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Glossary

Term

Definition

Fluvial Flooding

Flooding resulting from water levels exceeding the bank level of a
river or stream.
Occurs when water levels in the ground rise above the natural
surface. Low lying areas underlain by permeable strata (e.g. Chalk)
are particularly susceptible.
All watercourses shown as such on the statutory main river maps
held by the Environment Agency and the Department of
Environment, Food and Rural Affairs for which the Environment
Agency has responsibilities and powers
All watercourses that are not designated Main River, and which are
the responsibility of local authorities or Internal Drainage Boards
(IDBs)
Measures designed to reduce the impact of water that enters
property and businesses; could include measures such as raising
electrical appliances.
Measures designed to keep flood water out of properties and
businesses; could include flood guards for example.
Rainwater (including snow and other precipitation) which is on the
surface of the ground (whether or not it is moving), and has not
entered a watercourse, drainage system or public sewer. The term
'surface water' is used generically to refer to water on the surface.

Groundwater flooding

Main River

Ordinary Watercourses

Resilience Measures

Resistance Measures
Surface water/runoff
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Introduction
1.1

Introduction

The Devon County Council (DCC) Flood Investigation Report (Devon Summer
Floods 7th – 8th July 2012 Final Report) concludes that the “flood incident in
Modbury was a result of extremely heavy rainfall causing surface runoff and the
overwhelming of small watercourses through the town, with insufficient drainage
capacity to cope with such a large event. The severe flows also ripped out
vegetation in its path causing a build-up of debris on the grill to the inlet of the
culverted section. Surface water runoff was evident from several directions, in
particular from fields at the top of the valley which was then conveyed down steep
roads into and through the town centre to more properties downstream.”
The DCC report makes a number of recommendations for Modbury which include
maintenance of watercourses and trash screens and raising awareness for property
protection. It is also recommended that DCC, in partnership with South Hams
District Council (SHDC) determine surface runoff issues through Modbury and flows
in the watercourses and culvert capacities by undertaking a catchment study and
rainfall analysis. This summary report sets out the findings from this catchment
study.
Based on the information in DCC’s report and subsequent communications with
DCC, the key elements of the flooding which occurred on 7July 2012 and ongoing
flood risk to the village can be summarised as:
• Approximately 1.3km2 catchment comprising two main steep sided and
predominantly rural valleys draining to Modbury.
• Two key ordinary watercourses running north-south through the village which
have long culverted sections under roads and buildings. Key culverted
sections begin at the Exeter Inn pub on Church Street and at the top of Burns
Lane adjacent to the Co-op. Blockage of the screen at the Burns Lane culvert
contributed to the flooding.
• These watercourses join a further ordinary watercourse near to the Gas
House/Swanbridge Mill area where flow is constrained by the bridge and
further culverts. The ‘East Leigh’ catchment area of this larger watercourse is
approximately 7km2.
• The South West Water (SWW) sewer network shows that the area is largely
served by combined sewers, with some smaller sections of separate surface
water and foul. The indicative flow reported during the July 2012 event follows
some routes of the combined sewer (e.g. Brownston Street and Church
Street) and some of the ordinary watercourses (e.g. Burns Lane).
These and other flood issues associated with the flooding which occurred on 7July
2012 are illustrated in the extract map from the DCC report which is reproduced as
Figure 1.1. The Modbury and East Leigh (Ayleston Brook) catchments are shown in
Figure 1.2.
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Figure 1.1: Flood Extent and Impact in Modbury on 7 July 2012
(reproduced from DCC Flood Investigation Report – Devon Summer Floods 7th – 8th July 2012 Final Report – Dec2012)
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Figure 1.2: Modbury and East Leigh (Ayleston Brook) Catchments
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Figure 1.3: Modbury Catchments showing Natural Flow Routes and South West Water Sewer Network

Figure 1.3 shows the Modbury ordinary watercourse catchments in more detail
together with estimated natural flow routes for surface water and the network of
South West Water sewers.
The DCC Flood Investigation Report (Devon Floods 21st – 25th November 2012
Final Report) provides information on the flooding which occurred on 21st and 24th
November when 6 properties were flooded including the Exeter Inn, commercial
properties in Galpin Street and Swanbridge Mill.

1.2

Scope of Work

The overall objective of the catchment study was to “further understand the flood
mechanisms in the Modbury catchment and recommend next steps to improve flood
resilience in the village”.
The agreed scope of work to meet this objective included the following elements:
ϭ͘
Through a desk-based analysis of available information, supplemented with
site observations, understand the local catchment area, geology, soils, land use,
groundwater levels and other factors that may influence flow generation. Review of
available information to establish a chronology of flooding known to have affected
the village. This would be supplemented with anecdotal evidence gathered as part
of the site visit.

Ϯ͘
Review available information on watercourse and culvert dimensions
and invert levels, and connections with highway drainage and if appropriate
recommend further topographic survey necessary to complete hydraulic analysis. 

ϯ͘
Site visit by hydrologist and hydraulic engineer to understand the
mechanisms of flooding in Modbury in the context of mechanisms in the wider
catchment and taking full account of the DCC flood investigation report and in
consultation with SHDC. The site visit to include a ‘letter drop’ of flood history
questionnaires to gather anecdotal evidence of past flooding.

ϰ͘
Analyse available information on rainfall to better understand the probability
of rainfall leading to the July 2012 event. This data to be processed and the
probability of the July 2012 rainfall over a range of durations established using
FEH rainfall software.

ϱ͘
Estimate peak flows in the three ordinary watercourses using FEH
methodologies at four critical locations: 
ŝ͘ entrance to the culvert at the Exeter Inn on Church Street 
ŝŝ͘ entrance to the culvert at the top of Burns Lane 
ŝŝŝ͘ the combined watercourse passing through Modbury before the Gas
House/Swanbridge Mill area
ŝǀ͘ the larger watercourse before the Gas House/Swanbridge Mill area confluence
Peak flows to be estimated for the 50% (1 in 2), 10% (1 in 10), 3.33% (1 in 30),
1.3% (1 in 75), 1% (1 in 100) and 0.5% (1 in 200) Annual Exceedance Probability
events. Flows also to be estimated for the 3.33% and 1% events plus climate
change as well as the storm event in July 2012.
ϲ͘
Preliminary hydraulic analysis to determine the capacity of the watercourse
systems, concentrating on the key culverted sections identified above as well as the
Modbury Catchment Study
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culverts in the Gas House/Swanbridge Mill area. The analysis should aim to identify
flows at which flooding could be experienced, for example the flow that would give
road flooding, and the flow that would begin to flood properties. 

ϳ͘
Scope and recommend potential options for improving flood resilience in
Modbury and complete an Environment Agency Project Mandate application.

ϴ͘
Summarise work done in a brief report to DCC.

Modbury Catchment Study
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2

Hydrology
2.1

Chronology of Past Floods

The following flood chronology has been collated from: anecdotal information from
local residents, South Hams District Council Flood Management staff, and cross
referenced to information held within the Devon Count Council “Flood investigation
reports” for the July and November 2012 floods.
Table 2.1 Flood chronology of Modbury
Date

Source

Evidence

21/22 December 2012

Residents

Brownston Street and Church Street flooded

November 2012

Exeter Inn flooded

August 2012

November 2011

Exeter Inn flooded,
Residents in
Brownston Street
flooded.
Exeter Inn, Residents
in Broad Street,
Church street flooded.
Exeter Inn

Stream through Exeter Inn overtops resulting in
water under floorboards. Brownston St flooded.
Brownston Street gullies blocked.

4 December 2010

Exeter Inn

12 & 17 November
2010
8 December 2007

Exeter Inn

6 – 7 July 2012

1 November 1992

10 January 1986

12 November 1982

1968

Circa 1930s

Modbury Catchment Study

Residents in Ayleston
Park area and
Swanbridge Mill
DCC Report on
Summer Floods July
2012
DCC Report on
Summer Floods July
2012
DCC Report on
Summer Floods July
2012

Displayed on the
wall in the Modbury
Inn
Displayed on the
wall in the Modbury
Inn

Heavy Rainfall on saturated ground. Flooding up
to a depth of 0.9m. Numerous gullies and
culverts blocked. 28 properties affected.
Stream through Exeter Inn overtops resulting in
water under floorboards
Stream through Exeter Inn overtops resulting in
water under floorboards
Stream through Exeter Inn overtops resulting in
water under floorboards
Heavy rainfall resulted in run off which was
close to exceeding culvert capacity. Swanbridge
Mill farm flooded.
Properties affected, number unknown.
Swanbridge Mill farm flooded.
5 shops and road flooded

5 shops and road flooded

Photo of Broad Street under water.
(Reproduced below, Photo 1)
Photo of Broad Street under water.
(Reproduced below, Photo 2)

7

Photo 1: Broad Street under water in 1968
(Reproduction of photo displayed in the Modbury Inn)

Photo 2: Broad Street under water. Date estimated to be during the 1930s.
(Reproduction of photo displayed in the Modbury Inn)

Modbury Catchment Study
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2.2

Catchment Characteristics

The catchments of the various watercourses running through Modbury are shown in
Figure 2.1. These catchment boundaries have been determined based upon the
natural topography of the land. Table 2.2 provides their catchment areas together
with the details of the Ayleston Brook1.
Table 2.2: Sub-catchment areas of the watercourses passing through or
adjacent to Modbury.
Catchment
No.

