77 |
NOVATECH
2007
Workshop 5

Source Control: Managing
Stormwater with a Water Balance
Approach

A workshop of the International Working Group SOCOMA

(IWA/IAHR Joint Committee on Urban Drainage)

Le gratteur de ruisseau.

Workshop Organisers: Gilles RIVARD (Aquapraxis) Sylvie BARRAUD (LGCIE —INSA)

Sunday June 24th, 2007







NOVATECH 2007

Workshop 5
Source Control : Managing Stormwater with a Water Balance Approach

Recognition of adverse effects has led to a progression of evolving stormwater
management strategies, each of which has attempted to minimize impact of urban
runoff on the flow regime of receiving watercourses. While these efforts have resulted
in reduction of some impact, research has shown that the current state of practice
with respect to stormwater management is often not sufficient to mitigate the
hydraulic and environmental impacts of land use change and urban development on
water receiving bodies.

Examination of the premises behind current management strategies clearly reveals
the need for a paradigm shift in stormwater management practice. While end-of-pipe
solutions have been effective to a degree in reducing flood flow and water quality
impacts, current science points to the need for a water balance approach that
promotes additional source and conveyance controls to minimize the increase in
runoff generation from urban landscapes and reduce impacts to receiving
watercourses and the aquatic habitats that they support. The runoff volume control
implied by this approach is often difficult or impossible to achieve only with end-of-
pipe solutions and, in that context, source controls involving infiltration mechanisms
become an essential component for the stormwater treatment train.

Based on invited presentations highlighting the practice in different parts of the world,
different climates and various cultural contexts, this Workshop will examine their
beneficial effects, the design criteria used for source control and the difficulties
(technical, institutional and social acceptance) that can be encountered in their
implementation. A panel discussion will provide a forum to discuss the implications of
the new direction to be taken, addressing also the research needs that have been
identified.

Timetable

Time slot Topic Presenters

9:00 am — 9:30 am Welcome and overview of Water Gilles Rivard
Balance approach and role of source Sylvie Barraud
control

9:30 am to 10:15 am Germany Heiko Seiker

10:15amto 11:00 am Brazil Joel Goldenfum

11:00 am to 11:20 am | Coffee break

11:20amto 12:10 pm | Canada Gilles Rivard

12:10 pmto 13:30 pm | Lunch

13:30 pmto 14:15 pm France Bruno Tassin

14:15 pm to 15:00 pm USA Eric Strecker

15:00 pm to 15:20 pm | Coffee break

15:20 pm to 16:10 pm | Australia Grace Mitchell

16:10 pm to 17:00 pm | Panel discussion and forum Sylvie Barraud
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ABSTRACT

The primary objective of the paper is to draw upon the experiences acquired in many parts of
the world to provide an up-to-date summary of the state of the practice for source control
techniques and approaches, in a sustainable development context. After a discussion of the
prevailing context for urban drainage approaches, three main themes covering techniques and
design criteria, institutional aspects and performance issues are discussed relative to source
control implementation. The discussion is based on findings from the compilation and
analysis of available literature, recently developed databases, the experience of the different
members of the SOCOMA group and recent research on design methodologies that explicitly
seek to better couple effective design and achievement of performance goals. The paper also
discusses perceived trends in the selection, analysis, and implementation of source controls,
highlighting the areas where knowledge is lacking and providing recommendations on needs
for future research.

KEYWORDS
BMPs design criteria; BMPs effectiveness; integrated water management; Stormwater source
control; sustainable development

INTRODUCTION

As one of the working groups of the IAHR/IWA Joint Committee, Specialist Group on Urban
Drainage, SOCOMA (Source Control for Stormwater Management) provides an international
forum to discuss and exchange information for all applicable structural or non structural
measures concerning stormwater management before it enters a sewer system or a surface
water body, close to the source. Conventional drainage systems in place today have developed
since the 19™ century with an implied objective to get the stormwater runoff out of the urban
area as fast and efficiently as possible. This approach and the accelerated urban development
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have in turn created problems of surcharging and flooding, which until recently were most
often solved with end-of-pipe solutions (e.g. basins). However, it has been realized in the last
20 years that urban runoff pollution can be a significant problem and, given the desirability to
take into account sustainable development principles, urban drainage approaches and criteria
are now being re-examined in order to minimize the impacts of runoff in a more holistic and
integrated way. From this perspective, source control techniques are perceived to be one
important element that could help, by promoting control and infiltration as close to the source
as possible, minimizing the hydrologic impacts of development. This change of paradigm
(control near the source instead of rapid and efficient runoff conveyance) has however
profound implications and it should not be viewed as a panacea or even, in some contexts, as
more sustainable than traditional piped solutions.

This paper provides an overview of some of the key elements associated with the application
of source control techniques. The first aspect concerns the general approaches of design and
analysis that are now being reexamined in urban drainage. It is deemed important to put the
approaches into perspective and to review the terminology that has been used in different
parts of the world. Secondly, the techniques and the associated design criteria are discussed,
highlighting the differences for particular regions or climates. A third section focuses on
institutional aspects for implementation, followed by a discussion on the performance and
effectiveness of the different techniques that have been developed. Finally, the areas where
knowledge is lacking are presented, highlighting the needs for future research.

GLOBAL CONTEXT; EVOLVING URBAN DRAINAGE PARADIGM

AND TERMINOLOGY

It is now widely recognized that rapid urbanization affects not only runoff quantity but also
water quality, thereby producing significant hydrologic and ecological changes that can
impact on streams, receiving waters and their habitats. Conventional pipe and curb systems,
with their efficient ability to convey runoff rapidly to receiving waters, do not typically take
into consideration these effects and new approaches have therefore been developed in recent
years to address these concerns. Control and management near the source is now being
promoted vigorously and it is viewed in many countries as comprising an appropriate suite of
techniques facilitating the mimicry of natural processes and minimizing the hydrologic
impacts.

This shift of paradigm has a significant impact on the way storm sewer systems are planned,
designed, financed, operated and maintained. At the planning stage, it is now considered by
many communities that water management considerations should be integrated at the very
beginning of an urbanization project and, if possible, at the initial urban masterplanning stage,
in order to take into account the potential benefits of water management and the potential uses
in the city. This implies that a project based on source control for stormwater management
will necessitate a multidisciplinary design group (engineers, urban planners, hydrologists,
landscape architects, ecologists, sociologists, economists and people in charge of
maintenance). Many experiences show the importance of such an approach but, in practice,
consideration of source control measures is often difficult to include in the earliest stages of
planning. For the design, it is recognized that there is not “one best” practice to be used in
every situation and that every catchment must be evaluated for several variables in order to
determine which measure is appropriate for that particular location. Decision problems are
also associated with the evaluation of the effectiveness and sustainability of applied measures,
which is still not very well defined due to a lack of long term in situ measurements and
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definitions as to how this should be assessed. However, databases are now being developed to
help the designer in this respect (Strecker et al., 2004; Wild et al., 2002; EPA, 2002).
Development and use of decision aiding tools and high performance simulation software,
taking into account socio-economic, environmental and technical aspects are a main priority
(e.g. DAYWATER project in Europe; Revitt et al., 2003).

Europe has generally followed the experiences of North America and Japan for the financing
aspects of BMPs. Several examples are available in which regulatory obligations (especially
in urban planning) and tax leverage has been used to implement source control policies. The
weakness of the current approach is the lack of information about long term maintenance and
control as the responsibility for this aspect is often transferred to individual owners. This
could be viewed as an advantage for up-front costs (smaller regional basins or structures) or a
disadvantage (potential problems for long-term maintenance and effectiveness). On the other
hand, the concept of sustainable development has been, since its introduction in the 1980s, a
central idea towards which evolving approaches to urban drainage have strived to adapt.
Different definitions have been proposed (e.g. CIRIA, 2000; Maksimovic, 2000; Ellis et al.,
2004) but the assessment of the degree of sustainability appears to have been mostly
qualitative and subjective in nature; the use of robust sustainability indicators has not yet been
developed. Moreover, stormwater control near the source is not necessarily any more or less
sustainable than traditional piped solutions as it depends entirely on context as to which is
likely to be the more sustainable. It is therefore unfortunate that in the UK, such systems are
now known as ‘SUDS’ (Sustainable Urban Drainage Systems) — implying a sustainability ‘by
definition’ and hence an automatic desirability in use. On the other hand, the US manual
(WEF/ASCE, 1998), does not use the word ‘sustainable” anywhere in the text.

Accepting the fact that the use of source control techniques can be beneficial in some contexts
to reduce runoff-induced pollution, the basic question which remains is to specify to what
extent the resulting drainage system will be sustainable. Potential sustainability criteria for
stormwater management are presented by Crabtree (2000) (see also Revitt at al., 2003) under
three major headings: Ecological Impact; Construction, Operation and Maintenance; and
Social, Urban and Economic. Relevant issues are outlined for each of the categories,
including the release of pollutants, use of material and energy, and health and safety,
respectively.

One last general point is the terminology used in different countries. Source control is
sometimes used as the equivalent of pollution prevention, encompassing measures designed to
minimize the generation of, and entry of pollutants into, stormwater runoff, with emphasis on
non-structural and semi-structural measures applied at or near source (Marsalek et al., 2001;
CNRC, 2003). The same terminology is also used in other manuals to include on-site controls,
which are usually structural in nature and applied at the individual lot level or on multiple lots
that drain a small area (< 2 ha). Maybe a less confusing terminology would be to talk about
generic source control, which would comprise pollution prevention (non-structural) and on-
site controls.

It is also interesting to note the different names that have been used in different countries,
often to describe similar techniques. In France, Alternative techniques (Azzout et al., 1994;
CERTU, 2003) or compensatory techniques are used. In the US and Canada, we find BMPs,
or Best Management Practices (which are not specific to source control measures), which has
been translated in French as Pratiques de Gestion Optimales (PGOs) (CNRC, 2003); a global
term which also emerged since the late 1990s is LID (Low Impact Development) (Prince
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George’s County, 1999). In the UK, the term Sustainable Urban Drainage (SUD) has been
accepted in a number of publications (Wild et al., 2002). In Australia, there is WSUD (Water
Sensitive Urban Design), which is used to describe a new approach to urban planning and
design that aims to offer sustainable solutions for integrating land development and the
natural water cycle.

TECHNIQUES AND DESIGN CRITERIA

Source control measures could be classified as non-structural or structural. Non-structural
measures (also called in some guides and manuals Pollution Prevention measures or,
confusingly, source control measures) include public education, awareness and participation,
land-use planning and management of developing areas, modified use, releases and disposal
of chemicals entering stormwater, development and enforcement of sewer ordinances,
housekeeping practices and control of construction activities (CNRC, 2003; Revitt et al.,
2003; UDFCD, 2002).

BMPs that could be used as structural measures for source control could be divided into 5
main categories : (1) vegetative systems (filter strip or buffer; grassed swales; green roofs);
(2) Infiltration systems (soakaways, infiltration trenches or basins); (3) above or under ground
storage facilities (detention/retention basins, wetlands, oversized pipes); (4) Road surfacing
(porous paving or asphalt; reservoirs under roads); (5) Pre-treatment facilities (gross pollutant
traps, litter baskets, sediment traps, oil and grit separators).

