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12 Conclusions and recommendations 

12.1 Rainfall events 

1. High rainfall events are not uncommon and flooding in the area has been recorded in 
the past.  

2. Almost 50% of the normal average annual rainfall for Inverness fell at the Culloden 
Leannach raingauge over July and August.  Within this period of above average 
rainfall for July and August specific rainfall events occurred on the 8-10 July, 16 July 
and the 6-7 August.  The latter two led to flooding on the Inverness East burns.   

3. The July rainfall event had a uniform pattern over the region generating approximately 
50-60 mm in a 24 hour period.  This intense rainfall resulted in rainfall return periods 
in the region of 9-16 years in the area to the east of Inverness but may have been 
closer to a 80 year return period in the region of the Culloden gauge.   

4. The August rainfall event is estimated to have generated a rainfall return period in the 
region of 30-45 years, but may have been up to 63 years locally over the Culloden 
rain gauge.   

5. These flows are estimated to be equivalent to a return period of approximately 40 
years and 30 years on the Culloden Burn West and Smithton Burn respectively.   

12.2 Culvert Capacity and overland flow modelling 

6. The modelling undertaken has shown that combined 1D and 2D modelling can re-
create the complex flood flows observed during the event.  This approach could be 
used as a proactive method to assess flood risk for planning purposes for other burns 
within the area where similar flood mechanisms occur (i.e. structure or sediment 
blockage, channel capacity exceedence leading to overtopping of flood flows away 
from the watercourse).   

7. Culvert capacities do not provide a sufficient capacity based on current design 
standards and freeboard.  Furthermore, structures and culvert inlets and screens are 
highly sensitive to debris blockage and poorly maintained which further exacerbates 
the risk of blockage and flooding.  Specifically, the following structures are considered 
to be high risk due to their poor inlet conditions, undersized culverts, sensitivity to 
blockage and need for high frequency maintenance to keep screens clear:  

a. The culvert beneath the garden of 20 Redburn Avenue,  

b. Culvert beneath high ground adjacent to Murray Terrace, 

c. Culvert beneath Murray Road and the park. 

12.3 Flood mechanisms 

A number of factors contributed to the flooding and are likely to continue to exacerbate 
flooding unless further works are undertaken.  These include:  

8. High flows mobilised sediment and woody debris.  It is possible that water gates could 
suddenly release material downstream onto blockage prone, high risk structures.   

9. Many structures are poorly maintained, have non standard culvert screens and in-
channel obstructions that increase the probability of sediment and debris blockage.  
Culverts within the reach would not be considered to have sufficient capacity if current 
design standards were used.  One culvert is currently 50% blocked.  

10. Maintenance routines or problem reaches / structures have been identified in the past.  
However, maintenance and inspection regimes have not provided the necessary 
procedures to react to flooding on these burns.  Furthermore, previous works to 
certain reaches may have improved channel capacities and stabilised channels, but 
have not approached some of the root causes of flooding.  

11. Riparian bridge crossings and boundary fences increase flood risk and make access 
to watercourses difficult and impossible to maintain or react to problems during high 
flows.   
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12. There is currently no telemetry or sufficient lead time to warn of high flows, or poor 
procedures to anticipate high rainfall and send operations teams out on standby to 
deal with flooding at known problem watercourses.   

13. There may not have been sufficient maintenance prior to and during events to clear 
high risk structures of debris.   

14. Many structures are unsafe or have poor access for Council staff.  Uncontrolled public 
access and a lack of emergency contact details clearly labelled on structures is also 
an issue.   

15. Blockage of culvert screens resulted in backing up of flows behind the culvert inlets 
and the eventual overtopping of the culvert headwalls.  This lead to overland flow 
paths away from the burn.  Once out of bank no flood management exists to divert 
flows back into burns, other than reactive sand bagging by the Council.   

16. The entry of overland flows into surface water drainage system may have contributed 
to sewer and surface water flows resulting in drainage capacity exceedence 
elsewhere in the area particular affecting Smithton Villas.  On-site knowledge of 
drainage connections and the possible risk of moving the flooding issues from one 
area to the other is not known.   