Name of
watercourse

Catchment
2
area (km )

1

Unnamed 1

0.217

2

Unnamed 2

0.854

3

Unnamed 3

1.28

4

Ayleston Brook

6.09

5

Unnamed 1

0.265

Comment
Fence that crosses the stream (Outflow
location: SX 6581 5182)
Largely rural catchment draining to the
entrance of the culvert at the top of Burns
Lane (Outflow location: SX 6590 5160)
The combined watercourse passing
through Modbury before the Gas
House/Swanbridge Mill area (Outflow
location: SX 6565 5130)
Ayleston Brook Catchment before the Gas
House/Swanbridge Mill area confluence
(Outflow location: SX 6580 5115)
Exeter Inn (Outflow location: SX 6582
5166)

Catchment altitude ranges from a high of 97mOD in the upper reaches to
approximately 30mOD at the confluence with the Ayleston Brook. The catchment is
relatively steep with a significant portion of catchment being rural in nature: farmland
and improved grassland being the main land cover. Typical banked hedges form the
majority of field boundaries. These banks will form effective obstacles to the flow of
surface waters either re-directing where water goes or cause ponding. Small tracts
of woodland are found in the upper catchment.
The underlying bedrock geology is composed from Lower Devonian Meadfoot
Group (Slates with Grit) with a band of alluvium running parallel with the
watercourses. The soil type found throughout the catchment is predominantly the
Denbigh Palaeozoic slaty mudstone and siltstone. A limited amount of alluvial gley
soil is present along the lower course of the watercourses. This combination of soils
and underlying geology point to a catchment with moderate permeability, and as
such should exhibit neither a very flashy response to storm rainfall, nor the
characteristics of a slower to respond groundwater dominated catchment2.
A spring line exists along the fields to the north east of Dark Lane (Figure 2.1) the
most notable spring being Silver Well. The reason for this spring line is not fully
understood but it will relate to the sub-surface geological conditions.
1

Note that the Ayleston Brook catchment to the Gas House/Swanbridge Mill confluence
(catchment number 4) is not shown on Figure 2.1.
2
FEH catchment descriptors BFIHOST = 0.597, SPRHOST = 31.9
Modbury Catchment Study

9

Floodplains are not an obvious feature of the sub-catchments draining through
Modbury. Nor are standing water bodies, though a sizeable pond is present in
Traine (Figure 2.1). There is therefore limited natural storage of surface water flows.
As noted, the hedge embankments do in places cause the ponding of water.
Evidence of this was seen during the site visit along the south side of the Unnamed
2 watercourse immediately adjacent to the stream.
During the site visit attention was drawn to 2012 flood flow paths that did not
conform to the delineation of the sub-catchments as depicted in Figure 2.1. These
occurred at the top end of Brownston Street and to a large extent gave rise to the
flooding that ran down this road to the centre of the town. The contributing area of
this flow is indicated in Figure 2.1 and given the name in the key of Hydraulic
Pathways, named A - C. These pathways all had an artificial component associated
with them. Figure 2.2 enlarges the area affected and shows the location of
photographs taken along the pathways.

Modbury Catchment Study
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2

Pond

Ponding behind
hedge banks
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Figure 2.1: Modbury watercourses and their sub-catchments. (Numbers identify the outflow location of the numbered
catchment)

3

5

1

Spring line

Y
X

Z
W

Figure 2.2: Areas contributing to the 2012 flood flows that went down
Brownston Street (The letters refer to the location of the photographs
presented below).
X – Surface flood water followed the field
hedge bank until it cut down the track at the
site of a gateway. Flow scoured out a
shallow channel. Flow was contained by the
track and flowed out onto the top end of
Brownston Street.
Photo shows flood water running down track
during the winter 2012 event. (Unlikely to
have been taken at time of peak flow).
[Photo – provided by Brownston Street
resident]
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Z – Excess surface flow from the field
(directed by field boundary hedge bank)
joining the road. Drain in road did not
capture the flow (either incorrectly
positioned or without sufficient capacity at
the time).
Photo shows flood water running out of the
field during the winter 2012 event. (Unlikely
to have been taken at time of peak flow).
[Photo – provided by Brownston Street
resident]
Y – Surface flood water from the field was
directed by the field hedge bank to the
gateway. Flood water discharged on to
the road but was unable to cross to the
field on the other side (the natural flow
path) due to the raised nature of the road
corridor. Water found alternative route
down the road to Brownston Street.
Photo shows flood water running out of
the field during the winter 2012 event.
(Unlikely to have been taken at time of
peak flow).
[Photo – provided by Brownston Street
resident]

View of flood flow travelling down the top
end of Brownston Street.
Photo shows flood water during the
winter 2012 event. (Unlikely to have
been taken at time of peak flow).
[Photo – provided by Brownston Street
resident]

The flows from Hydraulic Pathway A were approximately judged by the local
resident to have contributed 20% of the overall flow coming from the shaded area in
Figure 2.2. Contributions from Pathways B and C were both judged to have
contributed about 40%. Without the artificial influence of the field boundary banks
and the tracks/roads these flows would not naturally flow into the top end of
Brownston Street.

Modbury Catchment Study
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Another potentially pertinent observation during the site visit in February 2013 was
that the grass was very short in these fields. It is not known if this were also the case
during the floods of 2012. If it were then this may have been a contributory factor
that promoted rapid runoff from the fields.

2.3

Design flows

Design flows have been calculated for the 5 catchments detailed in Table 2.1 using
both the Flood Estimation Handbook (FEH) statistical pooling group approach and
the Revitalised Flood Hydrograph (ReFH) rainfall-runoff model. Both methods are
recommended approaches in the most recent version of the EA Flood Estimate
Guidelines (June 2012). The ReFH flood flow estimates shown are given Table 2.3
and those estimated using the FEH pooling group approach in Table 2.4.
Table 2.3:

ReFH design flow estimates
3 -1

Annual probability
(%) (Return Period)

Flow (m s )
Catchment
1
0.78

Catchment
2
1.83

Catchment
3
2.85

Catchment
4
9.41

Catchment
5
0.95

1% (100yr)

0.64

1.52

2.37

7.89

0.78

1.3% (75yr)

0.60

1.41

2.20

7.36

0.73

3.33% (30yr)

0.47

1.12

1.75

5.93

0.57

0.5% (200yr)

10% (10yr)

0.35

0.86

1.34

4.64

0.43

50% (2yr)

0.20

0.52

0.81

2.89

0.24

Catchment
4
7.04

Catchment
5
0.54

Table 2.4:

FEH pooling group design flow estimates
3 -1

Annual probability
(%) (Return Period)
0.5% (200yr)

Flow (m s )
Catchment
1
0.44

Catchment
2
1.26

Catchment
3
1.94

1% (100yr)

0.38

1.09

1.68

6.10

0.46

1.3% (75yr)

0.33

0.95

1.45

5.28

0.40

3.33% (30yr)

0.29

0.82

1.26

4.57

0.35

10% (10yr)

0.23

0.67

1.03

3.74

0.28

50% (2yr)

0.15

0.43

0.66

2.40

0.18

Although the two sets of design flow estimates differ this is not considered unusual.
It perhaps serves to emphasise that estimates of design flood flows in ungauged
catchments will inevitably have a degree of uncertainty associated with them.
Recent research work3 on estimating flood flows in small catchments (those with
catchment areas of less than 30km2) has shown that in general the FEH pooling
group provides a better estimate of the 2 year flow than the ReFH. However there is
appreciable variation in relative performance between sites. For this reason the
pooling group estimates are usually preferred over those of the ReFH, though there
remains uncertainty and it could be possible that the ReFH estimates are closer to
the real values. Given this uncertainty, design flows and capacity assessments
made in later sections of this report have been based on the ReFH assessment.
3

Faulkner D et al, 2012. Estimating flood peaks and hydrographs for small catchments:
Phase 1 Project: SC090031. EA & DEFRA report for the Flood and Coastal Erosion Risk
Management Research and Development Programme.
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The flood frequency curves presented above are for the current situation, however
looking to the future an allowance for climate change should also be considered.
Guidance on the suitable allowance is taken from the Environment Agency’s
document: “Adapting to Climate Change: Advice for Flood and Coastal Erosion Risk
Management Authorities.”
http://www.environment-agency.gov.uk/research/planning/116707.aspx
This document replaces the DEFRA 2006 guidance.
The current Environment Agency guidance suggests the allowances given in Table
2.5 be considered for fluvial flood flows in the south west of England. The change
factor corresponds to the central estimate of change from the research and is the
one used in this study. However the upper and lower estimates are also provided to
represent the full range of potential changes and give an indication of the
uncertainty that currently exists with these projections. The projections are
percentage changes to a 1961-90 baseline.
Table 2.5: Climate change allowances for fluvial flood flows

Upper end
estimate
Change factor
Lower end
estimate

Total potential
change anticipated
for the 2020s
30%

Total potential
change anticipated
for the 2050s
40%

Total potential
change anticipated
for the 2080s
75%

15%
-5%

20%
0%

30%
5%

Tables 2.6 and 2.7 provides design flows with climate change projected to the 2050s
time horizon for the 0.33% and 0.1% annual probability events (30 and 100 year
events).
Table 2.6: FEH pooling group design flows with 2050s climate change
allowance included
3 -1

Annual probability
(%) (Return Period)

Flow including allowance for climate change (m s )
Catchment
1

Catchment
2

Catchment
3

Catchment
4

Catchment
5

1% (100yr)

0.46

1.31

2.02

7.32

0.55

3.33% (30yr)

0.35

0.98

1.51

5.48

0.42

Table 2.7: ReFH design flows with 2050s climate change allowance included
3 -1

Annual probability
(%) (Return Period)

Flow including allowance for climate change (m s )
Catchment
1

Catchment
2

Catchment
3

Catchment
4

Catchment
5

1% (100yr)

0.77

1.82

2.84

9.47

0.94

3.33% (30yr)

0.56

1.34

2.10

7.12

0.68

It should be noted that the typical design event that DCC would aim to achieve with
new works would be up to the 1% annual probability event (100 year) with allowance
for climate change. The values given in Table 2.7 for the 1% annual probability (1 in
100 annual chance) event have been adopted for comparison with estimated
capacities which are made in Section 4.

