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ABSTRACT

There is a growing need for co-ordination of design, sustainability, economic and
environmental aspects of infrastructure projects. The provision of civil infrastructure has a

major impact on the natural environment and on the quality of life.

A literature review conducted highlighted that infrastructure development was focused
mainly on the financial and engineering aspects of projects. There is an urgent need to apply
technologies and methods that deliver better and more sustainable performance of civil
infrastructure as well as a need to establish a standard of measurement for greener
infrastructure. The literature review revealed that the existing tools do not adequately rate
and monitor civil engineering infrastructure design decisions from concept stage, through to
detailed design and implementation.

The objectives of the research were to identify green design technologies that can be used
in township infrastructure and to encourage sustainable design on infrastructure township
services, at various stages of the project. This would require the development of a green
reporting system that incorporates environmentally friendly infrastructure design solutions.

This study identified alternative eco-efficient civil infrastructure design solutions and
developed sustainability criteria to analyse the eco-efficiency of infrastructure projects. The
study proposed a Green Township Infrastructure Design Toolkit aimed at ensuring high-
performance, eco-efficient, economical and environmentally friendly design decisions on
stormwater, roads, water and sanitation related to township infrastructure projects. Various
case studies were undertaken on a range of infrastructure projects to ensure consistency
and reliability of the toolkit. Through a series of green reports, developed for each stage of a
project, the toolkit measured the environmental efficiency of the design solutions.

Recommendations suggest that engineering practitioners should endeavour to integrate
greener engineering solutions into the traditional method of designing of infrastructure
projects. The Green Township Infrastructure Design Toolkit with the use of its green
reporting tools ensures the design of sustainable township infrastructure services, by
progressively ensuring efficient, affordable, economical and sustainable provision of

infrastructure services.
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CHAPTER 1 — INTRODUCTION



1.1 Challenges

Civil engineering projects can have significant site-specific and cumulative impacts on
ecological and social systems if not correctly planned, designed and implemented. Adapting
infrastructure to reduce climate change is an explicit driver aimed at addressing the issue of
flooding, social impacts and sustainability. Making the wrong design choices now will cause
future generations to live with a changed climate, depleted resources and without green
space and biodiversity

There is a need to apply eco-efficiency concepts to infrastructure development in order to
maintain environmental sustainability and mitigate flooding, drought and increased carbon
footprint of developments. Sustainability, adaptive and mitigative approaches to climate
change, in the design of infrastructure are therefore important steering elements. However
only a few rating tools that assess sustainability of infrastructure design.

1.2 Justification of this study

In the area of infrastructure sustainability, there is an urgent need to apply technologies and
methods that deliver better and more sustainable performance in a way that is cost effective.
Relatively few designers have as yet explored the transformative potential of ecological
design and have preferred to remain apolitical and unconcerned with the distributional
impacts of design as they affect the health of humans and ecosystems (Van Wyk, 2009).

Bulk infrastructure contributes significantly to the sustainability of a development and needs
to be carefully considered. Such infrastructure includes roads, water, sewage and
stormwater. All of these can result in loss of critical ecosystems and biodiversity and affect
watershed integrity. Further, the environmental effects of unsustainable surrounding
infrastructure can outweigh the direct benefits of a green building. There is a need to create
an eco-sensitive infrastructure design management system that encourages and promotes

the use of “softer” design solutions.

By introducing improved design methods, this study aims to demonstrate that it is possible to
overcome the problem of increased carbon footprint by introducing environmentally friendly
design decisions prior to the infrastructure design approval process. This increases overall
competitiveness by bringing a whole new class of productive solutions to problems while at
the same time adding a fresh perspective to the traditional infrastructure design process.
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There is a need for tools to assess the environmental impacts of infrastructure design
decisions at the design stage, where they will be most influential on the final outcome.

1.3 Aims

In view of the inadequacy of tools to assess the environmental impacts of infrastructure
design decisions, the aims of this research study were:
e To incorporate environmentally friendly, ecologically sensitive, innovative design(s)
using recyclable material into the design stage of township infrastructure projects.
e To define green infrastructure solutions amongst engineers to ensure a common
understanding regarding minimal impact to the environment.
e To establish a standard of measurement for green infrastructure.
e To promote sustainable design of township infrastructure services.
e To highlight the benefits of using greener engineering solutions on infrastructure
projects.

This research aims to encourage the incorporation of environmentally friendly, ecologically
sensitive, innovative design solutions and the use of recyclable material, at various stages
on infrastructure projects. The proposed toolkit is intended to encourage engineers and
developers to consider green practices at the earliest stages of project planning, thereby

placing fewer burdens on the environment.

1.4 Objectives

The aims of the study can be translated into a number of supporting objectives:

e Develop an interactive decision making toolkit that assists consultants and clients
by showing the greener options on infrastructure projects.

¢ |dentify existing green design technologies used in practice and extend these to
township infrastructure.

e To define sustainability criteria for township infrastructure design.

e Promote sustainable design on infrastructure township services, by introducing
various sustainable design solutions, at various stages of the project, and the use
of sustainability reports.



e Develop a green reporting system that allows consultants' decisions, clients’
objectives and project requirements to be clearly articulated and readily measured

on infrastructure projects.

1.5 Methodology

The methodology for this research study consisted of undertaking a literature review of
sustainability concepts, the need for green infrastructure and green technologies that can be
applied to township services and green rating systems that are already established.
Sustainability infrastructure criteria were identified in order to identify certain focus areas for

the client such as environmental quality, resource efficiency, economic or social issues.

A framework for the proposed toolkit was developed together with the proposed outputs. The
green technologies identified in the literature review were used to create the actual green
township infrastructure rating system. Each infrastructure element underwent a detailed
analysis of the potential green interventions that could be implemented from feasibility, to
detailed design and construction stage.

Once the green township infrastructure rating system was complete it was evaluated through
various case studies in order to determine its suitability and applicability to township
infrastructure projects. A variety of projects were chosen such as high income
developments, low income developments, industrial parks, mixed use developments and a
project with no green interventions to determine its scorings. The rating system scoring
method was evaluated and fine tuned in order to determine its applicability and suitability for
all types of projects.

1.6 Terminology

Green building
A green building is an environmentally sustainable building, designed, constructed and

operated to minimise the total environmental impacts



Green technology
Green technology or environmental technology is the application of environmental science to
conserve the natural environment and resources, and to curb the negative impacts of human

involvement. Sustainable development is the core of environmental technology.

Sustainable development
Sustainable development is a pattern of resource use that aims to meet human needs while
preserving the environment so that these needs can be met not only in the present, but also

for generations to come.

Low impact development
Low impact development (LID) is a term used in the United States to describe land planning
and engineering design approach to managing stormwater runoff. LID emphasizes

conservation and use of on-site natural features to protect water quality.

Eco-efficiency
Emphasising the more efficient use of resources (materials, energy, water and land) to
deliver goods and services that generate less waste and pollution, minimising environmental

impacts and reducing social and economic costs.

Environmentally sound technology (EST)
Environmentally sound technology refers to a wide range of environmentally sound products,
services and process that deliver essential needs with minimal ecological impact.



1.7 Overview of chapters

A brief overview of the chapters is presented below:

Chapter 1 — Introduction

This chapter provides the background to the study. It includes the challenges facing
infrastructure projects, justification of the research, the research aims and objectives and a
brief overview of the chapters.

Chapter 2 — Literature Review: The Need for Sustainable Infrastructure Services and Green
Rating Systems

This chapter provides an overview regarding the impact of infrastructure projects on climate
change and highlights the deficiencies of current infrastructure projects. Government
legislation related to the need for sustainable infrastructure is examined.

This chapter also highlights the influence of early design decisions on environmental impact
and sustainability and the need for green technology on infrastructure projects. A critical
review of various green rating tools presently available to improve the environmental
performance of buildings and roads is presented and the need for a rating system for

township infrastructure is raised.

Chapter 3 — Green Technologies that will improve the Environmental Performance on
Infrastructure Projects

This chapter discusses the need for green design solutions on civil engineering infrastructure
projects and the application of green design elements that improve the environmental
performance on township infrastructure projects. It also discusses the advantages of using
green technology on infrastructure projects

Chapter 4 — The Green Township Infrastructure Toolkit

The proposed Green Township Infrastructure Toolkit is discussed in this chapter. The
purpose of the framework and the detailed description of the Green Township Infrastructure
Toolkit are discussed in relation to various project design stages.

This chapter also discusses the use of Sustainability criteria and the proposed Green
Reports within the Green Township Infrastructure Design Toolkit. A description of a Green
Report is presented and their functions are explained, as well as the advantages of using an
eco-approach to design.



Chapter 5 — Case studies

This chapter describes four case studies investigated using the proposed Green Township
Infrastructure Design Toolkit. It demonstrates that the Green Township Infrastructure Design
Toolkit is more effective than the traditional way of controlling the environmental impacts on
infrastructure projects, at a number of different stages in the design process.

Chapter 6— Conclusion and Recommendations

This chapter enumerates the benefits and general conclusions of the study. The Green
Township Infrastructure Design Toolkit gives rise to various recommendations, all of which
seek to promote affordable infrastructure services.

1.8 Summary

Issues such as poor sustainability, environmental impacts of developments and carbon
footprint more than adequately justify this study. This chapter gives an overview of the
research study, including the challenges faced by designers, the research aims and
objectives and an overview of the chapters. The aims and objectives highlight the need to
create green design solutions for infrastructure projects.

There is undoubtedly a need to fundamentally transform the existing infrastructure sector in
order to respond to the needs of the client. There is a need for more effective methods of
assessing various decision making options on infrastructure projects in order to reduce the

environmental impacts of infrastructure services.



CHAPTER 2 - LITERATURE REVIEW: THE NEED
FOR SUSTAINABLE INFRASTRUCTURE SERVICES
AND GREEN RATING SYSTEMS



2.1 Introduction

Globally, the construction industry is one of the main contributors to the depletion of natural
resources and a major cause of unwanted side effects such as air and water pollution, solid
waste, deforestation, health hazards, global warming, and other negative consequences.
The awareness of environmental impacts is growing and many movements seeking to

address sustainability concerns are gaining momentum (Harvey and Wayne, 2008)

This chapter provides an overview regarding the impact of infrastructure projects on climate
change and highlights the deficiencies of current infrastructure projects. Government
legislation regarding the need for sustainable infrastructure is examined. Various green
rating tools presently available to improve the environmental performance of buildings are
reviewed in this chapter, which merely focus on building components and do not adequately

assess the environmental impacts of infrastructure on developments.

This chapter also highlights the influence of early design decisions on the environmental
impact and sustainability of infrastructure projects. The lack of environmental input in the
planning and design stage can contribute to unsustainable design solutions, which in turn

can contribute to the environmental impacts of projects.

2.2 The effect of climate change on infrastructure sustainability

Climate change has direct and indirect impacts on infrastructure. Population increase,
change of location, and human activity alter the demand for roads and has an indirect impact
on infrastructure (Austroads, 2004).

The effect of climate change can strain the capacity water infrastructure; reduce water
supplies, increase water and air pollution, and increase flooding because of more intense

rainfall.

Civil engineers are central to the success of the infrastructure networks that support society
and the global economy. To address climate change impacts and develop resilience in
infrastructure, the design, construction and operation of infrastructure must be changed
(American Society of Civil Engineers, 2009).



Adapting infrastructure to reduce climate change is an explicit driver aimed at addressing the
issue of flooding, social impacts and sustainability. Making the wrong design choices now
will cause future generations to live with a changed climate and depleted resources.

Road infrastructure presents many opportunities for reducing air pollution, adopting cooler
pavements to reduce temperatures, and the use of greener road infrastructure such
streetscaping, permeable pavements, warm asphalt, cool and quiet pavements to reduce its

environmental impacts.

Sustainable stormwater infrastructure entails the establishment of green networks and green
ways, enhance pollution prevention as well as storm water management. It uses
technologies, and practices that use natural systems, or engineered systems that mimic

natural processes and includes low impact development

Greener sewer infrastructure opportunities include the minimisation of pumpstations |,
protection of sewer outfalls , primary use of greywater for drip irrigation system, secondary
use of greywater which includes a further pump that feeds back to the toilets, irrigation and
sprinklers, septic tanks and sewer attenuation

The focus areas for sustainable water infrastructure include reducing water consumption
using efficient fixtures, water meters and fittings, a reticulated recycled water supply, water
demand management techniques, water efficient fittings and intermediate storage,
developing water efficient layouts to decrease pressure and velocities.

2.3 Sustainable infrastructure can provide ways of reducing greenhouse

gas emissions

The use of sustainable infrastructure can increase community resilience by filtering polluted
stormwater, reducing flooding, restoring flood plains, open space and wetlands by providing
retention areas, thereby recharging ground water, reducing ambient air temperatures by
adding green areas and alternative road surfacing on the townships.

Sustainable township infrastructure provides ways of alleviating some of the burdens from
the greenhouse gas emissions, adaptation, through the following measures:
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The use of alternative construction materials, alternative solutions and products can
replace more energy intensive construction materials such as concrete and steel,
which can result in carbon savings;

Green areas protect stored carbon and drastically reducing the amount of carbon
dioxide emitted, it also manages flooding;

Reducing the need to travel by car by improving and linking green walking and
cycling routes and local recreation areas;

Managing high temperatures by providing alternative road surfacing and more space
for local recreation areas;

Conserving the water supply, reducing the stress to vegetation, improving
evapotranspiration and water quality and reducing temperatures;

The proposed toolkit encourages water-and energy-efficient infrastructure for
neighbourhoods, thereby reducing the carbon footprint of developments.

2.4 Government's commitment to sustainable service provisions

Infrastructure is a key element for realizing sustained economic growth and sustainable

development to achieve the Millennium Development Goals (MDGs), and in particular, MDG

1 (Poverty Reduction) and MDG 7 (Environmental Sustainability).

The South African Government needs to ensure sustainable infrastructure service provision

that does not endanger public health, safety and the environment. The constitution provides

that local government and municipalities should:

Ensure the provision of services to the community in a sustainable manner;

Promote a safe and healthy environment;

Ensure that municipal services are economical, efficient and effective use of
available resources; and

Ensure that municipal services are environmentally sustainable (Republic of South
Africa, 2000).

11



2.5 The influence of early design decisions on the environmental impact
and sustainability on infrastructure projects

During the design stage a large number of environmental interventions can be incorporated,
as the design is flexible enough to incorporate relatively significant changes. A sustainable
project is managed by totally involving clients in the decision making process.

Figure 2.1 shows the typical life cycle of a project from conception through to operation and
maintenance. It illustrates that the ideal time to agree on green interventions on a project is
at the concept design stage.

Potential to add valuve .- . Difficulty to
to the design change design

Detailed
Design

Master
Planning

Concept

e Construct Operate

Ideal time for developing an integrated design response

Figure 2.1: Ideal time for developing an integrated design response (Kobacker, 2008)

Figure 2.2 shows the declining influence of environmental interventions on a project as a
project progresses from programme phase through to construction. Diligent attention to
greener infrastructure solutions from the earliest phases of a project will help guarantee that
quality design environmental solutions are incorporated from the beginning.

Early planning for green solutions is crucial as decisions made during the early stages of the
development process have a significant sustainable affect than the relatively limited green
design interventions which are made later in the process.

Currently design stakeholders are more interested in the project’'s performance in the later
stages of construction, operation and maintenance. However current reporting strategies for
sustainability must look at periodically presenting the project’s social, economic and
environmental performance (Poveda and Young, 2014).
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Environmental degrees of freedom

The The The The
Programme Proposal Design Construction
Phase Phase Phase Phase

The degrees of freedom is reduced
with the progress of the project

Figure 2.2: The environmental degrees of freedom (European Green Cities Network 2004)

2.6 The need for the use of green technology and a green rating system

on civil engineering infrastructure projects

Civil engineering projects can have significant site-specific and cumulative impacts on
ecological and social systems if not correctly planned, designed and implemented. Due to
the increasing demand for energy, drinking water, clean air, safe waste disposal and
transportation, authorities are imposing stricter environmental regulations on infrastructure
development. Engineers have to be at the forefront of development finding innovative
solutions to maximise water capture, ensuring conservation of the resource from supply
through to distribution so that environmental impacts are avoided or mitigated.
Understanding the context of the environment in which they work is thus essential (Kilian
and Gibson, 2007).

Infrastructure development has been focused primarily on financial and engineering aspects.
The environmental agenda and incorporating the eco-efficiency concept into various stages
of infrastructure is urgently required among policy-makers, planners and decision-makers.
However, the criteria applicable to and measures for developing eco-efficient and
sustainable infrastructure are yet to be fully identified (United Nations Economic and Social
Commission for Asia and the Pacific, 2006).
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Infrastructure plays a significant role in the sustainability of the built environment. Unlike
buildings, infrastructure works at a larger scale and requires careful planning to work well
and efficiently. Although there are examples of infrastructure projects that have adopted
sustainable solutions throughout the country, there are few systems available that rate civil

engineering infrastructure projects.

2.7 A literature review on green rating systems used on infrastructure
projects

There are numerous building evaluation tools that focus on different areas of sustainable
development, however only a few systems are widely acknowledged and really set a
recognizable standard for sustainable infrastructure development. The Envision rating tool,
Ceequal and Greenroads systems are currently the most popular, influential and technically
advanced rating tools available (Nguyen and Altan, 2011).

This study evaluates various green rating tools and reviews their applicability to township
engineering services projects, in order to create a decision toolkit that assesses the

environmental impacts of township infrastructure design decisions on a development.

2.7.1 LEED for Neighborhood Rating System

The Leadership in Energy and Environmental Design (LEED) for Neighborhood rating
system, developed by the U.S. Green Building Council (USGBC) rating system assesses
commercial, institutional, and residential buildings and neighborhood developments. The
LEED for Neighborhood rating system was developed in 2009 and are categorized under
Smart Location and Linkage, Neighborhood Pattern and Design, Green Infrastructure and
Buildings (LEED, 2015).

2.7.1.1 A review of the LEED for Neighborhood rating system

The LEED for Neighborhood Development rating system focuses on measures that can

reduce the environmental consequences of the construction and operation of buildings and

neighborhood infrastructure. The sustainable building technologies proposed to reduce
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waste and use energy, water, and materials more efficiently than conventional building
practices

The checklist briefly assesses the civil infrastructure in terms of the credits which are
summarised in Table 2.1 below.

The LEED rating system lacks a comprehensive approach to life cycle assessment,
ecological and economic assessment criteria (Ismaeel, 2012).

The disadvantages of the toolkit are that it does not assess the detailed design components
of infrastructure. The transport component is rated by a 7 items, namely; Walkable streets,
bicycle facilities, reduced parking footprint, universal design, steep slope protection, access
to public space and shaded streetscapes.

These broad criteria do not adequately cover the various opportunities for sustainable and
eco-efficient road design.