17. A SUDS pond in the upper catchment filled and breached at the low point leading to 
flooding to properties on Gean Place and over the footpath into the Smithton Burn.   

18. Although not generally a problem within the two catchments, bank overtopping and 
breaching contributed to the flood risk in Smithton Villas.   

19. No suitable location exists to store cleared debris from culvert screens without the risk 
of this re-entering the channel if water levels rise further.   

20. Total economic (rather than financial) costs of flooding have been estimated to be 
£286,000.  This represents the damage that occurred due to the recent floods based 
on available information.  The total damages may be greater than those provided due 
to low declaration from owners within questionnaires.   

 

12.4 Options and recommendations 

21. After flooding in 2002 some measures were taken to reduce flood risk and others 
planned.  Not all of the Planned Measures identified in the Parkman Report and 
subsequent biennial reports have been implemented on site - possibly due to financial 
constraints or other priorities  In addition significant development upstream of a key 
point of flood risk on the Smithton Burn was undertaken and more space could have 
been left for the burn.   

22. The connectivity of rural drainage at the urban fringe should be reviewed and 
considered in future development as overland flow can be uncontrolled and enter the 
urban fringe at a number of locations. 

23. There are two general approaches to alleviating flood risk in the area: a flood 
protection scheme or upgraded maintenance combined with small scale measures.  A 
capital scheme has the chance to assess and solve the catchment problems 
holistically by removing the key structures and the long term inspection and 
maintenance issued.   

24. A scheme of smaller measures and enhance maintenance may significantly increase 
operational expenditure through the continued and ongoing requirement for 
maintenance and screen clearance without sufficiently removing the key elements that 
cause the risk such as the high risk and blockage prone culverts.   

25. Adoption of maintenance and standoff strip from watercourses would 'make space for 
water' and ease maintenance requirements.  Improved regulation of river structures 
could also reduce flood risk.  Due to the small catchments and fast response to 
rainfall, there is an ongoing risk of failure for this option.   

26. It is recommended that in the short term careful consideration should be given to each 
structure to assess the probability and consequence of flooding and whether culvert 
removal or improved screen design and gravel traps/watercourse maintenance is the 
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preferred approach.  We recommend that the removal of the Murray Terrace, Murray 
Road and Loch Lann culverts are investigated in the first instance.    

 

12.5 Requirements for Stage 2  

This report summarises Stage 1 of the Inverness study and has provided a thorough 
understanding of the causes and key flood mechanisms that have played a role in causing the 
recent flooding.  This report also provided suggested scheme and measures that need to be 
considered to reduce flood risk to the Smithton and Culloden Burn West.   

Further work under Stage 2 will be required to determine the most appropriate strategies to 
reduce the risk of flooding to houses, businesses and critical infrastructure to an acceptable 
standard in a sustainable, efficient and cost-effective manner.  This may include: 

 Production of an operation and maintenance manual and schedule 

 Feasibility of scheme approach 

 Economic appraisal of options 

 Detailed design of culvert removal 

 Detailed design of screens 

 Detailed design of CCTV/Telemetry 

 Detailed design of gravel traps 

 Detailed design of bank restoration 

 Geomorphological audit of Smithton Burn 

12.6 Recommended industry standard methodologies and best practice 

Appendix H provides a summary of current best practice and industry standards for a number 
of aspects that will need to be reviewed to take forward the measures and options to mitigate 
flooding.  This includes standards for capital and operational expenditures such as: 

 Flood risk assessment, 

 Benefit-cost analysis of options,  

 Scheme design,  

 Watercourse inspection,  

 Culvert and screen maintenance,  

 Bank/channel erosion works, 

 SUDS design, 

 Asset management planning.   

 

 



 

 
 

2011s5312 Inverness East Post Flood Report - Final.doc 88 
 

This page has intentionally been left blank.  