Modbury Catchment Study
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2.4

Estimation of Peak Flows for July 2012 Event

The Revitalised Flood Hydrograph rainfall-runoff modelling software (ReFH) was
used to simulate the July 2012 flood event. Due to the catchments being ungauged
FEH catchment descriptors were used to derive specific catchment parameters such
as the maximum soil moisture capacity (Cmax), Baseflow recession constant (BL),
Baseflow Recharge (BR) and Time to Peak (Tp). It is noted that these parameters
are best estimated from hydrometric data when available. An assumed 1.4mm/day
evaporation rate was used. MORECS soil moisture data suggests a soil moisture
deficit of 2mm existed prior to the storm. The initial soil moisture capacity (Cini) was
taken to be the winter design value of 120mm.
The RADAR rainfall for each sub-catchment was derived by areal scaling of the
grids covering the catchments. Table 2.8 shows the predicted peak flows whilst
Figure 2.3 shows an example of the derived event hydrograph for Catchment 3.
Table 2.8: ReFH: 7 July 2012 peak flow estimates
3

Catchment
Catchment 1
Catchment 2
Catchment 3
Catchment 4
Catchment 5

Flow (m /s)
1.27 Scaled
1.41 Scaled
Rainfall
Rainfall
0.17
0.19
0.52
0.59
0.79
0.89
3.32
3.82
0.21
0.23

Figure 2.3: ReFH simulation of the 7 July 2012 flood hydrograph for
Catchment 3
Modbury Catchment Study
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Figure 2.3 predicts that two discreet flood peaks occurred during the 6/7 July 2012
flood event as a result of the two periods of significant rainfall. The first flood peak is
predicted to have occurred just before midday on 6 July 2012, with the peak flow
estimated as 1.26m3/s. The observed rainfall indicates that this precipitation event
was of short duration but relatively high intensity. The second similarly sized flood
peak occurred roughly 14 hours after the first during the early hours of the morning
of the 7 July.

2.5

Analysis of the rarity of the July 2012 event

Rarity of the July 2012 event has been based on:

1. Estimation of the rarity of the flood in surrounding gauged rivers that have longterm records.
2. Analysis of the Modbury rainfall event.

3. Comparison of the simulated ReFH peak flow against the ReFH predicted flood
frequency curve.
2.5.1 Rarity assessment of the July 2012 event based on the flows recorded
at local river gauging stations
The catchments of the nearest long-term river gauging stations are shown in Figure
2.4, together with the Modbury catchments. The long-term gauged catchments are:
the Yealm at Puslinch, the Erne at Ermington and the Avon at Loddiswell. Their
catchment boundaries are overlain upon a rainfall radar image that shows total
rainfall accumulations per 1km (mm) from 23:00 GMT 05-July-12 to 23:00 GMT 07Jul-12. (Note that rainfall depths less than 50mm have been screened out).
The maximum levels recorded at these river stations during the July 2012 event
have been taken from the Devon County Council “Flood Investigation Report” for the
July event. Levels have been converted to flows using the rating equations given in
the Hiflows-UK dataset (www.environment-agency.gov.uk/hiflows) and added to the
Hiflows annual maximum flow series. The ranking of the event within the annual
maximum series at each station in conjunction with the Gringorten formula was used
to estimate the rarity of the flood event at each site (Table 2.9). A further notable
flood event was experienced across Devon in late November 2012 and using the
same methodology the rarity of this event is also presented in Table 2.9.
The 7 July 2012 event was ranked the largest event in both the Erme at Ermington
and the Avon at Loddiswell records (38 and 34 year records respectively). The
return periods of 68 and 61 years should only be taken as indicative since
appreciable uncertainty is to be expected in such estimates for the rarest event on
record. The rarity at these stations suggests the 7 July 2012 flood may have had a
return period of between 50 and 100 years (equivalent to an annual exceedence
probability of 1% to 2%). Further to the west the event at Yealm at Puslinch is
assessed to be about a 20-year event (AEP = 5%).
Using these rarities as surrogates for the Modbury catchments is, however, to be
cautioned. Although the actual location of the gauging stations may be relatively
close to Modbury their catchments are larger, extending much further to the north
and were subject to even greater rainfall totals in these northern portions of their
catchments (Figure 2.3). Whereas totals in Modbury are suggested by the radar to
lie between 50 and 75mm those in the north appear to lie between 75 and 100mm.
There is also a subtlety that catchments of differing physical characteristics (of
which size is one) exhibit different sensitivities to rainfalls of different durations and
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temporal profiles. This aspect is more properly accounted for in the estimation of the
rarity of the event via FEH rainfall-runoff simulation in the following section that
explicitly considers the characteristics of the storm rainfall estimated to have fallen in
Modbury.

Figure 2.4: Local catchments with long-term river gauges used to assess the
rarity of the July 2012 flood event. The background shows where radar
estimated rainfall totals between 23:00 05-July to 23:00 07-July are estimated
to have exceeded 50mm (totals less than 50mm are screened out). (Source of
background map: DCC, 2012. Flood investigation Report - Devon Summer Floods
7th – 8th July 2012).
Table 2.9: Estimated rarity of the 7 July 2012 and the 24/25 November 2012
floods at the three long-term river gauges near to Modbury

Record
length*
(years)

7th July 2012

24/25 Nov 2012

Flood
Return
ranking period
(years)
3rd
19

Flood
Return
ranking period
(years)
12th
4

River

Station
name

Station
number

Yealm

Puslinch

47007

49

Erme

Ermington

46006

38

1st

68

4th

11

Avon

Loddiswell

46008

34

1st

61

3rd

13

* Number of complete years used in the analysis

Although direct transfer of flood rarity from these local catchments is cautioned this
analysis does set the Modbury flood in a wider regional context in which some of the
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local rivers are likely to have experienced floods on the 7 July 2012 that had return
periods of between 50 and 100 years4.
2.5.2 Rarity assessment of the 6\7July 2012 rainfall event in Modbury
To provide a more detailed understanding of the event, the rainfall radar data for the
Modbury catchments was obtained from the Met Office. The finest resolution data
available was on a spatial 2km grid at a time step of 5 minutes and represented
snap shots of the rain that was falling at that time. Although this data has been
processed by the Met Office it was considered prudent to ground truth it against
local rain gauges. Four daily rain gauges were considered (Figure 2.5; Table 2.10).
Given that the Higher Ludbrook gauge is the closest to the Modbury catchments the
adjustment factor of 1.41 was chosen to adjust the radar data. Figure 2.6 shows the
temporal profile of the Modbury rainfall that caused the flooding.
Figure 2.7 shows the rarity of the Modbury rainfall event as a function of duration
based on the FEH depth-duration-frequency model.

Figure 2.5: Met Office rain gauges used to ground truth the radar data for
Modbury
Table 2.10 Results of the radar ground truthing against local rain gauges
(Rainfall depths refer to the rainfall that fell between 09:00 6-July and 09:00 7-July
2012)
Rain gauge

Ermington
H. Ludbrook
Kingston
Loddiswell

Distance to
Modbury
catchment (km)
6.3
2.7
5.7
5.4

Rain
gauge
(mm)
63.3
67.9
58.3
59.4

Radar
estimate
(mm)
52.4
48.2
47.7
54.7

Gauge/Radar
ratio (adjustment
factor)
1.21
1.41
1.22
1.09

4

These estimates should be considered to be provisional as more detailed assessments of
these gauges would be required to more fully substantiate these estimates.
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Total rainfall = 74.4mm

Figure 2.6: Modbury catchment 5 minute rainfall that caused the 7 July 2012
flood