Technical design criteria to be adopted for stormwater BMPs and source control measures
have evolved in the last 10 years to encompass the more holistic view that is now associated
with stormwater management. These can be classified into 4 groups of general criteria (MOE,
2003; Maryland, 2000): (1) water quality (aquatic habitat, pollutant loading, temperature,
recreation, groundwater contamination); (2) erosion potential (geomorphological
characteristics and sensitivity, in-stream erosion); (3) water quantity (total and peak flows)
and (4) hydrologic cycle (groundwater recharge, in-stream baseflow/low flow maintenance,
surface and subsurface flow paths).

The unified sizing approach, using specific criteria for each category of concerns, is intended
to manage the entire frequency of storms anticipated over the life of the stormwater
management practice. Consequently, storms range from the smallest, most frequent events
(which individually produce little runoff, but make up the majority of events and are
responsible for the majority of groundwater recharge and impacts on water quality) up to the
largest, very infrequent events that can cause catastrophic damages but for which most BMP
facilities can provide little if any additional controls.

Revitt et al. (2003) give a good summary of techniques and of the particularities within
different European countries. Swales and infiltration systems are widely used in Germany and
innovative designs have been developed. Porous paving and reservoir structures under
pavement are popular measures in France. Cold climate countries (Sweden, Denmark) have
used retention ponds, ponds and infiltration systems. In the UK, filter drains,
detention/retention basins and oil interceptors are very common. In the US,
detention/retention ponds, grass filter strips and media filter are used commonly and represent
the larger parts of the entries in the BMP database (Strecker et al., 2004). Porous paving are
also used in the southern states.
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The technical criteria for the current BMPs have been developed mostly in countries with
temperate climates and there is an awareness that the BMPs themselves or, at least, the design
criteria, should be modified for different types of climates. Particularities for cold climate
countries are discussed in a number of publications (Barr (2001); CWP (1997); Maksimovic
(2000); MOE (2003); Novotny et al. (1999); Reuvitt et al. (2003) ; Viklander et al. (2003)).
There is a notable lack of knowledge on the urban runoff processes under winter and spring
conditions in cold climate countries. BMP designs should be adapted for cold temperatures
(i.e. ice on ponds), short growing seasons and snowmelt runoff. Maksimovic (2001) discusses
specific problems with tropical climate, where larger rainfall rates, litter, sanitary conditions
and diseases related to mosquitoes in standing water accumulations are important issues to
consider.

INSTITUTIONAL AND PLANNING ISSUES

Much recent legislation around the world tends to point to a wider use of source control
measures, in a global sustainable development context. For example, in France, a recent
document has been issued by CERTU at the request of the Ministry of Ecology and Sustainable
Development (CERTU, 2003). This guideline, which is a global document dealing with urban
water management, recommends source control as the major principle of new stormwater
systems and encourages source retention and infiltration. Many institutional and planning
hurdles could however render more difficult than expected the application of this principle
(Carré et al., 2004). Other considerations are:

. The effective implementation of storm water source control should be part of an
integrated approach to storm water management but there are currently, in many countries, a
large number of disparate institutional groups that have responsibility and/or interest in
aspects of the urban water cycle. By partly transferring responsibilities for maintenance of the
source control measures to individual home owners, there is an additional level of interaction
that does not exist within conventional systems.

. To be effective, storm water source controls should be considered in any new
development from the outset of the planning process. This is difficult and seldom occurs in
practice as there is often no incentive to develop and implement alternative solutions.

o There are suggestions that increased public participation in the planning process may
cause difficulties for regulatory bodies that need to maintain an independent, objective
perspective.

o Contentious issues relating to adoption (and associated payment) of long term post-
construction operation and maintenance costs of source control facilities as well as safety
concerns over permanent water bodies in public open space are still widespread. There is
evidence that housing associations and corporate estate management companies funded under
annual service charges can provide more reliable O&M than local authorities.

o Regulations at various levels are diversely interpreted by the different local authorities
(infiltration for example can be promoted in a region in order to reduce imperviousness or
prohibited in another according to the “precautionary principle”).

o Even if it makes sense to consider that an integrated and multidisciplinary approach is
necessary, most new projects are still based on technical aspects only. This is generally due to
somewhat higher design costs or to the difficulty to effectively manage multidisciplinary
projects (coordination of different services, different consulting agencies).
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PERFORMANCE/EFFECTIVENESS ASSESSMENT

The most significant urban diffuse pollutants are sediments (including SS), oxygen
demanding biodegradable organic materials, oils and hydrocarbons, pesticides, heavy metals,
nutrients and fecal pathogens. Apart from possibly solids, it is far from certain whether the
introduction of urban source controls will ever be able to reduce pollutant concentrations and
loads to the equivalent recorded in the pre-development catchment. Irrespective of this, the
major question is whether source controls can consistently (and in a long term perspective)
reduce receiving water impacts to a lower level than conventional drainage systems. In this
respect, there can be no doubt that any source control approach that prevents (or even
attenuates) toxic contaminants from being incorporated into runoff discharges to receiving
waterbodies will comprise cost-effective solutions.

General performance issues

o There is evidence of failure or performance below design expectations for infiltration
basins/trenches and sand filters. Clogging, which compromises the hydraulic capacity of the
system, is a major problem for infiltration or porous systems. The evidence for groundwater
pollution below infiltration devices is nevertheless minimal but it clearly depends on the
characteristics of the catchment; the possible contamination of underlying soil and
groundwater is not yet entirely clear, particularly for sensitive conditions and long term
operation.

e Pre-treatment measures are essential in most BMPs and will contribute to their longevity
and sustainability.

e Retrofit technology is substantially more expensive (25 — 30%) than BMP installations for
new developments

e Relatively little is known about optimum design limits and effects of hydraulic residence
time for varying storm volumes on water quality performance for swales and storage
facilities.

e Whilst vegetation coverage does play an important role in biofiltration and wetland
pollutant removal, relatively little is known about the effects of vegetation type, rooting depth
or height.

e For retention and detention basins, more information is needed on drawdown times and
pollutant removal performance. In particular, data is lacking on the enhanced effects (if any)
of extended drawdown times above 24 hours. In addition, the effects of controlled outlet
discharge merit further investigation. Retention/detention basin design guidelines for
consistent pollutant capture across the full range of expected storm events and for protection
of downstream standards remain unclear.

e The long term performance, whole life costs and maintenance needs of most source controls
are uncertain.

e For a number of source control measures, sludge removal and treatment could also be an
important problem.

e Source controls are of limited effectiveness in dealing with floods. For the largest events,
these systems will fail. Unfortunately, some of the systems will also be irreparably damaged
by failure (unlike conventional piped systems which will usually return to normal functioning
once the flood waters recede). This makes their implementation, even for flow control, subject
to resistance when taken within the context of future climate change uncertainties.

Specific effectivenesses

Recent analyses of the US database have shown that BMP pollutant removal performance
could be assessed by answering the following questions (Strecker et al., 2004): (1) How much
stormwater runoff is prevented ? (e.g. hydrological source control); (2) How much of the
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runoff that occurs is treated by the BMP or not ? (e.g. bypass or overflow) and (3) Of the
runoff treated, what is the effluent quality ? (or distributions of effluent quality). It is
perceived that this approach provides a more robust and accurate characterization of BMP
performance than percent removal, which is actually the usual parameter reported in most
references. Based on the data contained in the US National BMP Database (www.
bmpdatabase.org; Strecker et al., 2004), the EU DayWater project (www.daywater.org; Revitt
et al., 2003) and a compilation of UK data sources (Ellis et al., 2005), it is possible to identify
some broad quality performance characteristics for various source control types. The US
database provides a good coverage for storage ponds (retention/detention basins, wetlands)
and grass swales but has much less information for other biofiltration facilities (e.g filter
strips) or for infiltration devices generally. The UK and European sources provide more
comprehensive data for these source control types which can be usefully supplemented by
reference to Australian data (Institution of Engineers, 2004). Based on these data sources,
retention basins tend to demonstrate the best performance for most pollutant species, although
there is considerable overlap in performance at low influent concentrations for all devices and
pollutant groups with swale performance exhibiting the greatest sensitivity to influent
concentrations. Some facilities such as swales have a tendency to accumulate pollutants such
as bacteria over time.

RESEARCH NEEDS

Even if source control measures for urban drainage are gaining popularity in many countries,
there are still many uncertainties attached to them in a widespread use. The perceived research
needs are:

e Long term observation and monitoring, in order to follow the performance of the systems in
terms of hydraulic and pollution risk but also in terms of people acceptance (users and
personnel in charge of maintenance). For pollution risk, the conditions of groundwater
contamination for the infiltration systems have to be especially considered (Ellis, 1997).

e Global modelling of source control systems in the longer term, integrating the continuous
modification of the system structures (evolution of the land use of the catchment, evolution
and prediction of clogging and its effect on performance).

e Performance indicators to qualify the sustainability of such systems in socio-economic,
environmental and technical terms and development of more general efficiency criteria for
source controls evaluation.

e Source controls whole life costs: wider studies on this topic can be useful in order to
evaluate the relative sustainability of source controls approach with respect to other mitigation
solutions.

e Definition of treatment trains for specific applications and of decision support systems to
facilitate a global approach.

e BMPs should be adapted for different climate conditions (cold, humid tropical or arid) and
much remains to be done in these areas. Appropriate design criteria should therefore be
developed for these particularities.

e The majority of existing design guidelines emphasise single-site solutions for urban
stormwater runoff control, whereas integrated catchment-wide approaches are required for
diffuse pollution control under emerging European and North American legislation.
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Historically — control ., caio. &
of runoff volumes """
has been
neglected

Natural Ground Cover 10-20% Impervious Surface

35% Evapo-Transpiration apo-Transpiration
Volume control
should be

integrated in a

Water Balance 5
Approach 35-50% Impervious Surface 70-100% Impervious Surface

l | ) 5"? Ijeép
Infiltration-, - 5 ¢ nfitration

[ B "= i

GENERAL IMPACTS OF URBAN DEVELOPMENT

Different types of impacts

= Quantitative (discharges, runoff * Watercourse erosion

volumes, velocity of runoff) (related to a degradation
of the water quality)
* Qualitative = Hydrologic cycle (Groundwater

and baseflows)
Quantitative Inter-relation

of the
@ different

Qualitative types of

Hydrologic cycle @ impacts

Stream geomorphology

[ B "= i




GENERAL IMPACTS (Quantlty)

INCREASING URBAN!ZATION (NO BEST MANAGEMENT PRACTICES)
o e |

1mable to sustain
self-supporting,
cold-water fish

WARR WATER
SPECIES

RS

POLLUTION. |
INDICATC

iy Bacterial Slimes < |

British Columbia, Canada

N@YATECH 2007

GENERAL IMPACTS (Quantity)

IMPACT OF CHANGES IN HYDROLOGY ON WATERCOURSE
EROSION AND BASE FLOW RELATIONSHIPS

(WITHOUT BEST MANAGEMENT PRACTICES)

INCRLASING WRBANIZATION (WD SEST MANAGENINT PRACHICH

PEOPORTION nr IMPERVIOBS LAND AREA (N
Z L DR T D S PR DT T |

11 YEAR RVDROSALPH

The Mean Annual Flood (MAF]
is the ‘channel-forming event’

When the MAF increases,
the channel erodes to convey
the additional volume

A consequence of channel
instability is habitat degradati

RATIA 6 MEAK ANKUAL FLOBD 10 WINTER BASE FLOW

e il

British Columbia, Canada
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GENERAL IMPACTS (Quality)

Atmoaphari
Fallout BUILD-UP

Physical parameters
(discharges, solids,
temperature, ...)