 



 

 
 

2011s5312 Inverness East Post Flood Report - Final.doc 89 
 

Figures Section 

 

 



 

 
 

2011s5312 Inverness East Post Flood Report - Final.doc 90 
 

This page has intentionally been left blank.  

 

 



#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

# 2002

2007

2007

2007

2006

2006

2006

2005

2004

2004

2004

2004

2002

2002

2002

2002

2002

2002

2002

2002

1999

1999

1999

1997

1998

1998

LEGEND

Reproduced by permission of Ordnance Survey
on behalf of HMSO.  © Crown copyright and
database right 2011.  All rights reserved. Ordnance
Survey Licence number 100023369.

Scale1:10,000

North

Watercourses
Flood Source
# Unknown
# Assumed Fluvial
# Fluvial
# Groundwater
# Other Artificial Structure
# Other Drainage
# Pluvial

Historic Flood Records
FIGURE 1



Nairn

Inshes

Freeburn
Flichity

Allanfearn

Holm Burn Bridge

Culloden Leannach Drummore of Cantray LEGEND

KEYPLAN

Reproduced by permission of Ordnance Survey
on behalf of HMSO.  © Crown copyright and
database right 2011.  All rights reserved. Ordnance
Survey Licence number 100023369.

Scale1:125,000

North

Culloden Burn West
Smithton Burn

# Rain Gauges
TBR Theissen Polygons

FIGURE 2
Rain Gauge Locations and 
Theissen Polygons for Tipping 
Bucket Gauges



1

9

4

Gas

Gov
CT

42
30

20

FERNTOWER

101

1

1

9

4

Gas

Gov
CT

1

LEGEND

© 2010 Microsoft Corporation  © 201 0 NAVTEQ  © AND  ©
2010 Intermap  © Getma pping  plc

North

Estimated Flood Extent
Properties Affected
Watercourses

1:500

FIGURE 3
Culloden Burn West Estimated 
Flood Outline (July 2011)

mlawrie
Text Box



Smithton

El

1
6

38

9

Sta

of Scotland
Free Church

Sub

Hall

MP .75

The

11

PARK

El Sub Sta

Olive

Stewart

ll7

Dorran

Cottage

10
92

84
81

8588

29

23

15

31

33

17
62

59
63
61

57

21
24

20
18

14

95

73 76
7879

93

49

44

30
28

38

32
25

65 72
70

50

46
35

3934
47

56
5452

42

97
99

Ashanti

Glenforsa

111

Old Cottage

Tigh Peigi

Culloden

MURRAY
 ROAD

l68

l64l66

l21 l23

10l

110

114

116

Nursing Home
Culloden Grampian

16
2

187
185

184182

180173
178

172 170

15
7

16
0

15
3

15
5

13
3 13

5
14

6
14

4
14

2

13
9 13

8 104

151

89b
90b

107

127a

130b
132a

El Sub Sta

15

59

Cottage

44

38

18

Cottage

47

LEGEND

© 2010 Microsoft Corporation  © 201 0 NAVTEQ  © AND  ©
2010 Intermap  © Getma pping  plc

North

Estimated Flood Extent
Properties Affected
Watercourses

1:1,250

FIGURE 4
Smithton Burn Estimated Flood 
Outline (July & August 2011)

mlawrie
Text Box



Smithton
1

2

4
5

8

9

of Scotland
Free Church

Hall
The

11

El Sub Sta

Olive

Grove

Stewart

Dorran

Cottage

Fir Trees

Orchard

12

57

17

87

29

15

27

28

63
62

58
59

14
18 19
21

23

37

7674

7779

31
25

30

66
69

72

40

49
51 53

55
35

41

33
38

43 45
47

Shona

Ashanti

Glenforsa

Old Cottage

Tigh Peigi

MURRAY
 ROAD

l68
l66 l64

10l

27
a

16
2

178

187
185

184182

173
180

172 170

15
5

16
0

15
7

15
3

14
3

13
8

13
5

14
6

14
2

104

152

105

15

18

1

28

Cottage

El Sub Sta

14

LEGEND

© 2010 Microsoft Corporation  © 201 0 NAVTEQ  © AND  ©
2010 Intermap  © Getma pping  plc

