding areas will be piped to four attenuation ponds. These ponds will regulate future 100 year outflows to the
same rates as is presently generated by the same areas in their undeveloped state. The effects of road construction
on flows are therefore less than the indicated potential FEH Q49 Post Road.

FLOOD RISK

For reasons of clarity the following assessment deals with the effects of the proposed road as a series of
discrete stream reaches

River Teign to immediately south of the railway/stream crossing at Keyberry
Keyberry to main railway line at the Langford and Aller Brook confluence
Langford and Aller Brook confluence to the Aller Orchard railway crossing
Aller Orchard

Aller Orchard to Brookeador

Brookeador to Daccabridge

Daccabridge

Daccabridge to Manor Drive railway crossing

Manor Drive railway crossing to Hamelin Way
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1. RIVER TEIGN TO KEYBERRY

This area is fully developed and contains housing, commercial property, Torquay Road, which is the principal southern
route into Newton Abbot, and other roads. Sequential classification of the land in accordance with PPG 25 Table 1, places
it in high risk zone 3a. The indicative standard of protection against flooding therefore is to cater for a flood with an annual
probability of 1%. (PPG 25, paragraph 31, states “.... Flood defences for most new housing development should be
designed and constructed to protect against the flood with an annual probability of 1% for river flooding and 0.5% for
coastal flooding for a period of 50 years, taking into account the allowances for climate change contained in the Project
Appraisal for flood and coastal defence....” This 1% flood is one which is likely to be experienced, on average, once in
any one hundred years or so. It is generally referred to as “the 100 year flood”.

The Aller Brook between the tidal River Teign and Torquay Road, Newton Abbot was re-aligned as part of the works to
construct the A380 Newton Abbot Bypass. The design brief was prepared and the proposed works approved by the Devon
River Authority, a predecessor authority to the present Environment Agency. The work was designed and implemented to
cater for a flow of 39.65 cumecs, a very high standard at the time. The current FEH 100 year flow is 33.71 cumecs. The
post climate change 100 year design flow is 41.45 cumecs which can be safely accommodated within the additional
freeboard against overtopping created by subsequent infilling and development of the former tidal marshes on the west
bank.

Detailed survey and hydraulic analysis has confirmed that this length of channel, together with the culverts under Torquay
Road, has adequate capacity to deal safely with the indicative standard flows resulting from construction of the proposed
road and also the much larger flows predicted due to the effects of climate change.



Plate 1. Aller Brook outfall channel looking toward the River Teign
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Plate 2. Torquay Road culverts from upstream

The extent of flood defences in this length therefore meet the indicative standard over time and therefore no additional
works are necessary.

When the public park immediately south of Torquay Road was redeveloped as a supermarket, now Sainsburys, the existing
culverts were designed, formally approved, and constructed to deal with the then 100 year flood event.

Recent detailed survey and hydraulic analysis confirms that the culverts will safely pass the present and potential post-road
100 years flows, but as may be expected will not pass the larger flows resulting from the effects of climate change. Figure
1 shows, in blue, relative water levels for existing, post road construction, and post climate change floods. Flooding will
increase in frequency, magnitude, and area unless improvement works are carried out either as part of the road proposals or
by another agency.



Plate 3.Sainsburys culverts inlet. The new culvert will be to the left under the road in
front of the filling station

Full post-climate change flows will be catered for by the construction of an additional 4.25 metres span 1.75 metres deep
culvert adjacent to the existing culverts through the supermarket car park. Figure 1 also shows, in red, how the proposed
culvert will reduce water levels for the same flows.

The Aller Brook crosses under the Penzance to London railway through a 7.25 metre span brick arch bridge. Figure 2
shows that this structure does not have enough capacity to pass even the present 100 year flood at acceptable upstream
water levels. The restriction is such that water levels upstream of the bridge rise rapidly until overflow occurs through the
housing at Keyberry Mill and into Keyberry Road. This overflow is presently likely to be experienced once in any 23 years
or so (annual probability 4.3%) when total streamflow is only 26.4 cumecs (indicative 1% flow is 33.71 now, and long-
term future 41.45 cumecs). Figure 2a shows that at onset of overspill the supermarket culverts are not flowing full and
have an unused capacity of 8.1 cumecs. The effect of this overspill is to progressively flood Keyberry Road, Torquay Road
and the other areas shown on the indicative flood plain map issued by the Environment Agency (see Drawing
HEX43444/SKC/156). Increases in flow due to construction of the proposed road could, without the other proposed works,
potentially increase the frequency of this overflow to once in any 20 years or so (annual probability 5%) . The much greater
effects of climate change will increase overspill frequency further to once in 7 years or so (annual probability 14.3%).
Flood defences in this area are therefore currently well below acceptable standards.

Full post-climate change 100 year design flow will be catered for at Keyberry by the construction of triple 3.35 metres span
2 metres deep culverts under the railway approximately 30 metres north of the existing bridge (Drawing /SKC/93B). These
works alone would reduce the frequency of long-term future overspill to once in any 35 years or so (annual probability
2.9%). Limited infilling in the field at the rear of the houses to raise the overflow threshold by 200 millimetres from 5.0
metres above Ordnance Datum (AOD) to 5.2 metres AOD ensures that all flows up to and including the post-climate
change 100 year flood will be diverted into the channel and safely conveyed to the River Teign. These benefits are also
indicated by Figure 2 and mean that Keyberry Road, Torquay Road, and other property in the areas north of the railway
crossing shown on the indicative flood plain map issued by the Environment Agency as liable to increasing flood risk, will
be protected to the appropriate long-term standard 1% probability.