HEALTHY S¥STEM NUTRENTS SEDMENTS  TOXICANTS

Chemical parameters

(organic matter, nutrients, heavy
metals, chloride, pesticides,
Hydrocarbons, ...)

Microbiological parameters
(bacteria and viruses)

FRau AT Ec 00

GENERAL IMPACTS (Quality)

SI}_II'H]\-\-’&I&‘I'
Effects
Handbook

A Toolbox for
Watershed Managers,

Tabibe 2.5 Typical Urban Area Pollutant Yields (Ibfacrefyear or kghalyr)*

B et Eriine Total  Suspended Total NO, plus
Scientists, and Engincers Land Use Solids  Solids  Chloride Phosphorus TN HH, WO,  BOD,
. Commercial 2100 1000 %20 15 &7 19 a1 o)
G, Allen Burton, It Barking ioa 1300 400 a0 o7 1 20 29 a7
Rober E. Pire Highedensity ressdential &70 420 54 10 42 08 20 a7
Metfum-denaity residential 450 250 0 03 25 0s 14 13
Low-dansity residential® &5 10 9 004 03 002 01 1
Froeways 1700 880 410 a8 79 15 42 A
Industrial 670 500 25 13 34 02 13 NA
Parks HA 3 HA 003 NA NA HA NA
Shapping center 720 40 36 a5 at 05 17 NA
Land Use con Leadt Zine  Chomium  Copper  Cadmium  Arsenic
Commercial 420 27 2.1 [ 04 003 002
Parking lot 270 08 08 A 0.08 001 NA
High-density residential 170 08 07 NA 0.08 0.0t NA
'Li\'\-'lﬂ PUBLISHERS Madism-denaity residential 50 oS [ 3] ooe 003 ool om
Low-density residential® ¥ o0 004 002 0.01 0001 .00t
Froeways A 45 21 00a 037 0.02 .02
Irdustrial 200 02 04 06 0.10 0.05 004
Parks A 0,005 HA NA HA NA A
Shapping center NA 11 08 004 0.09 o0 .02

* The ditference batween Ibncrayear ond kpha'yr i less !an 15%, and the sccuracy of the values shown in thas table cannot
differentiate between such close values.

* The montored low-denaity residential arsas wem dmined by geass swalos.

* HA = Not avadable,

# The lead unit area loadings shown on this table are currently expected to be significantly less than shown on this table. as these
values are from poriods when leaded gasoline adversely alecied sicemwater lead quality.

monitored low-density residential areas wers drained by grass swales,
Data from Bannerman ef al, {1979, 1983); Madison of al. (1979); EPA (1683); Pin and McLean (1586).
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GENERAL IMPACTS (Quality)

Mean Pollutant Concentration Generated by Different Land Uses

2 Secondary Indicators Aletals
Indicatars
Land Use
s ™ BOD. con RN T™s ™ ca Cr Cu " N ol
tmgly | (mgl) | omgly | imgly | (mel) | (mel) | (mgki | jwglh | fepLi | (epl) | wgls | egly | fegly

Forested wetland | 190 | 03 41 | 94 | 06 | 520 | 11 05 | 28 | 53 | 30 | 47 | 229

Cropland and ™I | 02 a2 | =7 | 06 | %20 | W [ £ N 7 | BF

Pasture

Upland forest W7 | 02 33 | 304 | 07 | %28 | 11 05 | 29 56 | 32 37 | 248 |

Urban open e | 03 34 | 307 | 07 | 520 | 11 0% | 29 | %7 | 32 | 47 | 254 |

Commumncation | 207 | 02 36 | 317 | 07 | %20 | 12 0F | %0 | 60 | 34 | 48 | 278

and utilities

Tow-denny = | 02 0 | 34 | 0% | 20 | 1 0% EX] &% | 38 35 | a2

Residential

Medinm-density | 305 | 02 75 | B3& | 01 | 20 | 17 | 08 3E | 97 | 61 0| W4

Tastimtional A19 | 03 | 103 | %67 | 1f | %20 | 24 | 06 | 45 | W7 | 99 | 53 | nze
[ High-densiry Erk 03 [EX) (23] e 320 pE ] [k a8 173 [ 120 54 | 1489

Mulifamily 3T | 08 | 137 | 6T 7 [ 506 | 37 [ 67 | 45 [ ¥ [ 120 | 34 | 1358

ressdential

Commercinl 342 157 | 7001 | 20 E (X} $3 | 204 | 145 | 55 | 1887
“Highways 78 | 170 | 340 | &1 13 33 | 07 | 58 | = 2 B ELEE

Tadustral 578 170 | 740 | a1 33 | 07 | 5% | 21 | 60 | 55 | 2146

Risk to Fish Habitat by Increase in TSS

European Commission Canad
TSS —mg/L. Risk Level TSS - mg/L. Risk Level
<25 Not harmful <25 Very low risk
25-80 Somewhat diminished yield 25-100 Low risk
80-400 Unlikely to support fisheries 100-200 Moderate risk
=400 Only poor fisheries 200-400 High risk

NO@YATEECH 2007

RATIOOF FLOWS, 10-YR FORESTO. YR CURNENT

GENERAL IMPACTS (Stream erosion)

Increase of erosive forces

Secondary impacts on habitats
and water quality

25fd o
O E
20t EE *
o £
4 g { o CENERALLY STADLE CHANNELS
& o ,
1.0 —&6”,2_ m ]
osf o M, WP ;: % 2
oy | EENERALLYUNSTABLE CHANNELS
rren 0 20 30 40 50 60

PERCENT IMPERVIOUS AREA IN CATCHMENT

Visible impacts at 10 %
imperviousness

NO@YATEECH 2007




MINIMIZING THE IMPACTS OF URBAN DEVELOPMENT

K b‘
Il

2000s : Stormwater management redefined with new
context
= Sustainable development
= Management taking into account ecological &
social systems (acceptable cost)
= Improved understanding of stormwater
runoff effects on receiving waters
= Desirable approach to consider urban
water in an integrated way

= Watershed management & urban
management

[T T e

I

MINIMIZING THE IMPACTS OF URBAN DEVELOPMENT

. Trends in urban drainage
= Shift of paradigm

Mimicry of natural processes and
minimizing total hydrological impacts vs
Rapid and efficient runoff

= Treatment train instead of simple curb and
gutters systems

= Control of complete range of rainfall

= \Volume control

= Use technical solutions for other purposes
(landscape, playground, water reuse, ...)

[T T e

I




MINIMIZING THE IMPACTS OF URBAN DEVELOPMENT

Enlargement of design criteria

General groups of design criteria

= Water quality

Extreme
Flood Protection

= Erosion potential

Overb Flood
Protection

= Water quantity

= Hydrologic cycle
(Groundwater — baseflows)

= Water perception and usual
population practices

[ e " ise A

MINIMIZING THE IMPACTS OF URBAN DEVELOPMENT

Importance of
source control for
these 2 aspects

) 10
Raindall Recurvonce bonerval (pears)

= Control of complete range of rainfall or Design /
simulation with long series)

NOVY AT EECR 2007




CONTROL FRAMEWORK

Treatment train approach

b6 b6 b6 b6 6 b &
Conveyance (5 A 6

Conveyance

Source control
Site control

Regional control

Discharge to watercourse
or groundwater

“
Discharge to watercourse
or groundwater

Discharge to watercourse

or groundwater

Stormwater runoff

Pollution Prevention

Source Control

’ On-site (lot-level) Controls I

Conveyance Level
Controls

End-of-pipe Controls

Receiving Waters

NO@ Y AL EEINH

CONTROL FRAMEWORK

Complete range of rainfall — Water Balance Approach

Total Annual

2007

Evaporation-
Transpiration

75%
Small Storms

2

20%
Large Storms

IRV

Rainfall Capture

Runoff Control

Infiltrate or Harvest

Provide Storage to

Typical

Rainfall
Volume
Distribution

Stormwater
Management
Strategy for
Impervious

Areas

' Small Storms at the |§ Control the Rate
Source to Reduce of Runoff from

Total Runoff Volume Large Storms

o s
§ Storage
A Release
: 5
ey
Deep -
Groundwater

Integrated Strategy for Ménaging t!

Complete Spectrum of Rainfall Events

Hydrologic
Pathway

British Columbia (Canada) - 2003

NO@ Y AL EEINH
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CONTROL FRAMEWORK

From TRADITIONAL to INTEGRATED:

= Drainage Systems - = Ecosystems

m Reactive (Solve Problems) - m  Proactive (Prevent Problems)

m  Engineer-Driven - m  Interdisciplinary Team-Driven

= Protect Property - m  Protect Property and Habitat

= Pipe and Convey ‘ = Mimic Natural Processes

= Unilateral Decisions ‘ m  Consensus-Based Decisions

= Local Government Ownership - = Partnerships with Others

= Extreme Storm Focus ‘ m  Rainwater Integrated with Land Use
m  Peak Flow Thinking! - m  Volume-Based Thinking!

Source control and infiltration techniques become essential in a Volume-Based thinking

NO@YATEECH 2007

Non-structural or structural

5 General categories for structural
measures

= Vegetative / soil systems

= Infiltration systems

= Above or under ground storage
= Road surfacing

= Pre-treatment facilities

NO@YATEECH 2007




EXAMPLES — SOURCE CONTROL

NO@YATEECH 2007

More of that green stuff...

NO@YATEECH 2007
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INSTITUTIONAL AND PLANNING ISSUES

;p"-'..i
wi

Il Institutional and planning difficulties

» Integration with different institutional groups —
maintenance responsibility at lot level ?

= Incentives to develop alternative solutions

= Conflicts with other building and design requirements
= Increased public participation — good or bad ?

» Long-term maintenance

= Diverse interpretation of regulations

= Multidisciplinary design team

N@YATECH 2007

I

PERFORMANCE AND EFFECTIVENESS

;p"-'..i
wi

] .
General performance issues

= Clogging for infiltration systems and sand filters

= Pre-treatment measures are essential

= Retrofit is more expensive than BMPs for new developments
= Role of vegetation type in bioretention/wetlands

= Optimum design limits

= Long-term performance

= Sludge removal and treatment

=Effectiveness for floods
=Social acceptance and shift of practices (design, maintenance, ...)

ey e

I
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' PERFORMANCE AND EFFECTIVENESS
ad
BEm
i
. Specific effectivenesses
» Usual parameter : percent removal
= More robust and accurate approach (Strecker, 2004):
= How much stormwater runoff is prevented ?
= How much of the stormwater runoff is treated ?

