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Summary

Sustainable Urban Drainage Systems (SUDS) is a generic term that refers to various measures
aimed at minimising surface runoff (and consequent flooding and pollution problems) from

urban catchments. SUDS technologies include local infiltration, storage and storm-water re-use

devices.

Although there 1s considerable international evidence of the successful incorporation of SUDS

technologies in new developments, there is very little indication of the extent to which they

represent a viable rehabilitation option for retrofit applications to problem urban catchments in

the UK. It is believed that uncertainties about the design, hydraulic performance and cost of
retrofit SUDS schemes, as well as some regulatory issues, have prevented UK engineers from

exploiting the full potential of this approach.

This thesis presents two case studies in which retrofit SUDS have been evaluated against

‘conventional’ (1.e. in-sewer) drainage rehabilitation schemes. The case studies relate to the City
of Leeds in Northern England, UK. In both cases it was found that SUDS technologies were

viable, both in terms of hydraulic performance criteria (number and volume of CSO spills or
flooding events) and in terms of comparative construction costs. Novel procedures were

developed for evaluating hydraulic performance and SUDS scheme costings.

The identification of the most cost-effective from all feasible SUDS technologies for a given
location is not straightforward. This thesis, therefore, proposes a design methodology for
retrofit SUDS. The methodology comprises a decision making model (flow chart) that indicates
whether SUDS-based approaches are likely to be viable, and cost-effective for a particular
application. The flow charts make reference to SUDS design criteria (such as land-take, slope
and infiltration capacity) and regulatory constraints (such as Building Regulations and local
groundwater protection policies). Fundamental to the flow charts are hierarchies that

characterise urban surface type, the treatment train concept, the disposal mechanism, and cost.



DECLARATION

No portion of the work referred to in this thesis has been submitted in support of
an application for another degree or qualification of this or any other institute of
learning.



DEI GRATIA
(By the grace of God)




ACKNOWLEDGEMENTS

I would like to thank: Dr. Virginia Stovin and Prof. Adrian Saul for supervising
this work; EPSRC for funding this research; and the many other partics who have
offered valuable assistance in relation to this study, most notably Norman Walker.

I would also like to thank my friends and family for their constant support and
encouragement.

v



SUMMARY

Sustainable Urban Drainage Systems (SUDS) is a generic term that refers to various measures

aimed at minimising surface runoff (and consequent flooding and pollution problems) from
urban catchments. SUDS technologies include local infiltration, storage and storm-water re-use

devices.

Although there is considerable international evidence of the successful incorporation of SUDS
technologies in new developments, there is very little indication of the extent to which they

represent a viable rehabilitation option for retrofit applications to problem urban catchments in

the UK. It is believed that uncertainties about the design, hydraulic performance and cost of

retrofit SUDS schemes, as well as some regulatory issues, have prevented UK engineers from

exploiting the full potential of this approach.

This thesis presents two case studies in which retrofit SUDS have been evaluated against
‘conventional’ (i.e. in-sewer) drainage rehabilitation schemes. The case studies relate to the City
of Leeds in Northern England, UK. In both cases it was found that SUDS technologies were
viable, both in terms of hydraulic performance criteria (number and volume of CSO spills or
flooding events) and in terms of comparative construction costs. Novel procedures were

developed for evaluating hydraulic performance and SUDS scheme costings.

The identification of the most cost-effective from all feasible SUDS technologies for a given
location is not straightforward. This thesis, therefore, proposes a design methodology for

retrofit SUDS. The methodology comprises a decision making model (flow chart) that indicates
whether SUDS-based approaches are likely to be viable, and cost-effective for a particular
application. The flow charts make reference to SUDS design criteria (such as land-take, slope
and infiltration capacity) and regulatory constraints (such as Building Regulations and local
groundwater protection policies). Fundamental to the flow charts are hierarchies that

characterise urban surface type, the treatment train concept, the disposal mechanism, and cost.



2.3

2.4

2.3

2.6

2.7
2.8

2.9

2.10

LIST OF CONTENTS

OVERVIEW. . icitterttectncerssessscecsosccssssssscscecas cectseessstcescettscsesssnessstne .
3 Ted € (011 + T« DR
AIMS ANd ODJECHIVES. .t uiiiiereiiieeienersseressensiassresantecssssosssstosssnssossasesassses
N3 (0] () U 1 Lo (PP
1.3.1 Chapter 2 - Literature review

1.3.2
1.3.3
1.3.4
1.3.5
1.3.6
1.3.7

Chapter 3 — Gipton catchment

Chapter 4 — Design issues

Chapter 5 — Modelling issues

Chapter 6 — Economic issues

Chapter 7 — Decision making framework

Chapter 8 = Conclusions and recommendations for further work

LITERATURE REVIEW...iccetttietiintecnnscencerinnsescscccncs cosessasssrsssrsrnranns

Introduction
Background
2.2.1

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Historical development of sewer systems within UK

2.2.2  Basic definitions

2.2.3  Problems associated with conventional sewer systems

2.2.4  Sewer flooding/surcharging problems

2.2.5  Legislative context

Conventional Stormwater Management Strategies..coeeeeeieeieeerereearessncensesanses
2.3.1 Introduction

2.3.2  Urban Pollution Management (UPM) manual

2.3.3  The Sewer Rehabilitation Manual (SRM)

2.3.4 FR0488 CSO design guidelines

2.3.5  Review of conventional stormwater management strategies

Sustainable stormwater management......veverieeiiiiiniienninncneiesieroecseecnressases
2.4.1  Sustainable development

2.4.2  Sustainable urban water management

SUDS TeChNOl0ZIeS. v vureririiiisirieernirsreererrierieensonssacescesssaroseonssnsessnsans
2.5.1 Background

2.53.2 Swales

2.5.3  Filter drains

2.5.4  Filter strips

2.5.5 Infiltration devices

2.5.6  Basins and ponds

2.5.7  Porous/permeable surfaces

2.53.8 Reuse schemes

2.5.9  Roofwater storage

2.5.10 SUDS design methodologies/selection tools
2.5.11 Qverview

Implementation of SUDS Based stormwater management Strategies........coeevensss
2.6.1 SUDS implementation to date

Barriers to the implementation of retrofit SUDS in the UK.......cocovuiiiiiiiniiinnnn
Uncertainty relating to Hydraulic Effectiveness of SUDS.........ccocoviiiiiniininnenn
2.8.1  Need for SUDS modelling packages

2.8.2  Modelling SUDS using detailed deterministic modelling tools

2.8.3  Modelling SUDS using simplistic modelling tools

2.8.4  Modelling SUDS using specialised SUDS models

2.8.5 Modelling SUDS — Discussion

Cost-Benefit Analysis (CBA)..c.vviciiviiiiiiininiiteriiniiinieresisctessassnsensenssssans
2.9.1 Introduction

2.9.2 Costs

2.9.3  Benefits

Cost/benefit analysis - eXxample StUAIES...oveiiiiviiiiiiiiieiiinieerierinreeensnsencansases
2.10.1 Attanasio et al., 1994

2.10.2 Balmforth and Bailey, 1983

2.10.3 Problems with applying CBA to SUDS

2.10.4 Summary

W L W W oD — e

Vi



3.3.

3.4.

3.5.

3.6.

4.1.
4.2.

4.3.

4.4,

3.1,
5.2.

3.3.

5.4.