Plate 4.Housing at Keyberry Mill which is at risk of flooding. The top of the
proposed fill will be just below the lowest house floor level

Run-off from the length of new highway on Drawing /SKC/029C will discharge to Aller Brook through a bypass
interceptor sited as shown. The new road lies outside the boundaries of any areas liable to flood.

The proposed infilling at Keyberry is within Ford Fields County Wildlife Site. The effects of this and other ecological
factors are summarised in Appendix B which is taken from the scheme Environmental Report.
2. KEYBERRY TO LANGFORD

The area between the railway lines at Keyberry and the Aller / Langford Brook confluence is functional floodplain and is
therefore classified as high risk zone 3c. There are no flood defences.

Plate 5. Aller Brook floodplain looking south from Keyberry railway bridge



No works are proposed in this area. Flooding will continue. Due to the improvements of the River Teign to Keyberry reach
described above, flooding depths nearest Keyberry will be decreased in moderate conditions i.e. 2 to 20 years floods
(annual probability 50 to 5%), by an average of 150 millimetres. In 50 year conditions (annual probability 2%) present and
proposed long-term future water levels are the same. Under 100 year (annual probability 1%) conditions long-term future
water level is 87 millimetres higher than now but overspill at Keyberry Mill is prevented by the proposed infilling. Figure
2b and Figure 2c show existing conditions water levels in blue and future long-term water levels in red.

Flood storage is increased at the design event due to raised water levels resulting from the proposed works and the larger
flows due to the effects of climate change.

At a point about 350 metres upstream of the railway at Keyberry flooding in present and long-term future 2 year conditions
is the same. At 100 years discharges future water level is 90 millimetres higher than the existing.

Future flooding for the remaining 730 metre reach to the upstream confluence with Langford Brook is deeper at all
frequencies.

Drawings /SKC/156 and /157 show indicative flood plain, and areas flooded by present and post works long-term future
100 years events. The indicative flood plain maps cannot be verified by detailed survey and hydraulics analysis. Figure 2d
is a perspective view of the flooded area and shows Ford Leat upper right from river station 2953 to 2856 and bottom right
1675 to 1820. From 2856 to 1820 the leat is defined by the right model boundary shown green and it is above flood level.

3. LANGFORD TO ALLER ORCHARD

The area between the main railway line at Langford and Torquay branch line at Aller Orchard is functional floodplain and
is therefore classified as high risk zone 3c (Drawing /SKC/157).

Plate 6.Floodplain between Langford main line railway bridge and Aller Orchard
looking north from Aller Road. The new road crosses the floodplain here
and the proposed road junction is sited just to the left of the picture

The appropriate planning response (PPG 25) for land in this flood zone is that *...Built development should be wholly
exceptional and limited to essential transport and utilities infrastructure that has to be there. Such infrastructure should be
designed and constructed so as to remain operational even at times of flood, result in no net loss of flood plain storage, not
to impede water flows and not to increase flood risk elsewhere....”

The proposed road is deemed “essential transport infrastructure” and follows the only viable route through this fairly
heavily developed valley. This is the only location in the 6 kilometre lengths of stream and of new road where the road
crosses an identifiable floodplain. Loss of floodplain and flood storage is unavoidable. The proposed road is well above
extreme flood water levels throughout.



The passage of floodwater through this reach is presently severely impeded by the arched culvert through the main railway
line immediately south of the Langford and Aller Brook confluence. The culvert was originally of 3.75 metres span but has
subsequently been lined with a smaller corrugated metal arch of 3.39 metres and the annulus filled with concrete.

The culvert causes significant “backing-up” such that ponding extends 170 and 240 metres upstream under present 100 and
1000 years conditions (annual probability 1.0 and 0.1% respectively). No property is directly affected and there are
no flood defences.

This flooding will increase as a direct result of climate change as illustrated by Figure 3. The indicative flood plain is
shown on Drawing /SKC/157, existing and future (without roadworks) 100 year flooded areas are also shown. Figure 3a
is a perspective plot of the existing main line railway bridge and upstream flooding.

Some mitigation in terms of flood storage loss results from the proposed increases in flood water levels in the much larger
area downstream to Keyberry Mill. Further increases in flood storage will result from other works upstream between Manor
Drive and Hamelin Way which are described later. No increase in downstream flood risk results from this loss of
flood storage since the previously described proposed works cater for the full post climate change design event.

Water flows are not impeded by the proposed works which are designed for the 1% annual probability event and which
have been further examined for their effects on predicted 1000 years conditions (annual probability 0.1%). This is to ensure
that no increase in upstream flood risk results even during extreme floods.

The proposed new road crosses the channel within the area of ponding caused by flow impedence at the railway. Larger
structures would be required to counteract relatively high water levels at outlet and ensure no increase in flood levels
upstream. The Aller Brook carries heavy silt loads and larger structures would reduce velocities, increase sediment
deposition, and without frequent maintenance be likely to suffer reduced hydraulic performance.