The stormwater component of a building is assessed under the section ' Green Infrastructure
& Buildings ' and contains four credits, namely, Rainwater management, Open space,
Floodplain avoidance and Restoration of habitat or wetlands.

Various major items such as stormwater management, attenuation, and low impact
development technologies were not assessed. The treatment of stormwater has a huge
impact on the environment in terms of erosion control, ground water recharge and reuse for
irrigation. The LEED rating system also does not adequately rate or assess the detailed
design of the stormwater infrastructure components of a typical township project.

The water component is rated by two items, namely; Water metering and Outdoor water use
reduction and do not adequately identify water efficient design interventions that would

ensure sustainable water infrastructure on township infrastructure projects.

The sewer component is rated by three items, namely; Wastewater management, Recycled
and reused infrastructure and Infrastructure energy efficiency and does not adequately cover
the opportunities available to reduce impacts of sewer infrastructure.

A more comprehensive list of sustainable criterion and sub-criterion for township

Infrastructure Services is being proposed in in Appendix 2, which covers far more design
details, that what is being proposed in the existing model.
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2.7.2 The Green Star — Multi Unit Residential Pilot Rating Tool

Green Star — Multi Unit Residential PILOT Rating Tool, created by the Green Building
Council Australia (GBCA) in 2008 evaluates the environmental design and performance of
Australian buildings based on a number of criteria, including energy and water efficiency,

indoor environment quality and resource conservation.

Green Star has developed from existing systems and tools in overseas markets, including
the British BREEAM (Building Research Establishment Environmental Assessment Method)
system and the North American LEED system, by establishing individual environmental
measurement criteria (Green building Council Australia, 2008).

2.7.2.1 A review of the Green Star — Multi Unit Residential Pilot Rating
Tool

The benefits of the Green Star — Multi Unit Residential rating tool are that it enables building
owners and developers to minimise the environmental impacts of their developments,
reduces greenhouse gas emissions, and gives recognition for environmentally sustainable

design and deliver health benefits and financial savings for building occupants.

Whilst the checklist is detailed for the building elements, it does not adequately cover the
civil engineering aspects of multi unit residential developments.

The above-mentioned tool merely assesses five components of road infrastructure, namely;
Car parking minimisation, Cyclist facilities, Commuting public transport, Trip reduction
mixed-use and Topsoil preservation, with no emphasis on road design aspects.

The criteria applicable to civil engineering infrastructure is also summarised in Table 2.1.

The water component rates only three aspects, namely; Water efficient appliances, Water
meters and Landscape irrigation and does not adequately cover the water design aspects of
reticulation design. The stormwater and sewer component are not taken into consideration in

the Green Star — Multi Unit Residential rating tool.
A more comprehensive list of sustainable criterion and sub-criterion for township

Infrastructure Services is being proposed in Appendix 2, which covers far more design
details, that what is being proposed in the existing model.
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2.7.3 The Green Star South African Rating Tool

The Green Building Council SA developed the Green Star South African rating tool to
provide an objective measurement for multi-unit residential in South Africa. This system was
developed on existing systems and tools from overseas markets and reflects various market
sectors such as office, retail, multi-unit residential, public and education buildings.

The tool is designed to be used by owners, developers and consultants (e.g. Architects,
engineers, quantity surveyors, project managers, building contractors, etc.) to influence the
design of multi-unit residential developments. The tool enables these stakeholders to
minimise the environmental impacts of their developments and to capitalise on, and receive
recognition for, their design initiatives. It also recognises the socio-economic achievements

and initiatives of green building projects

The disadvantage of the tool is that it is mainly focused on buildings and lacks the necessary
assessment criteria for sustainable infrastructure design (Green building Council South
Africa, 2014). The assessment criteria used in the Green Star South African rating tool are
Management, Indoor Environment Quality, Energy, Transport, Water, Materials, Land Use &
Ecology, Emissions, Innovation and Socio-Economic.

The criteria available on the Green Star South African rating tool are identical to the
Australian Green Star Rating tool and do not adequately cover the civil engineering design
aspects of residential developments.

A more comprehensive list of sustainable criterion and sub-criterion for township
Infrastructure Services is being proposed in in Appendix 2, which covers far more design
details, that what is being proposed in the existing model.

2.7.4 A review of the Envision rating tool

The infrastructure rating system Envision was developed by the Zofnass Program for
sustainable infrastructure based at the Harvard Graduate School of Design and the Institute
for Sustainable Infrastructure and contains 55 sustainability criteria (called ‘credits’)
organized into five categories: Quality of Life, Leadership, Resource Allocation, Natural
World, and Climate.

17



Envision focuses on the contribution of infrastructure to the many other systems it is part of,
such as urban and natural systems and also addresses the functions of communities such
as sustainable growth development, efficient job creation, and general life improvements.

However, in terms of civil infrastructure, the rating system focusses mainly on roads and
stormwater and does not adequately rate water sustainability, with the use of only 3
applicable sub-criteria namely, reduce potable water consumption, monitor water systems
and protect fresh water.

The toolkit also does not rate sewer infrastructure, which is a major contributor to
environmental pollution.

The system focuses on environmental issues related to construction processes and
materials rather than operational phases. Even though these approaches can be
implemented at the planning, design and construction stages, in current practices it has not
been used. European Union countries use the tool to assist in the decision-making process
(Bueno et al, 2015).

Simpson et al, (2015) highlight the inability of Envision to allocate weights to criteria, or offer
a checklist customized to particular types of projects.

Whilst Envision is quite extensive, it does not adequately assess the design features of road,
water, stormwater and sewer infrastructure, compared to the various criterion proposed by

the Green Infrastructure Township Model, in Appendix 2.

275 A review of the Civil Engineering Environmental Quality
Assessment (CEEQUAL) tool

The Civil Engineering Environmental Quality Assessment and Award Scheme, or
CEEQUAL, is a UK-based environmental assessment and awards program for improving
environmental performance in civil engineering. The sustainability criteria in CEEQUAL
consists of 12 key sustainability factors, namely: land use, project environmental
management, ecology and biodiversity, landscape, archaeological and cultural heritage,
water issues, use of materials, transport, waste, nuisance to neighbours, energy and
community relations.

The benefits include improvements to projects through the adoption of best practice
including whole-life costing, waste minimisation, resource efficiency (materials, water, and

energy) and responses to climate change effects.
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CEEQUAL does not have criteria such as Air quality, Noise quality, Pollution control, Erosion
& Sediment control, Life cycle cost, Health and safety (Amiril et al, 2011).

Simpson et al, (2015) highlight the inability of CEEQUAL to employ self-assessment,
allocate weights to criteria, or offer a checklist customized to particular types of projects.
CEEQUAL does not adequately assess the design elements and alternative solutions for
road, water, stormwater and sewer infrastructure, compared to the various opportunities

proposed by the Green Infrastructure Township Model, in Appendix 2.

A more comprehensive list of sustainable criterion and sub-criterion for township
Infrastructure Services is being proposed in Appendix 2, which covers far more design
details, that what is being proposed in the existing model.

2.7.6 A review of the Green Roads Rating Tool

The Green Roads Rating Tool was developed by the University of Washington and is used
in assessing environmental impacts of road construction with its associated stormwater
(University of Washington, 2014).

There are various eco-centric benefits such as reduction in raw materials use, water
pollution, greenhouse gases, as well as anthropocentric benefits, which are improvement to
access, mobility, human health and safety.

The limitations of the tool is that it only covers the road component and its associated
stormwater infrastructure and does not assess water design and sewer infrastructure design,
which has a major influence on ensuring townships services sustainability. The system
merely tracks water usage during construction.

The Green Roads tool does not adequately address the geometric design aspects of roads
(i.e. The horizontal alignment), environmentally friendly layout planning, the effect of road
grades, vertical alignments and cross sectional elements, all of which have a significant
impact on the footprint of roads.

The Green Roads tool does not adequately compare alternative technologies and only
assesses 48 components of a road project as compared to the 384 design features that are
rated using the proposed Green Infrastructure Toolkit. Further the tool does not allow the
user to prioritise multi-sustainable criteria or conceptual setting of green goals.
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The Green Road Rating systems, although useful, have the same shortcoming as the
Leadership in Energy and Environmental Design (LEED) system for buildings, i.e., those
credit-based systems lack objectiveness in the criteria selection and weighting process. The
rating procedures in these rating systems are not based on standardized performance
metrics; for this reason, the effect of meeting environmental targets in these rating systems
cannot be quantified. In addition, too many criteria are used in some systems (e.g., 60
criteria for ENVISION) without consideration of their effectiveness or the trade-offs among
criteria (Lee et al, 2013).

A more comprehensive list of sustainable criterion and sub-criterion for township

Infrastructure Services is being proposed in Appendix 2.

2.8 The controversial nature of weighting criteria rating on projects

Rating systems involve both weights and scores, both of which are qualitative to a large
extent. Chandratilake and Dias, (2014) suggest that the variations in weighting amongst the
various elements and criteria can be linked to the contextual differences among those
countries.

So for example, it would be reasonable that countries with a high per capita consumption of
water would seek to reduce consumption by providing a higher weight to water efficiency in
their sustainability rating systems. Similarly, countries with huge infrastructure backlogs
would rate economy higher than other criteria.

Weighting is one of the most theoretically controversial aspects within the rating systems.
Weighting procedures were scrutinized to find the basis for weighting across the tools. Each
tool has its own unique way of weighting. Although in some cases all the criteria are
assigned equal value, it is common that some criteria are weighed higher based on their
performance against the specified benchmarks or accepted norms. Process of criteria
selection and weighting assignment is often subjective.

Weighting involves a high degree of subjectivity. The use of words such as partial, majority,
almost, considerable, somewhat, substantial, etc. across the weighting system will have
assessment result's dependent on the assessor's discretion and intuitive judgment (Sharifi
and Murayama, 2013).
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2.9 Critical review on the adequacy of green rating systems for civil

engineering township infrastructure projects

The literature review of various green rating tools revealed that there is a narrow focussed
evaluation on determining the environmental impact of infrastructure design solutions.
Numerous environmental assessment tools were reviewed to assess their applicability to
civil engineering township infrastructure services. The criteria for each of the existing rating
tools were illustrated under the various elements in Table 2.1.

The existing rating tools do not adequately assess the design components of civil
infrastructure and the external environment.

The existing tools do not rate and monitor civil engineering infrastructure design decisions
throughout the various design phases.

A more comprehensive list of Sustainable performance criteria for township Infrastructure
Services is also being proposed in Table 4.1 in chapter 4, namely Layout Planning,
Functional Efficiency, Environmental Quality, Economy, Future Maintenance, Safety, Social,
Resources and Construction Efficiency.

A more comprehensive list of sustainable criterion and sub-criterion for township
Infrastructure Services is being proposed in Appendix 2.

The existing rating tools do not have standardised reports for scoring the project at different
stages, allowing continuous monitoring of the design.
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Table 2.1: A review of existing Infrastructure rating tools for various township infrastructure

elements
Township LEED Green Star - South african  |Envision rating tool | Civil Green
infrastructure Multi Unit Green Star - Engineering Roads
elements Residential Multi Unit Environmental
PILOT Residential Quality
Assessment
Transport Walkable Streets Car Parking Provision of Car  [Improve Community  |Land use [ site Low Impact
Minimisation Parking Maobility & Access selection Development
) _— _ _ i - Encourage Altemative |Ecology & Site
Bicycle Facilities  |Cyclist Facilities |Cyclist Facilities Modes of Biodiversity Vegetation
Reduced Parking |Commuting Commuting Mass [Use Recycled Material type & Safety Audit
Footprint Public Transport  [Transport Materials availability
Visitability and Topsoil Topsoil Reduce Excavated Reusability Bicycle and
Universal Design  [preservation Materials Taken Off Pedestrian
Steep Slope Trip Reduction - . .. |Avoid Unsuitable Earthwork
Protection Mixed Use Local Connectivity Development on Steep Balance
Access to Civic & Avoid Adverse Recycled
Public Space Geology Materials
Tree-Lined and Improve Community Long-Life
Shaded Quality of Life Pavement
Improve Site Ecological
Accessihility, Safety & Connecfivity
Water Water Metering  |Water Meters e Reduce Polable Water |, ;.- quality R
Metering Consumption Tracking
Qutdoor Water Landscape Landscape Monitor Water ]
) _— . water issues
UUse Reduction Irrigation Irrigation Systems
Water Efficient Potable Water Protect Fresh Water
Appliances Efficient Availability
Fire System Fire System
Water ‘Water
Stormwater |Rainwater Environmental Protect Wetlands & Runff Flow
Management Design Initiatives [Surface Water Control
Open Space Avoid Adverse Runoff
Geology Quality
Floodplain Preserve Floodplain Stormwater
Avoidance Functions Cost
Restoration of prevent ground water
Habitat or contamination
Manage Stormwater
Sewer VWastewater
Management
Recycled and
Reused

Bueno et al, (2015) undertook an analysis of sustainability tools developed for civil

infrastructure in general, such as the Civil Engineering Environmental Quality and

Assessment Scheme (CEEQUAL), the infrastructure rating developed by the Zofnass

Program for Sustainable Infrastructure and the Institute for Sustainable Infrastructure,

Envision and the Leadership in Energy and Environmental Design Rating System for

Neighborhood Development (LEED), as well as rating systems focused on roads,

Greenroads. He concluded that on evaluating sustainability, none of the tools and methods

already analysed are suitable for a holistic assessment of the sustainability of a transport

projects.

Further research is recommended to explore existing tools in order to use them more

effectively for sustainability appraisal). Furthermore, when applying life cycle cost analysis
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(LCA) to transport projects, it is usually confined to materials and engine alternatives for
construction machinery, instead of evaluating different design parameters.

Matar et al, (2015) highlight the fact that more than 600 sustainability assessment tools
currently exist. Most of these are primarily oriented toward buildings, and do not direct
sufficient attention for infrastructure projects.

The few evaluation tools available satisfactorily address infrastructure projects, however lack
consensus on evaluation criteria. Matar et al, (2015) advises that there are also wide
discrepancies between assessment results during the planning and design phases, and the
actual performance during real life operation. Most of the available sustainability assessment
tools address buildings, while few of them address civil infrastructure projects.

Matar et al, (2015) also investigated several sustainability assessment systems and explored
their applicability to a particular type of infrastructure projects and found that most of these
evaluation tools, still suffered the same shortcomings of the green building rating systems,
as they were not based on standardized and quantifiable performance metrics for

infrastructure.

2.10 Summary

This chapter highlights the deficiencies and the current state of infrastructure globally and
gives an overview of the challenges on infrastructure projects. It highlights the effects of
climate change and the urgent need to promote and develop environmentally sustainable
infrastructure design solutions and tools, taking into account the eco-efficiency concept in
civil engineering infrastructure projects. Government legislation pertaining to sustainable
infrastructure expressed the need for sustainable infrastructure provisions. It also describes
the need to undertake environmental interventions early in the project life cycle.

There are various rating tools presently available to architects, builders and developers,
such as the LEED Green Building rating system, the Green Star Rating Tool, Envision,
Green Roads, etc., that rate the environmental performance of buildings. However, it is
evident that these tools do not adequately assess civil engineering infrastructure design
components on a project. There is an urgent need for a paradigm shift to take a much
broader look at infrastructure components, rather than just green buildings.
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The literature review revealed that none of the tools adequately rate the environmental
impact of design solutions on township infrastructure projects, compared to the various
opportunities proposed by the Green Infrastructure Township Model, in Appendix 2.

In light of the above, there is a need for more effective methods of assessing and rating
infrastructure design options and components on infrastructure projects. Given the broad
global range of issues and challenges, in the quest for creating a sustainable built
environment, stakeholders desperately need a consistent framework of indicators to
measure sustainable civil engineering infrastructure. This chapter reveals that there is a
need to establish a green infrastructure rating tool to serve as a basis for the development of

various sustainable, innovative, eco-efficient township infrastructure solutions.
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CHAPTER 3 — GREEN TECHNOLOGIES THAT WILL
IMPROVE THE ENVIRONMENTAL PERFORMANCE
OF INFRASTRUCTURE PROJECTS
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3.1 Introduction

In the area of sustainability, there is an urgent need to apply technologies and methods that
deliver better and more sustainable performance in a way that is cost effective. Sustainable,
adaptive and mitigative approaches to climate change in the design of infrastructure are
therefore important steering elements (International Federation of Consulting Engineers
(FIDIC), 2009). With designers of infrastructure being held financially accountable for
adverse environmental impacts, the construction industry has been subject to much
environmental regulation aimed at the safety of the objects constructed and the construction
work involved, land use planning, and environmental protection. However, owing to an
increasing number of industrial accidents it became clear that regulatory control instruments
were not preventing disasters (Boswell, 2005).

In order to stay competitive and to meet upcoming stricter environmental regulations and
customer requirements, designers have a key role in designing civil engineering
infrastructure so that it is environmentally sustainable. This has compelled engineers to
design with greater care and in more detail.

Relatively few designers have explored the transformative potential of ecological design and
have preferred to remain apolitical and unconcerned with the distributional impacts of design
as they affect the health of humans and ecosystems (Van Wyk, 2009). A new paradigm shift
for infrastructure design is required in order to maintain environmental sustainability for
township projects. This chapter highlights for the need to implement green design solutions
as well as the green technologies that can be implemented on infrastructure projects. The
changing roles of engineers will be highlighted, because they need to react to changes in

climate.

3.2 The lack of implementing of green technology on infrastructure

projects

While there are some good examples of progressive green technology, the socio-economic
inequalities and negative environmental issues within many urban areas remain widespread

in both developing and developed countries, with slum populations are still increasing.
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Barriers preventing clients from committing to a sustainable design approach are presently
surplus cost, the limited selection of environmentally responsible materials as well as
education into the need for sustainability. The greatest obstacle is the feasibility or cost,
which often results in the client disregarding sustainable design. Environmentally responsible
materials require greater upfront costs, which clients are often not prepared to pay.
Environmental departments in some countries do not control the policy tools required to
drive real change. Sustainable design is also not adequately studied at many tertiary
institutions (Hankinson and Breytenbach, 2012).

Other barriers to implementing green technology include the scarcity of material on green
buildings and infrastructure, the low volume of research on the theme, the lack of indicators
for evaluating the sustainability and the lack of a technical norm that establishes a standard
construction procedure for a green infrastructure (Kasai and Jabbour, 2014)

3.3 Green design elements that will improve the environmental

performance of township infrastructure projects

Innovative approaches to planning and design of civil engineering infrastructure can greatly

mitigate the negative impacts of development on the environment.

The green infrastructure concept is one of the means to accomplish sustainable township
developments. Green infrastructure entails the establishment of green networks and green
ways, enhance pollution prevention as well as storm water management. It uses
technologies, and practices that use natural systems, or engineered systems that mimic
natural processes and includes low impact development, smart conservation strategies and

Urban Green Best Management Practices (M’lkiugu et al, 2012).