FEASIBILITY STUDY: GIPTON CATCHMENTIIII'IlllillllllillilllllllIllll.ll

INtrOdUCEION. 1.t vt ereertiinneneneriestesnssiensesresssntssesssssassenssssssacssessossassssrsssns
Gipton Catchment.....c.cvuiiiiiiiiiiiieiriniiesiiiiaeiiirareniersistssirieiisnsisssssiasas
3.2.1. Background

3.2.2. CS0135

3.23. (CS0I136

3.24. (CS0137

3.2.5. CSOI38

3.2.6. Overview of Gipton's CSO spill-related problems

Gipton Catchment - Comparative study......cceeveiiniiiiiiininiinininiciiiiiiiiii,
3.3.1. Background

3.3.2. Development of conventional rehabilitation proposals

3.3.3. Development of SUDS proposals
3.3.4. Integrated retrofit proposal

Comparative study
3.4.1. Introduction

3.4.2. Hydraulic performance criteria

3.4.3. Results — Hydraulic performance
3.4.4.

Discussion of results
3.4.5. Importance of performance parameters
3.4.6. Summary
3.4.7. Costs
3.4.8. Discussion of results

Validation of modelling techniques

3.5.1. Amending ‘Existing State’ Gipton model to include paved/roofed areas

3.5.2. Comparison of results generated by ‘IMP/PERV’ model and
‘PAVED/ROOFED/PERYV’ model for existing state catchment

3.5.3. Verification of SUDS simulations

Overview

RETROFIT SUDS EVALUATION — DESIGN ISSUESIIIIIIIIIllllllll!llll -------

Introduction
Use of SUDS techniques in retrofit context

4.2.1.  Retrofit source controls

4.2.2.  Retrofit conveyance systems

4.2.3.  Retrofit site and regional controls

4.2.4. Review

Case study: Meanwood catChment....ccveeeerierrsreistnistisientsonsenacintesarcsssessons
4.3.1. Background

4.3.2.  Retrofitting SUDS to Meanwood catchment: Catchment constraints
Optimum & Best-case Retrofit SUDS proposals for Meanwood catchment..........
4.4.1. Introduction

4.4.2. Optimum SUDS scenarios
4.4.3. Best case scenarios
4.4.4. Source control proposal 1: Retrofit Soakaways

4.4.5. Source control proposal 2: Retrofit Infiltration trenches
4.4.0.

Conveyance proposal: Retrofit swales
4.4.7.  Off-site controls
4.4.8. Comparison of proposals
RETROFIT SUDS EVALUATION: MODELLING ISSUES..ccccccauesececcsee
It OAUCE O, st eeeeeensacsonsseosnsssesssnasoonsasnasssnssssnsssssessssassecsnnasssesnasessonses
Basic principles of hydraulic modelling......cccoviiniiiiiiiiiiiininiiiiiiini.n.
5.2.1. Background
5.2.2. HydroWorks - Basic hydraulic principles
Modelling retrofit SUDS. . uviiiiiiiiriiareiiniiiniiiiiiiiiiiiieiiiiniecniinmieseesssons
5.3.1. Modelling infiltration-based SUDS

5.3.2. Modelling infiltration-based SUDS: Application to Meanwood
5.3.3. Modelling storage-based SUDS
5.3.4. Modelling storage-based SUDS: Application to Meanwood

HydroWorks modelling: Comparative design exercise (Walker, 2000:b)
5.4.1.

Conventional stormwater management proposals (Walker, 2000:b)
5.4.2.

SUDS proposals (Walker, 2000:5)

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

lllllllllllllllllllllllllllllllllllllllllllllllllllllllll

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

................................................

54
54
55
55
55
59
59
62
62
64
64
64
65
72
74
74
75
75
76
77
77
79
80
81
81

81
83
34

86
86
86
86
92
93
94
94
94
98
102
102
103
105
106
107
109
109
113

115
115
115
115
115
121
122
124
130
135
139
139
140

vii



6.3.

6.4.

7.2

7.3

14

8.1.
8.2.

8.3.

5.4.3. Comparison of hydraulic performance alternative proposals

RETROFIT SUDS EVALUATION -~ ECONOMIC ISSUES......
 FeLe g010 10 (o1 (o) o DI P

Development of unit construction costs
6.2.1. Background

6.2.2. Presentation of example unit costs for retrofit SUDS

Retrofit SUDS costings for representative contributory areas — different urban
SUT A0 £ DS et e teeeeiienncneetesernnnercsosnasescssranssseccssesssssesssosossonsannssssssons

Retrofit SUDS costings for Meanwood catchment.......ccevinviiinnieininiceinnecinne
6.4.1. Background

6.4.2. Results
6.4.3. Summary

RETROFIT SUDS EVALUATION: DECISION-MAKING FRAMEWORK
It O U C IO, t1 tat e rernnnecensneseesnnnsessesssnsessosasssssannssssssssssnssssnansssnsesssns

7.1.1  Background
7.1.2  Structure of chapter
Presentation and justification of proposed decision-making tool

7.2.1  Conceptual basis for proposed decision-making tool
7.2.2  Meta-hierarchy

7.2.3  Proposed decision-making flowcharts
7.2.4  Decision making flowchart — Institutional roofs

7.2.5  Decision making flowcharts — Other surface types
Context of use/limitations/adaptability of framework......ccovevvviiiiiiiiiininnnen.

7.3.1  Implementation of proposed methodology in current context
7.3.2  Future context

7.3.3  Limitations

Application of proposed methodology to Meanwood.......cccevveiiiiiiiieninnennnns
7.4.1  Institutional roofs (Meanwood)

7.4.2  Car-parks (Meanwood)

7.4.3  Residential roofs (Meanwood)

/.44  Roads and other paved areas

7.4.5  Combined proposal

CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER WORK...
Introduction

O U S 0D . sttt eeenrereeesennesresssenssesssnneenssassensssesessasosnsnansssnessessnssnssnasn

8.2.1. Literature review
8.2.2. Case studies

8.2.3. Tools and methodologies
Discussion and suggestions for further Work......ceevevvriieinieinsicceccreniinrccnccene

------------------------------------------------------------------------------------

REFERENCES.....cccccceetttinnvenncnsces 00000000 0000000000005000000000800800s00000enstns