It is therefore essential to reduce water levels downstream of the proposed road, and obviate submergence, to ensure that
any new structures are the smallest size meeting the required hydraulic standards. This will produce higher velocities,
protect performance by sustaining sediment transport, and thus reduce maintenance.

Drawing SKC/102A shows the proposed twin 2.5 metre span culverts through the railway embankment approximately 30
metres west of the existing bridge. Flood levels will be reduced sufficiently (Figure 4) to allow the new main road culverts
to perform efficiently. These new railway culverts are positioned to take advantage of existing ground levels and so require
minimum earthworks.

The drawing also shows that much of the existing channel between the two railway bridges will be obliterated by the new
road embankment. A diversion channel, following a more sinuous route than shown, will be excavated between the main
line railway and the new road embankment. Two lengths of the present channel will be retained as ponds which will be
recharged during periods of higher flow.

The detailed Fisheries Report by Tamar Consulting July 2004 is attached as Appendix C. It identified populations of six
different species. These were Salmon, Bullhead, Lamprey, Trout, Eel, and Stickleback. Of the species recorded in the study
area three, Salmon, Bullhead, and Lamprey are afforded special protection. There are no angling interests.

The high flow velocities through the culverts required for sediment transport are incompatible with fish migration. Two 2.5
metre span 2 metre deep culverts carry most of the larger flows. A central 2 metre span low velocity fishway provides
conditions suitable for fish movement and each of the three protected species is catered for. Figure 5 shows water levels
downstream of the new road resulting from construction of the proposed railway culverts and diversion channel. Figure 6
shows in detail the benefits at Aller of constructing the new railway culverts at Langford.

The proposed culverts and inlet weir vary flood levels downstream of the railway branch line as shown by Figure 7. All
flows are future long-term post climate change discharges. Proposed water levels shown in red are lower throughout than
those which would be generated by the same flows shown in green passing through the existing railway bridge and
floodplain. The benefits of the new railway culverts at Langford, but without the new road, are illustrated by the blue line.
There are clearly adverse effects associated with the proposed works in terms of increased water levels upstream of the
branch railway in minor and moderate floods. The red and blue lines cross at the 25 year (annual probability 4%) flow. At
lesser discharges the proposed works generate higher water levels than would be the case with the new Langford rail
culverts but no new road. In more severe flood events the proposed culverts, fishway, and inlet weir promote lower water
levels than would otherwise be the case. This is compatible with achieving the indicative 1% annual probability protection
of upstream property.

The remaining post roadworks long-term floodplain is also shown on Drawing /SKC/157

Highway run-off and flows “captured” from surrounding areas will be discharged to Aller Brook through an attenuation
pond sited on the west bank above the 100 year flood line immediately northwest of the new road. The pond will regulate
outflow to the same rate as is presently generated by these areas in their undeveloped state. Peak flow rates in the Aller
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Brook will therefore not increase as a result of constructing this length of road. The pond also produces benefit in the
treatment of the long-term low level pollution associated with roads. Any acute polluted discharge will be delayed and the
pond will provide increased opportunity for its interception and treatment. This, and the other ponds, will be constructed to
ensure that some of the floor will be below outlet and consequently increase wetland areas and treatment.

Geological investigation indicates that leachate from the landfill site at Yannon Lane is unlikely to be a problem. The
situation will be monitored during construction and should any leachate be encountered flow will be piped separately to the
attenuation pond at Aller. Outfall into the pond will be through a filter/treatment bed of crushed limestone before release
onto the “wet” floor and final discharge to the Aller Brook through the controlled pond outlet.

4. ALLER ORCHARD

This single property lies on a triangular plot between the Torquay branch railway line and Aller Road. Although it has a
long history of frequent flooding none is shown on the indicative flood plain map. Nonetheless its known history shows
that the site must be classified as high risk zone 3c and not suitable for development. The house itself however is not
known to have flooded but the gardens are frequently inundated to depths which make access difficult. The house is built in
the floodplain but flooding is exacerbated by the flow restriction caused by the existing small three arch railway bridge.
There are no flood defences.

Plate 7. Aller Ochrd. The smII bidgde the rquy branch railway line holds
up flows and causes frequent flooding of the garden. The house floor level
is relatively high and does not flood.

The benefits accruing from the proposed downstream works in terms of severe flooding are explained above and illustrated
by Figure 7. Since flooding around the house presently occurs very frequently the implied worsening during minor and
moderate events, although attributable almost entirely to climate change effects, is not acceptable.

It is therefore proposed to construct an additional 3.3 metre span 1.2 metre deep culvert under the railway and align it with
an existing secondary but presently redundant channel through the garden. Very limited earthworks are needed. Figure 8
shows water levels in blue for existing 2, 100, and 1000 years floods (annual probability 50%, 1%, and 0.1% respectively).
Also shown in green are water levels generated by long-term post climate change flows passing through the existing
bridge. Water levels shown in red are generated by the same long-term future flows passing through the proposed scheme.
Future 2 year water levels are higher than existing but remain within channel, but water levels in future 100 and 1000 year
conditions are significantly reduced. In the more extreme event the house floor at 11.2 metres above Ordnance Datum is
some 500 millimetres above flood level. This represents a very significant improvement as illustrated further by Figure 9.