This study investigated various green technologies and concepts to suit township
infrastructure projects, with the aim of softening the impacts of civil engineering infrastructure
on residential developments. Green technology that can be used on infrastructure projects
may include the utilization of natural or engineered systems that mimic natural landscapes in

order to capture, cleanse and reduce stormwater runoff.

This eco-efficient design approach is a cost-effective and visually appealing approach to site

design that involves innovative design technologies for managing civil engineering
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infrastructure services. Eco-efficient infrastructure design techniques reduce stormwater
runoff, protect watersheds, lowers installation and infrastructure maintenance costs and add
aesthetic value. The primary goal of this approach is to protect a community's natural

environment and minimize the ecological impacts of urbanization.

3.3.1 The application of green elements on infrastructure projects

The elements that make up civil engineering township infrastructure include roads,
stormwater, sewer and water infrastructure. A review of various international infrastructure
best practices reveals various alternative approaches to the conventional township
infrastructure practices that can be incorporated into the green township infrastructure.

Table 3.1 indicates the various green sustainable solutions that are incorporated into the
Infrastructure Services Design Toolkit and categorised under the proposed sustainable
performance criteria, namely Layout Planning, Functional Efficiency, Environmental Quality,
Economy, Future Maintenance, Safety, Social, Resources and Construction Efficiency.

Four of the nine proposed sustainable criteria, namely Economy, Functional Efficiency,
Safety and Environmental Quality were derived from goals that were set out for layout
planning and related services for residential township developments (CSIR, Centre for
Scientific and Industrial Research, 2005). The performance criteria will be described in detalil
in Chapter 4.

Road infrastructure presents many opportunities for reducing air pollution, adopting cooler
pavements to reduce temperatures, and the use of greener road infrastructure such
streetscaping, permeable pavements, warm asphalt, cool and quiet pavements to reduce its

environmental impacts.

There are several technologies that can easily be implemented for stormwater infrastructure,
including aquifer storage and recovery, bioretention swales and ponds, infiltration basins,
rain barrels, french drains, stilling basins and constructed wetlands.

Greener sewer infrastructure opportunities include primary use of greywater which includes
a storage tank and overflow into a drip irrigation system, secondary use of greywater which
includes a further pump that feeds back to the toilets, irrigation, sprinklers, and septic tanks

and sewer attenuation.
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Greener water infrastructure opportunities include a reticulated recycled water supply, water
demand management techniques, water efficient fittings and intermediate storage.

This study investigated various design solutions that can be used on all types of township

infrastructure projects. The eco-efficiency of various solutions will be analysed in proposed
Green Reports, presented in Chapter 4.
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Table 3.1: Green infrastructure design opportunities that can improve the environmental performance on township infrastructure

GREEN TOWNSHIP INFRASTRUCTURE TECHNOLOGIES

1. LAYOUT PLANNING

ROADS
- Relaxed Setbacks and narrow frontages

SEWER

.-Layout promote midblock sewer

STORMWATER
.- Green corridors-Natural drainage paths

WATER
.-Location & Spacing of Fire hydrants

- Promote concept of greenstreets

.- Minimise sewer pipeline in floodline

.- Multipurpose stormwater facilities

.- Optimised pipe route alignment

.-Ecological Connectivity-Open spaces

.-Awidence of pumpstations

.- Open spaces for retarding/ponding sw

.- Reticulation pipes are looped -effeciency

.- Shared driveways (Permeable)

- Optimised route alignment

.- Buffer systems (width)

.- Piping arranged to allow ready shut off valves

-Landscape: Water efficient plantings

.- Contour layout planning

.- Attenuation/ retention facilities planned

.- Low demand land uses on high ground

- Align roads with natural topography

- Catchment planning

~ Tand uses with high demand close o bulk mains

2. RESOURCES

.-Alter Surfacing-Permeable pav/asphalt/conc.

.- Backfill - non commercial source

.- Pipe material - pvc/concrete/hdpe

.- Water demand management measures

Reinforced Turf, Grass block, Paved strips

.- Reed bed systems

.- Source/type of Bedding

- Smart Zone and bulk metering

.- Pavement Layerworks-Recycled

.-Manhole types- brick/precast

.- Use of Eco. Fr Manhole types- brick/precast

.- Raw water quantity requirements & availability

.- Alternative Transportation Options
.- Earthworks- balanced-Cut / Fill

.-Pipe material - pvc/concrete/hdpe

- Rain water harvesting and Reuse

.- Use of Present & future water consumption figures

.-Awoid the Use of pumpstations

- Recycling of stormwater

.-Promote use Water Efficient fixtures/Appliances

.- Tree conservation

.- Nutrient resource recovery & reuse

~—Promote aquiter storage and recovery

3. ENVIRONMENT
QUALITY

- Reduce no. of valley crossings

- Reed bed systems

.- Post Development < Predev Flow

.- Use of boreholes & reliability of water source

- Erosion control measures

-non water-based sewage conveyance

.- Recharge rates maintained

.- Spring protection measures

- Mitigate impacts on environment

- Prob of groundwater contamination

.- Protection measures of wetlands

.-Water quality & proximity to sources of potential

.-Reduce clearing and grading (Site Vegetation)

- Flood protection of pumpstation

- Runoff quality-Constructed Wetlands/filters

water supply contamination

.-Habitat Restoration

~Waste effluent quality

.- Minimize stormwater concentration

-ValvelMeter/Standpipe located convenient positions

4. FUNCTIONAL

.- Use of Permeable pavements

- Separate grey water/ black water

.- Quality of runoff from residential rooftop:

.- Water-Efficient Irrigation & landscaping measures

- Use drainage and storage functions of roads

.- Oil/grease/grit separators

Downpipe disconnect, Rain Barrels,soakaways

- Use of Roof tank/intermediate storage

.- Use of cool/warm mix asphalt

.- Use of On-site Treatment

.-Runoff Flow Control-Sand Filters

.- Pressure Management as part of design

.- Use of Streetscaping

- Primary/Secondary greywater reuse

.-Bioretention swales/ponds/infiltration berms

.- Dry Fire Hydrants. suction pipe systems from pond

.- Low impact road design

.-Sewer attenuation

-Erosion control(Geotextile/cells,gabions)

.- Efficient water systems design

MAINTENANCE

EFFICIENCY .-Enhanced pedestrian facilities/bicycle paths .- Reticulated recycled water supply .-Sediment control- Silt fences/Stilling basin ,-Watertight joints/Seals quality - pressures
- Parking ratios/codes/parking lots .-Innovative wastewater technology - Rooftop runoff direct to pervious surfaces .- Ensure water balance in system
- Quiet Pavement .- Stormwater Management Plan .- Optimised velocity in pipe
~-Varying detail to create diversity and interest - Water efficient fittings
.- Maintainance of grass/natural environment .-Self-cleaning velocity in sewers .-Design consider maintenance needs .- Life span of the pipes and materials
5. FUTURE -Bank slopes must be designed to be gentle .-Life span of the pipes and materials .-Flood plain accessible .- Senices watertight

- Pavement lifecycle design

.-Access for maintenance(Mh & pipe)

.-Life span of the pipes and materials

. -Positioning of trees - proximity of serices

Type of tree planting- prevent leaves falling

.-Erf have a rodding eye

.- Reduce large open spaces

.-Leak Detection devices in retic.

-Senices watertight

~Inlet/outlet design to reduce blockages

.- Provisions for future expansion of the system

.- Optimised level of service

.- Optimised level of sernvice

.- Optimised level of senice

.- Optimised level of senice

.- Minimize the number of road intersections

.-Increased % mid-block sewer

- Rain water harvesting techniques

.- Use of shared trenches

6. ECONOMY .- Use of narrower shorter streets .-Maximum manhole spacing .-Use of shared trenches .- Max. hydrants, airvalve spacing
.-Curvelinear roads increases no of manholes .-Use of shared trenches .- Maximum manhole spacing .- Apropriate water demands
.- Pavement Life-Cycle Cost Analyses ~-Long Tengths of opens space - Use of eco Pipe material - pvc/concrete/hdpe
.-Use of traffic calming measures .-Trench depths <3m .-Safe discharge routes .- Increased Fire risk category

7. SAFETY .- Signage and sense of place .- Position in relation to water pipe .- Reduced elocity /depth of stormwater flow .-Velocity of water flowing

) .-Safe street and unique public space .- Reduced depth of manholes .- Reduced depth of manholes .- Reduced depth of manholes

.-Safe Intersection-pedestrian friendliness --Inconvenience of overland flow .- Reduce pressure on pipeline

8. SOCIAL - Public facilities --  Convenient pedestrian paths / crossings--  Accessibilty during the repair of serices-- Planning for social and physical infrastructure--

Ensuring developments contribute to economic growth-- Improving the quality of life for the area-- Informing and inwlving internal and external stakeholders

9. CONSTRUCTION

- Environmental Management System-- .-Quality Management System--.-Environmental Training Plan

.- Pollution Prevention Plan (Erosion, Sediment, Wind Erosion, Stormwater Management and Materials Pollution Control)

~Noise Mitigafion Plan--.-Site Recycling Plan--.- Waste Management Plan
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The following design manuals were used in the review of alternative approaches to

conventional design practices:

BMT WBM Pty Ltd, 2007. National Guidelines for Evaluating Water Sensitive Urban
Design, Australia

Knox City Council, 2002. Water Sensitive Urban Design for the City of Knox. Knox
City Council

Centre for Watershed Protection, 2007. Urban Stormwater Retrofit Practices, Office
of Wastewater Management U.S. Environmental Protection Agency Washington,
D.C.

HCCREMS (Hunter Central Coast Regional Environmental Management Strategy),
2007. Wastewater Reuse: Practice Note 9. Ed. Kim Duncan & Hugh Cross Hunter
Council, Sydney

Southeast Michigan Council of Governments, 2008. Low Impact Development
Manual for Michigan: A Design Guide for Implementors and Reviewers, SEMCOG,
Michigan, United States of America

3.4 The use of green infrastructure on low income developments

The Green Agenda concentrates on reducing the environmental impact of urban-based

production, consumption and waste-generation, focusing on the problems of affluence and

over-consumption, issues which are more pressing in developed countries. The Brown

Agenda focuses on the problems of poverty and underdevelopment, emphasises the need to

reduce the environmental threats to health that arise from poor sanitary conditions,

overcrowding, inadequate water provision, hazardous air, water pollution, and local

accumulations of solid waste. The Brown Agenda is therefore more pertinent in poor, under-

serviced cities. There is a need for more appropriate technologies for low income

developments which can:

Enhance social sustainability through the use of labour-intensive construction
activities that also present opportunities for poverty alleviation;

Promote local economic development by encouraging the use of small companies
that are responsible for a large proportion of building material and plant manufacture;
Reduce material wastage by innovative methods of waste disposal and re-use;
Conserve water through improved water metering systems, rainwater harvesting
systems, re-using water, waterless and low-flow technologies, the use of water on

construction sites and in the production of materials;
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e Provide innovative building materials and method; and

¢ Include food gardens to produce nutritious and home-grown food.

Low income developments should strive to meet the sustainability criteria of resource
efficiency, use of renewable resources, minimisation of pollution and waste, economic
empowerment, health and safety, and human development (Centre for Scientific and
Industrial Research, 2002).

3.5 Advantages of using green technology on infrastructure projects

Green township infrastructure technologies can contribute to greenways and green corridors
and provide linkages between habitats and wetlands. Green technologies have a number of
environmental, economic and community benefits, in addition to reducing the volume of

overflows and runoff, which are highlighted below.

Resource benefits:
e Recycling of used products;
¢ Conservation of natural resources; and

e Recharged ground water flow in streams, thus conserving water supplies.

Environmental benefits:
e Enhancement and protection of ecosystems and biodiversity;
¢ Increased vegetation which improves air quality by filtering many airborne pollutants;
e Minimization of impervious surfaces, reducing soil erosion; and

e Reduction of concentrations of pollutants.

Economic benefits:
e Reduced infrastructure costs by water collection, storage, treatment and distribution;
e More efficient use of existing infrastructure;
¢ Reduced operating costs;
e Enhanced asset value and profits; and
e Optimized life-cycle economic performance.

Health and community benefits:

e Improved air, thermal, and acoustic environments;
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e Increased community safety;

e Convenience of users;

e Enhanced occupant comfort and health;

¢ Minimized strain on local infrastructure; and

e Contribution to overall quality of life.

Green technologies provide adaptation benefits for a wide array of circumstances, by
conserving and reusing water, promoting groundwater recharge and reducing surface water

discharges that could reduce flooding.

In addition to this, vegetation improves urban aesthetics and community liveability by
providing recreational and wildlife areas. Green infrastructure may save capital costs
associated with paving, creating kerbs and gutters, building large stormwater conveyance
systems, other hard infrastructure and costs of repairing the damage caused by stormwater,
such as streambank restoration.

3.6 Summary

There is an urgent need to apply eco-efficiency concepts to township infrastructure
development. Taking a greener approach to infrastructure development not only mitigates
the potential environmental impact of development but makes economic sense as well. By
softening the environmental footprint, avoiding waste and finding efficiencies, clients and

local governments can increase their long term sustainability.

As can be seen in this chapter, there are numerous opportunities for improving eco-
efficiency in infrastructure design. A new paradigm for infrastructure design is required in
order to maintain infrastructure sustainability and mitigate flooding and drought.

Engineers need to look at greener technologies rather than just using traditional engineering

solutions. This wider perspective can be made operational through the introduction of a suite
of sustainability indicators and a rating tool for assessing infrastructure solutions.
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CHAPTER 4 — THE GREEN TOWNSHIP
INFRASTRUCTURE TOOLKIT
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4.1 Introduction

The previous chapter focused on the need to implement greener technologies on township
infrastructure projects. The literature review of current practice reveals that no environmental
rating systems or tools exist to assess the environmental effects of infrastructure design
solutions. This chapter discusses the proposed Green Township Infrastructure Design
Toolkit developed to assess the environmental impact of design decisions at each stage of
the township infrastructure project.

This toolkit incorporates the concepts of green buildings, low impact developments,
sustainability, eco-efficiency and value engineering in evaluating design decisions on civil
engineering infrastructure projects. This can result in a project of a higher standard and
reduced environmental impact, by focusing on high-performance, eco-efficient, economical
design components, thus increasing infrastructure sustainability.

4.2 The Green Township Infrastructure Toolkit defined

This research aimed to develop a toolkit that will encourage environmentally sustainable
design on township infrastructure services by integrating a consideration of resources, the
environment, ecologically sensitive, innovative design, maintenance and recyclable

materials, from the conceptual design stages of a project.

The Green Township Infrastructure Design Toolkit uses the concept of eco-efficiency and
allows the designer to evaluate design options, enabling him/her to choose the solution that
yields the best performance, with the least environmental impact. The Green Township
Infrastructure Design is intended to encourage developers to consider green methods and
practices at the earliest stages of project planning, by assessing a number of recommended
green practices and its environmental impacts on infrastructure services design, placing

fewer burdens on the environment.
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4.3 Purpose of the framework

The purpose of the framework is:

e To ensure a value-added, environmental approach to infrastructure design decisions
by encouraging environmentally sensitive design development, throughout the design
process, allowing for environmental goals to be set, monitored and evaluated.

e To ensure that the work is conducted in a sustainable, effective, manner, by using the
proposed Green Reports as a sustainability control mechanism.

e To establish a system for advising the client on the environmental impact of his/her
design decisions, allowing for meaningful participation of the client, in developing a
sustainable project.

4.4 The Green Township Infrastructure Toolkit methodology

The Green Township Design Toolkit is an infrastructure design rating system that is used
throughout the project lifecycle and focuses on high-performance, energy efficient,
economical and environmentally friendly infrastructure design, as presented in Figure 4.1.
The toolkit analyses various design scenarios and levels of services of infrastructure projects
and identifies the elemental parts of design, which appear to be more or less eco-friendly
than might have been expected. Various Green Reports enable the client to select a
combination of alternatives and evaluate a number of possible design options, along with
their environmental implications, at each stage of the design process.

The underlying structure of the Green Township Infrastructure Design Toolkit is based on a
hierarchical breakdown of the project into four stages described in Table 4.1.

During the briefing and preliminary design stages (Stage 1 and Stage 2) the client and
engineer have a joint responsibility for deciding just how green the project should be, or,
alternatively, of deciding what environmental quality of services can be provided. During the
detailed design stage (Stage 3), the engineer has the responsibility of designing and
maximising the green value of the project. Stage 4 gives the designers an opportunity to add
environmental value at the construction stage, by analysing eco-friendly construction

material.
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Table 4.1: Stages in the Green Township Infrastructure Design Toolkit

Stage Activities

Stage 1 Feasibility Establishing  preliminary  green  objectives on
infrastructure projects

Stage 2 Preliminary Design Preliminary green infrastructure services rating
Stage 3 Detailed Design Green infrastructure rating analysis
Stage 4 Construction Construction activities eco-analysis

4.4.1 Stage 1- Feasibility: establishing preliminary green objectives on
infrastructure projects

The challenges in implementing sustainable developments are setting clear goals, client
understanding, designer understanding, evaluation methods and tools, timing,
communication and coordination, steering mechanisms, economics as well as management

of decisions.

At this stage the engineer and the client agree on the weighting between the various
infrastructure elements. Road infrastructure generally takes up a significant portion of the
infrastructure projects and is normally allocated the highest percentage; however there may
be projects that have no sewer or water components and their weighting can be zero.
The various eco-efficient infrastructure sustainability criteria will be allocated weighing.

There should be some sort of approximate green objectives at this early stage before the
design is developed, to avoid unnecessary redesigns. During this phase of the project, the
client and the engineer work together to incorporate green goals for the development into the
project scope, and to align the goals with the owner’s overall vision for the project.
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4.4.1.1 The use of sustainability criteria

The client’s vision, goals and objectives for sustainability on a project can be
translated into a core set of project criteria. While project goals set the direction, the
project sustainability criteria provide the means to measure project. They enable
clients, engineers and stakeholders to progress toward sustainable development by
comparing the performance achieved on a project with the intended performance.

The client may have specific green goals in mind, such as Functional Efficiency,
Economy or Social criteria that are more important than the other. The weighting of
the various categories are conducted at this early stage, before the design is
developed, to avoid redesign later in the process.

Sustainability indicators are useful for monitoring and measuring the state of the
environment and reflect the performance of the element (Carden et al, 2009).

Four of the nine criteria proposed, namely Economy, Functional Efficiency, Safety
and Environmental Quality were adopted from goals that were set out for layout
planning and related services for residential township developments (Centre for
Scientific and Industrial Research, 2005).