APPENDICES are presented on the attached CD

142

144
144
144
144
145

146
151
151
155
156

161
161
161
162
162
162
166
167
167
175
176
176
181
182
182

183
183
183
189
180

193
193
193
193
194
194
197

199

Viii



LIST OF FIGURES

CHAPTER 2.ccttceetiinnscannennns e 4
Figure 2.1 Combined sewer system 5
Figure 2.2 Separate sewer system S
Figure 2.3 Sewer Rehabilitation Manual — Full investigation procedure 14
Figure 2.4 The urban triangle (from CIRIA Report C522, 2000) 18
Figure 2.5 Runoff profiles from typical ‘urban’ and ‘natural’ catchments 19
Figure 2.6 Runoff & storage characteristics of typical urban & natural catchments 19
Figure 2.7 Traditional & innovative devices for hydraulic control of peak storm flows 22
Figure 2.8 Examples of roadside swales 24
Figure 2.9 Cross Section through a filter drain 25
Figure 2.10 Example of filter strip and swale 26
Figure 2.11 Examples of infiltration trenches 28
Figure 2.12 Roadside detention basin 31
Figure 2.13 Retention pond 32
Figure 2.14 Cross section of permeable paving 33
Figure 2.15 Surface water management train 36
Figure 2.16 Section through ‘roof downpipe’ attenuation tank 42
Figure 2.17 Typical residential area from Catchment X 43
CHAPTER 3..cceitiecncccnrenennscnses creesseesserssensonns ceressstessans cerecsasene everasecessenaans 54
Figure 3.1 Gipton urban drainage system 57
Figure 3.2 CSO135 Sub-catchment 58
Figure 3.3 CSO136 Sub-catchment 60
Figure 3.4 CSO137 Sub-catchment 61
Figure 3.5 CSO138 Sub-catchment 63
Figure 3.6 Suitability maps for retrofitting infiltration SUDS to Gipton catchment 68
Figure 3.7 Suitability maps for retrofitting infiltration SUDS to Gipton catchment 69
Figure 3.8 Suitability maps for retrofitting storage SUDS to Gipton catchment 70
Figure 3.9 Suitability maps for retroﬁtting storage SUDS to Gipton catchment 71
Figure 3.10 Annual CSO spill volumes (m”) from Gipton CSOs 135, 6, 7 & 8 75
Figure 3.11 Annual number of CSO spill from Gipton CSOs 135,6,7 & 8 76
Figure 3.12 Construction costs (£ ,000’s) of Gipton proposals 79
Figure 3.13 Gipton Catchment — Predicted CSO spill volume against costs 79
Figure 3.14 Gipton Catchment — Predicted annual number of CSO spill events against costs 80
Figure 3.15 Comparison of Gipton ‘existing state’ catchment model results 82
Figure 3.16 Comparison of Gipton ‘existing state’ catchment model results 83
CHAPTERA....... cevenns cavecssserssanne rvesressnnssnnns veeesssnsasee Ceecesecesrsttnntstenntasasstsases 86
Figure 4.1 Meanwood urban drainage system 96
Figure 4.2 Meanwood urban drainage system — Point of main flooding 97
Figure 4.3 Meanwood sub-catchment breakdown: Predominate rock/soil types 99
Figure 4.4 Meanwood sub-catchment breakdown: Roads with grassed verges 101
Figure 4.5 Meanwood: sub-catchment breakdown: Grassed land available 101
Figure 4.6 Optimum infiltration source & offsite control SUDS options for Meanwood 104
Figure 4.7 Optimum storage SUDS scenarios 105
Figure 4.8 Maximum infiltration trench proposal for existing Meanwood catchment 108
CHAPTER S..cccvveenneee veeesssaes 115
Figure 5.1 Simplistic flow-diagram: HydroWorks process modules 116
Figure 5.2 Simplistic flow-diagram: 3 distinct sub-modules of HydroWorks® runoff module 116
Figure 5.3 The concepts of catchment and sub-catchment 118
Figure 5.4 3D plot of Meanwood flood volumes (m°) for critical M10-60S design storm

- and a range of disconnection scenarios for paved and roofed areas 125
Figure 5.5 Optimum proposals 1 and 2 using infiltration SUDS for the

- Meanwood catchment (reproduced from Figure 4.6) 127
Figure 5.6 Comparison of runoff emanating from a single 50m? roof 131

IX



Figure 5.7 Comparison of runoff emanating from 100 x 50 m* roofs

Figure 5.8 One-node case study sub-catchment

Figure 5.9 Comparison of alternative modelling options for representing
- spill overflow from a group of rainwater tanks

Figure 5.10: 3D plot of Meanwood flood volumes (m3) from a M10-60S design storm
— Range of Source Control storage scenarios for paved and roofed areas

Figure 5.11 Optimum Proposals 3 and 4 (reproduced from Figure 4.7)

Figure 5.12 Comparison of Meanwood SUDS proposals

CHAPTER 6.......... teresscnnsennans P vevesee

Figure 6.1 Construction costs of alternative SUDS technologies

CHAPTER 7..vtveeneiiecernnninenee teeessenstencsestensenssnsaans verenes cevessesernsanss esesssns

Figure 7.1 Preferred ranking of impermeable urban surface types

Figure 7.2 Preferred ranking of SUDS according to management train concept

Figure 7.3 Preferred ranking of SUDS according to mode of operation

Figure 7.4 Outline of flowchart methodology for institutional roofs

Figure 7.5 Proposed decision-making flowchart: Institutional roofs

Figure 7.6 Proposed decision-making flowchart: Car parks

Figure 7.7 Proposed decision-making flowchart: Residential roofs

Figure 7.8 Proposed decision-making flowchart: Roads

Figure 7.9 Outline of flowchart methodology for institutional roofs (Part 1)

Figure 7.10 Outline of flowchart methodology for institutional roofs (Part 2)

Figure 7.11 Outline of flowchart methodology for institutional roofs (Part 3)

Figure 7.12 Conceptual design strategy (and notes) for the rehabilitation of hydraulically
- overloaded urban catchments

Figure 7.13 Outline of flowchart methodology - Meanwood

Figure 7.14 Viable region for infiltration-based retrofit source controls

Figure 7.15 Adjacent fields/green land served by existing land drainage network

Figure 7.16 Best storage-based source control opportunities for application
- to Meanwood’s roofed area

Figure 7.17 Outline of flowchart methodology (Part 2) — Meanwood

Figure 7.18 Viable locations for retrofit swales

Figure 7.19 Viable locations for off-site controls

Figure 7.20 Disconnection rates achieved by use of combined proposal and

- Walker’s 100% SUDS proposal

131
134

135

137
138
141

144
149

161

163
164
165
167
168
169
170
171
172
173
174

177
183
184
185

186
187
187
188

192



CHAPTER 2!Illlllllllllll lllllllllllll L FERESENEREERSNRN N RN NRRERSNNES)

Table 2.1

Table 2.2 Example performance criteria
Table 2.3 Comparison of UPM procedures: 1st and 2nd editions
Table 2.4 Example percentile-based river quality standards
Table 2.5 - Design guidelines for storm overflow installations
Table 2.6 Pollutants in urban sewers
Table 2.7 Review of SUDS technologies
Table 2.8 Summary of water quality design criteria for infiltration SUDS devices
Table 2.9 Levels of pre-treatment required prior to infiltration of runoff from
- 3 different surface types
Table 2.10 Summary of pollutant removal mechanisms utilised by SUDS technologies
Table 2.11 Types of basin
Table 2.12 Types of pond
Table 2.13 Selection tool for stormwater control devices
Table 2.14 Range of alternative proposals and their comparative costs
Table 2.15 Case study catchments
CHAPTER J..iviiniiiinciniciececterencessens eesereccnses corsssssctsnssecss teresseesseresenrenssansns
Table 3.1 Conventional design solutions for Gipton’s four CSO structures
Table 3.2 Summary of Leeds City Council’s SUDS-based proposal for Gipton
Table 3.3 Summary of Leeds City Council’s SUDS-based proposals for Gipton
Table 3.4 CSO annual spill volumes (m?)
Table 3.5 CSO annual number of spills (No.)
Table 3.6 Construction costs (£,000’s): Gipton stormwater management proposals
Table 3.7 Comparison of Gipton ‘existing state’ catchment model results
Table 3.8 Comparison of Gipton ‘existing state’ catchment model results
Table 3.9 SUDS100/100 Proposal v 30% disconnection of all impervious areas
- Predicted annual spill volumes (m3)
Table 3.10 SUDS100/100 Proposal v 30% disconnection of all impermeable areas
— Predicted number of annual spill events
CHAPTER 4..cctiiiiiiiniinncentinncenisotiorsessonssssossseccatsseccsnssoesasessssssccsssssscesssnss .
Table 4.1 Storage-based retrofit source controls for residential applications
Table 4.2 Storage-based retrofit source controls for institutional applications
Table 4.3 Summary of design issues: infiltration-based retrofit source-controls
-for residential applications
Table 4.4 Summary of design issues: infiltration-based retrofit source-controls
-for paved areas
Table 4.5 Summary of design issues: retrofit conveyance systems
Table 4.6 Summary of design issues: storage-based offsite controls
Table 4.7 Summary of design issues: infiltration-based retrofit SUDS for off-site controls
Table 4.8 Summary of factors considered to affect the viability of SUDS
Table 4.9 Summary of Meanwood soil types
Table 4.10 Summary of Optimum SUDS scenarios for the Meanwood catchment
Table 4.11 Summary of following sections
Table 4.12 Source control proposal 1: Soakaway
Table 4.13 Source control proposal 2: Infiltration trenches
Table 4.14 Disconnection options of impermeable area associated with the proposed
-introduction of Swales to all grassed verges in Meanwood catchment
Table 4.15 Required Infiltration trench dimensions to adequately drain 1.8998 ha
Table 4.16 Required Infiltration trench dimensions to adequately drain 2.886 ha
Table 4.17 Required Infiltration trench dimensions to adequately drain 4,7858 ha
Table 4.18 Required dimensions of porous pavement to adequately drain its
-own surface and an additional 1.8998 ha of contributing area
Table 4.19 Required dimensions of porous pavement to adequately drain its