= Of the runoff treated, what is the effluent quality ?

= Does the BMP control discharges such that streams are
protected ?

NGOV ATNTEEGIN

2007

» PERFORMANCE AND EFFECTIVENESS
4
" International databases

» US National BMP database (www.bmpdatabase.org)

Storage ponds / grass swales

= EU DayWater project Inerim Reporton

(WWW. daywater.org) Effectiveness of Stormwater
o . ) . ] Source Control
Biofiltration / Infiltration devices

Greater Vancouver

= UK data sources e
(Ellis et al., 2005)

W cHzm
-

March 2002

FR OTHU (infiltration)

http://www.graie.org/othu/
(Barraud et al., 2001)

NO@YATNTEEIN

2007
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IMPLEMENTATION

= Different types of climates

= Cold climate — Winter and spring
conditions, ice, short growing season

= Tropical climate — larger rainfall rates, litter,
sanitary conditions, diseases (mosquitoes)

® Arid or semi-arid climate — Groundwater
recharge, infiltration rates

NO@YATEECH 2007

THE FUTURE ...

Exchange of LR
information '-. £ Wy

and data = — ‘;.

Integration of
different
disciplines for
common
objectives

NO@YATEECH 2007
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NOVATECH
2007

Workshop 5 : Source Control: Managing
Stormwater with a Water Balance Approach

Current situation and perspectives in
Brazil

Situation actuelle et tendances au Brésil

Dr Joel Avruch Goldenfum
IPH/UFRGS
BRAZIL







Workshop5 No vﬁ% CH
‘ Source Control:
Managing Stormwater with a Water Balance Approach

Current situation and perspectiVe.s_in Brazil
La situation actuelle et les tendances en Brésil

Dr Joel Avruch Goldenfum
IPH/UFRGS
BRAZIL

NOVMATECGCH 2007




NOVMATECGCH 2007

Brazilian Basins

~y
8.511.965 km? > Y

190.000.000 inhabitants

80 % urban:

T Bacia do Rio Amazinas
Bacia do Tocanting

l/’BaciaS
!

Araguaia
— Bacia do Atlintico
— Norte Nordeste

" Bacia do Bio 530 Francisco

5.564 cities and towns
2 cities  (0,04%) > 5.000.000: 17.000.000 = 9%
14 cities (0,25%) > 1.000.000: 38.000.000 = 20%
1.594 cities (29%) > 20.000: 151.530.000 = 82/

7 Bacia do 4tlintico Leste
.Bacia dos Rios Farand
Faraquai
" Bacia do Rio Druguai
.Bacia do Atlintico Sul
& Sudeste

NOVMATECGCH 2007




Difficulties — developing countries
Climatic and socioeconomic conditions

.;‘,7"”' )

K b‘
Il

- Intense rainfall
- greater capacity to generate runoff
- greater erosive capacity
- proliferation of vectors/carriers of tropical diseases
- precarious public works (cleaning-inspection services)
— - technically outdated, ill-planned storm drainage systems

- data deficiency

NOVMATECGCH 2007
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Difficulties — developing countries
Climatic and socioeconomic conditions

.;‘,7"”' )

K b‘
Il

- Uncontrolled urban expansion

o d 57, Uk ¥
oy
|, o

NOVATEGH 2007




Difficulties — developing countries
Climatic and socioeconomic conditions

- Obstructions (“solid waste”)

NOVATEGH 2007

Difficulties — developing countries
Climatic and socioeconomic conditions

- Water quality issues (and solid waste)

o

NOVATEGH 2007




Difficulties — developing countries
Climatic and socioeconomic conditions

- Institutional and political issues

Lack of legal instruments
+

difficulty to approve new legislation

costs to prevent and solve inundation problems
are paid by the public sector

strong opposition from developers

Urban planning restrictions - lack of appropriate
public or private spaces

| NOVATECH 2007

I

Difficulties — developing countries
Climatic and socioeconomic conditions

- Institutional and political issues

Not enough articulation among the several public organs
Legal conflicts among Cities, State and Union:
Soil use regulation: municipal

Environment protection,polution control, public health
and security: States and Union

Measures developed in the city frequently with no
agreements with neighbouring towns

Trend: macrozonig urban directives introduced by the
towns with incentive of the States

[ T

I
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Difficulties — developing countries
Climatic and socioeconomic conditions

- lack of knowledge and technical information
Opposition
by the population

by the designers
by the public managers

NOVATEGH 2007
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Perspectives for improvements

Significant increase on:
Scientific and technical publications

talks on drainage compensatory
approach

Changes in curricula:
Engineering Schools
Architecture Schools

| Haved ¢ @b




URBAN WATER MASTER PLANS IN BRAZIL

Belo Horizonte — Urban Master Plan (1996):
impermeabilization compensed by detentions (30 I/m2 of
impermeabilized area).

Porto Alegre — Urban Master Plan (2000):
acknowledgement of urbanization effects on flow and of
flow control reduction necessity to be regulated by DEP

Guarulhos Constrution directives (2000): detentions to
control floods for areas bigger than 1 ha.

Urban drainage Master Plans:
Porto Alegre (2000)
Curitiba Metropolitan Area (2000)
Caxias do Sul (2001)
Flores da Cunha (2003)

NOVATEGH 2007
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Trends for [~
Regulation |
o Urban
Drainage e
Master Plans |
o Local
regulations in
the cities
o Technical
studiesand | ...
guielines

R P A ) -— FE e ——

FEReaviiEc 00

Research — numerical and analytical

NOVMATECGCH 2007




Research - experimental
© S&o Carlos - USP

N E e T

Research - experimental
» Sao Carlos - USP

lote.

| NovarnEcH 2007
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Research - experimental

e Brasilia - UnB

Research - experimental
— IPH/UFRGS

o Porto Alegre

11



Research - experimental

o Porto Alegre — IPH/UFRGS

NOVATEGH

200

Research - experimental

o Porto Alegre — IPH/UFRGS

E
£
s
s
& i EaN
H
&
T2z 3 4 5 6 7T 8 8 w0 m 12 13 1 1
Tempo (min.)
e Solo Campac. — ¥ Bloc. Vazados —e—Cone. Poroso

NOVATEGH

2007

12



Research - experimental
IPH/UFRGS

e Po

=

rto Alegre -

S L dhaell .

NOVATEGH

200

Research - experimental

NOVATEGH

2007
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Proposal for Future improvements

Administrative actions:

- Integration among administrative organizations
- Long term planning — PDDrU

- Law enforcement

Education:

-Technical information for designers

- General information for decision makers

- Environmental education for general public

Academia:

- Research

- Product development

- Teaching: undergrad, post-grad, extension
- Experimental Studies

- Association with other sectors

- Educative Campaigns

| NOVATECH 2007
% Questions for discussion
Sustainability
Education
Capacity Building
Knowledgement Transfer and
Adaptation
NOVATECH 2007
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joel@iph.ufrgs.br
j.goldenfum@gmail.com

http://iwww.iph.ufrgs.br
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I
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NOVATECH
2007

Workshop 5 : Source Control: Managing
Stormwater with a Water Balance Approach

Current situation and perspectives in
France

Situation actuelle et tendances en France

Bruno Tassin & Jean-Claude Deutsch
CEREVE — ENPC
France







Workshop5 NoO V:;,{!:% CH
Source Control:
Managing Stormwater with a Water Balance
Approach

France - Stormwater Management or

Urban management ?
Versionl

J.C. DEUTSCH & B.TASSIN
CEREVE

Historical context

o XIX century sanitary approach

o Building sewer network: combined in the
centre of cities, separate in the suburbs

o Rise of urban population during the fifties

NOVATEGCGH 2007
I
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Historical context

(o]
o

80 sopt—35Mdom 42M ATH
c —_—
2 70 T23™ — ] —
= 60 ] —
g 50 1 -
€ 40 T —
£ 30 -
< 20— -
10 +— |
0 T T T T T 1
1950 1960 1970 1980 1990 2000
YEAR
| Hoye e 7007
1
Historical context
i
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b Historical context

"=, Sixties: Are new cities compatible with
stormwater run-off ?

1972 : Severe urban flooding in Paris area

End of pipe solution last victory:
building of 3 m diameter stormwater pipe

77/284 INT on sewer system design

| Hoye e 7007
1

- Historical context
I 1980-1990 : the rise of BMP'S

Generalisation of the concept of
stormwater storage

NOVATECGCH 2007
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DEA Seine St Denis
(93)

TECH 2007

Beaumont / Oise (95) — source : Guide SAUL

| NovATEcl 200D
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Val Maubuée — Marne la vallée (77) - Réalisation Sauveterre i
a9 W H) SRRl SR

Il

RER Lognes Mandinet (77) (Photo Sauveterre)
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Historical context
1980-1990: the rise of BMP’S

» Generalisation of the concept of stormwater
storage

o Shift toward source control solutions
(mainly according to hydraulic aspects)
— Feasibility studies on porous pavements
— Assessment of stormwater storage on flat roofs

—Is it useful to convince people not to have gutters
on their house ?

NOVAT Ecfagdnne (89 7
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Portes des Alpes (69) /
IUT A Villeurbanne (69) /
ZAC du Chéne (69)




NOVANTEGCH 2007
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Source Ecosedum : www.ecosedum.com
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Historical context
% 1990 - 2007+

Characterisation of urban run-off pollution

Water law of 1992:
Responsibility of local communities
Stormwater run-off zoning

NOVANTEGCH 2007
I

Technical context
% Main approach

Risk management
Interactions between urban techniques

Integrated approach through water
management planning and urban management
planning

NOV ANTEGCH 2007
I
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b Organisational context

il

36 000 local communitites
6 water agencies

Private management:

water supply (85 % of the population)

wastewater collection (45 % of the
population)

NOVATEGCH 2007
I

7

Sewerage and drainage funding
B system

Wastewater collection and treatment:
separate budget in local communities

Stormwater collection and treatment:
local general municipal budget with the
help of the State or counties

Water agency

NOVATEGCH 2007
I
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Regulation context

Design of a water management program for
local communities (water law 1992)

Possibility for local community to tax surface of

new constructions to fund stormwater run-off
control (water law 2006)

Possibility to reduce tax by building rainwater

harvesting and reuse systems (water law 2006)

[

[ NGVATECH

2007

_

ritten by Universities, associations (GRAIE, EU

Technical recommendations

1994, 1997

2003

ENCYCLOPEDIE CERTU
de I'HYDROLOGI

URBAINE

ET DE
ESAINISS

‘ Ministére de

durable

LA VILLE & SON
ASSAINISSEMENT

I'écologie et du
développement

RYDICE)

General
recommandations

I

| NOVATECH

2007
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BMP’s use
Structural approach

Porous pavements

Retention and infiltration basins, swales,
trenches, pits

Use of urban area to store/infiltrate stormwater

Green roofs

Water harvesting between rainwater retention
and stormwater reuse

[ WGeVATEeCR 71007

BMP’s use
Non-structural approach

Drainage annex in local planning document
(Plan Local d'Urbanisme)

Public awareness to urban stormwater run-off
problems through local public information and
consultation groups (Université populaire de I'eau,
OHU, ...)