The Green Township Infrastructure Design Toolkit is based on the following nine eco-
efficient infrastructure sustainability criteria:
e Efficient layout planning ensures that infrastructure is placed in
environmentally responsible ways;
e Resources criteria encourage an efficient utilisation of materials;
e Environmental quality mitigates the environmental impacts of infrastructure;
e Functional efficiency ensures that infrastructure is designed optimally;
e Future maintenance integrates capital and operation of infrastructure;
e Economy integrates cost effective adoption of green infrastructure options;
e Safety minimises the environmental impact of infrastructure by incorporating
safety into the design;
e Social sustainability ensures acceptance of the infrastructure, promoting
convenience, social resources and public participation and
e Construction efficiency aims to ensure that infrastructure is constructed with

minimal impact to the environment, and contractors are forced to reduce
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pollution, minimise erosion, wind and sediment control during the construction

activities.

4.4.1.2 Weighting the infrastructure sustainability categories

Weighting the infrastructure sustainability categories enables the project to be
tailored to the client’s project requirements and specifications at the conceptual
stages of the project and to reflect the importance of a particular criterion in a project.

Weighting is one of the most theoretically controversial aspects within a rating
system. There could be variations in weighting amongst the various elements and
sub criteria, due to area contextual differences. For example, water authority clients
with a high per capita consumption of water would seek to reduce consumption by
giving a higher weight to water efficiency in their sustainability rating systems.
Therefore the model allows the user to modify weighting; however the weighting

should be discussed with the client.

The sustainability criteria are a set of performance measures that characterize the
sustainability of infrastructure project and is illustrated in Table 4.2. The default
weighting of 20% is allocated for Functional Efficiency and 10% for the rest of the
sustainability criteria. This weighting is based on industry norms but can be changed,
if required by the client and engineer, in order to accomplish specific project goals.

A lot of flexibility exists in the green township design rating system, so that designers
can benefit by focusing on specific categories applicable to each design situation.
The weighting and setting of targets for the sustainability categories also help the
designer understand the many design choices which need to be made in the Green
Goal Report.
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Table 4.2: Eco-efficient infrastructure performance criteria

Eco-efficient Default | Description Indicator
Sustainability Weighting
criteria
- 10% Placement of infrastructure in - Reliability of service
;’.IaErmi(;:Zm Lyt environmentally responsible, provision
efficient ways, conserve land
10% Encourages the efficient - Use of local materials
utilisation of materials/
2. Resources resources, selection of
environmentally friendly
materials
10% Design features that mitigate - Effluent quality and
environmental impacts of quantity management
infrastructure, by reducing the - Stormwater
effects of pollutants management
3. Environmental - Compatibility of
Quality In_frastructure system
with surrounding
environment
- % of increase in
environmental
stresses
20% Design of infrastructure that - Efficient functionality
: maximises functional efficiency of element
é.ﬁlfgnchonal of infrastructure - Adoption of
clency alternative low impact
design technologies
10% Maximises the opportunities for | - Reliability of service
5 Fut integrating capital and operation | provision
I\/iair?tgrzznce of infrastructure, ensuring - % of budget increase
reliability of level of service for Operation and
Maintenance
10% Maximises the opportunities for | - % of budget increase
6. Economy integrated, cost effective of services
' adoption of green infrastructure
options
10% Minimises the environmental - % decrease of
7. Safety impact of infrastructure by incidence
: incorporating safety into the
design
10% Ensures social sustainability of - Convenience
infrastructure, promoting - Access to facilities
convenience, social resources - Levels of service
and public participation. (LOS)
8. Social - Vulnerability to
disasters
- Health (morbidity and
mortality)
- Education and
awareness
10% Construction activities efficiency | - Pollution Prevention,

9. Construction
Efficiency

Erosion, Wind and
Sediment control
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Figure 4.2 shows an example of a graphical distribution of the various sustainability
categories available in the framework. In this example, the client may require the
functional efficiency of the infrastructure to be weighted as at 20%, as opposed to the
rest of the sustainability criteria that are weighted as a 10%.

OLAYOUT PLANNING

BFUNCTICNAL EFFECIENCY
CONSTRUCTICN,

10%

LAYCQUT PLANNING,
10% OENV/ROMENTAL GUALITY

FUNCTIONAL QECONOMY

S 100 o
RESOURCES, 1[]%:\_“_._ EFFECIENCY, 20% BEUTURE MAINTENANCE

SOCIAL, 10% OSAFETY
BSCCIAL
SAFETY, 10%
ENVIROMENTAL ORESOURCES

s
FUTURE QUALITY, 10%

MAINTENANCE, 10%

aCONSTRUCTION

ECONOMY, 10%

Figure 4.2: Example of a distribution of the sustainability categories

It must be noted that the use of different weighting of criteria and items can result in
some slight variances in the overall score, but that there will be little variance in the
actual status and goal of the project.

4.4.1.3 Form 1 — Green Goal Report

The engineer works with the client to determine the economic, environmental and
social goals for the project. The client may have specific green goals in mind such as
saving water, providing a variety of mobility options, or constraints.

The client and engineer decided on the weighting of the infrastructure elements
based on the site conditions, type of development, housing typologies. The roads
component generally make up 40% of a project component; the stormwater, sewer
and water generally make up 20% each of a project component.

There should be some sort of approximate green interventions at this early stage
before the design is developed, for the relevant infrastructure elements and
sustainability categories. Table 4.3 indicates the level of proposed interventions and
its associated scoring, in order to translate these interventions into an overall green

goal for the development
42



The designer will determine their level of proposed intervention for all the
infrastructure services under it relevant categories. In determining the level of
intervention for the various infrastructure categories, the designer has several
choices and may decide to adopt the best solution for the project, adopt a solution
that has restricted damage, have some considerations or apply conventional
approaches.

This allows the client and the engineer to focus on specific areas and elements on a
project, early in the design phase, where design philosophy decisions can be made
upfront.

Table 4.3: Scoring of the Proposed Infrastructure Interventions - to determine Green

Goal on a project

Proposed interventions Scoring
Minimal interventions to be undertaken 25
Some considerations for the environment 50
Restricted damage to the environment 75
Best solution to the environment 100

Table 4.4 indicates the results of the specific interventions that would be translated
into a single goal, which the client and engineer could achieve on the project. The
choices available to a client range from merely complying with a basic standard, to
using conventional design, or applying new technologies, through to setting new

benchmarks.

Table 4.4: Range of sustainable development goals (Boswell, 2005)

Sustainable Range of implementation choices Status Score
development goals
Best solution for the | Set a new performance benchmark | Platinum 75-100
environment through new technological

developments
Restrict damage to the | Doing what is achievable through | Gold 50 - 74
environment innovation and new technologies
Some considerations | Apply conventional and current practice | Silver 25-49
for the environment with minimal disturbance to environment
Minimal interventions | Achieve compliance based on | Bronze 0-24
to be undertaken regulations
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The client and engineer work together in the conceptual phase of the project to
develop a set of project-specific goals for sustainable development using The Green
Goal Report, as illustrated in Figure 4.3. The weighting of the sustainability criteria
and weighting between infrastructure elements is also undertaken at this stage,
depending on the clients’ requirements.

These scorings are also graphically represented in a so-called ‘spider diagram’ which
easily communicates to all parties the current standing and ‘green’ profile of the

project.

CIVIL INFRASTRUCTURE GREEN GOAL REPORT

PERFORMANCE CATEGORIES ROADS 40% | STORM WATER| 30% SEWER 20% WATER 10% ;'::gx:mm
2 : Restricted Restricted
Best solution to Best solution to .
1 LAYOUT EFFICIENCY e envionment | 73 |the environment | 72 |03mage o the 75 [damagetothe | 75 10%
environment environment
T Z Restricted Restricted
Best solution to Best solufion to 4
2 FUNCTIONAL EFFICIENCY e environment | 129 |ihe emvironment | 190 [damage to the 75 |damagetothe | 75 20%
environment environment
]
Resfricted Restricted Some Some
3 ENVIRONMENTAL QUALITY damage to the 73 |damage to the 73 |considerations 30 |considerations a0 1%
environment environment for environment for environment
]
Best solution to Best solufion to Best solution o Best solution to =
4 ECONOMY the envircnment £ the environment = the environment i the environment o he
]
Resfricted Restricted Restricted Some
5 FUTURE MAINTENANCE damage to the 73 |damage to the 73 |damage to the 75 |considerations 75 10%
enwironment envirbnment environment for environment
]
Some Mimnimum Minimum
6 SAFETY 735 |considerations 3l  |interventions o 25 |interventions to 25 10%
for environment be undertaken be undertaken
Minimal Minimum Minimum
T SOCIAL B i 25 |interventions to 25 |interventions to 25 |interventions to 25 5%
be undertaken be undertaken be undertaken
Best solution to ez e
8 RESOURCES 3 100 | e vironment | 100 [considerations | 50 |damage tothe | 50 10%
for environment environment
Minimal Mmnimal Minimal
9 CONSTRUCTION L i 23 |interventions i 25 |nterventions fo 25 |interventions to 25 3%
be undertaken be undertaken be undertaken
WEIGHTED SCORE [31] [23 ] [12] [59] 100%
LAYOUT EFFICIENCY
l_m---l- _
- - FUNCTIONAL
RESOURCES EFFICIENCY
/ ', ENVIRONMENTAL
SOCIAL £ i
\ CQUALITY
SAEELY _ ECONOMY —g=QVERAL PROJECT
" | «—ROADS
STORM WATER
MAINTENANCE »—WATER
| Score | T |GoLD | Restricted damage to the environment |

Figure 4.3: Screenshot of the proposed Green Goal Report
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The actual Green Goal Report is illustrated in Annexure 1. Throughout the project’s
development process, design decisions will be measured against these targets.

4.4.2 Stage 2 — Preliminary design: preliminary green infrastructure

services rating

As the brief is considered and developed, the engineer and the client endeavour to
establish some idea of preliminary eco-rating on the project. At this stage a
comparison of major design options and selection of the most environmentally
friendly level of service is chosen, allowing the least impact on the environment. In
this way, progressively innovative, sustainable and efficient design alternatives are
developed to an increasing level of detail, by the engineer. This stage provides the
best opportunity for environmental interventions, by determining the most

environmentally friendly infrastructure solutions.

4.4.2.1 Form 2 — Preliminary Green Infrastructure Rating Report

The Preliminary Green Infrastructure Rating Report involves undertaking
comparative eco-analysis of the different scenarios, levels of infrastructure services
and options available to the client, in response to the project’s goals and objectives.
This step involves a sensitivity test of the elements, so that the user can evaluate
different scenarios, options and design schemes which enable the consultant to
make rational decisions on the environmental impact of design decisions, before
he/she starts developing the design.

The weightings are transferred from the Green Goal report, but can be modified, if
required.

The Preliminary Green Infrastructure Rating Report, which is illustrated in Annexure
2, can reveal the environmentally sensitive parts of a project which are likely to be
the most fruitful areas for evaluation. The most productive areas for analysis are
those that have the least impact on the environment. Improvement of early design
decisions could ensure a greater measure of control over the ultimate environmental

quality and design. This form of analysis does not seek to enforce rigid design
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solutions for particular elements, but rather to maintain flexibility of choice of a
combination of possible eco-friendly design solutions.

4.4.3 Stage 3 - Detailed Design: Green Infrastructure Rating
Analysis

This stage aims to undertake a detailed analysis of various design solutions under
various sustainability categories, in order to assess all aspects of infrastructure
sustainability. Each category comprises several criteria and sub-criteria that

collectively evaluate the overall environmental performance of the project.

4.4.3.1 Form 3 — Detailed Green Infrastructure Rating Analysis
Report

The Detailed Green Infrastructure Rating Analysis Report guides decision-makers by
choosing key design factors and rating their environmental performance, in order to
identify alternative ways in which greener solutions can be achieved.

Figure 4.4 shows a snapshot of a Green Infrastructure Rating Analysis that evaluated
the layout functional efficiency of stormwater infrastructure in townships.

Due to the large number of criterion analysed, the Detailed Green Infrastructure
Rating Analysis Report is illustrated in Annexure 3.

The various green sustainable solutions that can be used on township infrastructure
are analysed under this section of the Infrastructure Services Design Toolkit. The
available technologies are categorised under the various sustainable performance
criteria, namely Layout Planning, Functional Efficiency, Environmental Quality,
Economy, Future Maintenance, Safety, Social, Resources and Construction
Efficiency. It offers a new perspective and alternative ways of rethinking how services
can be delivered.

Due to the subjective and controversial nature of the scoring of each design element,
each criterion, within the performance category was evenly weighted. The criterion
score was ultimately determined by the points allocated to the sustainability criteria,
for a particular element.
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On the establishment of an independent panel of Green infrastructure experts, to roll
out the toolkit within the industry, individual scoring of criterion will be allocated,
workshopped with all stakeholders and issued for public comment.

The toolkit does however, allow for allocating individual scores to each criterion and a
bottom up approach to rating a project.

INFRASTRUCTURE ELEMENT

PERFORMANCE CATEGORY Scoring
| Criterion . | Avail. | Act
STORMWATER 20 20
2.0 FUNCTIONAL EFFICIENCY
. . - ) no U.00
Conventional systems that achieve minimum compliance ves D.7E 07%
2 Provision of surface water management system to ensure that the ulimate flow from the[ne 0.00
development does not result in any negative impacts on downsiream properties or yes 0.74 |0.74
watercourse and is managed within the overall site i i
3|Has the Master drainage plans been prepared, in collaboration with adjoining no 0.00
communities and authorities, for the existing and future development of the entire yes 0.74 | 0.74

4 .. : no 0.00

R Is =70% of the road designed for sheetflow ves 074 074

5 - . no 0.00

_ Is the maximum velocity =3mfs ves D.TE 07%

- ; _— no 0.00
; =10% of roads have a maximum road gradient =12% — 074 078
- — - - no 0.00
. What is the minimum road crown slope- <2%- sediment = 074 T0.74
- ~ ) L : no 0.00
5 Is the maximum road crown slope- <3%-operation problem driving, ware of vehicles — 353 073
. . . . no .
Are the potential drainage and storage functions of roads, roadside channels used ves 074 [0.74
T i _ . no 0.00
- |5 =50% of the road gradients =2% - used for retarding stormwater run-off — 353 074
(o no .
- Is the post development limited to predevelopment — 074 078
- . . no 0.00
o |5 the roadside channels designed to prevent erosion ves 353 NZ
no .
o Is the stormwater flow depths = 0.5m ves 353 073
- no .

. Inlet- are the backwater effects designed for = 074 [0.74
15 Are the inletsfpond have swing type grids or are self cleansing to prevent blockages 3& ggg 074
16| Quality control at the source-from residenfial rooftop by disconnecting downpipe, Rain [no 0.00

Barrels, soakaway- Prevent pollutant dumping yes 0.74 [0.74
7 Does the reticulation limit runoff volumes with the use of bicswales filtering pollution 335 E?g INZ]
18][Does the reticulation limit volumes with the use of retention basin no 0.00
- YES 0.74 10.74
- : no 0.00
Are velocities reduced with the use of Check dams — 074 1074
20 Does the reticulation limit runoff volumes with the use of Porous parking surfaces 3;5 E?g 074
2T[In areas where the subsoil and water fable are suitable, does the design the surfaces of [no 0.00
storage argas allow for the re-charging of the underground water. yes 0.74 | 0.74
2] Are fiood plains and watercourses protected from erosion with Gabions, dissipaters, no 0.00
Reno mattress, stilling basins, Check weir, Riprap protection, Energy reduction, Drop 0.74 |0.74
structures, Rip rap basins, yes : :

Figure 4.4: Screenshot of a Green Infrastructure Rating Analysis Report
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4.4.3.2 Form 4 — Detailed Green Infrastructure Rating Report

The Detailed Green Infrastructure Rating Report contains the results from the Green
Infrastructure Rating Analysis and is illustrated in Annexure 4.

Figure 4.5 shows a snapshot of a Detailed Green Infrastructure Rating Report and
the distribution of points amongst the various infrastructure sustainability
performance categories, under each infrastructure element.

The Performance Category weightings as well as the weighting of the infrastructure
elements were determined at the Feasibility Stage and were merely carried forward
to the preliminary and Detailed Green Infrastructure Rating Report.

The Detailed Green Infrastructure Rating Report also graphically illustrates the
results in a so-called ‘spider diagram’ and ‘presents the actual score at the bottom of
the report, together to with the sustainable development goal achieved.
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GREEN INFRASTRUCTURE ECO RATING REPORT

22 INFRASTRUCTURE ELEMENTS
PERFORMANCE CATEGORIEs | § [FDADS| SIORMWAIER | SEWER | WATER | 0.
32 4% 0% 20% 10% Weighting
0 LAYO e ] ] ] ] Poinis. Achieved
g 10 10 10 10 |Points. Available
| DMNA o 15 15 14 13 Points. Achieved
8 20 20 20 20 |Points. Available
0 RO AL QUA : 12 13 12 7 Painis. Achieved
" L 15 15 15 |Points. Available
4.0 ONO : 15 15 12 15 Puoints. Achieved
’ 15 13 15 13 Points. Available
0 : A A e ] 7 ] ] Poinis. Achieved
" I 10 10 10 |Points. Available
5.0 SA - ] ] 5 10  |Points. Achieved
° L 10 10 10 |Points. Available
0 SOCIA : 3 2 4 5 Points. Achieved
: 5 ] ] 5 Points. Available |
8.0 RESOUR = B 8 3 7 Poaints. Achieved
; 10 10 10 10 Points. Available
9.0 CC R 0 . 7] 7 3 0 Painis. Achieved
3 3 5 5 5 Points. Available
OTAL P 100 100 100 100 Scoring
VEIGH P D 10.5 10.4 9.7 9.6
WEIG = : 13.0 13.0 13.0 13.0
OTA D 80.6 80.0 74.4 73.7
DTAL AVAILAD 100.0 100.0 100.0 100.0
LAYOUT EFFICIENCY
100 -~
FUNCTIONAL
EOMETETOn 7 @' EFFICIENCY

4
Fy
!

RESOURCES;:{.:;.S , ENVIRONMENTAL

QUALITY

“FUTURE MAINTENANCE

STORM WATER
ORIGINAL GOAL

e OVERAL PROJECT «— ROADS &
—m— SEWER —»— WATER @

Best solution to the environment- Benchmark
performance

SCORE .PLATINUM

Figure 4.5: Screenshot of a Detailed Green Infrastructure Rating Report

Due to the subjective nature of the points scoring and in order to simplify the scoring

system, the weighting of the points allocated to each elements performance criteria

were similar to the weightings of the performance criteria.

In order to determine a specific scoring for the criterion, a top down approach was

adopted. Firstly the individual elements were weighed against each other to make up

100% of the project.
49




Each performance criteria scoring was determined by its individual weighting, under
the various elements.

In order to simplify the scoring system, the individual criterion scoring was evenly
distributed within the performance category.