North

Estimated Flood Extent
Properties affected
Watercourses

1:1,250

FIGURE 5
Smithton Burn Estimated Flood 
Outline (July & August 2011)

mlawrie
Text Box



^

^

2

1

3

6

8

7

5

4

FB

Willowbank
Apartments

Sin
cla

ir T
err

ac
e

Saint Columba's
Catholic Church

BIRCH COURT

TCB

Ha
ll

Path

Posts

Hotel

32.5m

39.2m

34.7m

37.8m

38.3m

Lay-By

Garage

The

11

Olive

Forestry Depot

Grove

40.8m

Cottage

Fir Trees

Orchard

12

17

71

29

21

14

15

40

47
27

28

10

60

66

37

36

39

18

20

33

13

74
80

34

Smidd
y

The
 Old

Shona

Wood
end

Tigh an Allt

Duckend

Sweethope

Tigh Peigi

Schlaegel

Ben Wyvis View

FO
RBE

S P
LA

CE

SM
ITH

TO
N 

RO
AD

27
a

3a4
3a3

3b1

3b4

1 to 6

3a1
-3a

2

27

Cottage

1

40

111

2

1

6

2

2

27

1

7

4

FB

1

11

1

3

4

6

6

Path

1

Posts

14

LEGEND

© 2010 Microsoft Corporation  © 2010 NAVTEQ  © AND  ©
2010 Intermap  © Getmapping plc

North

Estimated Flood Extent
Properties affected
Watercourses

^ Surcharged Manhole

1:1,500

FIGURE 6
Smithton Burn Estimated Flood
Outline (July & August 2011)

mlawrie
Text Box
.



^

^
^

^

^

^
^

^̂

^

^
^

^

^

^

^

^
^
^

^
^

^

^

^
^
^

^

^
^

^

^

CBW9

CBW8
CBW7

CBW6

CBW5CBW4 CBW3

CBW2
CBW1

CBW10

SB8
SB7

SB6
SB5

SB9

SB4

SB2
SB1

SB3

SB16
SB17

SB18
SB19

SB20

SB21

SB15

SB14

SB13
SB12

SB11

SB10

LEGENDNorth

Watercourses
^ CBW Structures
^ SB Structures

1:7,500

Plan of Structures
FIGURE 7

Reproduced by permission of Ordnance Survey
on behalf of HMSO.  © Crown copyright and
database right 2011.  All rights reserved. Ordnance
Survey Licence number 100023369.



SB_190

CB
W

_4
64

SB_1020

CBW_0

SB_303

SB_1333

SB_1179

SB
_9

16

CBW_26
9

CBW_55
7

SB_0

SB_694

SB_1677

SB_453

CBW_980

SB_1537

CBW_801

CBW_882

CBW_631

LEGENDNorth

Model Sections
Watercourses

1:7,000

Hydraulic Model Cross Sections
FIGURE 8

Reproduced by permission of Ordnance Survey
on behalf of HMSO.  © Crown copyright and
database right 2011.  All rights reserved. Ordnance
Survey Licence number 100023369.



FIGURE 9

LEGEND

Reproduced by permission of Ordnance Survey
on behalf of HMSO.  © Crown copyright and
database right 2011.  All rights reserved. Ordnance
Survey Licence number 100023369.

North

Pluvial Flooding in the Culloden
Burn West Catchment

0.5% AP (200yr) Depths
High : 4.1m

Low : 0.1m
Culloden Burn West
Culloden Burn West - Culverts

Possible flow path over access
track to Redburn AvenueFlow path to Loch Lann

Court not picked up

Potentially significant
ponded flood depths

Potential risk to School

Potentially significant
ponded flood depths
on Keppoch Road

Potentially significant
ponded flood depths

1:5,000

mlawrie
Text Box
.



FIGURE 10

LEGEND

Reproduced by permission of Ordnance Survey
on behalf of HMSO.  © Crown copyright and
database right 2011.  All rights reserved. Ordnance
Survey Licence number 100023369.