5. ALLER ORCHARD TO BROOKEADOR

Water levels are reduced by the works in Aller Orchard in all floods of greater than 5 years (annual probability 20%). The
effects upstream are limited to a very short distance due to the flow restriction caused by the existing bridge under Aller
Road. The commercial buildings south of Aller Road are shown on the indicative Flood Plain Map as being liable to flood.
Detailed modelling does not confirm that this is the case in future 100 year events (vide Drawing /SKC/157). Figure 10
shows that effected water levels extend approximately 140 metres upstream of Aller Road in the future 1000 years event.

Drawings /SKC/157 and /SKC/158 show that this reach is functional flood plain and therefore classified as high risk zone
3c.

Plate 8. Aller Brook floodplain at Aller Road looking east to Primrose Way and Moor
Park Road. House floors are well above 100 year flood level.

The appropriate planning response is that this area may be suitable for some recreation, sport, amenity and conservation
uses. Built development should be wholly exceptional. No development is proposed, and the effects of downstream
proposals is illustrated by Figure 10. The area will remain as functional flood plain and flooding will increase naturally as
a direct consequence of the effects of climate change. These changes in flooded areas are also shown on Drawing
SKC/157 and /SKC/158. There are no flood defences but existing housing in Moorpark Road, Primrose Way, Meadow
Close, and Boundary Close has floors well above even long-term future 1000 year (annual probability 0.1%) flood levels.
The railway is also above this extreme flood level and there is no flood risk. Figure 10b is a perspective showing the
proposed culvert under the branch railway line and flooding upstream of Aller Road. Analysis again does not confirm the
extent of flooding shown on the indicative flood plain map. The intrusion into the flooded area at river station 4004
represents the effect of the high masonry wall field boundary at that location. Analysis shows that there are no flood relief
benefits to be gained by removing the wall.

Flooding at Brookeador is a frequent occurrence and is due principally to overflow from the Aller Brook. The new road
will discharge into Edginswell Stream and not Aller Brook above the confluence and cannot contribute to increased
overspill from this watercourse. Potential increases in flood levels at the confluence due to road construction are less than
ten millimetres in 100 year conditions, but these potential increases will not be fully realised since highway run-off will be
passed through attenuation ponds which will regulate outflow to present greenfields yields. Figure 10a illustrates present
water levels in blue, maximum potential increases in level due to road construction in green, and future long-term post
climate changes in red. The right hand limit of each curve is the 1000 year event. Other nodes are, from right to left, 500,
200, 100, 50, 25, 10, 5, and 2 years water levels (annual probabilities of 0.2%, 0.5%, 1%, 2%, 4%, 10%, 20%, and 50%
respectively).
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Plate 9. Aller Brook at Brookeador looking west from School Road. The proposed

alleviation channel will begin near the manhole on the right and pass through
the gap in the hedge behind it.

Plate 10. The restricted Aller Brook channel at Brookeador. The proposed alleviation
channel will be the other side of the hedge which will be retained.

The present situation is already unacceptable and will worsen. Although the new road will not contribute to increased flood
risk it is proposed that a floodway will be constructed parallel to the existing Aller Brook channel between School Road
and Padacre so that flow capacity is increased and lower water levels result. Survey to enable design has been completed.
This is the only element of the new road proposals which has not been designed in detail and precise figures are therefore
not yet available. Although it is certain that the situation will be improved it may not be feasible to implement works
capable of raising protection to the indicative 1% annual probability standard.
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Plate 11. Aller Brook at Brookeador looking east to School Road. The alleviation
channel will be sited adjacent to the hedge. A short length of the hedge in the
right foreground will be removed and a new hedge planted to the left of the
new channel.

6. BROOKEADOR TO DACCABRIDGE

The Edginswell Brook channel in this reach, with the exception of a short length at its upstream end, is artificial. It runs
along the railway boundary and there can be little doubt that it was diverted into its present alignment as part of the railway
development.

The channel is straight, uniform, relatively steep and clean. It generally has a high capacity but there is some flooding of
fields and gardens in present 100 years conditions when flow is 6.79 cumecs. Potential 100 year post road flow increases to
7.12 cumecs, and long-term post climate change 100 year flow is 8.54 cumecs. Flow change rates due to road construction
and climate change are 4.86% and 25.8% respectively. There is presently a limited amount of functional floodplain but its
area will increase with the effects of climate change. PPG 25 indicates that its classification be high risk zone 3c.

There are no flood defences but no property, other than Padacre, immediately south of the Edginswell Stream and Aller
Brook confluence, is presently liable to flood under 100 year conditions. The building at Padacre is used as a workshop and
is not inhabited. Its floor level is 16.89 metres above Ordnance Datum and 130 millimetres above present 100 year water
level. Potential post-road flow freeboard is unaffected but post climate change 100 year water level will be 16.93 metres
AOD and 40 millimetres above the floor.

Detailed survey and hydraulics analysis does not confirm the flood boundaries shown on the indicative flood map. Areas
are generally smaller than indicated in both existing and future long-term post climate change 100 year flood conditions.
These three boundaries are mapped on Drawings /SKC/158 and /SKC/159

The houses in Brook Orchard are shown on the indicative flood plain map as being liable to flood. Detailed examination
shows that the houses and their gardens are in fact above present and long-term climate change enhanced flood levels. The
whole field at Padacre will be inundated in future but the flooded area will not extend beyond its hedge and bank boundary
with Brook Orchard gardens
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Plate 12. Padacre looking north. The field floods but the houses in Brook Orchard to
the right do not.