LIST OF TABLES

Suggested design ‘levels of performance’ criteria

-own surface and an additional 2.886 ha of contributing area

10
13
15
20
23
31

31
31
32
33
38
51
353

4

65
72
73
78
78
78
82
83

84

84

86

88
90

91

92
92
93

94

98

100
103
106
106
108

109
110

110
110
111

111

XI



Table 4.20 Required dimensions of porous pavement to adequately drain its
-own surface and an additional 4.7858 ha of contributing area
Table 4.21 Infiltration basin dimensions required to adequately drain 1.8998 ha of
-contributing area (i.e. disconnected roofed area for Swale Option A)
Table 4.22 Infiltration basin dimensions required to adequately drain 2.886 ha of
-contributing area (i.e. disconnected roofed area for Swale Option B)
Table 4.23 Infiltration basin dimensions required to adequately drain 4.7858 ha of
-contributing area (i.e. disconnected roofed for Swale Option C)
Table 4.24: Comparison of technology specific & optimum disconnection scenarios
CHAPTER 5.ctvivvnnceninnennens 80000 000000008000008008000000080t00RsENNssROIEILS
Table 5.1 HydroWorks default weighting coefficients
Table 5.2 Runoff routing models available in Hydroworks Ver. 5.0
Table 5.3 Meanwood flood volumes (m’) from a M10-60S design storm
Table 5.4 Comparison of extrapolated Meanwood flood volumes (m*)
-for Optimum Proposals 1 and 2 with corresponding events simulated
-using HydroWorks and a M10-60S design storm
Table 5.5 Extrapolated flood volumes for technology specific SUDS proposals
-for Meanwood catchment (Chapter 4)
Table 5.6 Meanwood flood volumes (m*) from a M10-60S design storm
-for Optlmum Proposal 5 and a range of source control storage
-scenarios for paved and roofed areas
Table 5.7 Flood volumes (m ): M10-60s design storm for Optimum Proposal 3
Table 5.8 Flood volumes (m’): M10-60s design storm for Optimum Proposal 4
Table 5.9 Conventional proposals for Meanwood catchment
Table 5.10 Meanwood SUDS options — Areas of disconnection
Table 5.11 Meanwood Hybrid (SUDS/conventlonal) options
Table 5.12 Meanwood: Predicted flood volumes (m’)
Table 5.13 HydroWorks’ runoff volume (net rainfall) models
Table 5.14 Summary of SIMPOL tank types
Table 5.15 Summary of SIMPOL tanks — Equations
Table 5.16 Flood volumes (m’) associated with a range of water-butt options
-for the Meanwood catchment
CHAPTER 6....... sessnuseennresants ceceessercnranas tereesesssesssanssssnnns
Table 6.1 Generic Unit costs for Retrofit SUDS
Table 6.2 Summary of representative contributory areas used to
-generate comparative costs for difterent SUDS technologles
Table 6.3 SUDS design dimensions required to drain 50 m’ of contributory area
Table 6.4 SUDS design dimensions required to drain 200 m’ 2 of contributory area
Table 6.5 SUDS design dimensions required to drain 500 m* of contrlbutory area
Table 6.6 SUDS design dimensions required to drain of 2000 m? contributory area
Table 6.7 Construction costs of alternative SUDS technologies
Table 6.8 Construction costs for soakaway of:
1.5 m (depth) x 1.8 m (width) x 1.8 m (length)
Table 6.9 Specific unit cost data that relates to retrofitting SUDS technologies
-to the Meanwood catchment
Table 6.10 Specific secondary cost data that relates to retrofitting SUDS technologies
-to the Meanwood catchment
Table 6.11 Source control proposal 1 — soakaway costs
Table 6.12 Source control proposal 2 — Infiltration trench proposal costs
Table 6.13 Best case Meanwood swales proposal costs
Table 6.14 Costs associated with Meanwood offsite controls
Table 6.15 Summary of the costs
Table 7.1 Review of existing design guidance for conventional sewer rehabilitation works
Table 7.2 Review of existing design guidance for conventional SUDS
Table 7.3 Summary of Combined SUDS proposal for Meanwood catchment
Table 7.4 Derivation of total construction costs for joint proposal for

-Meanwood catchment

111
112
112

112
113

115

120
121
125

128

129

136

138
138

139
140
140
142
147
150
151

155

144
145

146
147
147
148

148
149

152
153
154

155
155

156
157
158
161

178

181

190

191

Xii



AMP
BRE

CBA
CIRIA
CSO

CSS
EA

EU

RwSC
RWU
SEPA
SRM
SPZs

SSO

SSS
SUDS
UWWTD
UWWTR
UPM
UDS
WaPUG
WWTW

ABREVIATIONS

Asset Management Programme
Building Research Establishment
Cost-Benefit Analysis

Construction Industry Research and Information Association

Combined Sewer Overflow

Combined Sewer System
Environment Agency
European Union
Roof-water Source Control
Rain Water Utilisation

Scottish Environmental Protection Agency

Sewer Rehabilitation Manual

Source Protection Zones
Separate Sewer Overflows

Separate Sewer System

Sustainable Urban Drainage Systems
Urban Wastewater Treatment Directive
Urban Waste Water Treatment Regulations
Urban Pollution Management

Urban Drainage Systems

Wastewater Planning Users Group

Waste Water Treatment Works

Xiil



CHAPTER 1

1 OVERVIEW
1.1 BACKGROUND

In most UK cities, storm-water run-off from paved and roofed areas is generally directed into
conventional sewerage systems. During times of high rainfall the capacity of these systems may
be exceeded, resulting in catchment flooding, pipe surcharging, or in excess dilute sewage being
discharged through combined sewer overflow structures into urban watercourses. In many cases
these overflows cause unacceptable river pollution. The traditional means of resolving these

problems 1s to upgrade the capacity of the existing infrastructure. However, such solutions can

be costly, difficult to maintain and disrupt the natural water cycle.
The term ‘Sustainable Urban Drainage Systems’ (SUDS) describes a set of structural devices
that are designed to drain surface water in a more sustainable fashion than conventional

techniques. Example SUDS technologies include infiltration devices, permeable pavements,
ponds and swales. SUDS generally operate by reducing, or attenuating, the peak storm-water
runoff conveyed from the urban catchment to the sewer system. Flooding and pollution events

can be prevented through the use of structural SUDS in conjunction with good site management

strategies.

Although there is considerable international evidence of the successful incorporation of SUDS
technologies in new developments, there is very little indication of the extent to which they

represent a viable rehabilitation option for retrofit applications to problem urban catchments in
the UK.