The toolkit does however, allow for allocating individual scores to each criterion and a
bottom up approach to rating a project

The Detailed Green Infrastructure Rating Report also highlights the green goal that is
achieved. The report assists the client and engineer to continuously monitor the
effects of his/her design decisions as designs are progressively developed. The
score is then assessed in terms of Table 4.5 shown below.

Table 4.5: Assessment of the project

Environment not taken into account 0-24% A
Some considerations for the environment 25 - 49%

Restricted damage to the environment 50 - 74% AAA
Best solution for the environment 75- 100%

This Detailed Green Infrastructure Rating Report can be used to fulfil the following
purposes:
e To enable clients and designers to appreciate how the target score is
distributed among the functional components of a project.
e To enable clients and designers to develop ideas on how the target scores
could be allocated, to obtain a more balanced design.

e To allow remedial action to be taken on detailed design.
4.4.4 Stage 4 — Construction Activities Eco-Analysis

The Green Township Infrastructure Design Toolkit encourages the use of sustainable
best practices on infrastructure projects as well as environmentally sensitive (‘green’)
construction materials. This checklist is intended to encourage developers to
consider green building methods and practices at the earliest stages of project
planning. At this stage, the main work items are further broken down into detailed
selection criteria of individual minor elements that contribute to the eco-impact of the
infrastructure element, e.g. type of pipes, bedding material.
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4.4.4.1 Form 5 — Construction Eco-Analysis Report

The Construction Eco-Analysis Report, illustrated in Annexure 5, compares the eco-
impact of various construction activities that have to be undertaken on the project.

It ensures sustainable performance and eco-efficient construction activities, providing
designers and contractors with independent guidance on making the best
environmental choices. It offers a new perspective and alternative ways of monitoring

how services can be constructed.

This report promotes the following principles:
e Reduce the material intensity of goods and services;
e Enhance material recyclability;
e Reduce the energy intensity of goods and services;
¢ Reduce toxic dispersion; and

e Maximise the sustainable use of renewable resources.

4.5 Continuous monitoring with the Green Reports

The various Green Reports developed at various stages of the project provide clients
and consultants with more control over the environmental impact of design decisions
taken and enable a comparison of the options of various engineering solutions.

Table 4.6 shows the Green Reports at each stage of the Green Township
Infrastructure Design Toolkit that are found in Appendices 1 to 5. Green Reports are
the foundation for an effective sustainability evaluation process and are the basis of a
design-to-green approach that contributes to overall sustainability of the project.
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Table 4.6: The proposed Green Reports at each stage

STAGE FORM NO. REPORT NAME
FEASIBILITY Form 1 Green Goal Report

PRELIMINARY DESIGN Form 2 Preliminary Green Infrastructure Rating Report

Detailed Green Infrastructure Rating Analysis

e & Report

DETAILED DESIGN
Form 4 Detailed Green Infrastructure Rating Report

CONSTRUCTION Form 5 Construction Activities Eco-Analysis Report

The proposed green reports undertake continuous monitoring of green goals in the
following steps. Monitoring takes place in three stages and is illustrated in Figure 4.6.
This involves establishing, adjusting and testing project goals and monitoring with the
use of indicators.

STEP 1: PLAN STEP 2: ANALYSE STEP 3: MONITOR
Develop project goals and . - Monitor and measure
criter?arzorlsustgainable elyse susIaiE s indicators against
development performance. sustainable development
Make appropriate goals
adjustments and report on
results

Figure 4.6: Continuous monitoring with the use of the proposed Green Reports

4.6 Benefits of Green Reporting

The Green Reports are developed at the beginning of all the phases of a project to
facilitate scope definition and maximise environmental optimisation thereby

controlling the environmental impact of infrastructure decisions.

The Green Reports allow various solutions to be evaluated in consultation with the
client, consultants and other stakeholders, thereby increasing the transparency of
decision making. This in turn improves consultants' accountability for environmental

efficiency of projects.
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The standard Green Reports were developed within the Green Township
Infrastructure Design Toolkit play the following roles:

e Determine the means by which environmental efficiency can be assessed,
monitored, quantified and verified at any stage of the project, to ensure a value-
added, quality driven, green approach to infrastructure design.

e Provide a basis for the consultants and clients to work together on creating and
evaluating sustainable infrastructure solutions, thereby ensuring
comprehensive infrastructure planning with maximum stakeholder involvement.

e |t provides a graphical method of presenting design results, allowing criteria
such as sustainability engineering, practical, social and financial issues to be
easily weighed against one another.

4.7 The advantages of using the eco approach to infrastructure

design

The Green Township Infrastructure Design Toolkit provides a ready guide to design
decisions, ensuring progressive, efficient, affordable, economical, and sustainable
provision of infrastructure services. The sustainability criteria set of performance
measures for each element. The rating of various design solutions ensures that

clients receive the best value for money for the projects that they construct.

The Green Township Infrastructure Design toolkit is intended to encourage
developers to consider environmentally sound design solutions at the concept and
preliminary design stages of the project, where the environment is impacted the

most, thus placing fewer burdens on the environment.

The eco-approach to infrastructure design is an engineering design approach that
takes a 'design with nature' approach to mitigate the potential impact of a
development. The model
e Encourages the use natural resources efficiently, maximises the use of local
materials, under the resources criteria.
¢ Reduces the ecological footprints of roads, sewer, stormwater and water,
allowing ecosystems to function more naturally;

e Adopts future maintenance as a design criteria for infrastructure planning;
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¢ Promotes the reduction, reuse, and recycling of materials when designing each
infrastructure element with resource conservation as a design criteria;

e Promotes the conservation and reuse water and the treatment of stormwater
runoff on-site under environmental quality considerations; and

e Encourages other modes of transport, e.g. bicycle and pedestrian oriented

projects, when considering resource conservation under the road infrastructure.

The framework allows consultants and clients to maximise the opportunities for
improving quality and reducing the environmental impact of projects and places a
heavy burden on the consultants to make design decisions in the most efficient way
possible. The Green Township Infrastructure Design allows engineering,
environmental and financial issues to be easily weighed against one another.

4.8 Summary

The Green Township Infrastructure Design Toolkit meets a well-recognised need for
improved sustainability reporting of infrastructure design on projects, allowing
engineers to create sustainable eco-friendly infrastructure solutions. It provides a
methodology or a ‘green design ‘strategy’ with which the designer explores a range
of possible green solutions available to him/her on infrastructure projects. This green
value approach transforms design goals into specific performance objectives and the
Green Infrastructure Reports provide environmentally friendly-infrastructure solutions,

permitting the project objectives to be quantified, monitored and verified.

The Green Township Infrastructure Design Toolkit is an interactive tool that uses a
multi-criteria analysis approach, allowing for the aggregation of various indicators and
variables into a single score result. This enables various stakeholders to minimise the
environmental impacts of their developments and to capitalise on, and receive
recognition for, their design initiatives. The proposed framework undertakes a
qualitative eco-analysis of infrastructure projects, ensuring value-for-money.
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CHAPTER 5 — CASE STUDIES
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5.1 Introduction

This chapter presents four case studies that were undertaken using the Green
Township Infrastructure Design Toolkit, to determine the applicability and utility of the
proposed framework.

The purpose of the case studies were to demonstrate the range of socio-economic,
health and environmental benefits which are possible using the Green Township
Infrastructure Design Toolkit. The conventional design interventions were weighed
against the sustainable design interventions on infrastructure projects and an overall
rating was given to the project, thus forcing designers to achieve a higher
environmental rating and thereby achieving a low carbon footprint.

The systematic analysis of various design solutions, at each stage of the project,
guided the designer in determining whether the sustainable development goals were
met. As will be seen, the Green Township Infrastructure Design Toolkit encourages
project participants to make careful forward planning design decisions, by means of
continuous reporting on design decisions and their green ratings.

The Green analysis compared various green alternatives and identified the optimum
level of service that could be achieved in order to achieve the green goals that the
client had already set. By looking for opportunities for sustainable design
improvements that could be achieved through an iterative analysis of alternative
design options against the various sustainability criteria, an optimum level of quality
was achieved.

The Green Township Infrastructure Design Toolkit ensures that project designs are
more carefully examined and that alternative design solutions are developed to

ensure that the client receives value for money.

5.2 Case studies overview

The Green Township Infrastructure Design Toolkit provides an indication of
sustainability of infrastructure compared to a ‘business as usual’ approach and has
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the potential to be developed and applied to residential, industrial and commercial
developments.

Four case studies were undertaken to ensure a representative assessment of the
framework. The case studies engaged with a range of projects to assess the
consistency and applicability of the framework's rating system.

The first case study is a high income development called Blueberry Hills, which
aimed to be a green development. The second case study was a low income
development, called Siyahlala housing project that aimed to have restricted damage
to the environment by using a combination of green solutions and conventional
infrastructure. The third case study was an industrial development called
Bloemfontein Industrial Park that used best practice green infrastructure stormwater
solutions but also had conventional sewer infrastructure. The fourth case study was a
low income development called Sunnyside Park that used conventional infrastructure

and was chosen to assess how the framework rates conventional infrastructure.

5.2.1 Case Study 1

Case Study 1 is a high income development called Blueberry Hills, which aimed to be
a ‘Green Village Development’ incorporating a range of best practice sustainable
technologies to serve as a selling point for residential developments. This project
involved the provision of infrastructure services to 1420 houses and aimed to
demonstrate that contemporary, sustainable living can reduce its ecological and
carbon footprint while creating a sense of place with connections to nature. The
project aimed to develop a sustainable residential development, for the real estate

market.

In this project, the Green Infrastructure Toolkit was utilised in the conceptual phase
with the aim of facilitating sustainability infrastructure services design. The following
procedures were followed:
e Initial ‘kick-off’ targets were set by the client and engineer, at the feasibility
stage.
e The Preliminary Green Rating Report highlighted the various green solutions
available and led to the re-definition and fine-tuning of project specific
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sustainability targets, in order to increase the level of green intervention. It
also pointed out where the design attention should be focused, e.g. water
efficiencies, efficient layout planning, recycling and re-use.

e The Detailed Rating Analysis to highlight innovative design solutions available
to the consultant, in the search for appropriate sustainable alternatives.

e The Detailed Green Infrastructure Rating Report summarised the results of
the Detailed Rating Analysis.

At the feasibility stage, green interventions were proposed and targets were set by
the client and engineer, as shown in a screenshot of the Green Goal Report for Case
Study 1 in Figure 5.1. The actual Green Goal Report is shown in Appendix 6.

The client and engineer decided on the weighting of the infrastructure elements
based on the site conditions.

The Roads component generally makes up 40% of a project component; in additional
to its design interventions, its contribution to Green House Gases, carbon footprint,
road safety, social impacts, project costs and resources.

Due to the site being situated on a watershed and adjacent to a reservoir, the water
network could not be optimised and the weighting was thus reduced to 10%.

The infrastructure element weighting was; roads (40%), stormwater (30%), sewer
(20%) and water (10%).

Due to the project being a privately funded green development, the client requested
the following weighting of the sustainability criteria, Layout Planning (10%),
Functional Efficiency (20%), Environmental Quality (15%), Economy (15%), Future
Maintenance (10%), Safety (10%), Social (5%), Resources (10%) and Construction
Efficiency (5%).

The road layout was planned in conjunction with the townplanning and architectural
design, thus contributing to layout efficient. Due to this being a private development,
social and construction efficiency criteria were not high on the client’s agenda.
Stormwater management was critical, as the development was a planned as a green
village. The client and engineer committed to interventions under the various

categories shown in Figure 5.1 and resulted in a green goal rating of 71.
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Figure 5.1: Screenshot of the Green Goal Report for Case Study 1

The Preliminary Green Infrastructure Rating Report highlighted the various design
technologies available to the client, which could achieve the desired green goal and
is illustrated in Appendix 7. The chosen interventions resulted in a scoring of 77.

At the detailed design stage, the various interventions are shown in the Detailed
Green Infrastructure Rating Analysis Report, illustrated in Appendix 8.
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The key sustainable design considerations included reducing water consumption
using efficient fixtures and fittings, and developing water efficient layouts to decrease
both pressure and velocities. Water meters were installed on the network to allow

monitoring of volumes and to identify non-revenue or unbilled water use.

The project also involved the use of sustainable urban drainage systems for
development and the use of the storage capacity of the roads and omitting the use of
conventional stormwater piping in 80% of the development. Increased on-site
stormwater management through attenuation of selected areas to reduce stormwater

run-off, and rain gardens and drainage swales were undertaken.

Figure 5.2 illustrates a screenshot of the Detailed Green Infrastructure Rating Report,
which is also shown in Appendix 9. The overall project rating of 78 indicated that the
project had used the “Best solution to the environment” and had “Set a new
performance benchmark through new technological developments”.
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Figure 5.2: Screenshot of Case Study 1 — Detailed Rating Report

5.2.2 Case Study 2

Case study 2 is a low income development, called Siyahlala housing project. This

project involved the provision of infrastructure services to 1221 houses.
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The infrastructure element weighting defaulted to roads (40%), stormwater (20%),
sewer (20%) and water (20%).
Due to the project being a low income green development, the client requested the
following weighting; Layout Planning (10%), Functional Efficiency (20%),
Environmental Quality (10%), Economy (15%), Future Maintenance (10%), Safety
(10%), Social (10%), Resources (10%) and Construction Efficiency (5%).
Figure 5.3 illustrates a screenshot of the Green Goal Report of Case study 2, used at
the feasibility stage of the project. The client and engineer aimed that the
development would restrict the damage to the environment by using a combination of
green solutions and conventional infrastructure. The proposed interventions resulted
in a proposed green goal rating of 58. The actual Green Goal Report of Case study 2
is shown in Appendix 10.
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Figure 5.3: Screenshot of the Green Goal Report for Case Study 2

In case study 2, the various design technologies chosen by the engineer in the
Preliminary Green Infrastructure Rating Report, which is illustrated in Appendix 11
achieved a preliminary scoring of 60.

Key project features adopted in the Detailed Green Infrastructure Rating Analysis
Report, which is illustrated in Appendix 12 include allowing the road alignment to
follow the natural topography and the use of low impact development (LID), which is
an engineering design approach to managing storm water runoff. LID emphasizes
conservation and use of on-site natural features to protect water quality. This
approach implemented engineered bioswales with hydrologic controls to replicate the

pre-development flow through infiltrating, filtering, storing, evaporating, and detaining
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runoff close to its source. The project also involved the minimisation of conventional

piped stormwater reticulation by maximising the use of the storage capacity of the

roads. Water efficient layouts and pressure reduction measures were undertaken.

Figure 5.4 illustrates a screenshot of the Detailed Green Infrastructure Rating Report,

and is shown in Appendix 13. The overall project rating of 66 indicated that the

project had a “Restricted damage to the environment”.
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Figure 5.4: Screenshot of Case Study 2 — Detailed Rating Report
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A higher rating could have been achieved by using more environmentally sensitive
solutions for the sewer infrastructure, use of a primary and secondary greywater
system and rainwater harvesting and reuse-recycled stormwater for irrigation.

This case study shows that green interventions can be achieved on low income
housing projects using simple engineering interventions that do not have a significant
economic impact on the project.

5.2.3 Case Study 3

Case study 3 is an industrial development called Bloemfontein Industrial Park which
aimed to use best practice stormwater solutions however conventional sewer
infrastructure with pump stations were used, due to the flat topography.

The infrastructure element weighting defaulted to roads (40%), stormwater (20%),
sewer (20%) and water (20%).

Due to the project being a high income green development, the client requested the
following weighting; Layout Planning (10%), Functional Efficiency (20%),
Environmental Quality (15%), Economy (15%), Future Maintenance (10%), Safety
(10%), Social (5%), Resources (10%) and Construction Efficiency (5%).

Figure 5.5 illustrates a screenshot of the Green Goal Report of Case study 3, used at
the feasibility stage of the project. The actual Green Goal Report of Case study 3 is
shown in Appendix 14.
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Figure 5.5: Screenshot of the Green Goal Report for Case Study 3

The various design technologies chosen by the engineer in the Preliminary Green
Infrastructure Rating Report, which is illustrated in Appendix 15 achieved a
preliminary scoring of 77.

However at detailed design stage, the flat typology of the site resulted in deep sewer
pipes more than 3m deep and 3 sewer pump stations were constructed, which had a
negative impact on the environment. This lowered the green rating of the project. The
lower score for the sewer component is illustrated in Figure 5.6.

The key interventions undertaken in the Detailed Green Infrastructure Rating
Analysis Report, which is illustrated in Appendix 16 was the focus on innovative
environmentally sensitive stormwater solutions, including reduction in flooding from
the large high density upstream proposed development and biodiversity

enhancement.

The conventional solution for stormwater would be via a conventional stormwater
pipe network system and would have meant major pipe networks, major costs,
maintenance issues and deep trenches. This approach could also have caused
problems further along the stormwater drainage network, such as bottlenecks and
the use of larger pipes. Moreover, the receiving areas could have suffered increased
flood risk, erosion or water quality degradation. Therefore, the implementation of the
bioswales and open stormwater system described above was considered to be the
most sustainable option. This lowered the total volume of stormwater reaching pipes
and reduced the peak flow rates. This also reduced the impervious areas and the
associated runoff, preserving and enhancing green spaces, and managing

stormwater to reduce total runoff.

Figure 5.6 illustrates a screenshot of the Detailed Green Infrastructure Rating Report,
and is shown in Appendix 17. This report indicated that the project achieved a green
rating of 74, which is defined as “Restricted damage to the environment” and had
“Done what is achievable through innovation and risk taking with new systems and
technologies”.
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Figure 5.6: Screenshot of Case Study 3 — Detailed Rating Report

A higher rating could have been achieved at the detailed design stage to change the

level of intervention from “Gold” to a “Platinum” status, which would describe the

development as having the “Best solution to the environment”. This could have been

accomplished by using more environmentally sensitive solutions to the sewer

infrastructure, such as the implementation of noise and odour reduction interventions

at the pumpstations, and the use of a primary and secondary greywater system.
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5.2.4 Case Study 4

Case study 4 was another low income development called Sunnyside Park that used
conventional infrastructure and was chosen to assess how the framework rates
conventional infrastructure. No consideration was given to the environmental impact,
social impact, safety or maintenance needs. Its primary objective was to achieve
functional requirements by the most economical means.

The infrastructure element weighting defaulted to roads (40%), stormwater (20%),
sewer (20%) and water (20%).

Due to the project being a low income development with no interventions, the client
requested the following weighting; Layout Planning (10%), Functional Efficiency
(20%), Environmental Quality (10%), Economy (15%), Future Maintenance (10%),
Safety (10%), Social (5%), Resources (10%) and Construction Efficiency (5%).