Flooding of the gardens on the east bank and south of Dobbin Arch Bridge occurs frequently and the present 2 year flood
covers wide areas. This means that the gardens are likely to flood on several days each year. Frequency of inundation is
basically unaffected by potential highway run-off and climate change flow increases. Flooding at number 4 Dobbin Arch
could potentially be 21 millimetres deeper due to unregulated highway run-off and 100 millimetres deeper due to climate
change. House floor level is 20.17 metres AOD and existing, potential post-road, and post climate change 100 year flood
levels are 18.371, 18.399, and 18.50 metres AOD. These values show that freeboard against flooding in these varied 100
year conditions is 1.799, 1.771, and 1.67 metres respectively. There is therefore no increased risk of property flooding.
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Plate 13. Dob

bin Arch. Edginswell Stream runs along the railway boundary. The
gardens flood but the houses do not.
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Number 5 St Marys Pound Lane has a threshold level of 18.93 metres AOD. Existing, potential post road, and long-term
future 100 year flood levels here are 18.381, 18.409, and 18.51 metres AOD. Freeboard against flooding is therefore 549
millimetres now. This would potentially reduce to 521 millimetres in non-regulated post road conditions and it will reduce
further to 420 millimetres long-term. Long-term future 1000 year flood level will be 18.68 metres AOD resulting in only
250 millimetres of freeboard in this extreme condition, but house flooding does not occur.

The threshold level of number 3 St Marys Pound Lane is at 21.51 metres AOD, well above the long-term future 1000 year
flood level of 18.70, and the house is not at risk.

Kings View and Garth Cottage, also in St Marys Pound Lane, are high above extreme flood levels as is number 1 Rose
Hill. There is no flood risk to any of these properties.

A new house has been built in Daccabridge Road adjacent to Rose Hill. Two arches of the Rose Hill viaduct next to the
channel are obstructed by a robust wall. This is the lower bank and therefore would normally provide most of the out-of-
channel flow capacity during times of flood. The railway forms the west bank and is at a higher level.

Analysis shows that garden flooding is likely to occur when flows exceed existing 100 years values. This frequency will
increase markedly with climate change when overspill will be experienced about once in twenty years or so (annual
probability 5%). Figure 10b compares long-term future water levels with unmodified geometry in red, and the effects of
removing the wall as well as the old downstream sluice structure and shows that this would produce only marginal and very
localised benefit to garden flooding which would not effect the houses in Kings Court. Therefore no works are proposed.

Flooding is currently experienced in Church End Road, west of the railway, when the watercourse feeding Whitpot Mill
overspills. Flow will be maintained in the existing channel but higher discharges will be reduced as a result of interception
and catchment capture by roadworks. Highway run-off together with intercepted flows will be discharged to Edginswell
Stream through an attenuation pond constructed as shown on Drawing /SKC/031C in the field immediately west of the
proposed new railway culvert conveying Manor Bypass Channel flows under the railway to Daccabridge playing field.
(vide section 8 Daccabridge to Manor Drive rail crossing). The pond shown on Drawing /SKC/139 will regulate
outflow to the same rate as presently generated by the same areas in their undeveloped state. Peak flow rates in the
receiving watercourse will not be enhanced and the pond will provide the same water quality and pollution control benefits
as the pond at Aller.

7. DACCABRIDGE

The area has a long history of frequent property flooding which existed before the recent development at Kings Court
where some new properties have also been built within the flood zone (Table 2 below).

Although there is development here it is nonetheless floodplain and the appropriate classification must be at least high risk
zone 3a. There are no flood defences therefore the area in its present state should not be considered suitable for
residential or any other form of development.

Table 2. Flood levels at Kings Court. (levels AOD and freeboard are in metres)

House No. | Floor level | Existing Existing Future 100 | Future 100 year | 100 year | 1000 year
100 year | 1000 year | year WL 1000 year | freeboard | freeboard | freeboard
WL WL WL now future future

1 20.13 19.92 20.02 20.02 20.13 0.21 0.11 Zero

2 20.13 19.88 20.00 20.00 20.12 0.25 0.13 0.01

3 20.56 19.82 19.93 19.93 20.06 0.74 0.63 0.50

Figures 10c, 10d, and 10e illustrate these water level and floor level differences. Figure 10c shows that the floor is well

above both the long-term future 100 and 1000 year flood levels. However the 100 year flood makes contact with the
building and in 1000 year conditions surrounds it. Figure 10d shows that at No. 2, as at No. 3, existing 100 year floods
make contact with the building, that future 100 year flood level is the same as the present 1000, and that at future 100 and
1000 year levels the house will be completely surrounded by floodwater. At no time in the indicative standard 1% annual
probability events is freeboard against flooding adequate. Figure 10e shows that No. 1 is similarly at risk except that in
future 1000 year conditions it will be flooded.
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Plate 15. Daccabridge. The three houses to the right flood frequently but will be less
vulnerable when the proposed bypass channel has been constructed. Flow in
the relief channel will return to the existing channel at the point from which the
photograph was taken.