Figure 2.7: Assessment of the rainfall rarity of the Modbury 6/7 July 2012
storm as a function of duration
Based on this analysis the highest storm event rarity occurs for a duration of 22
hours and would appear to have a return period of about 20 years (equivalent to an
annual exceedence probability of around 5%). However the size of the Modbury
catchments would suggest that the runoff response would not be especially
sensitive to such a long duration and that the rainfall rarities of less than 500
minutes would be of more relevance to the estimate of the flood rarity. Assuming the
rainfall rarity as a surrogate for the flood rarity is also further complicated by the
presence of the two distinct periods of rainfall within the overall event. It is
possible\likely that the first period of rainfall effectively primed the catchments to a
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heightened state of saturation which resulted in higher than normal runoff during the
second period of rainfall. This may have caused a much larger flood than the rarity
of the rainfall would suggest. This aspect is further investigated in the next section
2.5.3 Estimation of flood rarity from a comparison of the ReFH simulated
event flow to that of the ReFH design flood frequency curve
This method mimics the FEH method of estimating flood rarity using the FEH Unit
Hydrograph rainfall-runoff model which is described in Flood Estimation Handbook
Vol 4. The ReFH rainfall-runoff model has superseded the FEH rainfall-runoff model
however the same principles are judged to apply. First the model is set up to
produce a design flood frequency curve. The same model is then used to simulate
the observed event using event specific rainfall and antecedent conditions. Where
the simulated peak flow intersects the flood frequency curve the return period can
be read off. This approach has the benefit that it accounts for both the rainfall and
antecedent conditions together with the flood response dependence on the temporal
profile of the rainfall event which in the case of the 6\7 July event was complicated
by the two distinct pulses of rainfall.
Figure 2.8 presents the results of this analysis. The 6\7 July 2012 event is predicted
to be only a 8-year event. A sensitivity analysis on the Cini values suggests that had
the initial soil moisture capacity been 30mm greater (Cini = 150mm) then the flood
return period would have been about a 20-year event.

ReFH Simulated flow

8 year event

Figure 2.8: ReFH simulated peak flow of the July 2012 event for Catchment
3 compared to the equivalent design flood frequency curve
2.5.4 7 July 2012 event rarity summary
a) Larger catchments slightly to the north of Modbury may have experienced floods
with rarities up to 50 and 100 years. However greater amounts of rain fell in their
northern portions, plus their greater size may have made their response
particularly sensitive to the duration of the rainfall.
b) Rainfall return periods for Modbury suggest a maximum rarity of almost 20 years
for the full storm event. However the shorter durations, more in keeping with the
expected sensitivity of the small Modbury catchments, only have rainfall return
periods of about 5 years.
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c) Simulation of the flood using the ReFH model suggests a flood rarity of 10 years.
The analysis has not resulted in an unambiguous estimate of the flood return period
of the 7 July 2012 Modbury flood. It is consequently tentatively suggested that it be
considered to be between a 10 and 30-year event. This is not inconsistent with the
flood chronology which indicates that Broad Street has been flooded on several
occasions over the last 100-years.
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3

Site Inspection Observations
3.1

Introduction

Site visits to Modbury were conducted by Ronnie Falconer (Jacobs hydraulic
engineer) on 19, 20 and 21 February and David Price (Jacobs hydrologist) on 20
and 21 February to gather information and view catchment characteristics, stream
channels and culverts; and assess likely flood mechanisms and potential flood
mitigation measures for further consideration (see Section 5). Nick Colton (Devon
County Council), Paul Taper (South Hams District Council), and Richard Behan
(South West Water) attended on 19 February as well as members of the local Parish
Council who assisted in providing information on local flooding issues.
A letter drop including a questionnaire seeking further information from affected
residents and commercial premises on local flooding was conducted on 20
February. Copies of the questionnaire and covering letter are included in Appendix
A. The assistance of Mark Lawrence from the local Parish Council with this exercise
was much appreciated. The information provided by Alan Strowger (Middle Traine)
about the sources of runoff down Brownston Street and by residents at Swanbridge
Mill and the Gas House was also much appreciated.
Selected photographs taken during the site visits are included in Appendix C and
referenced in the text.
Note that all dimensions, lengths and gradients were estimated at the time of or
immediately following the site visit and are subject to confirmation by later detailed
survey should this be justified.

3.2

Exeter Inn Catchment

Observations: This small semi-urban catchment originates in open fields to the
north-east of Dark Lane which appear to be semi-permeable and able to generate
significant runoff. Spring flows were observed which are reported by a local resident
to run at a relatively constant rate. The watercourse is culverted (approx. 300mm
dia.) from the Fire Station at Dark Lane (E2, E3 and E4) and emerges in open
channel south-west of Cromwell Park (E6). Local residents also reported surface
flows during heavy rainfall along Dark Lane which are likely to contribute to flow in
this watercourse.
The watercourse then flows for about 300m through open pasture land (E7, E8 and
E9) to a collection chamber about 80m north of Back Street. The entrance to this
chamber is screened (approx.. 600mm wide) – the depth of the entrance appeared
to be about 600mm but was restricted to about 200mm by debris build-up at the time
of observation (E10). The lower stretch of the watercourse adjacent to the western
boundary wall of Middle Traine runs in an artificial channel above the lowest level of
the valley (possible evidence of use as a mill lade). From the collection chamber the
watercourse is culverted as far as the rear garden of the Exeter Inn (reported to be
twin 600mm dia. and 250mm square culverts to Back street and then combined
culvert approx. 600mm wide and 450mm high at outlet) (E13). At the rear garden of
the Exeter Inn there is a short open channel section (approx. 770mm wide and
1040mm deep) (E15). Surface water flows form Back Street were reported to
contribute to flooding at Exeter Inn (E11 and E12).
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The watercourse is culverted below the Exeter Inn (approx. 600mm wide and
300mm high at inlet) but includes a short open channel section between the gents
and ladies toilets (E19). There is a small supplementary bypass channel (screened
at the inlet) and pipe through the access alleyway adjacent to the Inn (300mm dia.
bypass pipe followed by 450mm wide by 300mm deep open channel followed by
twin 150mm dia. pipes at outlet) (E14, E16, E17 and E18)). The culvert system
below the Exeter Inn appears very constricted (pipework noted within culvert) (E20)
and the cross section is likely to vary.
Flood marks within the Exeter Inn (E21) indicate a depth of flooding within the
premises of 370mm above floor level for the 7/8 July 2012 event but higher at this
location (570mm depth above floor level) for the flood event around 21/22
December 2012.
From the Exeter Inn (E1) the watercourse continues in culvert (see CCTV survey
information) to the junction with the culverted watercourse from Burns Lane. This
junction is about 50m east of Modbury Health Centre and 80m from the downstream
discharge point of the combined watercourse culvert.
CCTV survey: A CCTV survey of part of this culvert from Church Street continuing
for about 70m downstream was undertaken for DCC by Exjet Services in October
2012. This indicated culvert cross section over this length varies from 675mm wide
by 575mm high rectangular masonry construction to 650mm wide by 525mm high
U-shaped concrete construction to 525mm dia. circular brick construction in poor
structural condition. The presence of tree roots, service pipe crossings and other
protrusions was noted which are likely to restrict capacity.
Likely flood mechanisms: The present culvert system from the collection chamber
downstream and below the Exeter Inn is unlikely to have sufficient capacity to
convey flow generated during extreme rainfall events even with the bypass channel
arrangement. Upstream of Exeter Inn surface water flows from Back Street may also
be contributing to flooding. Flows which exceed the capacity of the culvert system
are likely to result in flooding at Church Street (including the Exeter Inn) and
possibly contribute to flooding at the Pondwell Street area and health centre.
Surface water flows down Brownston Street are also likely to contribute to flooding
at Church Street.

3.3

Burns Lane Catchment

Observations: The ‘Burns Lane’ watercourse extends approximately 2km upstream
from Burns Lane. The catchment above Modbury is predominantly rural farmland
and there appears to be little or no floodplain with the watercourse contained within
a relatively shallow V-shaped valley. Nevertheless there may be some scope for
flood storage flood mitigation options to be considered in the farmland areas in the
middle catchment (BL1, BL2, BL3 and BL4). The valley slopes are approximately
1:5 to 1:10 and the gradient of the watercourse approximately 1:50 to 1:100
(average 1:60).
Approximately 150m upstream from the Burns Lane culvert entrance, drainage from
the relatively recent developments at Old Traine and Ayleston joins the watercourse.
This drainage is reported to be attenuated by SuDS storage and open ponds are
evident at Old Traine (BL5). Road drainage from Brownston Street in the vicinity of
Traine Villas is reported to drain to these ponds via a surface water pipe.
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The culvert entrance at Burns Lane (BL7) is approximately 1250mm wide by 750mm
high with invert level approximately 2m below ground level. The entrance has a
sloping screen arrangement although access to clear debris during flood conditions
is restricted. It is understood that blockage of this screen contributed to the 6/7 July
2012 flooding but that the screen did not block during the flood event around 21/22
December 2012 (BL8 to BL16 show general locations of flooding). The watercourse
channel upstream averages about 1-1.5m wide and 1.1m deep (BL6).
The culvert is reported to have been constructed about 10years ago. The overall
length down to the culvert exit near the Health Centre is about 265m and the
gradient appears to be about 1:125. The ‘Exeter Inn’ culvert is understood to join in
a chamber about 80 m upstream of the exit point (BL15). The culvert size at the exit
point (BL17) is about 1250mm wide by 750mm high (reduced to about 600mm at the
time of observation by gravel deposits) and the downstream channel about 1.5m
wide and 1.2m deep.
The watercourse then continues towards Swanbridge Mill in open channel (BL18)
for about 135m along the line of the old mill lade and above the lowest level of the
valley. Upstream from Swanbridge Mill the watercourse discharges at right angles
(BL19) into a culvert (approx. 600mm wide by 800mm high changing to a 600mm
dia. pipe and 20m long) which discharges to the original watercourse (BL20) which
then extends a further 115m to the Ayleston Brook discharging through three short
culverts below the road comprising 1000mm, 900mm and 600mm dia. pipes.
Likely flood mechanisms: The culvert at Browns Lane overtopped during the 6/7
July 2012 flood event apparently due to screen blockage. It is understood that no
blockage occurred during the flood event around 21/22 December 2012. The
overtopping during July resulted in flooding at Broad Street, the Poundwell Street
area and the Health Centre. There are some reports of surcharging and flooding
from manhole covers on the culvert system. Hence even allowing for screen
blockage it may be that the culvert capacity is being exceeded during extreme
rainfall events or is marginal. Surface water flows down Brownston Street are also
likely to contribute to flooding at Broad Street, the Poundwell Street area and the
Health Centre. Surface water flows from Galpin Street and possibly New Road may
also be contributing during extreme rainfall events.