Stakeholders awareness through the organisation of
specific information events (GRAIE technical
sessions, ...)

[V AiEen 707
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Research
Main development axes

What are the phenomena involved in BMP's behaviour
their performance and their impact on:
Environment :
water bodies: surface & groundwater
sediment and sludge management

Social and economical

transfer of expenses between citizens, local communities and
operating societies

social acceptance of new approaches
Health (not much !)

| NOVATECH 2001

| &
zj%

Main Research Tools

Development of observatories and on site measurements
(OTHU, OPUR, SAP)

OTHU http:/iwww.graie.org/othu/
OPUR http://www.enpc.fr/cereve/opur/
SAP

NOVAITECGCH 2007
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Main Research Tools

Development of models
Pollution transfer/retention, infiltration, small scale hydro
meteorological modelling, urban vulnerability to floods, ...

Integrated models

Linking hydrological models on urban, semi-urban and
rural areas

Hydrological modelling taking into account small scale
climatology and infiltration

Modelling BMP’s and sewer networks at the same time

Modelling the quality of urban wet weather discharges
and stormwater run-off at different scales

| NOVATECH 2007
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[

Main Research Tools

Development of decision support system
(construction of indicators, use or development of
multicriteria methodology, Computer tools)

NOVAITEGH 2007
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V4

NOVATECH
2007

Workshop 5 : Source Control: Managing
Stormwater with a Water Balance Approach

Balance Approach -
Update on the Australian Scene

Situation actuelle et les tendances en
Australie

Dr V. Grace Mitchell
with input from Dr Tim Fletcher
Monash University, Melbourne, Australia







Source Control: Managing Stormwater with a Water

NOVEFCH

Balance Approach -
Update on the Australian Scene

La situation actuelle et les tendances en

Australie
Dr V. Grace Mitchell with input from Dr Tim Fletcher

Monash University, Melbourne, Australia

T
e q

Precipitation
Evapotranspiration

Melbourne

Imported Stormwater

water

Wastewater

Groundwater
recharae ~0

Precipitation

Brisbane Evapotranspiration

Stormwater
runpff

Imported il

Wastewater

Groundwater
recharae ~0 ECH 2007




What does Stormwater ‘Source
Control’ mean in Australia?

T ¥
'."|'

Vi
li

F A
o

Structural techniques: Non-structural techniques:
Sediment basins Town and Strategic
Bioretention swales and Planning
basins Pollution Prevention
Sand filters Procedures
Swale/buffer systems Education and Participation

Programs
Regulatory Controls
Incentive Programs

Constructed wetlands
Ponds

Infiltration systems
Rainwater tanks

NOVATECGCH 2007

National Policy Setting

SN

National Water Initiative

agreed to and signed at the 25 June 2004
meeting of the Council of Australian
Governments (COAG)

One of its multiple aims is:

“better and more efficient management of
water in urban environments, for example
through the increased use of recycled water
and stormwater.”

NOVATECGCH 2007




National Water Quality Management

Strat
Retain and restore valuable
o Gui ecosystems i
Sto ' -
Source control:
M a non-structural measures
Urbat Source control: ] gement
challeng structural measures d drainage
manag v ality (litter,
. In-system management ;
nutrier ieastires . gqu_atlc
€COoSsYy , , riparian
Fi -8 M Hi
vege ta igure tormwater ana;gement ierarchy onmental

flows). o

NN e O 2]
I

National Guidelines - ARQ

o Australian Runoff
and Quality (ARQ)

— Final version
released in 2006

— Focus on stormwater
source control

Australian
— Also covers broader Renoft Qvality
context of urban '
water system

NOVATECGCH 2007




State level policy, regulation,

guidelines... e.g. Victoria

Local & Water authority ¢ State
povernment level level government level
|

]

u\" Securing Our
WSUD Watel!;ture

ENGINEERING PROCEDURES

=l Together

Victorian G vernment White Pay per

Progress on the structural
techniques front

o Landscape integration

o Integration with water supply
management

o Scale considerations

NOVATECH 2007
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- Trends in the Use of Non Structural
| MeaSu reS CATCHMENT HTOROLOGY
Research has found non- B s A
structural measures are: %m '
* already widely used in ———y
Australia;

° increasing in use; and

* set to become more widely pe—
used if Australian urban water — ——_
management programs
mature like those overseas.

cxresmam wrseonat WIGTOR,

NOVATEGCGH 2007

Type of Stormwater Projects Funded in

NSW (Source: Taylor & McManus, 2002)
100% ol

90% -

80% - ]
70%

60% /
50% (ll IJ /
stormwater
40%

ANIW Goverrmant niicihe
30% - /

20% -
10% -
0% -

Stage 1 - 56 Stage 2 - 86 Stage 3 - 108 Stage 4 - 75

Stormwater Management Approaches
Adopted in Grant Projects (%)

Projects Projects Projects Projects
O Source Controls — Non-structural Annual Grant Stage
@ Source Controls — Structural (total of $66M)

O In Line / End of Pipe Controls - Structural

EENEEEemE 60 2007




Education & Participation Programs

0
clearwater

SUPPORTING SUSTAINABLE MANAGEMENT OF URBAN STORMWATER

| NG VATECH

2007

Strategic Planning & Institutional Controls

o Many levels
— National
— State
— Local government
— Water authority

Wt ‘gé’:f

uture

Together

2007




Clause 56 — Residential subdivision
provisions in Victoria

o Sets out requirements for the design and
assessment of residential subdivisions in urban
areas throughout the state

— new provisions introduced on 9 Oct 2006

o The urban stormwater management system
must:
— Meet BMP guidelines for stormwater quality

— Ensure no detrimental downstream impacts (pre-
development flows)

| Hoye e 7007

Clause 56 — Residential subdivision
provisions in Victoria

» Consequences:
— Local management

0,
of stormwater quality clearwater
. . Lvitos st atford s
— Training/capacity A iy rorig o

- IMPLEMENTING
building... WATER SENSITIVE
URBAN DESIGN

A8 PART OF INTEGRATED

WATER MANAGEMENT FOR
RESIDENTIAL SUBDIVISIONS

NOVATECGCH 2007
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Melbourne Water’s Stormwater Quality
Offsets Strategy

o If a developer cannot meet stormwater
quality standards within their development

—provides a mechanism to pay an offset to
Melbourne Water

—$$ to provide water quality treatment
elsewhere in the catchment

o Nitrogen is the offset “currency” as it is the
critical pollutant load for Port Phillip Bay

| Hoye e 7007

Il

| Sto rmatr“
Quality Offsets

- A Guide for Developers

Worked Example: Stormwater Quality Contribution Calculation

Refer to Land Development Manual for water quality rates and development density factors.

Determine treatment performance using specialist water quality modelling. 1009
obﬁcnvss
achieved

= 45% rtertion

Standard contibution rate fie for lots from 450 m2 but less than
1000 m2) = $3000 per ha

Development density factor = standard residential = 1.0
Developmsnt sz= = 1ha

Pencantage of nitrogen reduction achieved ansits = 36%

of Nitrogenload

fa0%

oz obﬁcﬁvs@
achieved

= 365 retertion

Nitrogen A imemleed
retained onsite

- 36% reduction in Total Mitrogen (typical annual load tly) achieves 802
of the best practice objective

- Offsets required for remaining 20%

= Offset contribution = $3,000/ha ™ 1ha " development density factor ¢
(1) * 20% (shortall in best practice) Ll T pr— quality contribution

Amount payable = $600

0 retertion of
Mitrogen load

NOV ANTEGCH 200 7
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Intersection with other urban
water drivers

o Ten years of drought in much of Australia
o Pressure on water supplies

o Shifting of priorities to harvesting
stormwater:
— Rainwater tanks at lot scale
— Stormwater harvesting at catchment scale

o Larger scale water balance in play

| NBVATERH 2001

Rainwater tank subsidies

o Available in most urban
areas

o Differing “rules” depending
on location

o Usually vary depending on
tank size and end uses

12



Rainwater Tank Rebates

Fact Sheet January 2007

The Victorian Government has increased incentives under the Water Smart Gardens and Homes
Rebate Scheme.

The scheme rewards residential customers connected to a mains water supply for purchasing
water-saving devices and services, thereby reducing their water consumption

Households purchasing and installing a water tank from 1 January 2007 are now eligible for a
rebate of up to $1000.

Water tanks can save up to 40,000 litres per household per year.

The rebate is based on the size of the tank and requires the tank to be connected to toilet and/or
laundry facilities as follows:

Rainwater Tanks, 2000 — 4939 litre capacity, connected to toilet and/or laundry $500 rebate
Rainwater Tanks, 5000+ litre capacity, connected to toilet or laundry $900 rebate
Rainwater Tank 5000+ litre capacity, connected to toilet and laundry $1000 rebate

NOVAITEG@GH

2007

Example: Royal Park Wetland
Stormwater Reuse System

—

o Designed to supply
74 MLy of irrigation

o Also stormwater
quality improvement 4 \ga
for environmental A
protection

© Are monitoring it to
evaluate its multi
purpose performance

NOVAITEG@GH

2007

13



Environmental Flows

o Are rainwater tanks and stormwater as a
tool to maintain environmental flows?

o Desktop study examined the impacts of

stormwater harvesting on a suite of
hydrologic and water quality indicators

—ecological impacts

NOVATEGH 2007
Category Indicator (and abbreviated name) Analysls Unit
time step
Iy . Total runoff daily ML/yr
(9 Runoff
= Frequency of surface runoff daily times/yr
: y Duration (total time of low flows) daily dayslyr
. days in a row
Average length of low-flow spells daily (averagelyr)
Number of low-flow events daily events/yr
Flow Spells - - - -
U) Duration (total time of high flows) daily dayslyr
[ - . days in a row
Average length of high-flow spells daily (averagelyr)
fd ._Number of hiah-flow events daily e
CG Q1month hourly m3/sec
U Q3month hourly m3/sec
U Peak Flow Qlyear hourly m3/sec
c Q1.5year hourly m3/sec
— Qb5year hourly m3/sec p
Flow
Duration Integral of the flow duration curve hourly Integral of curve
Curve
Total Suspended Solids (TSS) load daily kg/halyr
Pollutant " | Nitrogen (TN) load dail kghhalyr
Loads 9 y gihaly
Total Phosphorus (TP) load daily kg/halyr b 7

14



Low Density: 14% Impervious
B

Ratio of pre-developed level

Total n
R unoff events

R unoff Low flows High flows

High Density: 70% Impervious

Ratio of pre-developed level

Freq. o . av. no. av.
Surface events Length events Length
R uno ff

-1 1-2 1-3 (low) 1-3 (high) .




Summary

No shortage of policies and guidelines
Progress in:

Experience with successful implementation
Capacity building in the water industry

Linking stormwater with the rest of the urban
water balance

Research:
Very active in many fronts in Australia!