1.2 AIMS AND OBJECTIVES

This thesis aims to investigate the merits of applying retrofit SUDS as a rehabilitation strategy

for conventional urban drainage problems, and to evaluate the practical and economic issues

associated with their design and use in a UK context.
This thesis adopts the following objectives to achieve this overall aim:

* To undertake preliminary analysis (using existing literature sources and new case study
data) to establish, in broad terms, whether retrofit SUDS approaches might represent a
feasible sewer rehabilitation strategy — either when used on their own, or when
integrated with conventional rehabilitation technologies. It is worth noting that

subsequent objectives assume this to be the case.

* Toestablish those issues that affect in practical terms, the design and implementation of

retrofit SUDS to existing UK catchments.

* To develop modelling procedures to enable the hydraulic effectiveness of retrofit SUDS

to be evaluated and compared with conventional rehabilitation options.
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e To explore the financial costs associated with the construction of retrofit SUDS, and

develop costing procedures to enable the cost-effectiveness of retrofit SUDS to be

evaluated and compared with conventional rehabilitation options.

e To develop a decision-making framework for the design and evaluation of retrofit
SUDS.
e To demonstrate the application of the decision-making framework to a representative

UK case study.

1.3 STRUCTURE OF THESIS

The following Sections highlight how the structure of this thesis reflects the key aims and
objectives of this study.

1.3.1 Chapter 2 — Literature Review

The second Chapter of this thesis presents a review of the key literature that was considered to
be relevant to this research project. This review explores:

1. The background to the UK’s urban drainage problems

2. Conventional rehabilitation strategies that are generally employed to address these

problems
3. The concept of sustainable water management
4. A range of alternative urban drainage rehabilitation strategies that are collectively

known as Sustainable Urban Drainage Systems (SUDS)

5. The issues associated with implementing retrofit SUDS to a UK context

1.3.2  Chapter 3 - Gipton catchment
Chapter 3 investigates the implementation of retrofit SUDS to the Gipton catchment, the first of
the two case-study catchments explored in this thesis. The main objectives of this investigation

were to evaluate the potential for applying retrofit SUDS to this catchment, and to establish
whether such measures could be used to eliminate the catchment’s hydraulic problems. The
secondary aims of this investigation were to develop preliminary design, costing and modelling
methodologies for retrofit SUDS, that could subsequently be applied to the second of two case-
study catchments, and ultimately used to derive a set of design guidelines for retrofit SUDS

applications.

1.3.3  Chapter 4 — Design issues

Chapter 4 reviews the design issues that are considered to influence the viability of retrofit
SUDS applications. This Chapter seeks to build upon the lessons learnt from the Gipton study,
and the other SUDS studies highlighted in Chapter 2, in order to comprehensively explore the
design issues associated with retrofit SUDS. The primary aims of this Chapter are to establish a
list of factors that most influence the viability of retrofit SUDS (in terms of different

technologies and applications), and to define basic guidelines for their design. These design
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guidelines are subsequently applied to the Meanwood catchment, the second of the two case

study catchments, in order to establish best-case catchment coverage scenarios for individual
SUDS technologtes.

1.3.4  Chapter S — Modelling issues

Chapter 5 presents modelling techniques that were developed to simulate the hydraulic

performance of retrofit SUDS schemes. At the time these investigations were conducted, none
of the main commercial urban drainage models contained direct procedures for the simulation of
SUDS devices. The work presented in this Chapter assesses the potential for applying the
HydroWorks model (Wallingford Software, 1994) to represent the hydraulic performance of

retrofit SUDS. The Chapter reviews a number of alternative options for modelling retrofit

SUDS using HydroWorks, and applies the most appropriate of these to the Meanwood

catchment.

1.3.5 Chapter 6 — Economic issues

Chapter 6 develops methodologies for calculating the construction costs of a range of retrofit

SUDS technologies. These costing methodologies are subsequently applied to the Meanwood
catchment. Costs are presented in unit terms (i.e. per SUDS device) and for specific SUDS

schemes (1.e. that serve a designated part of the Meanwood catchment).

1.3.6  Chapter 7 — Decision making framework

Chapter 7 presents a ‘decision making’ framework/methodology that develops the lessons learnt
in the preceding Chapters. The methodology also draws from other work reported in Chapter 2
(Literature Review) and technical guidance provided in relevant UK design guidelines (CIRIA
C522, 2000; CIRIA 124, 1992; CIRIA 156, 1996; BRE 365, 1991). This tool intends to address
some of the problems/difficulties that were encountered whilst performing design work in
conjunction with the case study catchments. It is envisaged that this framework could be used as

a design tool to assist designers/engineers compile both retrofit SUDS and integrated
(SUDS/conventional) solutions for comparison with conventional storm water management
solutions. This design methodology is subsequently applied to the Meanwood catchment, and its

performance assessed.

1.3.7  Chapter 8 — Conclusions and Recommendations for further work

Chapter 8 seeks to summarise the research that was undertaken in this thesis, draw a number of

conclusions and highlight the potential for further work.
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2 LITERATURE REVIEW

2.1 INTRODUCTION

This Chapter presents the literature review that was undertaken in conjunction with this thesis.
Section 2.2 explores the background issues associated with problem urban drainage catchments
in the UK. Section 2.3 inveétigates the conventional rehabilitation strategies generally employed
to address urban drainage problems. Section 2.4 introduces the concept of sustainable water
management, and Section 2.5 presents a range of alternative (more sustainable) stormwater
rehabilitation devices that are collectively known as Sustainable Urban Drainage Systems
(SUDS). Sections 2.6 and 2.7 investigate the issues associated with implementing SUDS
,feechnologies (in respect to global and UK contexts). Section 2.8 explores uncertainties
associated with the hydraulic effectiveness of SUDS. Section 2.9 explores the cost/benefit

issues associated with SUDS technologies, and Section 2.10 presents cost/benefit case studies

for SUDS technologies.

2.2 BACKGROUND

2.2.1 Historical development of sewer systems within UK

Many of the UK's urban drainage systems date back to the Nineteenth Century. These systems
were initially butlt in the central areas of large towns and cities, and were intended to carry
surface storm runoff, industrial effluent and domestic foul sewage. These drainage systems were
later followed by the development of sewage treatment works, which were introduced to
improve the quality of wastewater discharged into local watercourses. However, in many cases,
the capacities of these sewers and sewage treatment facilities were not sufficient to meet the
demands of these growing cities. This led to the introduction of in-sewer detention tanks, and

overflow structures to discharge excessive storm flows directly into receiving waters, without

having to pass through the treatment works.

2.2.2 Basic definitions

Combined Sewer System (CSS) — Around 70% of the sewers in the UK are combined sewer
systems (Andoh and Declerck, 1997). ‘Combined’ systems carry both foul sewage and storm
water runoff (Figure 2.1). Most combined sewers were constructed at a time when 1t was
considered acceptable to discharge untreated raw sewage directly into rivers. Today, it is
customary practice for combined sewer flows to be treated at wastewater treatment plants.
Howeve\r during heavy rainfall events wastewater treatment plants typically lack the capacity to

treat all the flow conveyed through the sewer system. In such circumstances, excess flow is

discharged directly to a receiving watercourse.

Combined Sewer Overflow (CSO) — CSOs are designed to prevent flooding from combined

sewer systems by allowing excess flow to pass directly from the system into receiving
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watercourses. Such overflows typically discharge during, or shortly after, periods of heavy
rainfall, when it 1s hoped that foul sewage in the system is well diluted with surface water, and

that levels within the receiving waters have also risen.

Figure 2.2 Separate sewer system

Bypass sewers — The by-pass sewer 1s another technique that has been adopted to address the

problems of insufficient capacity within urban sewer systems. Such structures are generally
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constructed in order to divert flows around overloaded sewer sections. However, this approach

can often lead to problems being passed downstream through the system.