Figure 5.7 illustrates a screenshot of the Green Goal Report of Case study 4, used at
the feasibility stage of the project. The actual Green Goal Report of Case study 4 is
shown in Appendix 18
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Figure 5.7: Screenshot of the Green Goal Report for Case Study 4

Conventional infrastructure design solutions were chosen by the engineer in the
Preliminary Green Infrastructure Rating Report, which is illustrated in Appendix 19
achieving a preliminary scoring of 23.
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Purely conventional designs were chosen during the Detailed Green Infrastructure

Rating Analysis. This is illustrated in the Detailed Green Infrastructure Rating
Analysis Report in Appendix 20.

Figure 5.8 illustrates a screenshot of the Detailed Green Infrastructure Rating

Report,

and is shown in Appendix 21. The project achieved a green rating of 18, which is

defined as “Minimal interventions were undertaken” and the project had merely

“Achieved compliance based on regulations”.
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Figure 5.8: Screenshot of Case Study 4 — Detailed Rating Report
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A higher rating could have been achieved by using more environmentally sensitive
solutions for the various infrastructure elements, as opposed to the conventional
infrastructure design solutions that were chosen by the engineer.

Case study 2, which is a similar low cost housing project however resulted in a gold
status, indicating that there was “Restricted damage to the environment with the use

of innovative technologies”.

5.2.5 Comparison of Case Study 4 with Case Study 2

The two low cost housing case studies were compared to each in order to test the
usefulness of the rating in searching for green solutions.

Table 5.1 illustrates the comparison of the rating results of two similar low cost
housing projects. The results indicated that Case Study 2 achieved a green rating of
67 and performed satisfactory to moderate scores across all dimensions of
sustainability, being able to maintain a balance between the needs of society and

preservation of the environment.

Case Study 4 on the other hand demonstrated a significantly different performance,
achieving a green rating of 18 and receiving low scores for almost all components,
due to the lack of environmental interventions. This therefore offers a useful contrast
to the situation in that Case study 4 indicates the results when only conventional
designs are used compared to simple, inexpensive green interventions that can be
used. In general, the scores tended to conform to the expected performance levels.
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Table 5.1: Comparative assessment between Case Study 4 and Case Study 2

Case Study 4 Case Study 2
R R R R X X X R
o o (=] (=] (=] (=] (=] o
< N N N < N N N
- = - - > 87
PERFORMANCE | X | O Z( g G 28 3 | EE g i SE
CATEGORIES We | o o < @ £ |48 S o 5| @ < % 2
oo o n wn oo o 9p] n O ;
LAYOUT 10%
1 | EFFICIENGY 16 [ 13| 10 [33| 10 | 77 88 60 | 89 | 60
FUNCTIONAL 20%
2 | EFFICIENCY 10 (15| 7 |6 | 7 | 67 75 63 | 53 | 67
ENVIRONMENTAL 10%
3 QUALITY 14 21 8 10 | 11 50 57 62 40 33
4 | ECONOMY 35 55 | 11 27 | 30 83 82 89 82 80 15%
FUTURE 10%
5 | MAINTENANGE 14 |10 | 13 | 13| 25 | 62 50 73 | 63 | 75
6 | SAFETY 17 |13 | 10 [17 | 33 | 81 80 60 | 83 | 100 | 10%
7 | SOCIAL 46 |50 | 17 | 75| 40 | 60 75 17 | 75 | 60 | 5%
8 | RESOURCES 21 | 22| 22 |3 | 0 | 52 44 56 | 64 | 50 | 10%
9 | CONSTRUCTION 6 14| 0 0 0 34 43 33 | 50 0 5%
SCORING 18 24 | 10 |18 | 16 67 69 66 62 66

Figure 5.9 graphically illustrates the values of Table 5.1 in the form of a “spider
diagram”. It provides a graphical method of presenting design results, allowing the
various criteria such as functional efficiency, environmental quality, maintenance,

social and financial issues to be easily weighed against one another.
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Figure 5.9: Comparative assessment between Case Study 4 and Case Study 2
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5.2.6 Sensitivity analysis undertaken to test the effects of

weighting criteria and elements

A sensitivity analysis was undertaken on Case Study 4 and Case Study 2 to
determine the effect of weighting the various elements and criteria. The weighting for
roads, stormwater, sewer and water were distributed equally by 25%.

The sustainability criteria were also weighted equally, by 11.1% for the nine criteria.
The impact on the overall results of the case studies, as shown in Table 5.2.

The results indicate that, should the client decide not to focus on specific
interventions on a project and decide to weigh the sustainability criteria and
infrastructure equally, there will be a minimal impact to the scoring. Case study 4
results stayed the same, however case study 2 results dropped from 67 to 64

The use of different weighting sets resulted in some slight variances in the scores at
both elemental and criteria levels, but that there was little variance in the overall
scores that could result in the project skipping a sustainability scoring band.

Table 5.2: Sensitivity analysis by distributing equal weighting of the elements and

criteria on Case Study 4 and Case Study 2

Case Study 4 Case Study 2
WEIGHTING s s s s PN PN PN s
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(-}
1 'é'é\F(%IJETNCY 1% 1 46 13 10 33 10 | 74 | 88 | 60 89 60
11.1%
2 Egggéﬂéﬁ'- e | 15| 7 6 7 | 64 | 75 | 63 | 53 | 67
11.1%
3 gﬁX'LF:TO\L\‘MENTAL | 13 | 2 8 | 10 | 11 | a8 | 57 | 62 | 40 | 33
4 | ECONOMY 1M1.1% | 39 55 11 27 30 83 82 89 82 80
11.1%
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6 | SAFETY 11.1% | 18 13 10 17 33 81 80 60 83 | 100
7 | SOCIAL 1M1.1% | 45 50 17 75 40 57 75 17 75 60
8 | RESOURCES 11.1% | 20 22 22 36 0 53 44 56 64 50
9 | CONSTRUCTION | 11:1% | 4 14 0 0 0 32 | 43 | 33 | 50 0
SCORING 18 23 11 20 17 64 68 63 65 62
ORIGINAL
SCORING( FROM 18 | 24 10 18 16 | 67 | 69 | 66 | 62 | 66
TABLE 5.1)
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5.3 Other Considerations

Changes in the weightings have little impact on the overall index score, although they
do influence the performance category results.

This highlights the need for caution when using a single ‘element’ or ‘category’ to
describe sustainability of a system, except when it is being used as a comparator
between sites. It is also critical that a sound methodology is adopted for the selection
of appropriate weights.

5.4 Improved quality of life for residents

There is a range of benefits that was achieved:

e Residential developments become safer.

e Residents have greater convenience, and realize significant water and time
savings.

e Greater human comfort and aesthetics, and improved health and safety. Peak
temperatures drop due to road surfacing and greener areas, thereby reducing
the overall discomfort levels. Biodiversity in the area increases. The open
storm water system provides a better environment for local plants and wildlife.
Flowering perennials and native trees attract birds and insects.

e Training, education and work opportunities created. A range of practical, on-
the-job training sessions and community education workshops conducted and
local employment created.

e Water savings and the efficiency in the network boosted. Rainwater
harvesting reduces water costs and assists when there are water shortages.
Water use is efficient, and grey water can be used for food gardens.

As can be seen in the case studies, rainwater storage can enhance water security
and provide water for food gardens. Employment was generated for local residents,
while training has given households practical skills and a better understanding of
sustainability. Such an environment improves the quality of life of individuals and
improves overall resilience in urban societies. An improvement in accessibility to
basic services and efficiency of service delivery contributes to improved health,
productivity and ultimately social and economic upliftment.
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5.5 Summary

The green infrastructure rating tool provided a means for sustainability performance
reporting of township infrastructure and facilitates sustainability target setting in
briefing processes. The chapter demonstrates how the proposed tool can facilitate
design decision-making processes and their applications as design tools.

The case studies demonstrate how target/green goals were set through its green
goal reporting mechanism, preliminary design solutions screened and detailed
designs analysed and rated in terms of sustainability.

The Green Township Infrastructure Design Toolkit ensures that project designs are
more carefully examined, and that alternative design solutions are developed to
ensure the client’s objective of value for money.

The green value analysis approach is incorporated into the proposed Green
Township Infrastructure Design Toolkit and readily monitored by Green Reports, so
that value management and quality control is achieved.

The case studies demonstrated the range of sustainable design interventions, socio-
economic, health and environmental interventions and benefits which are possible
through the Green Township Infrastructure Design Toolkit, thus achieving a low
carbon footprint. It also indicates how greening interventions in low cost housing can
improve quality of life for residents and provide multiple benefits for the country. It
points towards a more sustainable approach for housing delivery and human
development.

The sensitivity analysis done between the two low cost housing projects indicate the
benefits of utilising the Green Township Infrastructure Design Toolkit. The toolkit
progressively ensured efficient, affordable, economical, and sustainable provision of
infrastructure services, through all phases of the project.
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CHAPTER 6 — CONCLUSIONS AND
RECOMMENDATIONS
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6.1 Introduction

As projects, clients, environmental agencies and government become more complex
and stringent in their requirements, so it becomes more necessary to improve and
refine environmental control tools. Clients are demanding that their professional
advisers should accept sustainability and infrastructure greening as a central element
in the design.

The absence of a systematic and co-ordinated approach to evaluating the
environmental impacts of design decisions on infrastructure projects denies the
stakeholders, especially municipalities, the synergetic benefits of sustainable
infrastructure projects.

The proposed Green Infrastructure Toolkit seeks to ensure that clients and engineers
have greater control over the environmental impacts of their design decisions on their
projects. The case studies show how clients and project objectives can be readily
quantified and verified. Cutting-edge, cost-effective and cleaner technologies must be

promoted over conventional designs.

6.2 The limitations of the Green Township Infrastructure Design
Toolkit

This research thesis has the following limitations, mainly due to lack of data, time
constraints and resource limitations:

e Although the Green Township Infrastructure Design Toolkit includes the triple
bottom line of sustainability, the social impacts of the project are qualitative.
For example, aesthetic aspects of a project and cultural values of a building
are hard to quantify.

e The selection of environmentally responsible materials is limited. Some
greener materials need to be imported, which inevitably costs the client.
Environmentally responsible materials require greater upfront costs, which
clients may not be prepared to pay for it.

e Weighting is one of the most theoretically controversial aspects within the
rating systems. Weighting involves a high degree of subjectivity and will have
assessment result's dependent on the assessor's discretion and intuitive
judgment. The toolkit does, allow for allocating individual scores to each
criterion and a bottom up approach to rating a project. However in order to
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reach a consensus of the individual scoring, there can be an establishment of
an independent panel of Green infrastructure experts, whom can workshop
the scoring with all stakeholders and issue for public comment, before rolling
out the toolkit.

6.3 The cost of going green on buildings

Most clients do not introduce greening into their projects due to the higher than usual
initial capital cost, but it is predicted that the added cost of going green should reduce
over time. A four star rated building, which equates to a Gold “status” township
services infrastructure project with “Restricted damage to the environment using
innovation and new technologies” costs about 3% more than a conventional building
of the same size. The payback period on South Africa Green Star rated building was
initially calculated at five years, assuming moderate growth in the cost of water and
electricity (Uys, 2010).

Balancing the potential benefits against the costs, including manufacturing,
installation and downstream costs, is crucial when deciding to implement the green

design elements on projects (Boswell, 2010).

The on-going capital investment for the use of potable water reticulation for irrigation
is far more costly than the initial capital investment of constructing a stormwater

retention pond and capturing runoff and reusing it.

The U.S. Environmental Protection Agency (EPA) undertook 17 case studies of
developments that include Low Impact Development (LID) practices and concluded
that applying LID techniques can reduce project costs and improve environmental
performance. In most cases, significant savings were realized due to reduced costs
for site grading and preparation, stormwater infrastructure, site paving, and
landscaping. Total capital cost savings ranged from 15 to 80 percent when LID
methods were used rather than conventional stormwater management costs. Low
Impact Development practices saves money for developers, property owners, and
communities while protecting and restoring water quality. (United States
Environmental Protection Agency, 2007)
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6.4 The benefits of the Green Township Infrastructure Design
Toolkit

Effective environmental design enables all involved in a project to respond to project
challenges and to understand the interrelationships that result from various decisions
about environmental impacts on the project. The benefits of using green engineering
were highlighted in Chapters 3 and 5.

The proposed Green Reports enable the client to be kept fully informed of the
environmental implications of all his/her design decisions. The measurable outputs of
the forms give the executing authorities the opportunity to respond to design
decisions on the project. Control is shifted from the consultants to the clients. This
approach is in line with the emphasis on assessing outputs and outcomes.

The Green Township Infrastructure Design Toolkit optimises the project value by
progressively ensuring environmentally efficient, affordable, economical and
sustainable provision of infrastructure services, which will result in a project of higher

standard, without the need for additional funds.

The Green Township Infrastructure Design Toolkit is primarily a multi-attribute
infrastructure design guidance tool that compares and weighs up various
environmental solutions against each other, allowing clients and project managers to

choose the most “environmentally preferable” engineering solution.

The toolkit's comprehensive reporting at every stage acts as an early warning system
to diagnose major sustainability problems, so that remedial measures can be taken
to ensure that the design decisions are still environmentally friendly.

The toolkit allows client and consulting engineers to engage with stakeholders in
dialogue throughout the development, design and delivery of a project to ensure that
stakeholder environmental issues and concerns are fully considered. It allows for

openness and transparency of design.

It would take a user around approximately an hour to rate a project from concept
design level to detailed design and would result in huge time savings as opposed to
search for alternative design decisions that looks holistically at a project.
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6.5 Maintenance of the Green Township Infrastructure Design
Toolkit

The Green Township Infrastructure Design Rating System is continually evolving.

On completion of this research, the toolkit will be developed into a web-based
system. Users will need to register on the proposed website, in order to use the
rating tool. A reference manual will be created, with a version number.

The author is the current steward of The Green Township Infrastructure Design
Rating System and is responsible for its on-going maintenance and upkeep; however
with time, the toolkit maybe handed to a civil engineering infrastructure institution,
where a Project Team will be responsible for keeping the rating tool up to date.

In order to keep up to date with technology, standards and legislation, from time to
time, there may be additions, amendments and corrections to the toolkit, which will
happen in real-time, and updates to the web-based version, followed by a publication
of a paper supporting version, and an email notification to all registered users.
Addenda will be published online to keep the operable version of The Green
Township Infrastructure Design Rating System up to date.

6.6 Recommendations

The following recommendations are offered for consideration and implementation in
practice.

e Green engineering, low impact design, value engineering, environmental
planning and management should be undertaken on infrastructure projects
rather than the traditional method of designing of townships.

e Engineers should undertake more environmentally friendly design interventions
at the early phases of the project, where they have the most impact.

e The Green Township Infrastructure Design Toolkit should be implemented on
projects to monitor the impact of design decisions on the environment.
Currently there are no control procedures in place to measure the

environmental impacts and effectiveness of infrastructure design decisions.
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e Clients need to have a full understanding of the design and the environmental
implication of certain design decisions on a project and have mechanisms to
rate how sustainable their infrastructure projects are. This can be accomplished
with the use of the proposed Green Reporting tools.

e On completion of this research, the Green Township Infrastructure Design
Rating System will need be developed into a web-based system.

6.7 Summary

The proposed Green Township Infrastructure Design Toolkit aims to transform the
conventional approach to infrastructure design by focusing on high-performance,
resource conservation, layout planning, energy efficiency, economical and
environmentally friendly infrastructure solutions. Though eco-friendly design is a
major component of the green value assessment, several other basic sustainability

requirements are also assessed.

The proposed toolkit offers a comprehensive design tool with more than 380 value
added design criteria available for assessment of the project at the design stage,
where its environmental impacts are most effective and can be used as a checklist
for sustainable design. It complements the provision of environmentally friendly
infrastructure options in order to support the achievement of more sustainable

provision of services to the communities.

The engineer can make more rational decisions by analysing sustainability criteria
and weighting sensitivities. The proposed decision support tool for urban
infrastructure reflects various dimensions of sustainability, namely, environmental,
economic, engineering, and social. The toolkit makes engineers environmentally
accountable for their design decisions and provides a graphical method of presenting
their results, allowing engineers and environmental issues to be easily weighed
against one another.

Finally, the Green Township Infrastructure Design Toolkit is about improving living
standards and reducing the environmental impact of infrastructure services. This
framework enables Government to make use of private sector expertise in the most

effective way possible and enables executing authorities to have final power over

79



most environmental decisions and contributes to a sustainable service delivery

strategy.