[ WGeVATEeCR 71007
1

Point for discussion

What is the “burden of proof” in terms of
source control performance before the
tool/technique is integrated into
policies/regulations/guidelines?

..e. how much knowledge is enough to get

on and advocate changes in on-ground
practice?

NOVAITECGCH 2007
I
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Workshop 5 : Source Control: Managing
Stormwater with a Water Balance Approach

Managing Stormwater with a Water
Balance Approach
United States of America

Gestion des eaux pluviales avec une
approche de gestion de I’'Eau équilibrée
Situation actuelle et tendances aux
Etats-Unis

Eric Strecker
GeoSyntec Consultants
Portland, OR, US




ALK SOFTLY

AND CARRY A BIG FISH

Managing Stormwater with a
Water Balance Approach-
United States of America

Eric Strecker
GeoSyntec Consultants
Portland, OR




Stormwater
“More Sustainable” Strategy

Hydrological Source Control

Pollutant Source Control

On-site Treatment, close to the source
Regional Treatment Systems

Stream Stablilization/Function Restoration

Probably need to do all (no silver bullets!) in
many if not most cases

Presentation Overview

> Flood Control and Watershed
Management

> BMPs — What do we know about their
performance

> Unit Processes Approaches to BMP
Design and Selection

> Low Impact Development — How Low is it?
> Examples




Themes

> Getting more science and science-based
engineering into Urban Watershed Planning

« Move away from “Ready Fire Aim” (or really “Ready,
Fire, Oops Missed”)

Retrofitting Urban Watersheds is tough

New Development and Re-Development
requirements are only a part of the solution

Regional Approaches are part of the solution

Re-Thinking

> Flood Control solutions and design
standards

> Water Quality Protection and
BMPs/Design Standards/Approaches

> Stream Integrity Protection

> How the above interact




Typical Flood Control Approach

> Pick a big precipitation event
> Assign a peaky shape to it (not its actual shape)
> Assume that the watershed is saturated

> Drop storm on the watershed all at once (not the
way it occurs)

> Route Storm Down System

> Size up and harden the system (no vegetation
allowed)

Flood Design Event Use Results

> 50 year precipitation event turned into 100 to
500+ year design flow
. $$535

« Smooth channels required to convey storm (e.g.
forget habitat)

> Over-design in least developed areas
« Pavement not affected much by saturation
« Peaky shape affects undeveloped areas more
« Result is more over-design in least developed areas




Hard to Change

> Litigation Fears
> “We have always done it this way”

> Other methods (e.g. continuous
simulations) with long-term precipitation
records take more time, data and thought

Traditional ApproaCh - Design Storm based upon:

»rainfall depth return period,
»conservative shape, and applied with
»assumption of saturation

25-Year SCS Type 1A Synthetic Design Storm Peak abO Ut

=0.9in/hr

e
©

e
1=

Total Reinfall Volume =5.28in
Mex. Houly Rainfall Intensity = 0.9 inhr

[
~

i
N

Rainfall (in/hr)
(=3 o [y
o

=3

o
=

Time (hr)

What is the resulting return period of flows?




Actual Event that Caused a 25-year
flow in Eugene, Oregon

National Weather Service Rainfall Data for February 5-8, 1996

Peak about =

O 66 in/hr Total Rainfall Volume = 7.3 in
' Max. Rainfall Intensity = 0.66 ivhr

Rainfall (in/hr)
S 2 . B g 5

o o o o
o N X O

6:00
12:00
18:00

6:00
12:00
18:00
12:00
18:00

2/5/96 -
12:00:00 AM
2/6/96 -
12:00:00 AM
2/7/96 -
12:00:00 AM
2/8/96 -
12:00:00 AM

Time (hours)

Larger Volume, but much less peaky

Results of 40-year simulation of
flows to select real design storms

Example Frequency Distribution of Peak Flows
Bethel Danebo Basinette (Area =687 Acres)




Comparison of Predicted Peak Flows from
Traditional SCS Unit Hydrograph Method vs.
Actual Rainfall Data/Continuous Simulation

Peak Flow Comparison
Santa Clara - River Road Basinette (Area =301 Acres)
SCS Unit Hydrog
Frequency/Peak |
Curve

Upper 95% Confidence Linit
—e— Expected Peak Flow (cfs)

Lower 95% Confidence Linit
Z] | = % — 1990 Master Flan

8

PEAK FLOW (cfs)

[~ Modeled Actual
Peak Flow Return
Frequency

RETURN PEROD (yr)

Flat Creek Drainage System
Capital Improvermnents Proposed 1n 1950 hMaster Flan
Using 10-year SCE Synthetic Design Storm

Traditional SCS
method based
projects

= Pipe or Cubrert
# Tranaltion Batwsen Section

9 prOJ eCtS & Fropased In 1880 Hamler Fian Tanl
) [ [30 ROEF reptacel by 952" FEBC 927,300

open_chonuel replaced by £-58° ROGP fi¥s. 100

550 OOO [ & [80° ROCP replnced by o 8= ROBC 231 600
y avigtng_channel_srpanslon 3,100
existng_channel_erpansion S.900

exipilng chenpel sxpwoasn #2100

5-15x77"_CHP repleesd by 2-Bx3 RCOC 7100

[@ [=-3e" RecP repieced ty 2138 FoEC EE1.100

[@ [S6 =38 and 74~ CHP repimesd By 2-5x5° RCBC | £11%.100

Tolsl | €553.800

Figure 7




Flat Creek Dramnage System
Capital Improv ements Proposed by Woodward-Clyde
Using 10-year Design Storm of Novemnber 23, 1960

Use of real storms
has resulted in
fewer and smaller
capacity based
projects (e.g. more

$ for Water Quality
and Natural
Resources)

@ Transtion Batwean Section

TP Propoeed Ey %O Cast
40" BOCP reploced by 887 REYP #i4.200
33 330,200
84,100

3 projects,

Toisl | #$178.000

$178,000

Figure 6

Stream Erosion

> Becoming a larger concern in US-
Hydromodification

> Cause is change in energy (more runoff) and
reduction in sediment supply (often ignored)

> Efforts to control via design storms have failed
(cause even more damage)

> VVolume control combined with Flow-Duration
and instream controls is the solution




Hydromodification

T

> Increases peak flow
and runoff volume

> Decreases time of
concentration

> Increase the number of
runoff events and long-
term flow duration

» Intensifies sediment
transport and erosion
processes

Flood Design Based Hydrologic Changes

Developed Condition without IMPs

Pre-development
(Curve 1),
Post-development

with no controls
(Curve 2)

40 to 60 percent
increase in peak flow
implied

(Source: Adapted from Prince Georges County, Low Impact Development Hydrological
Analysis , 2000)



Discharge (cfs)
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100
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Project Understanding

Madification of the Natural Hydrologic Cycle

Thompson Creek Flow Rates - Pre & Post Development
(modeled for a 716 acre development using HEC-HMS)

—— Post-Urban @ 44% connected
impervious cover
—Pre-Urban, Infiltration = 0.16 in/hr

=== 2-Year Flood Flow - Pre-Urban * —]
|

—.

Critical Flow for Sediment Transport

| S—

Time (hours)

—~
[2)
—
=
=
(]
&)
~
>
o
=
()
3
o
(]
=
LL

Concept behind flow duration
control standard

Pre vs. Post-Develo

pment Flow

Post-Development Flows with
Duration Control

B Pre-Development Flows
O Post-Development Flows

Flow Bins

Frequency (counts)

Matching Flow
Duration

Il wns
Q‘C

Flow Bins
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On-Site Options J & -1if

> Use site design techniques to
reduce runoff flow and volume
» Decrease impervious surface area.
« Disconnect impervious areas
« Promote infiltration

> Select treatment BMPs
that reduce volume

» Swales, detention areas,
bioretention, green roofs

Integrating Flow Duration Control
FDC) with Other BMPs

11



Off-Site and In-Stream Options

> Off-site (regional)
« Regional detention basins
» Bypass pipelines

> In-stream
o Grade controls g
o Bank stabilization __rﬁdf'.,(:; ¢
» Flood plain/channel
restoration o

.

w Permeability Soils

Combined Control Concept for Ridge-
type Development

g

\

s TV 1 —

High Permeability Soils

12



Understanding and Applying
Knowledge of Perfermance of Best
Management Practices

n 'K

We have come along way!

Project Approach - A Scientifically Rigorous
BMP Data Collection and Analysis Effort

egA = ASCE

Development of protocols for =
Urban Stormwater

collection and reporting of BMP BN Periormancs Nonitoing
performance information PR e ot et

Establishment of data base

Establishment of standard techniques
for data collection, storage, reporting,
and analysis (guidance document)

Conduct data analysis and
exploration

Disseminate data and findings: www.bmpdatabase.orqg:
v Flat File Database
v Guidance Manual

Promote technically based BMP selection and design
improvements

13



Distribution of Current Studies

Total S = 219 BMP TOTALS BY STATE/COUNTRY

Total Non-Structural 28| STATE NUMBER OF BMPS
Total BMPs 247, Domestic

Total Numbers of BMPs by Category

[EMP CATEGORY  [MUMBER OF BMPS

Structural

Biofilter |59

[Detention Basin [26

[Hydrodynamic Device (|23

|Infiltration Basin 1

Media Filter |38

|Percolation Trench/Well |1

Nl (A
w»—\wm\lmwmmblpl

Porous Pavernent [5

[Retention Pond 37

[Wetland Basin 15

Wetland Channel 14

Non-Structural

[Maintenance Practice (|28 | International

Sweden

Canada

Recommended Measures of
BMP Performance

> How much stormwater runoff is prevented?
(“hydrological source control”)

> How much of the runoff that occurs is treated by the
BMP or not (“hydraulic performance”)?

> Of the runoff treated, what is the effluent quality?
(“concentration characteristics achieved”)

> Does the BMP address downstream erosion impacts?

Percent Removal is Very Problematic and SHOULD
NOT be used as a performance measure for BMPs.

14



Biofilters (N=16) Detention Basins (N=11)
(Dry Ponds)

(Swale and Filter Strips)
Runoff ST S
VLII i T e
olume '
Control

[N
ul

I
N

o
©

o
o

o
w
o
w

Outflow (watershed inches)
Outflow (watershed inches)

&30 ° i :
0%0 03 06 09 12 15 0'00.0 03 06 09 12 15

Inflow (watershed inches) Inflow (watershed inches)

R Retention Ponds (N=20)
> ET losses . (Wet Ponds) .