In-sewer Storage tanks — The use of in-sewer storage facilities to detain excessive storm flows
has been an established practice since the early 1980s. Storage facilities may be used to control
excessive storm flows upstream of problem sewer sections. The use of such storage can
alleviate network flooding/surcharging and excessive CSO emissions. However, storage
facilities are not without their own problems, these problems largely relate to the high costs
associated with construction (i.e. due to their large volume, and location) and maintenance
(i.e. due to sedimentation within the tank).

Separate Sewer System (§SS) — Separate sewer systems were developed to address some of the

hydraulic and environmental problems associated with the traditional combined sewer systems.

In a 'separate system' foul sewage is conveyed to treatment via a separate network to that which
1s used for the collection of storm water runoff (Figure 2.2). This avoids the discharge of

untreated foul effluent into receiving watercourses during storm conditions. Separate Sewer

Overflows (SSO) are generally used to convey excessive surface runoff directly to local

watercourses.

2.2.3 Problems associated with conventional sewer systems

There are a number of problems associated with the use of conventional urban drainage
systems. Most of these are the result of insufficient capacity during extreme storm events — and

are exhibited in the form of excessive CSO/SSO emissions and network flooding/surcharging.

2.2.3.1 Problems associated with CSO/S880 emissions

The main problems associated with excessive CSO emissions from overloaded combined sewer
systems are outlined below:

1. Health Problems — A variety of pathogens are present within raw sewage; and depending on

rates of exposure and concentration, these may cause illness. Although sewage overflows are
diluted by rain and river water, they may still represent a slight health hazard (FWR 1994).

2. Aesthetic Problems — Another major problem associated with CSO discharges 1s the release
of unsightly material (e.g. condoms, sanitary towels) into the natural environment (Saul, 1997).
This produces obvious public concern, and complaints to the responsible water authority.

3. Environmental Problems — Combined sewer overflows contain a variety of organic,
chemical and industrial wastes. If the concentrations, or spill frequencies, of CSO discharges are
significantly high then the receiving water and its aquatic life may be harmed.

Discharges from separate sewer systems can also pose pollution problems within receiving
watercourses — especially in catchments with a high number of foul water misconnections into
the surface water system, or where high levels of surface pollutants are conveyed into the

stormwater sewer system.

It is evident, that in light of these problems, there are obvious benefits to be gained by

eliminating, or limiting, CSO discharges. The main legislative issues associated with the control
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of CSO discharges are discussed in Section 2.2.5, and the main design and planning strategies

used to meet these standards within the UK are presented in Section 2.3,

2,24  Scwer Flooding/Surcharging problems

Network flooding and surcharging are further problems often associated with overloaded
separate and urban combined sewer systems. These problems generally occur when the
hydraulic capacity of the system is exceeded during extreme storm conditions. Flooding or
surcharging events are considered problematic when they occur on a regular basis. This largely
relates to the health risks associated with flooding from combined sewer networks, but also

reflects the damage to property and general inconvenience that can result from flood events
from both combined and separate sewer networks.

Acceptable levels of surface flooding from UK urban drainage systems are defined and
monitored by levels of ‘performance’ and ‘service’ parameters.

Level of performance criteria — are used by design engineers to define unacceptable
frequencies (in terms of design storms) for flooding or surcharging events from a given drainage
system (See Table 2.1 and Table 2.2).

Level of service criteria — Monitored performance of drainage system in terms of actual

recorded surface flooding.

CIRIA report 124 (1992) and the Sewer Rehabilitation Manual (WRc 1994) recommend
acceptable ‘levels of service’ (See Table 2.1 and Table 2.2). Drainage systems with ‘Levels of

service’ that do not conform to these criteria should be upgraded through appropriate remedial

works. Recommendations on how such remedial works should be undertaken are presented
within the Sewer Rehabilitation Manual (WRc 1994) (See Section 2.3.3).

Table 2.1 Suggested design ‘levels of performance’ criteria
for stormwater drainage systems (CIRIA Report 124, 1992)

Land use Comments

Design level of performance

1 in 25 year

1in ] year
1in 10 year
1 in 25 years Hotels, Hostels, etc

1 in 25 years

Residential development

Public open space Dependent upon use

Non-domestic residential
Retail trading, offices, industrial areas

Table 2.2 Example Performance Criteria (Sewer Rehabilitation Manual, WRc 1994)

Level

Trigger for early Target for
rehabilitation upgrade New design

Aspect

PUBLIC HEALTH
Flooding Frequency:

1) Inside occupied premises
i) Streets

Twice in 10 years
Twice

Frequency of Surcharge N/A !
RECEIVING WATER QUALITY .

1 in 30 years 1 in 50 years

1 in 20 years
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2.2.5 Legislative context

The UK is required to comply with EU water quality directives: these directives are usually
incorporated into UK law. Within England and Wales, laws that relate to issues such as land
drainage and the control of pollution within inland and coastal waters are established by Acts of

Parliament. These acts establish a general framework, and provide authority to the Secretary of

State to issue more specific regulations. However, where regulations are not made, as is the case
for discharges into and from surface water sewers, then interpretation of the law is more
difficult,

In practice, the sewer owners (e.g. the privatised water companies, the Scottish water

authorities) and their environmental regulators (e.g. Local Authorities, the Environment Agency

and the Scottish Environment Protection Agency) are responsible for administering the

provisions of these Acts. This is achieved, in respect of the control of intermittent discharges,

through the granting of consent orders, which impose limits upon the concentrations, volumes

and rates of effluent that may be discharges through any given CSO/SSO.

2.2.5.1 Legislation — CSO Emissions
The Water Framework Directive (EU, 2000) is considered to be the most significant piece of

international legislation that has been published in relation to the field of water management in
recent years. This directive, unlike the Urban Wastewater Treatment Directive (UWWTD)
described below, takes a more holistic view of water management, and may be applied to a large
swath of the natural water cycle ranging from inland surface waters, groundwater, estuarine and
coastal waters. Its three key objectives are: i) the prevention and enhancement of aquatic
ecosystems/associated wetlands; ii) addressing the effects of floods and droughts; iii) the
promotion of more sustainable water consumption patterns. These driving principles have been
summarised by the single overriding objective of achieving good status in all waters (Chave,
2001).

The Water Framework Directive (EU, 2000) adopts the guidance provided in the Urban

Wastewater Treatment Directive (UWWTD) (Directive 91/271/EEC, 1991) for the management
of surface waters. The Water Resource Act (HMSO, 1991) and the Urban Waste Water

Treatment Regulations (UWWTR) (HMSO, 1994) apply the UWWTD in the context of
England and Wales. These acts adopt the following criteria to help define and control problem
CSO emissions:

1. A dilution ratio between the quality of the sewer flow and that in the receiving watercourse

2. The capacity of the sewer system in relation to the dry weather flow

3. A specified number of overflows per year.

A guidance note on the UWWTR issued by the Department of the Environment in 1997,
endorses the use of the UPM Manual (FWR, 1994/1998) as an appropriate planning tool for

sewer and sewage treatment improvements within England and Wales. The UPM Manual is

reviewed in Section 2.3, alongside a number of other conventional stormwater management

8
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strategies. These tools are widely used by UK water companies to help achieve the
improvements in CSO discharges, and river quality, required as part of the government’s AMP
(Asset Management Programme) periodic reviews of the privatised water companies. The third
Periodic Review (AMP3), which covers the five-year period between 2000 and 2005, seeks an
improvement in discharges from 3,800 unsatisfactory CSOs that pollute nearly 3,600 km of

rivers.