The proposed framework is more than just a tool, it is a systematic framework
intended to promote the concept of ‘Green infrastructure services’.
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APPENDIX 2: Preliminary Green Infrastructure Rating
Report
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THE GREEN TOWNSHIP DESIGN MODEL

PRELIMINARY GREEN INFRASTRUCTURE RATING ANALYSIS

INFRASTRUCTURE ELEMENTS
ROADS [ 40%] SEWER [ Joo%
Pis AlPts Ach pis Abts Ac]

LAYOUT EFFICIENCY 8 0 8 0
Typical service layout configuration 1 Typical service layout configuration 1
landscaping and all public utilities 1 Layout promote midblock sewer> 30% midblock 1
Promote concept of green streets 1 <10% of length of Sewer pipeline in floodline 1
Ecological Connectivity-Open spaces and circulation system 1 Avoidance of pumpstations 1
layout facilitates economical subdivision and min. intersections 1 Alternative Route alignments 1
Design the internal street layout to inhibit through-traffic 1 Catchment planning 1
Increased diversity in road reserve through distinction between si 1 Contour layout planning 1
Roads aligned with natural topography 1 Sewer lines planned one catchment at a time 1
[RESOURCES 7 7
Alternative Surfacing technologies -Permeable pav/Grass blocks/{ 1 Backfill - non commercial source 1
Tree conservation <1tree/ha removed 1 Use of onsite materials for Bedding 1
Re-Use of Pavement Layerworks 1 Manhole sealed in the floodline 1
Alt Transportation Options such as bicycles, light rail, NMT 1 Pipe material - use of pvc/hdpe vs. /concrete/steel 1
Earthworks- balanced -Cut / Fill <20% spoil 1 The avoidance of the use of pumpstations 1
Use of Recycled materials 1 Use of Recycled materials 1
Conventional use of resources 1 Conventional use of resources 1
|[ENVIRONMENT QUALITY 8 8
Some consideration for reducing envir impact. in the design 1 Some consideration for reducing envir impact. in the desid 1
Minimal of valley crossings < 1/km 1 <20% pipeline_positioned in the flood plains 1
ramps and paving 1 manholes, outlets, fittings 1
Erosion control measures @ all outlets 1 Measures to control factors governing odour and noise 1
Landscaping: Use of Water efficient plantings 1 Provision for protecting surface & sub surface water bodid 1
Clearing and grading (Site Vegetation) limited to road footprint onl| 1 Flood protection of pumpstation and pipeline 1
Noise reduction through Quiet Pavement, traffic reduction on inter] 1 Is the development density < the environmental capacity | 1
Habitat Restoration 1 Waste effluent quality monitoring measures 1
|[FUNCTIONALITY EFFICIENCY 1 1"
Conventional systems that achieve minimum compliance 1 Conventional systems that achieve minimum compliance| 1
Use of Drainage and storage functions of roads 1 Primary greywater reuse 1
Use of Pedestrian / bicycle paths 1 Oil/grease/grit separators 1
Is the av. road grad/m <5%/m 1 Onsite sewage disposal-Recycle/composting 1
Innovation- eg. Use of Permeable pavements 1 Secondary greywater reuse 1
Low impact Development technologies- roads 1 Low impact Development technologies- Sewer 1
automatic right of way on higher order roads 1 Nutrient resource recovery & reuse 1
Parking ratios/codes/parking lots 1 Avoid Flat gradients (20% that is <1: 100)- stagnation 1
Use of street furniture for a positive contribution to area 1 sealed 1
Roadway system design to be self-cleaning 1 Sanitation system design to have self-cleaning velocity 1
Additional lanes at major intersections-reduce peak quantity 1 Sewer attenuation-reduce peak quantity 1
[FUTURE MAINTENANCE 8 8
Some consideration of maintenance in the design of the service 1 Some consideration of maintenance in the designof the 1
Maintenance of grass- pioneer grass used 1 Provisions for future expansion of the system 1
Bank slopes must be gentle >1:1.75 1 Are pipeline susceptible to erosion protected 1
Pavement lifecycle design >20yrs 1 Service aligned with road/property boundary>80% 1
Site Vegetation-low water 1 Services watertight 1
Alternative access for the repair of services 1 Easy access and room for the repair 1
Type of trees planted allows for minimal leaves to fall 1 Erf have a rodding eye 1
Street marking- high quality luminous paint 1 Pipe loading in all areas checked 1
[EcoNomy Iz 7
Some consideration of economy in the design of the service 1 Some consideration of economy in the design of the serv| 1
Most economic system/service for target market 1 Most economic system/service for target market 1
Minimized the number of road intersections 1 Av Trench Depth <2m in over total length 1
Are narrower, shorter streets used 1 Av. manhole spacing >50m 1
Too Curvilinear roads increases no of manholes 1 Use of shared trenches> 30% 1
Conduct Life-Cycle Cost Analyses 1 erf alignments as straight as possible to reduce sewer m 1
Is the area devoted to streets minimal- min road widths/reserves 1 Pipe material - pvc/concrete/hdpe. 1
[SAFETY 7 5
Some consideration of safety in the design of the service 1 Some consideration of safety in the design of the service | 1
Traffic calming measures 1 <10% of length >3m Trench Depth 1
Signage and pedestrian friendliness 1 Position in relation to water pipe >1m away 1
the street is designed as a safe and unique public space 1 Compatibility with storm water management 1
SCYTGYAT PEUTS UTETS; GYGISTS aiiu VETTosS WiTSTS nas 1 FTSCIOUT TS T S U B B TGRS TS50 TS i 1
Road safety Audit 1

Safe Intersection-site distance, sidewalks, crosswalks, other inter{ 1
[SOCIAL 3 4
neighbourhoods 1 ERF access to sewers 1
Educational Outreach plan - road safety - to community 1 Educational Outreach plan -awareness on Health and sar] 1
Public participation in all stages of the project 1 Public participation in all stages of the project 1
Public transport facilities and provision of street furniture 1 Provision of employment to local community >100 person| 1
Universal access-layout cater for disabled-Wheelchairs and eldery 1

Provision of employment to local community >100 person days 1

Measures to preserve Cultural Heritage 1

Provision of social amenities to the community 1

CONSTRUCTION EFFICIENCY 6 1
Environmental management Process, plan and training 1 Sewer Management Plan 1
Site Waste management plan 1

Pavement Management System 1

Quality Management System 1

Site maintenance plan 1

Equipment Emissions Reduction Plan 1

WEIGHTED SCORES 100] O 100] O

Best solution to the environment- Benchmark performance through new technological developments 0
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THE GREEN TOWNSHIP DESIGN MODEL

PRELIMINARY GREEN INFRASTRUCTURE RATING ANALYSIS

|sTORMWATER | | 20% | WATER 20% | 100% |Weighte
Pts APts Ach Pts APts Acl 9
LAYOUT EFFICIENCY 8 0 8 0 10%
Typical service layout configuration 1 Typical service layout configuration 1
Use of Green corridors-Natural drainage paths 1 Pipe route alignment- looped network efficiency 1
stormwater pipeline in floodline <10% of total length 1 Water pipeline in floodline <10% of total length of pipe 1
Multipurpose Attenuation facilities-for retarding sw 1 Location & Spacing of Fire hydrants have a minimum overlap 1
land use intensities matched to landscape tolerances for sw§ 1 layout relate to the water pressure zones 1
SWMP initiated at start of planning for land uses 1 Minimal no of dead-ends to ensure flushing/no stagnation 1
servitudes for safe, acceptable points of discharge. 1 land uses-high demands & fire risk close to water supply 1
Reduced SW concentration & hydrological impact 1 Bulk service routed on roads or minimum 5m servitudes 1
RESOURCES 7 7 10%
Pipe material - use of pvc/hdpe vs. /concrete/steel 1 Water demand management measures 1
Use of onsite materials for Bedding 1 Zone and bulk smart metering 1
Manhole types- brick/precast 1 Use of onsite materials for Bedding 1
Rain water harvesting and Reuse 1 Use of Present & future water consumption figures 1
Runoff quantity control 1 Promote use Water Efficient fixtures/Appliances 1
Recycled materials to construct of SW _channels/manholes/f 1 Rain water harvesting 1
Conventional use of resources 1 Conventional use of resources 1
[ENVIRONMENT QUALITY 8 7 15%
Some consideration for reducing envir impact. in the design 1 Some consideration for reducing envir impact. in the design 1
Post Development < Predev Flow 1 Protect against water contamination 1
manholes, outlets, fittings 1 manholes, outlets, fittings that is not obtrusive 1
Recharge rates maintained 1 low-level water audits 1
Protection measures of wetlands- stagnant water 1 Scour valves positioned for safe discharge- erosion 1
Runoff quality-Constructed Wetlands/filters 1 Reticulated recycled water supply 1
Minimize soil erosion; by good vegetation along the watercoj 1 Water-Wise Gardening 1
Increased roughness of drainage way to decrease the veloci| 1
FUNCTIONALITY EFFICIENCY 1 1 20%
Conventional systems that achieve minimum compliance 1 Conventional systems that achieve minimum compliance 1
Quality control at _source-from residential rooftop by disconnd 1 Water-Efficient Irrigation & landscaping measures 1
SW attenuation-reduce peak quantity 1 Use of Roof tank/intermediate storage 1
Stormwater Management Plan 1 Pressure Management as part of design-Balanced loss/increag 1
Bioretention swales/ponds/infiltration berms 1 Dry Fire Hydrants. suction pipe systems from pond 1
Low impact Development technologies- SW 1 Water efficient fittings 1
Erosion control(Geotextile/cells, gabions) 1 water attenuation-reduce peak quantity 1
Sediment control- Silt fences/Stilling basin 1 Watertight joints/compression type coupling/Seals quality 1
Is the av. channel grad/m <5%/m-high velocities 1 Efficient water systems design-Optimised flow/velocity in pipe 1
Use of roads & parking to control drainage & storage 1 Water reticulation design to be seli-cleaning 1
Are channels lined -earth,-grass, concrete, grass 1 Water hammer analysis 1
[FUTURE MAINTENANCE 8 8 10%
Some consideration of maintenance in the design of the sen] 1 Some consideration of maintenance in the design of the servic] 1
Is the design-manholes, pipes and caichpits sized for maintd 1 Sleeves used where pipes cross the road 1
Flood plain accessible 1 Services Watertight joints/Seals quality 1
Pipe loading in all areas checked 1 Positioning of trees - proximity of services 1
Stormwater system design to be self-cleaning 1 Isolation Valves/Meters located in convenient positions @ 90% 1
Easy access and room for the repair of services 1 Easy access and room for the repair of services 1
Positioning of trees in close proximity of services > 20m 1 Leak Detection devices in retic. 1
Inlet/outlet design to reduce blockages 1 Provisions for future expansion of the system 1
ECONOMY 8 8 15%
Some consideration of economy in the design of the service | 1 Some consideration of economy in the design of the service 1
Most economic system/service for target market 1 Most economic system/service for target market 1
Non structural controls 1 Use of shared trenches >20% 1
Use of shared trenches >20% 1 Max. hydrants, airvalve spacing av spacing- 200m 1
Av. manhole spacing >50m 1 Av Trench Depth <1.2m in over total length 1
Multipurpose stormwater facilities 1 Conduct Life-Cycle Cost Analyses 1
Pipe material - pvc/concrete/hdpe. 1 Pipe material - pvc/concrete/hdpe. 1
Av Trench Depth <2m in over total length 1 Are the air valves , shut off valves in valve rings 1
SAFETY 6 6 10%
Some consideration of safety in the design of the service 1 Some consideration of safety in the design of the service 1
<10% of length >3m Trench Depth 1 <10% of length >3m Trench Depth 1
Velocity /depth of stormwater flowing 1 Supply sufficient for fire fighting requirements 1
Safe discharge routes 1 Fire risk -High/medium or low 1
Design accommodates various storm frequencies 1 close to bulk water supply points 1
Flood warning signs 1 Pressure on pipeline<9bar 1
[SOCIAL B 4 5%
convenience- minor system designed for high-frequency stor] 1 Provision of employment to local community >100 person dayq 1
Education and awareness- Rainwater harvesting 1 Educational Outreach plan - water conservation 1
Public participation in all stages of the project 1 Public participation in all stages of the project 1
No Inconvenience of overland flow and Temporary storage f§ 1 Standpipes located in convenient positions along walkways. 1
Is access to river walks and open spaces 1
Provision of employment to local community >100 persondaj 1
CONSTRUCTION EFFICIENCY 2 1 5%
Pre construction Stormwater Management Plan 1 Water Operational plan 1
Siltation control with Sand and hessian bags or Silt fences 1
100] © 100 0

Best solution to the environment- Benchmark performance through new technological developments
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APPENDIX 3: Detailed Green Infrastructure Rating Analysis
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THE GREEN TOWNSHIP DESIGN MODEL

Project Title: Date:
Client: xoooo Compiled by:
LAYOUT EFFICIENCY

1 . ) ) no 0.00
Typical service layout configuration = 0Es

2 . no 0.00
Does the layout promote concept of greensireets yes 063

3 Does the layout facilitate economical subdivizions, with the use of shared road infrastructure E ggg
4. Layout integrates the circulation system with dwellings, landscaping and all public utilities E ggg
5l the percentage township area devoted to roads, parking and footways <30% of total area E ggg
&|* Iz there minimum interruption from access movements, intersections, to achieve good mobility, no 0.00
Access road =100m apart WES 0.63
7|* Provide public transport routes which minimize operating costs while satisfying user requirements |no 0.00
for convenience yes 0.63
8|* Provide reserve widthe and alignments which cater for all road users, for senvices for landscaping, |no 0.00
in the most economical way. Wes 0.63
9(* Relate the spacing and layout of intersections to the probable vehicle type, the volume and no 0.00
direcfion of movement =) 0.63
10|* Ecological Connectivity-Open spaces and circulation system-integral part of the open space no 0.00
system and appropriate landscaping provided for Wes 0.63
11, Are short-distance links ( <1km) between adjacent neighbourhoods E g'gg
12|* Does the road hierarchy requirements provide automatic nght-of-way for fraffic on higher order no 0.00
roads. additional lanes at intersections provided for to reduce peak fraffic with minimum interruption |yes 0.63

13| Design the internal street layout to inhibit through-traffic no 0.00
Ves 063

14|* Garages and urban collectors located away from residents, to minimize nuisance to residents from|no 0.00
noise, dust and fumes = 063

15 . no 0.00
* Develop the road aligned to the natural topography = 063
16|* Increase diversity in road reserve. Design and make distinction bebween sidewalk zone, cycle no 0.00
areas, pedestrian area, refuse areas, planters, lighting, etc. £5 0.63

2.0 FUNCTIONAL EFFICIENCY

1 Conventional systems that achieve minimum compliance L 0.00

=] 1.00
2(The use of Innovative design techniques, such as the use geogrids to reduce layer thickness, no 0.00
increase pavement life, bearing capacity, differential sefflement, etc. VES 1.00
3 The use of Low impact Development technologies on roads E ?gg
4|Are the street fumiture well designed items, and placed so as to make a positive contrbution fo the |[no 0.00
total street picture WES 1.00
5 - no 0.00
Are there cycle lanes = 100
6|Are there special details for the design of all road elements, including kerbing, channelling, ramps  |no 0.00
and different types of paving.eg. Brick paving compared to concrete and asphalt as it creates WES 1.00
7 Are landscaping and frees used to reduce the impact of large areas of asphalt E ?gg
&|ls the potential drainage function of rcads maximized by co-ordinating their layouts with the no 0.00
drainage systems. Wes 1.00
4l Where appropriate, are the medians-<1.5m for safety E ﬁ'gg
10(* Is the maximum road crown slope(4%)-operation problem driving, wear of vehicles <20% ofthe  |no 0.00
total road length Ves 1.00
T Iz the minimum road crown glope( 2%) - prevents sediment loading <5% of the total road length E ?gg
12, Additional lanes at major intersections-reduce peak quantity E ?gg
13, Is the average road grad/m less than 5%/m E ?gg
14|+ Are parking areas provided (according to Parking ratios/codes) where road will be well trafficked  |no 0.00
and where appropriate consist of grass blocks, gravel, paving to give it a softer park like image = 1.00
Pedestrian routes
15, Do the pedestrian routes minimize walking distances and encourage pedesirian uss E ﬁlgg
18], Are there pedestrian facilities (such as sidewalks and crossings) E ?gg
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w The project layout promotes walking and discourages the use of vehicles. ::5 ?%
Bus stops
18], Are bus bays provided at major bus stops to minimize delays to other traffic 1:"25 ?%
10|= Provide shelter against rain, sun, wind as well as benches or a space for resting or eating while  |na 0.00
waiting for transportation and signage integrated with shelters yes 1.00
20, Are gradients designed appropriate to the modefs of transport using the bus route-<G% ":5 ?%
3.0 Environmental quality 150 0.0
1|Some consideration for reducing envir impact. in the design no 0.00
= 1.07
2|Moise reduction through Quiet Pavement, traffic reduction on internal streets no 0.00
YES 1.07
3|= Use of surfacing on roads - Concrete vs. asphalt increases volumetric heat capacities, lower air  |no 0.00
temperatures yes 1.07
4|Habitat Restoration measures used na 0.00
YES 1.07
5 . . . . . . no 0.00
= Provide aesthetic kerbing, channelling. pedestrian refuges, ramps and paving — 107
G|= Permeable road surface/parking lots -grass blocks- selection of surfacing that has a reduced no 0.00
environmental impact relative to available alternatives. YES 1.07
7|Does the project layout provides a safe, convenient and attractive environment for walking. no 0.00
YES 1.07
B|= Preserve natural features such as gullies, outcrops, marshes and existing trees, shrubs and no 0.00
hedges in the layout to create interest, varniety and surprise in the vistas along the and along the = 1.07
B|Are erosion control measures used in the design of earthworks on steep areas, such as the use of |no 0.00
sand bags or Hessian sheets, rehabilitation of exposed soil areas. soil is protected from the yES 1.07
o Clearing and grading (Site Vegetation) - road footprintitopsail removed <50% of road reserve = ?E[:g
yes .
11|= Is @ variety of access street forms provided to avoid monotony na 0.00
YES 1.07
12 would there be stock piling of soil or any other materials near a watercourse 1_;:5 ?ED?
13 Landscaping: Wse of Water efficient plantings 1—::5 ?[[:g
14|Are areas sensitive to erosion such as near water supply points and edges of slopes being yes 0.00
developed. o 1.07
15.0
40 Economy
Some consideration of economy in the design of the service no 0.00
yES 1.38
2|Most economic system/service for target market no 0.00
yes 1.38
3|= Can the number of road intersections be minimized through layout configuration yes 0.00
na 1.38
4 Are the roads too Curvilinear roads- increased no of manholes, kerb lengths 1_;:5 ?£
§|= Are the public fransport routes optimized: no 0.00
YES 1.38
G|~ Are the widths of roadways the minimum commensurate with the desired speed and expected no 0.00
wolume and composition of traffic YES 1.36
7|= Is the alignment of rcadways utilise the maximum criteria in order to reduce earthworks, in with the |no 0.00
desired speed and expected volume and compaosition of traffic = 1.38
|- Is the pavement foundation design of readways the minimum commensurate with the desired no 0.00
speed and expected volume and composition of traffic yES 1.38
] . no 0.00
Conduct Life-Cycle Cost Anal
ondu ie-Cycle Cost Analyses — 138
10| Earthworks- balanced-Cut / Fill <1000m? spoil no 0.00
YES 1.38
. Can the total length and cost of intermal reads be minimized 1_;:5 ?£
5.0 FUTURE MAINTENANCE 100
1|Some consideration of maintenance in the design of the service no 0.00
YES 1.00
2| Acceptable pioneer grasses( cynodindacioling and reeds where applicable no 0.00
= 1.00
3| Type of trees planted allows for minimal leaves to fall and clog up drains no 0.00
yES 1.00
4|Landscaping: Use of Water efficient plantings no 0.00
YES 1.00
al. -Bank slopes must be gentle to allow access for maintenance =1:1.75 1:";5 ?%
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G| Life span of the road pavement =20 years no 0.00
V= 1.00
7| Street marking- high quality luminous paint no 0.00
yes 1.00
B|Altermative access for the repair of road or road closure no 0.00
V= 1.00
A|High quality Street signage - minimal maintenance >2m from trees/shrubs no 0.00
V= 1.00
10|Are there subsurface water drainage systems in 80% of cuts =2m to protect road pavements - no 0,00
minimal maintenance of road layerworks = 1.00
10.0
6.0 SAFETY
1 . " y . . no 0.00
5 ideration of safs the de f th
Some consideration ety in sign of the senvice = 067
2 |Adequate sight distances at intersections, horizontal curves and crests are commensurate with no 0.00
operating speeds V= 0.87
3| Universal access at Intersections-designed to be safe for pedestrians and vehicles. This includes |[pno 0.00
sidewalks, crosswalks, traffic signals and other intersection treatment V= 0.87
4. Inhikit through-traffic in internal streetsineighbourhoods i 0.00
V= 0.87
F|» Segregate pedestnans, cyclists and wvehicles where traffic is concentrated or speeds and volumes (po 0.00
are high yES 0.7
G| Traffic calming measures used such as Speed humps, chicanes, street narrowing devices, change [no 0.00
in the surface colour or texture, in the immediate vicinity of homes. V= 0.87
7| Provide access points to multiple units dwellings only at selected points to contrel and concentrate (no 0.00
traffic V= 0.87
Bl Provide tuming spaces which avoid the need for wehicles to reverse over long distances. ::5 ggg
[+] i . . i . no 0.00
= Are there pedestrian crossings and sidewalks with adeguate signage = e
10 - no 0.00
Road Audit undertak
oad safety Audit un =n = e
i, Provide mutual visibility between pedestrians and moving vehicles with traffic on main roads; ::5 ggg
2, is there a potential conflict areas between roads users, pedestrian and cyclists 1-:25 ggg
13 . . - no 0.00
= Design soft mounds, and plant trees to separate pedestrian from buildings and road = e
14 |Convenience- Traffic-gensrating facilities located near entrances to residential areas or adjacent to |no 0.00
higher order roads V= 0.87
15|Are the pedestrian system and parking areas located where they will be overicoked by dwellings or |no 0.00

passing traffic and well-lit after dark for greater securi =3 0.87
7.0 SOCIAL 5.0