North

Pluvial Flooding in the Smithton
Burn Catchment

0.5% AP (200yr) Depths
High : 4.1

Low : 0.1
Smithton Burn
Smithton Burn Culverts

Potentially significant flood 
depths on Barn Church Road 

Ponding and drainage issues
picked up in Smithton Villas

Ponding on Murray Road same as observed

Murray Place flood route same as observed

Overland flow route from 
culvert to Murray Terrace

Possible flood route fom railway to 
Murray Terrace (as observed in 2002)

Possible flood route if culvert
were to block at Woodside Village Potential overland flood routes

and ponding of water in this area

Potential area of 
ponding and flood risk

1:7,000

mlawrie
Text Box
.



LEGENDNorth

Watercourses
Culverts

CBW Depths (m)
0.00 - 0.05
0.05 - 0.10
0.10 - 0.25
0.25 - 0.50
0.50 - 1.00
1.00 - 1.65

1:1,500
Overland Flood Depths from the 
Culloden Burn West

FIGURE 11

Reproduced by permission of Ordnance Survey
on behalf of HMSO.  © Crown copyright and
database right 2011.  All rights reserved. Ordnance
Survey Licence number 100023369.

mlawrie
Text Box
.



LEGENDNorth

Watercourses
Culverts

SB Depths (m)
0.00 - 0.05
0.05 - 0.10
0.10 - 0.25
0.25 - 0.50
0.50 - 1.00

1:2,500
Overland Flood Depths from the 
Smithton Burn

FIGURE 12

Reproduced by permission of Ordnance Survey
on behalf of HMSO.  © Crown copyright and
database right 2011.  All rights reserved. Ordnance
Survey Licence number 100023369.

mlawrie
Text Box
.



LEGENDNorth

Watercourses
Culverts

CBW Velocity (m/s)
0.00 - 0.05
0.05 - 0.10
0.10 - 0.15
0.15 - 0.20
0.20 - 0.25
0.25 - 0.30
0.30 - 0.50
0.50 - 0.86

1:1,500
Overland Flood Velocities from the 
Culloden Burn West

FIGURE 13

Reproduced by permission of Ordnance Survey
on behalf of HMSO.  © Crown copyright and
database right 2011.  All rights reserved. Ordnance
Survey Licence number 100023369.

mlawrie
Text Box
.



LEGENDNorth

Watercourses
Culverts

SB Velocity (m/s)
0.00 - 0.05
0.05 - 0.10
0.10 - 0.15
0.15 - 0.20
0.20 - 0.25
0.25 - 0.30

1:2,500
Overland Flood Velocities from the 
Smithton Burn

FIGURE 14

Reproduced by permission of Ordnance Survey
on behalf of HMSO.  © Crown copyright and
database right 2011.  All rights reserved. Ordnance
Survey Licence number 100023369.

mlawrie
Text Box
.