3.4

Brownston Street Catchment

Observations: Significant surface water flows across the full width of the road and
up to kerb level in places were reported down Brownston Street during the 6/7 July
2012 event but also the flood event around 21/22 December 2012.These surface
flows resulted in flooding to Middle Traine (BS4) but are also likely to have
contributed to flooding at Church Street, Broad Street and the Poundwell Street
area. The steepness of Brownston Street (BS1, BS2 and BS3) is such that the high
velocity of surface flow could be a hazard to people. The surface flows also resulted
in the deposition of gravel and other debris with some evidence of gravel deposition
still being evident at the time of the inspection.
The source of these surface flows appears to be the fields comprising open
farmland to the north-east of Traine Villas. Surface flow contributions from these
fields were reported along the lane running north from behind Traine Villas (BS6,
BS7 and BS8), from the ditch immediately east of Traine Villas (BS5 and BS10) and
from two other points about 125m and 250m east of Traine Villas (BS9), with all
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these surface flow contributions running directly on to Brownston Street and then
down the road towards the centre of Modbury.
Road drainage in the vicinity of Traine Villas is reported to drain via the surface
water drainage system and ponds at Old Traine / Ayleston Park to the watercourse
which flows to the Burns Lane culvert. During these flood events it appears the road
drainage was only able to carry a limited proportion of this large surface flow.
Likely flood mechanisms: During extreme rainfall events the surface runoff from
the open fields to the north and east of Traine Villas appears to be well in excess of
the capacity of the road drainage system and result in significant surface water flows
down Brownston Street, resulting in flooding to some properties along Brownston
Street but also contributing to flooding in the centre of Modbury at Church Street,
Broad Street and the Poundwell Street area.

3.5

Swanbridge Mill and Gas House

Observations: Significant flooding occurred at the properties at Swanbridge Mill
and the Gas House during both the 6/7 July 2012 event and the flood event around
21/22 December 2012.
Flood depths at Swanbridge Mill (SG3) were around 1m (SG4) and flooding has
occurred on other occasions. Floodwater is reported to have been contaminated
with foul sewage possibly from combined sewer overflows in the vicinity of
Poundwell Meadow Car Park upstream. Current renovation work at Swanbridge Mill
following the most recent flooding includes a number of property level resistance
and resilience measures.
At the Gas House property (SG6) the flood depth was reported as around 0.3m
during the July 2012 event 0.45m during the December 2012 event. The property
owner is in the process of raising ground and bank levels along the Ayleston Brook
adjacent to this property (SG5). The road bridge across the Ayleston Brook adjacent
to the Gas House was reported as causing a constriction to flood flows during recent
floods and observations during the site visit indicate this is likely. A section of wall
adjacent to the road has been removed (and not reinstated) – this will provide some
relief capacity across the road. The bridge opening cross section is 2.47m wide at
the invert, 0.845m high to the arch springing and 1.545m high at the top of the arch
(SG7). The three short culverts below the road comprising 1000mm, 900mm and
600mm dia. pipes, through which the Modbury watercourses discharge to the
Ayleston Brook, may also provide some flood relief capacity for the Ayleston Brook
(SG8 and SG9).
Likely flood mechanisms: During both the July and December 2012 events
flooding appears to have arisen from both the Ayleston Brook and Modbury
catchments. However it is likely that the primary source of flooding is the Ayleston
Brook (SG1 and SG2) and even if flood flow contributions from the Modbury
watercourses were reduced a significant flood risk from the Ayleston Brook would
remain. The road bridge crossing adjacent to the Gas House is likely to constrict
flood flows although the removed section of wall and the adjacent culverts will
provide some flood relief.
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3.6

Letter Drop and Feedback

In total 88 letters and questionnaires to residents and business affected by recent
flooding in July and December 2012 were delivered (see Appendix A). A further 50
copies were left with Modbury Parish Council for distribution to any other
residents/businesses that might have an interest in providing relevant information.
A total of 38 responses were received up to 13 March. Feedback is summarised in
the table in Appendix B together with maps indicating Flood Chronology, Flood
Source and Flood Consequence. The following provides a brief summary of the
information obtained.
Flood Chronology – The majority of responses provide information in relation to
the 6-7 July 2012 event but also indicate flooding on previous occasions including
November 2011, 4 December 2010, 12/17 November 2010, 8 December 2007,
December 2000, July 1995 and 1 November 1992. Since the July 2012 event
flooding was also identified in August and November but significant flooding at
several locations on 21/22 December 2012 mainly along Brownston Street and in
Church Street. (The DCC Flood Investigation Report on the Floods of 21st – 25th
November identifies that 6 properties on were flooded between 21st and 24th
November including the Exeter Inn, commercial properties in Galpin Street and
Swanbridge Mill. Surface water was observed flowing down Brownston Steet.)
Flood Source – In the majority of responses the source is identified as from local
watercourses and from surface water. Surface water alone is identified along
Brownston Street. Some responses identify flooding from sewers and some from
groundwater.
Flood Consequence – Flooding inside properties is mainly focussed on the Church
Steet / Broad Street / Poundwell Street areas but has also occurred at Middle
Traine, Swanbridge Mill and the Gas House. Flood depths of up to around 1m were
noted at the worst affected locations.
Other Information – Information is also provided on action which has been taken to
mitigate flooding including the use of flood gates. Many responses provide views on
flooding mechanisms and suggestions and ideas on further measures which might
be considered including drainage improvements.
Considerable further detail is provided in these responses and many respondents
offer to make further information and photographs/videos available. Further analysis
of these responses can inform more detailed consideration of options at later
stages.
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4

Preliminary Hydraulic Analysis
4.1

Basis of Assessment

A preliminary hydraulic assessment has been undertaken of the approximate
capacity of the Exeter Inn and Burns Lane culvert systems and the culverts and
bridge in the vicinity of the Swanbridge Milll and the Gas House. This has been
based on:
• Approximate culvert dimensions estimated at the time of the site visit or by
South Hams District Council following the visit. This was only possible at a
number of points and some estimates have had to be based on photographs
due to access limitations. Estimated dimensions are noted in Section 3.2.
• Limited CCTV survey of part of the Exeter Inn culvert from Church Street for
about 70m downstream.
• Approximate ground elevations and gradients based on Environment
Agency’s 2010 Composite DTM. Based on the paucity of EA LiDAR data
available for Modbury, this composite DTM is believed to comprise either
Infoterra LiDAR or Intermap Technologies NEXTMap IfSAR data. The
Composite DTM provides elevations on a 5m grid and includes elevations of
buildings where applicable. [EA (2010) What is the Flood Map for Surface
Water. Guidance for Local Resilience Forums, Regional Resilience Teams,
Local Planning Authorities and Lead Local Flood Authorities v1 November
2010].
• Culvert gradients have at this stage been assumed to be similar to ground
level gradients.
Capacity estimates were checked using HY-8 culvert design software developed by
the U.S Department of Transportation, Federal Highway Administration and
guidance provided in CIRIA C689 Culvert Design and Operation Guide.
Estimates were based on ‘free flow’ conditions with culverts flowing full to soffit level
at the inlet. A surcharged condition assuming a surcharge head of 0.5m above the
soffit level at the inlet has also been estimated where surcharge conditions could
occur without significant flooding.
These preliminary estimates are only intended to provide a broad indication of
capacity in relation to design flood estimates and should be confirmed at a later
stage. It is likely that this would require more detailed topographic and internal
survey.