T T
Average Ratio Average Ratio
(Out/ln) = 1.34 °

1.2 : Frd

Wetland Basins (N=10)

=

X

> Infiltration

(Out/In) = 1.12

I
N

)

o
©

o
)

o

208
8

o
w

Outflow (watershed inches)
Outflow (watershed inches)

é H i H
0'%.0 03 06 09 12 15 C'000 0.3 06 09 12 15

Inflow (watershed inches) Inflow (watershed inches)

BMP Type Mean Monitored Outflow/Mean Monitored
RU I’]Off Inflow for Events Where Inflow is Greater
\VVolume Than or Equal to 0.2 Watershed Inches
Detention Basins
Consider Media Filters 1.00
“credit” for

volume

reduction in | Hydrodynamic 1.00

Devices

requwements
Wetland Basins 0.95

0.93
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Lake George Field Study Evaluation
Vortechs model 11000

Runoff TSSin (mg/L) TSSout (mg/L) % Reduction
Event# | Interpolated | Arithmetic | Interpolated | Arithmetic | Interpolated | Arithmetic
987.48 693.52 263.18 205.98 73% 70%
128.73 88.57 59.23 59.18 54% 33%
1040.04 882.42 337.87 486.75 68% 45%
213.73 225.42 359.14 388.08 -68% -712%
1673.57 1217.53 71.39 102.84 96% 92%
535.16 603.54 70.14 85.23 87% 86%
180.81 132.22 29.76 34.88 84% 74%
2491.55 2202.78 35.41 35.47 99% 98%
89.99 76.60 31.98 33.14 64% 57%
1047.02 2257.46 37.08 31.22 96% 99%
439.45 344.86 16.57 13.83 96% 96%
445.19 291.58 17.36 14.91 96% 95%

1156.16 674.94 44 37.91 96% 94%

Averages 802.2215 | 745.4954 | C 105.6792 | 117.6477 )m_
(Winkler and Guswa 2002)
> Is an average of 100+ mg/l TSS acceptable performance?

Percent Removal Use Results
L. B

> BMPs improperly “rejected”
BMPs improperly “accepted”

“Daisy-Chaining” BMPs and
applied % removals at each
step that highly over predicts
performance

Improper use of TSS as the
sole indicator of performance

Etc. Etc.




Analysis Findings

Results of the analyses of the now expanded database
have reinforced the initial finding that BMPs are best
described by:

how much they reduce runoff volumes [Hydrological
Source Control Performance],

how much of the runoff that occurs is treated (and not)
by the BMP (e.g., bypass or overflow) [Hydraulic
Performance],

of the runoff treated, what effluent quality

(concentrations and toxicity potential) is achieved?
[Water Quality Performance]

And does the BMP reduce downstream erosion impacts
[Physical Stream Impact Performance]

Analysis Findings Cont.

» These Basic BMP performance description
elements can be utilized to more accurately:

v assess the concentrations that BMPs are able to
achieve (concentration TMDLS),

v assess effects on total loadings (TMDLS),

v estimate the frequency of potential exceedances of
water quality criteria or other targets, and

v'develop other desired water quality performance
measures.

17



Unit Processes Based Approach

> Use the “best information”
available to provide
guidance on the selection
and use of stormwater
water quality controls

> Develop stormwater
controls selection and
evaluation methodology
for use by practitioners

(ritical Assessment of Stormwater

« NCHRP — Highway Specific Dol

« WERF — Urban "E;'
Environment .

Using the Integrated Treatment Process

Design Approach - Summary.

» Characterize area conditions and goals and
objectives

> ldentify Fundamental Unit Process Categories
(FPCs) and associated Treatment System
Components (TSCs)

> Formulate design alternatives

> Critically assess alternatives and select most
feasible alternatives

> Size/configure the facility.

18



Design Standards

> Typically have focused almost entirely on
“Size of Storm” for runoff treatment with no
or little requirements for addressing
pollutants/parameters of concern

> Rarely have design standards development
efforts started with the questions:

« What are the pollutants and parameters of
concern?

« Will/lcan/how will my design standards for new
and re-development address those concerns?

Alternative 1 — TSS, Trash and Debris and
Dissolved Copper, and Stream Erosion

BMP 2a
Sedimentation Forebay
BMP 2b
o L 4 o
Extended Detention
Secondary Sedimentation AlEsma et
Peak Attenuation ———s
Site Constraints
Unit Processes —> _> Bioinfiltration Swale
BMP 2c )
T5Cs Bar Racks Screens Volume Reduction
arnaes o r. Peak attenuation
Filtration Filtration
|. Adsorption
L] Uptake
I w
Flow Control
Device
Flow duration

19



Tahoe Basin BMP Evaluation and' Feasibility
5110[6)Y,

Eric Strecker, Jim Howell,
Marc Leisenring, Andi Thayumanavan

EGeoSyntee Consultants
Portland, Oregon

Dave Roberts Nz John Reuter

Lahontan Regional Water Quality: ' University oft California
Control Board TAHOE Davis, California

Water Quality Issues

> Decline in water clarity at about 1- ft/year

> Major pollutants of concern
« Suspended sediments (fine particulates, <10 pm)
« Algal nutrients (Phosphorus, Nitrogen)

LAKE TAHOE
Annual Average Secchi Depth = 1 s.d.
N Gl T R A ) . Y ¥ i T i T =T T

1965 1970 1975 1980 1985 1980 1995

TAHOE RESEARCH GROUP
uc pavis

20



Continuous SWMM modeling Together with BMP Effluent
Perfermance to Assess BMP Performance at a Project Scale

How much runoff is
evapotranspirated or infiltrated?
Hydrological Source Control

How much runoff is treated (and
not)?

What is effluent guality of
treated runoff?

Evaluations included:

Assessed effects of residence
time

Evaluated 20 alternate sizing
criteria (0.1” to 2”)

Generated performance curves
for percent runoff captured as
well as percent particle treated

100 100 100

100
30 24-hour | gy a0 36-hour 50
80 Fso a0 a0
¥ 704 70 E T 70 g
£ 6801 reo 2 2 6 60 &
- = = =
o 404 50z S &0 a0 2
g 401 reo g 5 w0 0%
E o o £ 5 um
£ 30 30 a0 30 a
2 20 n F x =
5 um # 0 20
10— i i L 10 | : 10
] — —— T o 0 — T 0
0 02040608 1 121416178 2 22 0 02 040608 1 12141618 2 22
Unit Basin Size (inches) Unit Basin Size (inches)
100 100
18.hour | 100 100
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Pollutant Crediting Tool-
Methodology Overview

User Input

Hydrologic Simulation

Pollutant Load Generation

Pollutant Load Reduction

Spreadsheet

wsofl Excel - Stormwaterinal
Z)be B Yo fuet Fgme ok Gds Wnke b AdkeFOF
=0 NERE TS RSk AR e, s A R ﬁi'ilil"ﬂ.lw:-.nl
29 - B s U EEBES o ASEE - 0-A-B

E]

Input Hydrology Sheet
Fillin the parameters of aach table in the three hydrology modsl blocks: Systern Vanables, Catchment Charactanistics, and BMP Information
and then click the “Run SWMM" button Hydrology results are shewn on the "Output Hydrology” sheet

For water quality analysis. go to the Input 2 Quality sheet after running SVWMM

Visitthe Help sheet for more information on each input table and related tables

¥ Legend
Tabka 11: Directory Structure [Tatie H2: Run Time Variables e Tewt: Chieesk ar ehange this alue:
iton C:\TahoeModer SYWMBE Wet Time Step (sec)|
Project Dirgctory C:TahoeModel Dry Time Step (sec)
Raintall Intetace Files CTahooModatRaink Wet.Dy Titne Stp (se¢)] b Chect or chango sl chick bass and Brop
ernperature infedtacy Fits C:Tahooodol Templot stanvear 1990 cieet
Wt ot s 11 st Kt may b avervrtien Stat Mot [
StartDay| 01

Tabie 13: Output StartHour| 1200
[2] R Block for Cakchmerk Hyshrology Duration trs)|

[ Storsoe-Trestronsst S80ck for B0 Hrdrokogy. S

: periods of racords or comple

[T w0 Vo

1ok H4: Ganeral Cannestivity Reference

MMS MET Girid 101

o] ; I Acea Routing MM5 MET
Grid Reference

TR e <

Duswr b mposhepess SN OOl A GG G- 2-A-=Rs@d
Ready




\West-Coast
Applications of
Low Impact
Development
(LID)
Technigues and
Thelr
Applicability:

Example Project Overview

> New club house BB
and restaurant
and relocation of
the golf course
operations

> A new hotel,
restaurant, & spa
located where
existing club
house and golf
operations area

> Tourist-serving
fractionalized
ownership
condominiums

Re-development and New Development

23



Client Specified Desired

Project Water Quality and Hydrology Goals

> No changes in pre/post in hydrology

« No increase in runoff volume

« No increase in Infiltration
> Show an improvement in water quality
> No irrigation runoff

> Eliminate all runoff to Morning Canyon

Why These Goals?

> Project drains to a State defined “Area of Special
Biological Significance” — Crystal Cove

> Morning Canyon has had erosion problems from
increased runoff

> Seeps downstream of the site are a concern

> Client wanted quick permitting process and
environmental community acceptance

24



No Change in Hydrology!

> Manage the “ET” Sponge

> Necessitated a detailed analysis of
« precipitation,
o runoff,
« shallow soil soaking and drying, and
« deeper infiltration

to ascertain what conditions to match

Pre- and Post-Hydrology No BMPs

Water Balance Water Balance
Existing Conditions Developed Conditions

About 83% Evapotranspiration

Pre-Development!
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Evaluated “Standard” LID Approach

> How much of the site would we have to
have in biofiltration areas to meet goals?

With:

» Various depths of amended, moisture holding
soils and

o Limited infiltration.

> Result: 30% of site would have to be in
bioswales to meet project goals!

Plan B

stormwater treatment system
includes:

> Biofiltration

» Cisterns to capture runoff from all
developed areas of the project of
the equivalent of 1.26” of rainfall
over the project impervious areas.

» Use of the irrigation storage
reservoirs to store the cistern
outflow from all area of the Project
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What to 's”

do with
the

water?

Golf

Course
(of
course)!

Water Balance for All Years Modeled

Water Balance Water Balance Water Balance
Existing Conditions Developed Conditions  w/ 10 Day Cisterns & Reservoirs

294 6.23

3.49 722 2.74
32.27
88.06

50.65

11391

‘l Runoff m Evap & Trans O Groundw ater ‘
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Average Annual TSS & Nutrient Loads

Modeled Modeled Constituent - Loads
Area Site Conditions TSS TP TKN Nitrate-N
(tons) (Ibs) (Ibs) (Ibs)

Existing 0.903 6.30 48.5 10.6

Developed w/o PDFs 2.51 25.7 197 32.6

Dev w/ PDFs 0.410 4.94 33.8 7.02

% Change -55% -22% -30%

Pelican Point Project
Area (49.7 acres)

Summary

> “Low Impact Development” applied to
Southern California

Solving problems:

More focus on maximizing _
“hydrological source control”: =

1. Evapotranspiration first
2. Infiltration next
3. Pollutant Source Control

4. Treatment




Village Homes

Village Homes, Davis, CA. Project has no stormwater pipes; most of the
runoff infiltrates (in poor soils). Built almost 30 years ago. Saved about

$1,000 per lot in 1970s.