Plate 16. 1 Kings Court will be surrounded by floodwater in 100 year conditions.

Figure 10f is a perspective of present flooding and shows houses 47, 49, and 53 Daccabridge Road properties to the left of
the arched Daccabridge to be flooded. It also shows that 1 and 2 Kings Court are surrounded by floodwater.

Detailed analysis shows that some older property in Daccabridge Road is presently liable to flood when the flow exceeds
3.9 cumecs. This occurs now as frequently as once in any 10 years (annual probability 10%) Figure 11 shows that this
flooding could increase in future to once in 7 to 8 years (annual probability 13.3%) without highway run-off regulation and
that predicted climate change flows will increase flooding to once in 3.5 years (annual probability 28.6%) at which time
unregulated highway run-off would have practically no effect.
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Daccabridge is a listed structure. Roads are very narrow and steep making access very difficult. The area is congested with
services not the least of which is the Aller Valley Trunk Sewer. Because of these and other problems the existing channel
cannot be adequately improved and no viable route could be found for the construction of a relief culvert even if it could be
constructed below bed and within channel. Consequently when one of the houses liable to flood, number 53 Daccabridge
Road, was recently put up for sale it was purchased by Devon County Council on the basis that its demolition, together
with that of its garage, will provide enough space to allow flood alleviation works to be implemented. Meanwhile the
property is being leased prior to scheme construction.

Plate 17. 53 Daccabridge Road is now owned by Devon County Council. It will be
demolished to make space for the proposed relief channel and access to
the playing field and playground.

Plate 18. 53 Daccabridge Road and its proximity to the railway retaining wall.
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Plate 19. Kings Meadow, Daccabridge. Edginswell Stream flows under the trees to the
right. The grass and road flood in severe events but the houses do not.

It is proposed to construct a masonry lined flood relief channel adjacent to the railway through the space made available by
the demolition referred to above. The relief channel will be built between points just downstream of the existing bridge and
the existing channel at the northern end of the playing field where it bends east away from the railway. The channel will be
rectangular and 1.9 metres wide. In some places it will have sides raised slightly above existing ground level to provide
adequate freeboard against overtopping. Access to the playing field will be maintained alongside the new channel.
Migratory fish passage through the existing channel will be possible at all times and the relief channel has been designed to
ensure that it will be passable to fish other than in larger flows when fish movement is unlikely. Low flows are maintained
in the existing channel but other than in severe drought the alleviation channel bed will remain wetted. Table 3 below
shows flow divisions.

Drawing /SKC/047B shows alternative positions for the proposed alleviation channel outlet and details of the channel are
given on Drawing /SKC/104A.

Table 3. Flow divisions between the existing and proposed alleviation channel. Flow values are in cubic metres per
second (cumecs)

Alleviation
Return period Total streamflow | Existing channel Alleviation channel flow as %
(years) flow channel flow of total
2 3.25 1.40 1.85 57
5 4.22 2.10 2.12 50
10 4.78 2.55 2.23 47
25 5.44 3.10 2.34 43
50 5.92 3.50 2.42 41
100 6.40 3.93 2.47 39
200 6.89 4.47 2.42 35
500 7.54 5.03 2.51 33
1000 8.04 5.50 2.54 32

Figure 11 further shows the flood alleviation benefits produced by the proposed works which are that flooding in proposed
future long-term conditions will be reduced to a maximum frequency of once in 20 years or so (annual probability 5%).
The indicative 1% standard cannot be met by viable methods. The proposed scheme therefore represents a minimum
fivefold improvement when comparing proposed and unmodified long-term situations, and probably a good deal more. The
probable effect would be to reduce flooding to once in 80 years or so (annual probability 1.3%) subject to stream banks not
being lowered, or the implementation of other detrimental works not under Devon County Council control. Present day
benefits are greater, and are positive throughout, but these benefits will reduce over time to those stated for the long-term.
Figure 11b shows the proposed relief channel and long-term future flooding.
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Indicative and modelled flooded areas are shown by Drawings /SKC/158 and /SKC/159
8. DACCABRIDGE TO MANOR DRIVE RAILWAY CROSSING

The existing Edginswell Stream channel against the railway embankment through the playing field is wholly artificial. It is
of limited capacity and overflows frequently leading to flooding of the field. The area is floodplain and is categorised as
high risk zone 3c. There are no flood defences but the indicative flood plain map shows properties on the west side of
Weavers Way to be liable to flood.

The restricted channel and bridges at Daccabridge obstruct flood flows and raise water levels so that the upstream playing
fields flood more frequently than would otherwise be the case. This flooding will be reduced as shown by the figures in
table 4 below.