4.2

Exeter Inn Culvert

Location: Collection chamber about 80m north of Back Street
Assumed conduits and size: 600mm diameter pipe and 0.25mx0.25m stone
culvert
Assumed length: 120m
Assumed slope: 0.0704m/m
Assumed roughness (Manning’s n): Pipe: 0.012 Stone culvert: 0.02
Estimated free flow capacity: Combined 0.41m3/s
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Location: Combined culvert upstream of Exeter Inn
Assumed conduits and size: 0.6m x 0.45m culvert
Assumed length: 120m
Assumed slope: 0.0704m/m
Assumed roughness (Manning’s n): 0.012
Estimated free flow capacity: 0.28m3/s
Location: Inlet and bypass at Exeter Inn
Assumed conduits and size: 0.6m x 0.3m culvert and 0.3m dia. bypass
Assumed length: <120m
Assumed slope: 0.031m/m
Assumed roughness (Manning’s n): 0.012
Estimated free flow capacity: Combined 0.22m3/s but this is likely to be further
reduced by service pipes observed in the culvert.
Location: CCTV survey section
Assumed conduits and size: 525mm dia, then 0.675mx0.575m square, then
0.525m high U shape
Assumed length: 35m
Assumed slope: 0.031m/m
Assumed roughness (Manning’s n): 0.025
Estimated free flow capacity: Limiting capacity is 525mm dia. section 0.26m3/s
At this stage there is insufficient information to estimate capacities for all lengths of
this culvert but it would appear that capacities are likely to range between about 0.2
and 0.4 m3/s with the limiting capacity of around 0.2 m3/s being at the Exeter Inn
where the capacity may be further restricted by service pipes observed within the
culvert.
This capacity compares with an estimated design flow at this location of 0.2m3/s for
a 50% annual probability (1 in 2 annual chance) event and 0.77m3/s for a 1%
annual probability (1 in 100 annual chance) event based on the ReFH assessment
with allowance for climate change (see section 2.3).
Given that the frequency of flooding at Exeter Inn based on recent observations
appears to be more frequent than a 50% annual probability (1 in 2 annual chance)
event this suggests that the actual capacity may well be less than 0.2m3/s.

4.3

Burns Lane Culvert

Location: Burns Lane culvert
Assumed size: 1250mm x 750mm
Assumed length: 265m
Assumed slope: 0.008m/m
Assumed roughness (Manning’s n): 0.02
Estimated free flow capacity: 1.14m3/s
Estimated 0.5m surcharged capacity: 1.83m3/s
The flow in the downstream section of the Burns Lane Culvert is combined with the
flow from the Exeter Inn culvert. Hence the inlet free flow capacity is likely to be
reduced to around 0.9 m3/s (and 0.5m surcharged capacity to around 1.6m3/s). Any
debris build-up on the inlet screen could further reduce this capacity.
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This capacity compares with an estimated design flow at this location of 0.52m3/s
for a 50% annual probability (1 in 2 annual chance) event and 1.82m3/s for a 1%
annual probability (1 in 100 annual chance) event based on the ReFH assessment
with allowance for climate change (see section 2.3).
This suggests that even with a clear screen the culvert capacity would not be
sufficient to carry a 1% annual probability (1 in 100 annual chance) flood with
allowance for climate change even in a surcharged condition. Ideally the culvert
capacity should be increased to carry a 1% annual probability event under a free
flow condition with due allowance made for partial blockage of the upstream screen
and for climate change.
The analysis also indicates that the existing culvert capacity is likely to have been
sufficient to carry the peak flow estimated for the 6/7 July 2012 event (approximately
0.83m3/s based on ReFH estimates) and that debris accumulation at the inlet screen
is likely to have been a critical factor in the resulting flooding on this occasion.

4.4

Swanbridge Mill and Gas House

Location: Culvert upstream of Swanbridge Mill
Assumed size: 0.6m x 0.8m culvert and 600mm dia. pipe
Assumed length: 30m
Assumed slope: 0.008m/m
Assumed roughness (Manning’s n): 0.012
Estimated free flow capacity: Limiting capacity is 600mm dia. section 0.35m3/s
This capacity compares with an estimated design flow at this location of 0.81m3/s for
a 50% annual probability (1 in 2 annual chance) event and 2.84m3/s for a 1% annual
probability (1 in 100 annual chance) event based on the ReFH assessment with
allowance for climate change (see section 2.3).
Thus the capacity of this culvert is likely to be frequently exceeded. However
overflow would most likely flow from the upstream ‘Mill Lade’ channel across open
ground towards the low point in the valley and continue along the existing
watercourse past Swanbridge Mill. There may however be benefit in deculverting
this section to minimise the risk of flow continuing along the course of the old Mill
Lade towards Swanbridge Mill.
Location: Modbury stream culverts near confluence with Ayleston Brook
Assumed conduits and size: 1000mm dia., 900mm dia. and 600mm dia. circular
culverts
Assumed length: 10m and 5m
Assumed slope: 0.008m/m
Assumed roughness (Manning’s n): 0.012
Estimated free flow capacity: Combined 2.6m3/s
Estimated 0.5m surcharged capacity: 4.1m3/s
This capacity compares with an estimated design flow at this location of 0.81m3/s for
a 50% annual probability (1 in 2 annual chance) event, 2.37m3/s for a 1% annual
probability (1 in 100 annual chance) event based on the ReFH assessment and
2.84m3/s with allowance for climate change (see section 2.3).
Thus the combination of 3 culverts appears to have sufficient capacity to convey a
1% annual probability flood event. Some capacity augmentation might be required to
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convey a 1% annual probability event under free flow conditions with due allowance
for climate change.
Location: Gas House Bridge
Assumed size: Arch bridge: Span: 2.470m, Springing: 0.845m, Soffit: 1.545m
Assumed length: 5m
Assumed slope: 0.008m/m
Assumed roughness (Manning’s n): 0.035
Estimated free flow capacity: 6.3m3/s
Estimated 0.5m surcharged capacity: 8.5m3/s – note that such a surcharge level
is likely to overtop the road and the adjacent floodplain.
This capacity compares with an estimated design flow at this location of 2.89m3/s for
a 50% annual probability (1 in 2 annual chance) event, 5.93m3/s for a 3.3% annual
probability (1 in 30 annual chance) event and 7.89m3/s for a 1% annual probability
(1 in 100 annual chance) event based on the ReFH assessment. With allowance for
climate change a 1% annual probability event would be 9.47m3/s (see section 2.3).
Given that the bridge has been overtopped by recent floods the actual capacity may
be less than estimated or constricted by flood debris. Some capacity augmentation
is likely to be required to convey a 1% annual probability event under free flow
conditions with allowance for climate change.
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5

Potential Options for Improving Flood Resilience
5.1

Exeter Inn Catchment

The existing culvert system is of variable construction and variable capacity which in
general is insufficient to carry significant storm flows. As indicated by the CCTV
survey of part of its length, the condition is also variable and poor in places.
Pipework within the culvert (observed at Exeter Inn and possibly existing at other
locations) also limits capacity. Improvement options to clear the system, improve
existing capacity and secure the structural condition of the culvert system will
therefore need to be considered and possibly augmentation or even renewal. As a
first step a full topographic survey and internal condition survey of the system would
need to be undertaken and options assessed thereafter.
There may also be scope to attenuate flood
flows in the middle part of the catchment to
reduce
requirements
for
capacity
enhancement
in
the
culvert
system
downstream. Based on observations made
during the site visit there may be scope to
introduce a flood storage pond or series of
ponds in the open pasture area immediately
north of the collection chamber and to the
west of the western boundary of Middle Traine
Potential area
(see Figure 5.1). With suitable landscaping, a
for flood
storage pond system may also offer scope for
storage pond
environmental and amenity enhancement. In
attenuation.
order to achieve a significant degree of
attenuation, pond volumes might need to be in
excess of 2000m3 and possibly as much as
Figure 5.1: Potential flood storage
5000m3. In order to assess the availability of
area
storage and possible options a full topographic
survey of this area would be required together with hydrological/hydraulic
assessment. Ground conditions would also need to be considered.
This area is also traversed by surface water and combined sewers and discussions
with South West Water should consider whether there might be any capacity to
accept attenuated flows from the storage pond area either to the existing system or
any augmented system. If this were possible this would augment the capacity of the
Exeter Inn culvert system or possibly act as an alternative if significant augmentation
could be provided. The need for any diversion works would also need to be
considered.
Measures to deal with any contributing flows from Back Street would have to be
considered (possibly by directing these into any improved culvert system) as well as
measures to deal with any residual surface water flows down Brownston Street that
might flow into Back Street (some road reprofiling or ramping might have to be
considered).
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5.2

Burns Lane Catchment

Preliminary hydraulic assessment indicates that this culvert is unlikely to have
sufficient capacity to convey (without surcharging) a 1% annual probability (1 in 100
annual chance) flood plus allowance for climate change. The present capacity would
need to be confirmed following a full topographic survey and internal condition
survey.
Debris build up at the screen could further reduce capacity and screening
arrangements should be reviewed together with access arrangements for clearance
of debris.
Depending on the outcome of more detailed checks on the culvert capacity it may
be that augmentation of the existing capacity may have to be considered. As an
alternative to, or in conjunction with capacity augmentation the possibility of
upstream storage could be considered.
From observations made during the site visit it appeared that there may be scope to
introduce upstream online flood storage in the open farmland in the valley of this
watercourse upstream of Modbury. Such storage would aim to attenuate flood flows
such that they could be safely passed by the existing culvert system. The valley
sides are relatively steep (around 1:5 in places) but the there is sufficient open
ground over the reach which extends upstream from Ayleston Park for about 500m
to construct a series of online flood storage areas formed by cross dams possibly
around 5m high and incorporating some form of flow constriction device. A
combined storage volume of at least 5000m3 and possibly as much as 20,000m3
might be possible and this might well provide a significant degree of attenuation. In
order to determine possible options, topographic survey of the area would be
required together with consideration of ground conditions and hydrological/hydraulic
assessment of the benefit that such storage could provide.
Measures to deal with any contributing surface water flows from Galpin Street/New
Road would have to be considered as well as measures to deal with any residual
surface water flows down Brownston Street. Consideration might be given to
examining the scope for designated surface water flow routes together with any
requirements for property level protection along these routes. Such an option might
also be considered for any overflow from the Burns Lane culvert but at this stage
there does not appear to be an obvious or practical routing for a designated surface
overflow pathway.