^

^

^

^

^

^

^
^

^

^

^
CBW9

CBW8
CBW7

CBW6

CBW5

CBW4

CBW3

CBW2

CBW1

CBW11

CBW10

Culloden

Estate

El

The

Hotel

Playing Field

LB

8

2

3

1

6

9

4

5

7

FB

Willowbank

Sin
cla

ir T
err

ac
e

Barn Church

PW

Saint Columba's

PH

Culloden Court

Gas

BIRCH COURT

Tank

CT

TCB

Ha
ll

Path

Posts

Tel Ex

Court

Pond

39.2m

39.4m
32.5m

26.1m

34.7m

41.0m

33.6m

38.3m

Stone

Sinks

Issues

Lay
-By

Garage

to

Pol Sta

Su
rge

ry

Trim Trail

Ward Bdy

Subway

11

Dovecote
El Sub Sta

Mile Post .25

Olive

Pavilion

Forestry Depot

Grove

40.8m

TERR

Asgard

LOCH

Health Centre
Clinic

DRIVE

Lord President's Seat

Fir Trees

Fountainhead

PLACE

22 18

10

24

50

1963

48

16
28

30

12

13

79

14

34

70

51

31

47

17

45

29

26

23

25

21

15

52
71

53
55

42

76

74

73

87

33

98

89

40

62

59

38

43

54

27

56

64

35

57

44

39

37

58

91

65

20

36

5a

81

8688

32

69

Smidd
y

Shona

Millw
ood

CO
UR

T

Wood
end

111

FR
AS

ER

AVENUE

ALLTAN PARK

MACGILL
IVA

RY
The Stables

Cadet Centre

GARDENS

Loch Lann
BARNVIEW

Play
gro

und

BLACKWELL
ALLTAN COURT

MURRAY PLACE

Ben Wyvis View

DOVECOTE PARK

FERN PLACE

FO
RBE

S P
LA

CE

114 116

118
119

110

115

117

STEWART COURT

WALLACE PLACE

LO
CH

 LA
NN

 C
R

MACDONALD COURT

WA
LK

ER
 CR

ES
CE

NT

CULLODEN CENTRE

BARN CHURCH ROAD

135

161

10
2

16
4

179131

101

103

108

13
2

15
8

14
2

15
0

196

106

163

17
2

122

10
0

15
6

149

130

174

3a4

126

124

16
6

14
8

3b1
3b4

105

171

188

17

3

to

11
6

15

9 28

12

4 31

15

10

1

Hall

1

7

23

62

12
4

24

8

7

710

4

3 5

11

18

1

8

1

12

31

5

16

18

1

89

24

12

40

19

2

5

2

7

18

2

18

17

9

8

16

2

1

27
39

17

1

Path

1

6

11

8
9

4

1

28

1

23

BARNVIEW

10

7

14

1

11

59

16

10

14

70

2

14

51

39

10
8

1

14

1

19

2

COURT

5

Pa
th

1

1

11

14

5

13

87

26

Lay-By 1

22

2

26

34

FB

1

11

2

4

40

1

8

29

23

27

6
13

19

4

4

4

2

14

7

28

1

40

8

2

2 14

6

103

10

1

El Sub Sta

52

4

7

21

9

21

3

18

11 9

349

9

12

1

15

13

1

27

3

Path

18

12

2

1

17

20

14

28

11

101

30

19

El 
Su

b S
ta

52

8

40

Issues

79

12

34

1

7

4

13

45

24

1

Tri
m 

Tra
il

11

42

6

El

33

8

Path

21

50

43
18

71

100

18

2

33

Tank

13

4

15

7

18

11

12
1

18

541173

6

16

28

23

6

1

Culloden

15
42

1

8

30

LB

5

2

2

6

5

18

1

6

24

Path

14

47

38

LEGEND

Reproduced by permission of Ordnance Survey
on behalf of HMSO.  © Crown copyright and
database right 2011.  All rights reserved. Ordnance
Survey Licence number 100023369.

Scale1:3,514

North

Culloden Burn West (CBW)
CBW Culverts

High Risk / Priority
Medium Risk / Priority
Low Risk / Priority

^ CBW Options

FIGURE 15
Proposed Measures to Alleviate 
Flood Risk on the Culloden Burn 
West



^
^

^
^

^
^

^̂

^

^

^
^

^

^

^

^
^
^

S9

S8

S6
S5

S4
S3

S2
S1

S18
S17

S15

S14

S13

S12
S11

S10

WESTHILL

Culloden Wood

Works

Estate

El

Smallholdings

Ps

Woodside of Culloden

LB

El

El

Culloden Wood

El

LB LB LEGEND

Reproduced by permission of Ordnance Survey
on behalf of HMSO.  © Crown copyright and
database right 2011.  All rights reserved. Ordnance
Survey Licence number 100023369.

Scale 1:5,500

North

Smithton Burn
Smithton Burn Culverts

Low Risk / Priority
High Risk / Priority
Medium Risk / Priority

^ Smithton Burn Options

FIGURE 16
Proposed Measures to Alleviate 
Flood Risk on the Smithton Burn