Table 4. Playing Field flood benefit. Levels in Metres AOD

Return Existing Existing Future Future WL | Proposed | Difference | Difference | Difference
period flow water level flow noworks | future WL 2)-() (3)-(1) 3)-(2)
years cumecs cumecs (2) (3) metres metres metres
2 2.55 20.20 3.25 20.25 20.11 0.05 -0.09 -0.14
5 3.31 20.26 4.22 20.31 20.19 0.05 -0.07 -0.12
10 3.74 20.29 4.78 20.34 20.24 0.05 -0.05 -0.10
25 4.26 20.31 5.44 20.36 20.29 0.05 -0.02 -0.07
50 4.64 20.33 5.92 20.38 20.32 0.05 -0.01 -0.06
100 5.05 20.35 6.40 20.39 20.35 0.04 Zero -0.04
200 5.40 20.36 6.89 20.42 20.37 0.06 0.01 -0.05
500 5.91 20.38 7.54 20.46 20.39 0.08 0.01 -0.07
1000 6.31 20.39 8.04 20.50 20.41 0.11 0.02 -0.09

The above values show clearly that long-term future post-works water levels will be lower in conditions less severe than
100 years period than existing levels with the smaller present flows. The proposed works will reduce otherwise attained
flood levels over the whole range of floods examined.

The above Table 4 also shows that flood risk in the indicative 1% annual probability flood will not increase long-term if
the proposed works are constructed.

As stated previously, houses in Weavers Way on the east side of the playing field are shown on the indicative flood map as
being liable to flood. Detailed survey and analysis shows that the playing fields do flood but that the eastern flood limit,
even in extreme 1000 year conditions, does not extend beyond the bank which slopes up from the playing field to the
gardens in Weavers Way. Figure 11a, which is for a location at the northern end of the playing field close to Daccabridge,
illustrates present and long-term future 100 year flood levels. The indicative flooded area together with the modelled
boundaries are shown on Drawings /SKC/158 and /SKC/159.

Approximately 80 metres south of the playing field boundary the channel bends east away from the railway and rises away
from the valley floor, and between the houses, passes under the road in Manor Gardens, and then flows through the gardens
on the east side of the road. The channel is again wholly artificial and for most of its length upstream to the railway
crossing at Manor Drive is perched above the valley floor. The banks are largely revetted with concrete and masonry and
the natural bed has been hardened in some areas by concrete. Channel capacity is limited, particularly at the upstream end
of the reach, just downstream of the railway bridge in Manor Drive. Overspill from the channel here is presently
experienced frequently when flow exceeds 3.3 cumecs which is the present 5 year event, an annual probability of 20%.
Once this overspill occurs water cannot return to the higher level channel and out of channel flow is through the lower
level gardens and along the railway until it rejoins channel flows at the bend near the southern end of the playing field.
Channel and garden flow divisions are given later in Table 5. The area is categorised as high risk zone 3a but there are no
flood defences

Flows through the length of channel at Manor Gardens bridge are supercritical and must be regarded as impassable to
upstream fish movement. No evidence has been found which suggests that migratory fish can or do penetrate this stream
reach through the gardens or otherwise gain access upstream.

Figure 12 shows water levels under existing conditions for 10 and 100 years events and that all flows above the five year
level are “out of bank” on the west side of the channel (left levee). Figures 12a, 12b, and 12c show 2,5, 10, 25, 50, 100,
200, 500, and 1000 year water levels at three sections in the locality where the overspill takes place. Figure 12c shows that
overspill commences at flows of approximately 5 years magnitude (second blue node from the left)
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Flooding around the houses and in the gardens is shown by Figure 12d, and by modern standards is too frequent. It will be
experienced more than twice as often, at approximately 2 years period, with the increasing flows attributable to the effects
of climate change This is also shown by Figure 12c ( first left red node).

Detailed analysis further indicates that in long-term future 100 year conditions six houses on the east side of Manor
Gardens are likely to flood or be surrounded by floodwater, and floodwater will make contact with two others. It has not
been confirmed that water levels will exceed threshold levels at any of these properties but it is apparent that a significant
increase in flood risk will result from the larger flows associated with development of the effects of climate change.

Train View, and property in Timber Terrace presently experience flooding. Investigation has failed to reveal the cause of
this but some residents attribute it to local surface water associated with relatively recent development to the west. The
indicative flood plain map shows that water is ponded against the railway embankment. Detailed analysis confirms this and
that it is likely to contribute to the problems in Timber Terrace. The occupier of Train View has owned the property for 40
years and states that the railway line has been overtopped here 5 or 6 times in that period. Flood levels are limited to
railway level and overspill of the railway will occur in the 100 year design event. It is likely that some part of the old
railway drainage system is still functioning since water issues from the culvert under the railway into the Edginswell
Stream channel at the northern end of the playing field. There are doubts however about how this buried apparatus
operates, or what capacity it may have. It has therefore been decided to ignore it and design the proposed works to cater for
all flow.

Flows through the twin arch railway bridge will be restricted by sealing the southern arch and restricting the northern arch
by building a 1.3 metres wide 0.6 metre deep concrete box culvert inside it. The new bypass channel shown on Drawing
/SKC/105A will be constructed on the west side of the railway to carry excess flows (Table 5 below) to a new 2.1 metre
wide 1.2 metre deep culvert through the railway embankment and into the southern end of the playing field (Drawing
/SKC/146).

Table 5. Existing, unmodified future, and proposed future flows (cumecs) at Manor Drive.