5.3

Brownston Street Catchment

Observations made by local residents during recent flood events indicate significant
surface water flows down Brownston Street which not only affect properties along
Brownston Street but are likely to contribute to flooding at Church Street, Broad
Street and the Poundwell Street area. Thus options should be considered which
reduce the potential for surface flows down Brownston Street.
From observations made during the site visit there may be scope to intercept and
divert surface water flows from the sources east of Traine Villas to the ‘Burns Lane’
watercourse. This could increase the requirements for storage attenuation and
possibly culvert capacity for this watercourse as discussed in Section 5.2. and any
additional requirements would need to be assessed. Surface runoff from fields to
the north of Traine Villas would also need to be intercepted before reaching the lane
behind Traine Villas. [It should be noted that the preliminary hydraulic assessment
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for the ‘Burns Lane’ catchment and culvert (see sections 2.4 and 4.3) presently
includes that part of the catchment that contributes to surface flows down Brownston
Street.]
To convey these flows to the ‘Burns Lane’ watercourse and away from Brownston
Street, augmentation of the existing road drainage system and surface water
drainage system at Old Traine / Ayleston Park may need to be considered. Another
option might be to convey surface flows towards the Burns Lane’ watercourse via a
series of shallow stepped ‘swales’ through the fields to the east of Old Traine. New
road cross drainage might need to be considered to convey surface drainage from
interception points to such a swale system. As a first step a full topographic survey
of this area and details of the present drainage system would need to be obtained.
The fields to the north and east of Traine Villas appear to have limited infiltration
capacity and this may be contributing to the apparently high surface runoff. Some
storage attenuation in the fields ‘at source’ might be considered, possibly by using
the existing embankments along the downhill field perimeters with a system of
transverse embankments to create a series of shallow storage ponds during
extreme rainfall which would form an ‘attenuation ladder’. This would depend on the
nature and integrity of the existing field perimeter embankments which would need
to be assessed together with a full topographic survey of the area as a first step.

5.4

Swanbridge Mill and Gas House

During the site visit it was apparent that the property owners at both Swanbridge Mill
and the Gas House are introducing local measures which will help to mitigate the
risk and consequences of future flooding. Renovation work at Swanbridge Mill
following the most recent flooding includes a number of property level resistance
and resilience measures. At the Gas House the property owner is raising ground
and bank levels along the Ayleston Brook adjacent to this property.
The sufficiency of these local measures should be considered further including
review of any further property level protection/resilience or other local measures that
may be appropriate. Augmentation of the flood flow capacity at the road bridge
crossing adjacent to the Gas House may provide some benefit to both properties
and more detailed survey and assessment should be considered. Such assessment
may involve modelling of this section of the Ayleston Brook. This would also enable
assessment of this residual risk to the Gas House with the raised bank in place and
the risk to Swanbridge Mill from the Ayleston Brook.
The provision of flood storage to attenuate flows in the Ayleston Brook upstream of
Swanbridge Mill and the Gas House is unlikely to be economic or provide sufficient
benefit at these properties.
In considering other measures which might benefit Swanbridge Mill, dealing with
reported foul discharges from the Modbury combined sewer overflows would be of
benefit to Swanbridge Mill in particular and this aspect merits further consideration
by South West Water.
Deculverting of the short section of culvert about 50m upstream of Swanbridge Mill
and diversion of the Modbury watercourse in open channel to the original stream
alignment at this point might provide some flood risk benefit to Swanbridge Mill by
reducing the risk of flow continuing along the course of the old Mill Lade towards
Swanbridge Mill. However protection might also be necessary where the
downstream channel flows past the Mill and, in addition, protection might also be
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required from flood flows in the Ayleston Brook. In effect this might involve flood
protection bunding around the Mill and the economic benefits for one property would
have to be considered in comparison with property level protection measures.
As a first step in further consideration of these measures detailed topographic
survey would be required around Swanbridge Mill and the Gas House.

5.5

Project Mandate Application

Completion of a project mandate application has been deferred at this stage
pending further review and discussion of potential measures with DCC and the
outcome of further survey and investigations to identify and refine the assessment of
potential options to mitigate flood risk in Modbury.
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6

Next Steps

6.1

Community Resilience

The Parish Council in Modbury presently acts as a focal point for residents with
a keen interest in resolving flooding issues in Modbury and is proactive in liaising
with DCC and other interested parties and in coordinating the views of residents.
This provides a strong foundation on which to further develop and raise the level
of community resilience as both a short term measure whilst flood management
solutions are reviewed, developed and implemented, and as a long term
measure to underpin and support solutions which are taken forward.
A recent report commissioned by the Cabinet Office5 defines resilience as “the
capacity of an individual, community or system to adapt in order to sustain an
acceptable level of function, structure, and identify”. This is particularly important
and relevant at times of flooding.
Feedback from the letter drop exercise clearly indicates an awareness of risk of
flooding and a willingness to pull information together for the benefit of the wider
community. This information volunteered by the community can be used in the
further evaluation and refinement of possible mitigation options and supports for
example:
• Identifying the sequence of flooding
• Identifying areas at greater risk of flooding.
• Determining, based on past experience, depth and extent of flooding.
• Keeping a watch on critical hydraulic structures for any signs of blockage.
A high level of community interest also supports consultation during the
development of options and instils a sense of ‘community ownership’ in the solutions
implemented. This4 can be incorporated in the development and ongoing review of
a Communications Plan.
Defra is fully aware of the benefits of increasing community resilience and between
2009 and 2011 funded a scheme to install property level flood protection measures
in homes vulnerable to damage from flooding. In reviewing the findings of this
scheme, they identified activities similar to those listed above that would increase
the resilience of communities to flooding if the grant scheme was expanded to cover
these activities as well. Below, are some of the community resilience activities that
might be eligible for funding support:
• Combining detailed mapping of local flood risk with installation of measures to
quantifiably reduce the level of risk to specific households at a community
level.
• Improve local flood risk mapping and modelling where existing data sets do
not accurately capture the local level of risk. This could, for example, include

5

Cabinet Office report: COMMUNITY RESILIENCE RESEARCH: Final Report on Theoretical Research and
Analysis of Case Studies
http://www.cep.co.uk/files/Download/CEP%20DSTL%20Community%20Resilience_FINAL%20REPORT.pdf
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property-level surveys to quantify existing levels of risk, completed on a street
by street basis.
• Building a community’s capacity to manage flood risk locally by putting in
place local response arrangements that help to address risks identified e.g.
through taking responsibility for the deployment of demountable defences.
• Developing local initiatives to help build financial resilience of those at risk,
particularly lower income or socially vulnerable people where present rates of
insurance uptake are low.
Such activities may be eligible should any future opportunities to apply for Pathfinder
or similar funding arise.

6.2

Recommendations for Development of Options

In Section 5 potential options to mitigate flood risk and improve the level of flood
resilience were identified for each flood risk ‘catchment’ or specific area based on
the preliminary hydraulic assessment discussed in Section 4. These options are
summarised in Table 6.1 together with the next steps which would be recommended
to progress further consideration and development of appropriate options, the likely
order of cost, approximate timescale and body that would be responsible for
progressing these actions.
As a first step we recommend that the potential options identified in Section 5 are
reviewed and discussed with DCC in order to filter out any which should be
discounted and not progressed or indeed others which should be included for further
consideration.
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Culvert System - clear the
system, improve existing
capacity and secure
structural condition.
Improve screening
arrangements and access.

Modbury Catchment Study

Burns Lane
Catchment

Consider requirements for any property level measures to
deal with any residual surface water flows.

Property level measures.

£5-10k

More detailed hydraulic assessment and review of
improvement options including screening arrangements.
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1mth

£3-4k

Internal CCTV survey of sections not already surveyed or
where survey data not available – dimensions and
condition.

1-2mths

1mth

3-4mths
£2-3k

£25-45k

1mth

Topographic survey along culvert route

Total

£2-3k

Include in area for topographic survey. Further review and
identification of ramping or reprofiling to mitigate risk.

Measures to deal with any
contributing flows from
Back Street / Brownston
Street.

£1-2k

2-3mths

£5-10k

Obtain detailed information on surface water and combined
sewers which traverse this area. Consider if this system
could augment or act as an alternative to the Exeter Inn
culvert system and accept attenuated flows from storage
ponds or reduce or even avoid storage requirements for the
pond system. Assess requirements for any diversion
works.

1mth

1-2mths

£5-10k

1-2mths

More detailed hydraulic assessment and review of storage
options including consideration of ground conditions and
scope for additional use of ponds for environmental and
amenity enhancement.

£5-10k

More detailed hydraulic assessment and review of
improvement options.

1mth

1mth

£3-4k

Internal CCTV survey of sections not already surveyed or
where survey data not available – dimensions and
condition.