City of
Portland -
Simplified
Approach
Parking Lot

Swales

LEGEND

DECIDUOUS *
TREE 4

SHRUB OR LARGE # SMALL GRASS
GRASS LIKE PLANT LIKE PLANT

&% GrounDcOVER

EVERGREEN
TREE

6" CHECK DAM @ !Z(O.C.
OR IN PARKING LOTS'
EVERY OTHER STALL

Notes:

1. At least 50% of the facility shall be
planted with grasses or grass-like
plants, primarily in the flow path.

Vegetated Swale - Plan

Swale Area = Approx. 400 s5q. ft.
[Not to Scale]
2. Large grass like plants can be considered
as shrubs,
See BES recommended plant list and
parking Iot tree list and plant quantity
requirements.

Parking Lot Application

772602
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Buckman Heights
Apartments

i

Inland Empire Utilities Agency — Ontario, CA

Entryway with
Porous Pavers,
Gravel Filters and 3
Biofiltration Areas i
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Inland Empire Utilities Ag

ency — Ontario, CA
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Portland Buckman Heights

Apartments — Stormwater Planters

Y ]

Figure 1.6.12
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Apartment Courtyard
Biofiltration System

Pop Up
Roof Drianage

Runoff is directed to center planter and either
infiltrates or overflows into small inlets

PEARTIRG T
See BES Recommended
BUILDING

Hydrological Source e
Control —Stormwater ST
Planter Boxes N

SPLASH ROCKS
# BLOCK
FILTER FABRIC
WATERPROOF
BUILDING

FOUNDATION DRAINS|
(AS REQUIRED]

“— PERFORATED PIPE
r i of planter

Wt  depth may be reduced
f planter surface area is increased.

| Flow-Through Planter Box

-

HaY Ls—‘f;m
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INg?

Good Looki

Roofs

PLANTINGS - See BES
Reeommended Plant Lisy
FILTER FABRIC

-~ DRAINAGE LAYER
MEMBRANE ROOT
BARRIER [as needed)
ROOF STRUCTURE
Max Slope Z5%

fas needed]
WATERPROOF

~ GROWING MEDIUM

Imp

S

e
O
@
o
.
o
o

<

1
O
c
M
gras,
S
@)
o
(U
o
>
]

i o A
e R

C

e R R
i A o A e R R

SIMPLIFIED APPROACH DESIGN CRITERIA

Ecorcof Evaporation Diagram
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Hamilton Ecoroof westside rainfall and runoff
June 28-29, 2002 storm event 0.73*

Hydrological
Source
Control-

Flow

ET Losses

T T T T T T T T T T T T T T T T T T T TT 77T TTT I TTTTTT TOTT T T T T T TTTT

© K S

Time - hours

Total catchment 3,692 sf, ecoroof 2,690 sf, * impervious surfaces 527 sf,

pavers on sand base 475 sf
*If the 239 gallons of rainfall from the impervious surfaces is removed

then no runoff would have occurred

Portland Roof
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“Flat Curbs™ to allow water to sheet flow into swales

- City of Seattle
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Portland Version of Green Streets

nd Version of Retro-fit Green Streets

Portla

About $30,000
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Portland Ultra Urban Biofiltration
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AS YOU CAN
CLEARLY SEE

Conclusions

www.dilberL.com  sottadama@soloom
» oy 4
g )4%)
_—
——

3 “POLERPOINT”
POISONING.
B [ IPe s
s
° 2 ‘1 L
g 1
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NOVATECH
2007

Workshop 5 : Source Control: Managing
Stormwater with a Water Balance Approach

Experience with stormwater source control
In Germany

Experience en matiere de gestion des eaux
pluviales a la source en Allemagne

Heiko Sieker
IPS
Germany




.\ THE STORMWATER EXPERTS.
INGENIEURGESELLSCHAFT
PROF, DR. SIEKER MBH

Experiences with
Stormwater Source Control
in Germany

Pre Conference Workshop,
Novatech, Lyon, June 2007

Heiko Sieker, IPS

Contents

* Stormwater Management (SWM) in Germany
* Project Examples

* New stormwater regulation in Germany based on
a water balance approach !?




Paradigm shift regarding stormwater
in the last 10-15 years

From Discharge

towards
source control

SWM in Germany

* New SW-related regulations on national level
» §la WHG (German Water Act)
- “Keep runoff in the catchment”
- Introduced after the big floods in 1993/1995 at the Rhine

* §7a WHG: Emission standards for waste water treatment
incl. stormwater
- Until 2000: Common engineering practice (technical rules)
- Since 2000: Best available technology (BAT)

» Under development for 2008: definition of BAT for SWM
* SW-requlations on federal level

* In 10 of 16 federal states, stormwater infiltration is
obligatory for new developments

» North Rhine Westfalia (biggest state):
regulation (ordinance) for stormwater treatment




North Rhine Westphalian
regulation on stormwater treatment

Regulation defines basic standards
Extended treatment based on imission standards
Principle: stormwater should be infiltrated if possible (§51a)
If discharge necessary, treatment depending on land-use
» Unpolluted stormwater
- E.g. roofs in residential areas (non-metal), sidewalks, ...
- No treatment necessary
» Stormwater with minor pollution
- E.g. roofs in commercial areas, residential roads,
- Treatment necessary
» Heavily polluted stormwater
- Main roads, highways, runways on airports, ...
- To WWTP or adequate treatment
Decentral treatment has priority over end-of-pipe-treatment

Infiltration over topsoil is treatment!

SWM in Germany

* Stormwater regulations on municipal level
» Drainage statutes may limit or demand use of public sewer

systems
* Most of German cities have a stormwater fee
- Average (2003) 0,80 €/sqm/year
- Berlin (2007): 1,65 €/sqm/year

* Technical rules
¢ Mainly by German Water Association (DWA)
* A138 (2000): Guideline for Stormwater infiltration
* A100 (2006): Guideline for Masterplanm’ng

water source control is cons;deredfkf
m German regulations




Problems / Contradictons

Lip services
+ In most regulations, a need for source control is stressed ...
* ... but concrete rules are sometimes missing or are weak

Stormwater fee
e On one hand a good motivation for source control
* 0On the other hand: municipalities/water companies don't
want to loose clients
Standards for CSO-treatment is based on assumption,
that emissions should not be greater than from a
comparable separated system (without treatment)

On-going discussion about what is the “Best Available
Technology” for stormwater treatment

Project examples

* Many (thousands!) good examples for stormwater
source control available
* Three examples
» Commercial site in Berlin-Hoppegarten
» Residential area Berlin-Rummelsburg
* Emscherregion




Example No.1:
Commercial Site Hoppegarten

her pienind

Schweqebegh seaion Wernbychen

Uinneqberg

‘Ahvtn.srewe
* Atangsberg

Eggt

Peterspiagen

Schr
Efehiyal

Sefylzghdon
T Rauchls

 Wilgau
i

¢ Difficult hydrological conditions

e Very small receiving water

* max. Discharge 40 |/s for 100
hectare development

* One year design storm for 100
hectare: 10-15 m3/s

* Retention necessary

* Difficult geological conditions
* Glacial soils: poor infiltration
capacity
+ Swampy parts with high
groundwater tables
+ Storm water infiltration not possible




Trough overfly

Top soil-30cm | Trough Infiltration Inspection
Manhole

e

Otle of
100 hectare




Giterfelds
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Example No.2:

Residential Area Rummelshurg

oher Npuendort,

Milnbeciy

: Wernauchen
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Lindeghery

Afirenselde
: Altfangsbarg

Eogt
Petersfjsgen
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Stormwater Management
on Private Properties

Stormwater Management
in Public Areas




Example No.3: Emscher Region

Tributary of the river Rhine in Western Germany.
Length: 84 km, Catchment area: 865 kmz
Densely populated: 2.3 million inhabitants
Long tradition in steel industry and coal mining

Subsidence caused by Mining




Emscher Rehabilitation Project

Ceasing of mining activities in the 1980’s
subsidence stopped some year later

In 1990’s chance for rehabilitation was given
Estimated project duration ~ 30 years
Budget: ~ 4.5 Billion €
Measures

* Decentral WWTP

* Combined Sewers

® (SO and retention ponds
* River rehabilitation
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Problem of

Flood Peaks

11



"The Rainwater Route"

Many pilot projects for USWM since the 1990’s

Subsidized by Emschergenossenschaft and the
Ministry of Environment of the Federal State

"The Rainwater Route"

Fotos: M. Kaiser
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Stormwater Management
Information System (SMIS)

Pilot projects are good for demonstration...
...but effect on catchment level is small ;..
Catchment-wide investigation o e

i
b a¥e RWA  Bodenprifung e
] sl RWE b wnberind. Speic
U ale RWE! peiumteind Spekh
E e s enversioherin g
i J kelve Fliekenvirsibkenmg, B
L keireFlihenversickerony, b8
wur Fh e oge N Srverst
nir Fidohen: agerMuldenyers
S e MR ARSI NS FURG
e ine Fldcheniecsichering,
- Speieheruny und AkkRuns ek
Basickening: ARER: ny onv. 6
digfre: Versic kerisg in site

Potentials for Disconnection

B bis5%
[ 15-20%
[ 120-40%
[ 140-60%
[ 160-80 %
80 - 100 %

Average Potential: ~ 18%
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Project "15/15"

Target 15% disconnection in 15 years

Contract between Emschergenossenschaft,
Federal State Ministry and 17 municipalities

“Storm Water Convention” was signed in Oct. 2005

=g oformy

q . .
ol ,f;:g%“wﬁ 3
i BH .
il b

-, 7 s
R R al | [ s T

Actual situétion

* Although :
» Many successful pilot projects
* BMP/SUDs are common practice for new developments
« Potentials for catchment-wide application are given

» From technical point of view decentralized urban stormwater
management systems are ready to use

= Political support

e Still
» Resistance e.g. from drainage departments
* Hard to switch the daily practice
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EU Water Framework Directive

Urban Emissions in the Neisse Catchment (German Part)

100% 1 o
90% T
80% +
70%

& Houses without WWTP
Municipal WWTP

@ Stormwater

8 Industry

60% +
50% T

40% -

30% +
20% +
10% 1

0% -

COD Nt Ptot Cd Cr Cu HG Ni Pb Zn

New stormwater regulation

Change of the constitution in 2006:

Regulation for water treatment is not any longer
federal but national task

Ministry of the Environment wants to define the
Best available technology (BAT) for stormwater
management until 2008

Status quo of discussion
+ Definition of BAT only for new developments
» QObjectives instead of measures
* Main criteria
- Suspended solids
- TOC, N, P, petroleum-derived hydrocarbon
* Treatment schemes based on land-use
= Infiltration if possible/Water balance approach




Water halance approach

Alternative to the demand for infiltration
* Principle: ,objectives instead of measures”
* Objective: Keeping up the natural water balance

* Suggested procedure (for new developments)
 Calculate natural water balance
 Calculate post-development natural water balance

» (riteria: .
- Difference of infiltration +- 10%
- Difference of runoff +- 10%
- Difference of evapotranspiration +- 20%

Water balance

100%

O Transpiration
@ Infiltration
B Runoff

50% -

40% -

30% - --

20% 4 ---

10% +

0%

Pre-Development Discharge Source Control




you for your attention!
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