2.2.5.2 Legislation — Land drainage/Urban Flooding
The legislation relating to drainage practices within England and Wales is complex. Few SUDS
were in operation within the UK when this legislation was introduced, and as a result SUDS are

not addressed directly. The following extract from CIRIA report 124 (1992) briefly outlines the

legislation that relates to land drainage:

The procedure for the approval of a planning application submitted in accordance with the
requirements of the Town and County Planning Act 1990 provides the facility for informing the
public and initiates a check of the drainage proposals by the relevant authorities. This check
should ensure that the proposals meet the requirements of the Public Health Acts 1936 and 1961,

the Land Drainage Act 1976, the Water Acts 1973 and 1989, the Control of Pollution Act 1974
and the Highways Act 1980.

See Volume 4 of CIRIA report 124 (1992) for further details.
CIRIA report C552 (2000) presents a more up-to-date list of legislation that affects the

implementation of SUDS devices:

Highways Act (1980)

Sewers for Adoption (WRc, 1985)

Sewer Act (1989)

Town and Country Planning Act (1990)

Environment Protection Act (1990)

Water Industry Act (1991)

Water Resources Act (1991)

Land Drainage Acts (1991, 1994)

Environment Act (1995)

Policy and Practice for the Protection of Groundwater (EA, 1998)

See CIRIA reports C521, C522 and C523 (2000) for further details.

It should be noted that a new edition of Sewers for Adoption was published in 2001. This
edition acknowledges the potential role of SUDS technologies in stormwater management, but
excludes the approach from its recommended procedures due to uncertainties associated with
their design, ownership and maintenance. The revised guidelines (WRc, 2001) also point out
that sewer undertakers are generally only constrained to accepting pipe systems when adopting

drainage from new developments.
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2.3 CONVENTIONAL STORMWATER MANAGEMENT STRATEGIES

2.3.1 Introduction
There are three key publications that relate to the design of sewer rehabilitation schemes for the
UK:

1. Urban Pollution Management (UPM) Manual (FWR, 1994/1998)

2. The Sewer Rehabilitation Manual (WRc, 2002)

3. FR0488 guidelines — Guide to the design of CSO structures (FWR, 1994)

A brief review of each of these publications is presented within the following Sections.

2.3.2  Urban Pollution Management (UPM) Manual

2.3.2.1 Definition
‘Urban pollution management’ has been defined as the management of wastewater discharges

from urban sewer and sewage treatment facilities under wet weather conditions (taken from the
UPM manual; FWR, 1994),

2.3.2.2 Purpose of UPM

The UPM manual was initially compiled in 1994 with the intention of creating a cost-effective
strategy that could adequately protect natural receiving waters against pollution, without the
over provision of storage or treatment capacity. Since then the UPM methodology has been
developed and refined, by way of a second edition that was published in October 1998. The
second edition presents a similar set of design procedures for the development of cost-effective
sewer systems, but adopts a more generic tone than the original manual.

The UPM guidelines were developed through consultations with regulatory agencies
(e.g. the National Rivers Authority, now part of the Environment Agency), and regulated bodies
(e.g. water companies). This cooperative approach was adopted in order to help promote the
UPM procedures as a standard tool within the UK water industry, and to promote common

understanding for future negotiations between these two groups.

2.3.2.3 UPM manual - Basic Procedure

The basic methodologies described within the First and Second editions of the UPM manual
(FWR, 1994 and 1998) are very similar (Table 2.3). Both methodologies start with an initial

problem identification phase, then progress to data collection, model building, development and
testing of a solution, and conclude with post planning issues, such as obtaining consents and
undertaking detailed designs.

Table 2.3 Comparison of UPM Procedures: 1*' and 2" Editions
UPM 1* Edition (1994 UPM 2™ Edition (1998

I uPMI1"Edition(1994) | UPM2"Edition (1998)
__PhaseA | == Initialplanning | Initialplanning
Post planning study issues

10
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The following Sections provide an overview of the UPM methodology using the original
framework. Significant differences between the procedures contained within the 1% and 2™
editions of the UPM Manual (FWR, 1994/1998) are highlighted:

Phase A - Initial planning: The initial phase relates to assessing the existing ‘wet weather’
pollution problem; particularly in terms of the impacts that CSO discharges have upon recetving
waters. This assessment is difficult to perform, as intermediate discharges are difficult to
monitor, and their effects are usually of a short-term nature. The manual suggests a number of
steps that can be taken to investigate the extent of such pollution problems. These procedures
should indicate whether a problem is severe enough to be addressed. The manual recommends

that environmental criteria be agreed between the quality regulator (e.g. the Environment
Agency) and the sewer operator; these criteria should form the basis for the subsequent

management and planning phases. These standards will typically define the level of
performance required of the sewer and sewage treatment works (STW) to prevent harm to

receiving waters. The stringency of these standards usually relates to the nature of the receiving

water and its pattern of usage. Once these environmental standards have been established,

decistions may then be made regarding the particular data and tools required to analyse the

system.

Phase B — Assembling data and tools: The manual recommends that this phase involves the
compilation of appropriate data (e.g. population and low river flow conditions) and of the
tools/models required to simulate the wet weather performance of the urban drainage system. A
number of techniques are suggested. These range from the use of simplistic models, such as
SIMPOL (see Section 2.7), through to detailed deterministic urban drainage models such
HydroWorks/InfoWorks (see Section 2.7). The second edition of the UPM manual is less
prescriptive with regards to which specific urban drainage models should be adopted for this
task, and recognises that a wide range of modelling packages is available. The second edition

also contains guidance on the practical aspects of field data collection for the calibration and

verification of detailed models.

Phase C — Development of solutions: UPM recommends that this phase should lead to the
definition of appropriate environmental standards for the release of wastewater to receiving
waters. Typical values representing ambient conditions (e.g. rainfall events, upstream flows and
quality) are assigned for use with the modelling tool developed in phase B. This tool may then
be used to simulate the performance of the system, and to compare this with the designated
environmental standards. Repeating this process for different input data sets enables alternative
solutions to be compared, and for the best solution to be ascertained.

The UPM methodology typically promotes the use of in-sewer storage facilities, or improved
CSO screening, to address the problems associated with excessive CSO discharges. However,
the UPM methodology does not rule out the use of SUDS-based solutions — i.€. provided that

compliance can be demonstrated with the relevant performance criteria highlighted in Section

11
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2.2, It is therefore important that relevant background data and models be collected in order to
establish/simulate the performance of such SUDS-based proposals.

Phase D - Obtaining consent and detailed design: This phase should involve the application
process for formal consent to discharge and the granting of appropriate consent conditions. The

UPM procedure requires that this should be received before detailed engineering design works

are undertaken.

2.3.2.4 Water quality standards
The UPM manual presents two sets of water quality standards for the protection of freshwater
aquatic life from wet-weather pollution episodes.

Intermittent standards (Section 2.3.2.5) — these are directly related to the characteristics
of spill events that cause problems to river ecosystems. These standards are usually

expressed in terms of concentration-duration thresholds with an allowable return period

or frequency

High percentile standards (Section 2.3.2.6) — these are based on 90/95 percentile water

quality thresholds that are selected for the protection of river ecosystems.

2.3.2.5 Intermittent Standards

Discharges from CSOs are intermittent in nature, and the pollution resulting from them may
have a range of harmful effects. Pollution problems may either be caused by acute incidents,
which last for short periods of time, or by less severe incidents which are prolonged over the
longer term. In response to this, the first UPM manual (FWR, 1994/1998) outlined a set of
standards that have been developed to ensure protection of river aquatic life during short-term
pollution events. These standards are often referred to as Fundamental Intermittent Standards,
and are typically expressed in terms of DO and unionised ammonia (i.e. two parameters which
have a significant impact upon the survival of aquatic life). However, as these are difficult
parameters to deal with in practice, BOD and total ammonia are commonly used in their place.