Return Total Existing | Existing | Unmodified | Unmodified | Unmodified | Proposed | Proposed | Bypass
period | existing | channel garden total future future future future flow %
years flow flow flow future flow channel garden flow | channel bypass of total
flow flow flow
2 2.55 2.55 0 3.25 3.25 0 1.57 1.68 52
5 3.31 3.31 0 4.22 3.98 0.24 1.79 2.43 58
10 3.74 3.64 0.1 4.78 4.35 0.43 1.85 2.93 61
25 4.26 4.03 0.23 5.44 4.73 0.71 1.93 3.51 65
50 4.64 4.29 0.35 5.92 5.01 0.91 2.00 3.92 66
100 5.02 451 0.51 6.40 5.31 1.09 2.06 4.34 68
200 5.40 4.73 0.67 6.89 5.63 1.26 20.6 4.83 70
500 5.91 5.00 0.91 7.54 6.00 1.54 20.7 5.47 73
1000 6.31 5.24 1.07 8.04 6.25 1.79 2.08 5.96 74

Figure 13 shows the proposed future 10 and 100 year water levels and illustrates the benefits (compare with Figure 12)
produced by the proposed works. Overspill will not occur on the west bank, where the houses are located. Flooding on the
right bank is limited to Cross Section 105 over a small low level concreted area on the bank top. Figure 13d shows how
future increases in flows will effect water levels and the frequency of garden flooding. It also shows that the indicative 1%
annual probability standard will be met. Figure 13e shows proposed future 100 year conditions with the bypass channel
west of the railway and should be compared with Figure 12d. Figure 14 shows flow divisions between Manor Drive and
the proposed bypass channel.

The existing ditch between the new railway culvert and the old sidings will be filled. This will enable raising a defence by
filling the remaining short length of existing ditch between the proposed new culvert and the southern end of the disused
railway sidings. Figure 14a shows that a transverse floodbank with a top level of 22.0 metres AOD will defend against the
future 1% annual probability flood with 0.20 metres of freeboard against overtopping. It will also just contain the predicted
long-term 1000 year event The bank will be constructed from the railway culvert wingwall to natural ground at that level to
the west. This filling and bank will prevent any possible effect on Train View or Timber Terrace of increased flood risk
resulting from larger future flows from upstream.
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Plate20. Train View looking south. The proposed bypass channel will be constructed
to the right of the railway and the proposed culvert to the playing field will cross
under the railway between the brown lattice fence and the hedge to the right

9. MANOR DRIVE RAIL CROSSING TO HAMELIN WAY

The area between the rail crossing and a point 160 metres north of Parsons Bridge as shown on Drawing /SKC/159 is
functional flood plain and is therefore categorised by PPG 25 as high risk zone 3c. The area is bounded to the east by the
Torquay branch railway line which has intruded into the original floodplain over the whole reach.

There are no flood defences, but there is no property at risk of flooding, therefore flood defences are not required. The
proposed new road is well above flood level throughout and no development is proposed within the floodable areas.

Existing minor watercourses crossing the new road will be culverted with structures designed to facilitate bat and other
wildlife passage. A further culvert with a raised invert will be constructed along the northwest boundary of Parsons Bridge
Lane solely to provide wildlife passage. It will not carry floodwater even in extreme events. A cut-off ditch will be
provided along the uphill (west) road embankment toe to collect any out-of-channel or overland flows. Ground slopes are
steep and the culverts are designed to generate low flow velocities thereby obviating the erosion which would otherwise
occur at natural gradients. Minor channel regrading will be necessary at the culvert outlets to achieve complete emptying.
Part of the new road, approximately 800 metres in length (Drawing /SKC/032C), will drain through a third attenuation
pond (Drawing /SKC/140) to Edginswell Stream 50 metres or so south of the Manor Drive railway crossing.

The lowest parts of the pastures through which the Edginswell Stream flows are regularly inundated by moderate floods.
The area constitutes an important environment which is much used by foraging lesser horseshoe bats. Two fields alongside
the stream between Ganders Caravan Park and the railway are designated as a County Wildlife Site. The field on the north
boundary of Parsons Bridge Lane has been filled and its level next to the watercourse substantially raised.

Areas inundated by present 2 and 10 year floods are shown in blue on Drawings /SKC/047B, /SKC/048B, and /SKC/049B
These areas will be extended by excavation as shown on Drawings /PA/001A, /PA/002A, /PA/003A, /PA/O04A, and
/PA/OO5A which includes removal of a substantial quantity of material from the filled field. Present 2 year flooded area is
0.80 hectares which increases to 1.15 hectares in 10 year conditions. The proposed earthworks will increase these areas
(shown in pink on Drawings /SKC/047B, /ISKC/048B, and /SKC/049B) long-term to 1.47 and 2.52 hectares respectively
which are increases in area of 84% and 119% in the same 2 and 10 conditions. Figure 14b and Figure 14c show the
present and long-term future areas flooded by 10 year events. Figure 14d and Figure 14e show the present and long-term
future areas flooded by 100 year events

The Environment Agency has indicated informally that this provision will be viewed as mitigation for loss of floodplain at

Aller. A further benefit, which has not been evaluated, is that flood storage will also be increased and, as a direct
consequence, downstream flows will be reduced.
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The last length of new highway including the new junction at Hamelin Way (Drawing /SKC/033C) will be discharged to
the Edginswell Stream through a fourth attenuation pond (Drawing /SKC/141) sited on the south bank of the existing
watercourse west of the new road.

Run-off from the new road surfaces on Hamelin Way will be discharged to the Edginswell Stream through the existing pipe
system which was provided, when the road was constructed, to cater for a dual carriageway which was not built.
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