1mth

Approx.
timescale

£2-3k

£2-3k

Likely order
of cost

Topographic survey along culvert route

Recommended next step

Topographic survey of area.

Culvert System - clear the
system, improve existing
capacity and secure
structural condition.

Exeter Inn
Catchment

Flood Storage Ponds in
open pasture area
immediately north of
culvert system and west of
Middle Traine.

Potential measure

Location

Table 6.1: Recommended Next Steps

DCC / SHDC

DCC / SHDC

DCC / SHDC

DCC

DCC

South West
Water and DCC

DCC / SHDC

DCC / SHDC

DCC / SHDC

DCC / SHDC

Body to
consider
progressing
DCC / SHDC

Existing property level
measures and local flood
defence measures.

1mth

£3-5k

Modelling of Ayleston Brook and lower reaches of Modbury
watercourse in vicinity of Swanbridge Mill and the Gas
House.

40

1mth

2-3mths
£3-4k

£15-25k

1mth

£1-2k

Topographic survey of Ayleston Brook and lower reaches
of Modbury watercourse and areas around Swanbridge Mill
and Gas House.

Total

Consider requirements for any property level measures to
deal with any residual surface water flows down Brownston
Street.

Property level measures.

1mth

£4-6k

1-2mths

£5-10k

Identify, review and develop options for interception and
diversion of surface water flows to Burns Lane watercourse
and consider in conjunction with capacity enhancement
and storage options.
Assess scope for at source storage and feasibility of
‘attenuation ladder’ concept and likely benefit.

1mth

£2-3k

Obtain details of existing drainage systems and
review/assess capacities.

1mth

3-4mths

£3-4k

£20-35k

Topographic survey of ‘contributing’ area and possible
routes for interception and diversion of flows to Burns Lane
watercourse.

‘At-source’ storage.

Measures to intercept
surface water flows that
contribute to flows down
Brownston Street and
divert to Burns Lane
watercourse.

Total

Consider requirements for any property level measures to
deal with any residual surface water flows.

Property level measures.

1mth

1mth

£2-3k

Include in area for topographic survey. Further review and
identification of possible designated surface water flow
routes and/or ramping or reprofiling to mitigate risk.

Measures to deal with any
contributing flows from
Galpin Street / New Road /
Brownston Street.
£1-2k

1-2mths

£5-10k

More detailed hydraulic assessment and review of storage
options in conjunction with or in place of culvert capacity
enhancement including consideration of ground conditions.

Approx.
timescale
1mth

Likely order
of cost
£2-3k

Recommended next step
Topographic survey of area.

Potential measure

Online flood storage
scheme in the open
farmland upstream of
Ayleston Park.
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Swanbridge
Mill and
Gas House

Brownston
Street
Catchment

Location

DCC

DCC

DCC

DCC

DCC

DCC

DCC

DCC

DCC / SHDC

DCC / SHDC

Body to
consider
progressing
DCC / SHDC

Development and ongoing review of C&E Plan
Preparation and submission of relevant funding
applications.

Communications and
Engagement Plan

Funding applications.
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£3-5k

£5-10k

£15-25k

1mth

£3-5k

Assess deculverting and requirements for new open
channel section including any requirement for flood
protection bunding or wall at Swanbridge Mill.

Deculverting of short
culvert section upstream of
Swanbridge Mill.
Total

1-2mths

£3-5k

Assess improvement options.

Mitigate risk of reported
foul discharges from the
Modbury combined sewer
overflows.

1mth

1mth
(preparation)

2-3mths

1mth

£2-4k

1mth

Approx.
timescale

More detailed hydraulic assessment and review of
improvement options.

Likely order
of cost

Augmentation of flow
capacity at Ayleston Brook
road bridge and Modbury
watercourse culverts

Recommended next step
£1-2k

Potential measure
Review sufficiency of existing measures and identify any
other property level resistance and resilience measures
that may be effective.
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Location

DCC / SHDC

DCC

DCC / SHDC

South West
Water

DCC / SHDC

Body to
consider
progressing
DCC

Appendix A

Letter and Questionnaire Delivered to Residents
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Review of Questionnaire Returns
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Summary Table
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Flood Chronology
(Note: Locations of points are approximate and have been optimised to emphasise the reported pattern of flooding)
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Flood Source
(Note: Locations of points are approximate and have been optimised to emphasise the reported pattern of flooding)
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Flood Consequence
(Note: Locations of points are approximate and have been optimised to emphasise the reported pattern of flooding)

Appendix C

Selected Photographs from Site Visits

Exeter Inn Catchment

E1: Downstream face of bridge
crossing at Tree Corner

E2: Watercourse upstream of Dark
Lane at Fire Station

E3: Watercourse adjacent to Dark
Lane at Fire Station

E4: Culvert entry point at Dark Lane

E5: Dark Lane looking north-west
towards culvert entry point

E6: Watercourse downstream of
Cromwell Park Road
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E7: Open pasture west of Middle
Traine looking south

E8: Open pasture west of Middle
Traine looking north showing
watercourse on right

E9: Open pasture west of Middle
Traine looking north from culvert entry
chamber

E10: Culvert entry chamber 80m north
of Back Street

E11: Back Street looking west from
entrance to rear garden at Exeter Inn

E12: Back Street looking east towards
entrance to rear garden at Exeter Inn
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E13: Culvert exit to open channel in
rear garden at Exeter Inn

E14: Culvert bypass arrangement in
rear garden at Exeter Inn

E15: Continuing open channel in rear
garden at Exeter Inn

E16: Bypass channel through
passageway at Exeter Inn

E17: Pipe entry to bypass channel
through passageway at Exeter Inn
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E18: Twin pipe exit from bypass channel
through passageway at Exeter Inn
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E19: Continuing open channel section
behind Exeter Inn

E20: Entry to culvert section behind
Exeter Inn downstream of toilet
showing pipework constriction

E21: Flood marks on menu board in
Exeter Inn indication depth of 7/8 July
2012 (lower) and 21/22 December
2012 (higher) flood events
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Burns Lane Catchment

BL1: Middle catchment approx. 700m
upstream of Burns Lane

BL2: Middle catchment approx. 500m
upstream of Burns Lane

BL3: Middle catchment approx. 300m
upstream of Burns Lane

BL4: Middle catchment approx. 350m
upstream of Burns Lane

BL5: Surface water storage pond at
Old Traine

BL6: Watercourse approx. 100m
upstream of Burns Lane

BL7: Screened entry to culvert at
Burns Lane
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BL8: Burns lane looking south-west

BL9: Low doorway threshold – Burns
Lane

BL10: Broad Street looking east
towards Co-op and Galpin Street

BL11: Broad Street looking west from
Co-op

BL12: Broad Street – low doorway
thresholds to commercial premises

BL13: Approx. July 2012 flood level
being indicated at 9 Poundwell Street

BL14: Poundwell Meadow car park
looking north towards Poundwell Street
from junction manhole on culvert

BL15: Poundwell Meadow car park
looking north towards Old Wheelrights
from junction manhole on culvert
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BL16: Poundwell Meadow car park
looking south towards Health Centre

BL18: Open channel downstream of
Poundwell Meadow car park

BL17: Culvert exit point at Poundwell
Meadow car park

BL19: Point at which open channel
enters culvert upstream of Swanbridge
Mill

BL20: Looking north from culvert
discharge point to open channel
upstream of Swanbridge Mill
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Brownston Street Catchment

BS1: Looking south down Brownston
Street towards Broad Street
BS2: Looking north up Brownston
Street from Poundwell Street

BS3: Looking north up Brownston
Street towards Middle Traine

BS4: Low doorway thresholds at kerb
level at Middle Traine

BS5: Point immediately east of Traine
Villas at which surface runoff from
fields north-east of Traine Villas flows
on to Brownston Street

BS6: Looking north up lane running
north from Traine Villas down which
surface runoff from fields north of
Traine Villas flows on to Brownston
Street

Modbury Catchment Study

57

BS7: Point at which surface runoff
from fields north of Traine Villas flows
on to lane and then Brownston Street

BS8: Surface runoff flowpath from
fields north of Traine Villas to lane and
then Brownston Street

BS9: Most easterly of two points
approx.125m and 250m east of Traine
Villas at which surface runoff from
fields north-east of Traine Villas
reported to flow on to Brownston Street

BS10: Fields immediately east of
Traine Villas
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Swanbridge Mill and Gas House

SG1: Catchment of the Ayleston Brook
upstream of Swanbridge Mill and Gas
House

SG3: Swanbridge Mill from confluence
of Modbury watercourses with
Ayleston Brook

SG5: Ayleston Brook adjacent to Gas
House showing flood defence works to
raise garden level
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SG2: Ayleston Brook floodplain
upstream of Swanbridge Mill and Gas
House

SG4: Flood level for 21/22 Dec 2012
flood event b eing indicated at
Swanbridge Mill

SG6: Gas House viewed from
Ayleston Brook bridge crossing
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SG7: Ayleston Brook bridge crossing

SG8: Relief culverts immediately north
of Ayleston Brook bridge crossing

SG9: Modbury watercourse culvert
immediately north of Ayleston Brook
bridge crossing showing overflow to
relief culverts on left
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