The second edition of the UPM manual contains a more comprehensive range of Fundamental

Intermittent Standards than the original manual.

2.3.2.6 High percentile standards

The second edition also pays a greater emphasis to the potential use of high percentile
standards. This relates to the fact that regulatory bodies, such as the Environment Agency, often
specify percentile-based water quality standards to define river use classifications — e.g. the
Rivers Ecosystem Classification (FWR, 1994). These standards include constraints for BOD,
dissolved oxygen (DO), total ammonia and un-ionised ammonia, which are expressed in terms
of percentile values (90 or 95 percentiles for BOD, ammonia and un-ionised ammonia and 10

percentiles for DO) — examples of percentile-based river quality standards are presented within
Table 2.4.

12
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Table 2.4 Example percentile-based river quality standards (FWR, 1994

Dissolved BOD (ATU) | Total ammonia Un-lonised
Oxygen Ammonia
Class o : mg/l mg N/
/6 saturation 90 ntile 90 percentile mg N/l
10 percentile peree P 90 percentile
____REl | 8% | 25 | 025 0.021
___RE2 | 70 | 40 | 06 0.021
_ RE3 ] 60 | 60 | 13 0.021
____RE4 | s | 80 [ 25 i -
___REs | 2 [ 150 | 90 I 0.

Note: Recommended standards for pH, Hardness, Dissolved Copper and Total Zinc are not illustrated.

2.3.2.7 Summary of UPM procedure

The UPM procedure is one the UK’s main urban drainage planning tools for the protection of
river quality/control of CSO discharges. It is claimed that these procedures significantly reduce
the level of uncertainty associated with water quality impacts from proposals that are derived by

traditional planning methods (Gent et al., 1996).

The UPM methodology is widely used by UK’s water industry and is endorsed by regulatory
bodies (e.g. EA and SEPA) as a means of defining CSO discharge consents, and subsequently is

of considerable importance to the application of retrofit SUDS in a UK context.

2.3.3 The Sewer Rehabilitation Manual (SRM) (WRc, 2002)
The Sewer Rehabilitation manual (WRc, 2002) was compiled for designers and planners
involved with the rehabilitation of UK sewer systems. The manual contains a set of procedures
and guidelines that were intended to assist the decision making process associated with such
works. The aims of the Sewer Rehabilitation Manual (WRe, 2002) methodology are described
as being able to produce:

1. Significant cost savings in necessary rehabilitation works

2. The ability to control the growth of future rehabilitation costs as the network gets older

3. The means of quantifying and justifying the financial requirements for future upgrading

programmes

The SRM seeks to meet these aims by focusing investigation and planning resources on to ‘core
areas’ within the sewer system. The term ‘core area sewer’ is used to describe: i) critical sewers
where the consequences of structural failure are severe; ii) sewers where hydraulic performance
problems are severe; and iii) other sewer sections that link the two previous types of sewer.
The Sewer Rehabilitation Manual (WRe, 2002) recommends the investigation of structural
condition, hydraulic (e.g. flooding or surcharging problems) and environmental performance
(e.g. CSO discharges) associated with each system. This approach is termed a ‘full
Investigation’ (Figure 2.3) and should lead to the development of a long-term ‘drainage area

plan’ covering all ‘identified needs’ for the system.
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INTIAL PLANNING

Is full investigation appropriate?
YES Abbreviated investigation
Adopt full nvestigation. Check regional prioritics

DIAGNOSTIC STUDY Check system records
Phase 1 Identify critical sewers
Records
Plan records upgrading and improved access

Phase 2a
Assessmng

Struc‘ufl{ral Plan inspection programme Build hydraulic model
Condtion Phase 2b
Assessing
Envrronmental _

simultancously by

water quality
planners

" Environmental '
Assess structural condition assessment to be Use model to assess hydraulic
carried out performance

Identify locations and causes of

performance deficiencies

Identify lengths needmg
Rehabiltation

Set priorities against each problem and need

Phase 3 Consider rehabilitation options. Develop ntegrated
Development solutions to problems
of the dramage

area plan Identify most cost effective solution
Establish drainage area plan. Seek regional approval

IMPLEMENTING THE PLAN
Monitor structural, hydraulic and
environmental performance

Design and construct rehabilitation
works
Update dramage area plan

Figure 2.3 Sewer Rehabilitation Manual - Full investigation procedure (WRc, 1994)

It should be noted that although Phase 3 of the SRM procedure is generally used in practice for
comparison of conventional rehabilitation proposal (e.g. upgrading in-sewer storage, or CSO
facilities) there is no real reason why it could not be extended to include SUDS-based options
(See Section 2.5). Phase 3 of the SRM procedure uses the term ‘development of integrated
solutions’, to imply the combined use of different conventional sewer rehabilitation strategies

(e.g. in sewer storage, upgrading CSOs and re-sewering). However, once again, there 1s no

reason why this guidance could not be extended to include SUDS-based options.
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2.3.4 FR0488 CSO design guidelines

The FR0488 guidelines (FWR, 1994) are widely used within the UK water Industry for the
design of CSO structures. These guidelines complement the SRM (WRe, 2002) or UPM (FWR,
1994/1998) planning guidelines — both of which can be used to define ‘acceptable levels’ for
CSO discharges. The FR0488 procedure specifically addresses the design of CSO structures ~
in order to meet the discharge targets specified by either the SRM (WRc, 2002) or UPM (FWR,
1994/1998) planning guidelines. These guidelines utilise the ‘Formula A’ methodology for
defining CSO overflow settings (See Section 2.3.4.1).

It is worth noting that these guidelines have since been superseded by WaPUG’s guide on ‘The
Design of CSO Chambers to Incorporate Screens’ (WaPUG, 2001).

2.3.4.1 CSO design guidelines - Formula. A

The fundamental design parameter for CSO structures is the overflow setting. This defines the
flow rate at which the CSO will start to spill. CSO settings were traditionally designed with
reference to the downstream sewer sections, and the flow volumes that were appropriate to ‘pass

forward’. This led to the adoption of fixed pass-forward flow criteria, such as the ‘Formula A’
methodology (MIILG, 1970):

Q. =DWF + 1360P + 2E (Equation 2.1)
Where: Q. - the continuation flow,
DWF  -dry weather flow (I/day),
P - population,
E - industrial effluent (1/d)

2.3.4.2 Alternative CSO design guidelines - SDD methodology

The Rivers Pollution Prevention Sub-Committee of the Scottish Development Department
(SDD, 1977) presented a simplified design approach for establishing CSO settings that was
based upon ‘available dilution’ within the receiving watercourse. This dilution parameter is
calculated in relation to dry weather flow sewer effluent and minimum stream flow at the point
of discharge (i.e. the mean daily discharge that is exceeded on 95% of occasions). The

gutdelines are presented in Table 2.5.

Table 2.5 Desian quidelines for storm overflow installations (SDD, 1977

Minimum dilution in terms of | Approx. percentage of total
95% exceedence mean daily | polluting load of storm sewage
discharge in receiving water spilled from sewer that may

course and sewer DWF

no tank

Overflow setting = Formula A +
455P, no tank, if sewer capacity
available. Alternatively adopt
next recommendation

Overflow setting = Formula A +
tank of capacity 40 | per head.

Overflow setting = Formula A +
tank of capacity 80 | per head.

Type of storm overflow
installation

79

Overflow setting = Formula A +
tank of capacity 120 | per head.
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This methodology defines a CSO setting that is equivalent to that calculated by Formula A, plus
an additional storage volume of between 40 and 120 litres per head. The level of additional
storage required 1s determined b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>