1 Does the road contribute to development of previously underdeveloped areas ::5 ggg

2 ] no 0.00

Educational Outreach plan - road safety — e

3 i . e . no 0.00

= Ensure that pedestrian crossings on distributor reads are convenient to use = e

4= Minimize distances of pedestrian routes <15min walking time; no 0.00

V= 0.83

[ .. . - . no 0.00

P of I ties to the

rovision of social amenities to community — e

G| Does the layout cater for disabled and Wheelchairs and elders that may want to sit down no 0.00

V= 0.83

7 .. . no 0.00
Prowision of employment to local community =100 person days

V= 0.83

B Use of Public transport facilities and provision of street furniture ::5 ggg
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8.0 RESOURCES 100
1|Conventional use of resources no 0.00
yes 1.11

2|Use of Recycled road materials in the layerworks no 0.00
yes 1.11

3|ls the Kerbing cast insitu or precast precast 0.00
imsitu 1.11

4|Design initiatives that increase the facilitate reused building materials, Recycled materials and no 0.00
yes 1.11

§|Tree conservation- no of trees <10ha no 0.00
yes 1.11

G |Earthworks spoiled- <20% no 0.00
yes 1.11

T|Promoting Altermative Tramsportation Options such as bicycles, light rail, Mon Motorized Transport  |no 0.00
yes 1.11

B|Use of altermative Surfacing other than hot mix asphalt, such as Permeable pave/Grass no 0.00
blocks/porous concrete yES 1.11

a - . . L . . no 0.00
Reuse existing materials onsite to minimise materials consumption = 111
9.0 CONSTRUCTION 5.0
1|Environmental management Process, plan and training no 0.00
yes 071

2|Site Waste management plan na 0.00
yes 071

3|Pavement Management System no 0.00
yes 071

4| Quality Management System no 0.00
yes 071

F|Site maintenance plan no 0.00
yes 0.71

§|Equipment Emissions Reduction Plan no 0.00
yes 071

7| = Stockpiles <1000m3 (Hugh stockpiles create dust in wind) no 0.00
yes 071
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THE GREEN TOWNSHIP DESIGN MODEL

Projsot Tk
Client: KEEEx

Dabs:
Comnplied by:

1.0 LAYOUT EHFECIENCY 108
1 ) no 0.00
Typleal service layout corfiguration = T
Z|Does e layou consiger hydrological CONCEd s with regands 10 &w runof and re@oonship to plot siZe, iype |no 0.00
of land use VEE 100
3|Does e ayoul plan taks INto accouni Me nairal orainage pans STeam panems), areas subject o no 0.00
fooding 3 100
2|+ Are the 1ana use mtensties matched o landscape MIETANCES Tar SWME :‘; 'i"gg
5lare the stomuwater faciities Integrated with recraation areas: :‘EB ?-gg
5|+ Does ihe swmp USe ooen Spaces for reianding of SIMMWater evaporation ponds 1o remove parialy reated |ng 0.an
water 1.00
7| = The lengih of Storm waler services Iocaed In speclal sensfudes and not kocated In road resenve <10% 07 |ng 0.0
batal length ves 1.00
8|stomwater pipelne In fooding <10% of tatal length - L]
ves 1.00
9. Does the @yout reduce the hyaroiogical IMpac: of the devellpmEns by reducing SOMTWEtEs concantration :‘EB ?-gg
k[ i
101, was the mdp Intizted at start of pianaing for land uses 10 a0
2.0 FUNCTIONAL EFFECIENCY 200
!\ arventional systems that achieve miAmum campliance ;EB o
2 [FTOVEEEIT OT SatE Wale = e = T u = UEVERIY o 0.00
rint resUl in any "lEgat'ul'E 'T'ﬂaul‘ﬁ- on ﬂJ:l'Hl'IEE'EE'.'T' Fl'l:lFlE’tE'E -:Ir'.halercnu'se and ks managed wimini u'IE
overal site yes -
J|Has tha Masier dm‘nage plans b2en F'fEFllTEﬂ. In colaboration with aﬂj:tnlr'g communities and authodties, no 0.00
far thie E:lEIlr'g and fubure DE'J'E-I:IP’T' ent of the entire catchmeants yas 074
] I no 0.00
Is >T0% of the mad designad for sheetfiow Vg —
5 T e no 0.00
Is the maximum velochy <3mis Y5 =
5|<10% of roads have 3 maximum road gradient ~12% L L
Vag 0.74
T . no 0.00
What s the minimum road crown slope- <2%- sadiment == —
815 the maximum road crown slope- <3%-0peraion problem diiving, ware of vehicies ::5 232
9are the potential drainage and storage functions of rads, roadside channets wsed :‘:‘5 2-32
10)i5 »50% of ihe rmad gradients 2% - used for re@nding SOMTWETEs Un-orT :‘:‘5 :-32
1 Py no 0.00
= the post development limiiad o pregevalopment
E . L veE 074
12 - no 0.00
|5 e roadside channels :l.EEFgFEd w0 prevent erosion vz 0.74
EE] D - no 0.00
|5 e stoamwater fiow depths = 0LEm vz 0.74
7] I _ ) no 0.00
Inlet- are the Dackwater effacis ﬂEEh;'IEu for 3 74
13|, are the mists/oond nave swing tyoe grds o are s cleansing o pravent Dickages ;1:5 3'32
18 &hﬂ'n‘ cantrol 31 the sownsa-from resdantial "'l:l:ﬂ.l:lp E"" E‘SGEI"“'IEEHFQ ﬂ'i:ll'll'lF-'FlE. =ain Barrels, E-:-al:a.'l'ay’- o 0.00
Frevent poliutant dumping VeE 0.74
17 « Does the reticulation Imit unofT volumes with the use of Dioswales ‘I-1:EFP15| Fl5||LmD-"| ;‘:‘5 332
18|« Does the reticulation Imit volumas With the usa af retention basin no .00
vee 0.74
13| e veloeies reguced with e use of Check dams L L]
ves 074
20\, Does the reliculaion I UNGT volumes with the use of Porous parking surtaces :‘55 3-35
21 |+ In areas wherne e subsol and water 1able are sutable, does the leE"g""l ha sufacas :I’S-'.TEEE areas no .00
alow for the re-charging of e underpround wabar. Vas& 0.74
22[Are flood plains and 'uher"-:u.'ses p'ohed:ed from eroskon with Gablons, dissipaters, Reno matiress, silling  |no .00
smuctures aEins ves 074
EE] , ) o 0.00
« Are there measurze o FITE'J'E\-"“ h‘l-:ll:—rgr:».ln:I conduls fram Eltl'lg L yaz 074
ET] " o no 0.00
Are channels lined 'Eal'n'l.-g“'EISE. CONCTElE, grass vaz 074
EE; : o 0.00
=I5 the avarage channa| slop2E -=50 yaz 074
= = Are the sbonmiwaler l:l'JEE'I.E-"J'dG':UfEE-ﬂEElﬂ"lEd to decreass fow 'I'E’Cll:r[:f' ﬂ:f".r'-E usa af \'E'M’l}' dissloaters ;I':B- 0 54[:‘:'
i = = : o .00
Sediment controd- St TE'FGE&E‘H"”Q basin vee 074

97




3.0 ENVIROMENTAL QUALITY 150 0.0
Eroskan canfrol measues

1|Zome conskderation Tor rEdu:Ir!g EI'I\'!F'I'I'IPGD‘.. In the UE'E-QI'I lle] 1000
yee 115
2| Prodection of E\-'I'l‘-mr':"EEI'IE"}' SENEIVE aneas,; lile] 000
yes 1.15
3 - _ [ 0.00
= Predevealopmeant gmunn WalEr RE’GH&I’EE rates are maintainead; Vet 1.15
Z[SW pipes steeper Ban 13 <10% of Me total lengih e .00
veE 1.15
5. consoidate waleraays and open space reguirameants; :1:5 ??g
8. Minimize soll erosion; by good vegetation along the water courses |:‘—:'5 ?-?g
7| Buffer zone=25m between hard and walercourse afeas :‘:ﬁ ?-?g
8. mehabitation of axposed soll areas to ensure soll protection |:‘—:5 ?-?g
9 = Ramaval l:IT'l'E'gEEﬂ:IF on sleeD areas ‘:I%E ??g
{d|Proaciian maasuras of wetlands- 5‘.3:;|n&'1tw:r.|!f- may Decome higaith hazands-ls there a FlD".EﬂT:E' of |no .00
Mutrient enrichment- sutrophication ves 1.15
Maw quality treatment with e use siorage facliies, Constructed WatiandsMiers ;1,:'5 ??g
2. increasea roughness of the channel or drainage way 1o decrease the velochy ;1,:'5 ??g
13, subsurtace disposal is nat to close 1o point of raintal >200m L ?"i'g

4.0 ECONOMY

1|Zome conskeration of economy In the deskgn of the service na 0.ao0
vae 1.67

~507% pped
g 0.0

« What type of system Is belng used ﬂ—&timﬁmsnh
systemss0%| '
3 4 . 4 2 no 0.00
Thie use of non-strucheal contral 35 In relation 1o struchural conbrol of SW. veE 1567

4

\ Does tha reticulation have MUSPUIMGSS Stomwater faciities ;‘:ﬁ ?'gg
5[+ Doet the SWME provide a few, [arge areas Tor retaining sommwater, raer tan many smaler areas which [no 0.00
are more problematic to malniain. Vo5 167
%[+ Does ihe SWME atempl io align open Gralnage sYsiems with nailral traln 3ge sysiems, 1o miimize the  [no 0.00
cosl of eanhwarks and DEE WS, VEE 1.67
7|- Are the manhole spaced at an the Av. manhole spacing =50m = =
R0
815 tere >30% of shared frenches In relation to separate franches :‘:ﬁ ?-'?E
R0
3 .00

Trench Depth <10% of length =3m

5.0 FUTURE MAINTENANCE

1|Zome conskeration of mainienance In the deskgn of the service no 000

veE 0,57

2|+ Are there any s2rvices placed In a location that i not easlly accessible by publc fo maintznce ves 0.00

no 0.67

3 no .00

= Was the I'I'IllF' FIEFGI"EII In collaboration with awtharizes Tor future ﬂE'ﬂ'Em!]."l"El'ﬂS vee 057

] - " . no 0.00

I5 the fiood plaln accassiole o |:l|.r|.'|||u for malnienance vee 057

5 no 000

=« |15 e ﬂEEh;-"I-ﬂ'IE."'IhEIEE-, FIFIEE and 331.!21[:'“5 slzed for mainienance veE 057

=l Are the bulk services routad on roads ar minimum Sm serdiudes :I:'E g?E

A~

7 . : no 0.00

« Pipz Inading In all areas checked

P —— VeE 0,67

Bl. it s=rvices are In midblack, Is a Sm bulkling Ine imposed oo 2.00

YEE 0.57

31 15 due regard for positioning of trees In close proximity of services = 20m = =

4.0

101, Are sleevas used where pipes cross the mad = 2.00

WaE 067

1 no 0.00
= Are the plpes swsceniable o enosion techad

PP : P ves 0.67

12 [no 0.00

Are the open drains In in >6% Ined = ==

13 _ no 0.00

ﬁFIE‘E- across moad = 1000 veg 067

1 - : : e [ 0,00

- I5 there an accepiable plonser grass [ cynodindaciolin) and reeds esiablished whers applicabie o 0.67

15|~ Coes the Iniet struciures cesigned to reduce clogging, s&if clansing, not designad o overow no 0.00

YeE 067
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6.0 SAFETY 10.0
Alm- Filsk of I0ss of Ife and significant damage 1o properties from the run off from the exception haavy
!|=ome consideration of satety I the design of the service I;‘Eﬁ ?'gg
2|+ Does ihe drainage system manage ine planned sevelopment jor Mie UpeTeam areds, 1or 5lnmE ranging  [ne 0.00
from fraquent i rars events? [vex 100
3= Are thers gafa dlamarge rolies pmﬁdeﬂ‘l‘ar sormwater overand fow. Waould the overfow from S-mIEgE Il'll:l 0.00
areas protect the downsiream propesty from being nunidatsd, [v=s 100
A= n areas S-I.IE-EEFUDE i} Tkml:lhg. = the I'Ehﬂl}' andior ﬂE'Flm af Etl:lnnwa‘.El'Tlﬂwlrlg In or across sineets ks no a.00
within safe Imits, with particular atiention 1o potential tramMe hazard on higher spead roads. Vg 1.00
5|~ Are stonms =1:20 yT feguencies accommodaied Within e Sesign; no 0.00
veE 1.00
8\..are me slevation of INfrastructurs & bulklings above the 100y oodine :‘25 ﬁ'-gg
T = are the manhoke covers EEH'l'lg In Nood 5Enshive aress L 0.00
veE 1.00
8. are the any baliding that have Instalation of pumas for stormwater ;"EF‘ ﬁ'-gg
3 no 0.00
=10% of length =3m Trench Depih = ==
0 no 0.00
are thene fiood waming signs infarming publc of aparoaching hazands = ===

7.0 SOCIAL

1]+ Are the minar EystEm designed for Nigh-Mequency Stm:s; 50 that hiers (s N INCONVENENCE Of ovenand  |no 0.00

fow roues |¥2s 0.83

2|~ Are the temparary storage areas Tor SIoMmWates I PIaces WHere e Waler would ot Calse MCorveniEnce |no 0.0

during or Immadiaisly anter stoms. = GEH

3 ] |n 0.00

i5 3CCass 0 river walks and open spacas allowed; = 75

#|zgucation and awarsness- Ralnwater hanvesting [ne e

[vas 0.83

a no 0.00
Fuslic partidpation In all 513325 of the et

_ e - pro} ves 0.83

*|- Provision of smployment to Incal communtty =100 person days — g'gg

8.0 RESOURCES

1 (Conventional wsa of resources no 0.00
VeE 111

2. Use of onste matertals for bedding no 0.00
veE 1.11

EI no 0.00
- Use of onstie matenals for backnl |‘___B o0

4 no 0.00
RunodT qumm}' coninol maasurss |‘—“ s
5|Raln waler “HFI'EEUI'IQ and Rewse -l'EG:fGEﬂ sharmwater Tor .TI'DEEEII'I no 0.00
= 111

g : P sieel, 0.00
Plpe material - use of pyoihdpe vs. fconcreteisteel = s
T |no 0.00
Cioes the sylem recharge groundwater = =
E] [orick 0.00
manhoe fypes- | -

= Recycled materials to constuct of SW channeis |1 'il-'illil

9.0 CONSTRUCTION

1[Pre construction Stormwater Management Plan no 0.00
YeE 1.67
2 |[Education and awareness- Ralnwater hianesing no 0.00
YeE 1.67
3|Minimize erasion and control sIR3%on with Sand and hesskan bags or Sit fences |£|:| 0.00
W25 1.67
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THE GREEN TOWNSHIP DESIGN MODEL

Project Title: Diate:
Client: mooo Compiled by:

[ INFRASTRUCTUREELEMENT-SEWER [ |

1.0 LAYOUT EFFICIENCY [ X

1 . . . no 0.00
Typical service layout configuration — 111
2|= Can pumpstations be avoided through the layout reorientation no D00
yes 1.11

3= Does the layout promote midblock sewer no 0.00
yes 1.11

4|- Are alternative sewer layouts considered; no 0.00
yES 1.11

5|Are the Bulk service routed on roads or minimum Sm servitudes no 0.00
If services are in midblock, a 5m building line imposed yES 1.11

B Is there a Sewer Catchment Management Plan been done ::5 EI??
7 10% of total length of Sewer pipeline in ficodline ::5 'H?
gl Is the development FPhased in one catchment at a time no D.00
yES 1.11

9. . — E A . no 0.00
Did the layout consider the positioning of frees in close proximity of services =20m = 111
2 FUNCTIONAL EFFICIENCY 20.0

! Conventional systems that achieve minimum compliance ::5 ??g
2 . . no 0.00
= Does the development contain a grey / black water water reuse system = 118
3|- Does the development contain Secondary greywater reuse no 0.00
yES 1.18

4|- Are sewers designed to gradients which are steep enough to ensure adequate velocity for self- no 0.00
cleansing yES 1.18
5luse of Oil'greaseignt separators no 0.00
yES 1.18

8= Does the development attempt to minimize discharge to the municipal sewerage system through no D00
sewer attenuation yES 1.18

7 Does the system attempt Mufrient resource recovery & reuse by Recycle/composting ::5 ??g
8|Are there a potential areas =30% of length that are flat (1: 100} that can result in stagnation yes 0.00
no 1.18

8|Innovative wastewater technology no D.00
yES 1.18

10|- Was the Geotechnical conditions taken inte account in the design no 0.00
yES 1.18

11|= Does the Sai profile have good permeability no 0.00
yES 1.18

12| Are the manheles that are in the 1:100 yr. fioodline sealed no 0.00
yES 1.18

13|= Does the evapotranspiration area in case of an overflow fall within the site no 0.00
yES 1.18

14|= Does the evapotranspiration area in case of an overflow fall within the wetland yES D00
no 1.18

15|= Is the av. topography =12%-steep slope problematic for sewage yes 0.00
no 1.18

18| Are there Soakaway/Sewer lines positioned <7.5m from drink water source yES 0.00
no 1.18

17|~ Soakaway/Sewer lines positioned =5m from water table no 0.00
yES 1.18
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3.0 Environmental quality 15.0

1|Some consideration for reducing envir impact. in the design no D0.00
yes 1.50

2| Design a layout which minimizes nuisance to residents, provides attractive and healthy living no 0.00
conditions, and benefits the environment yes 1.50

3| Provision for protecting surface & sub surface water bodies from sewage no 0.0:0
yes 1.50

4 - . . y no 0.00
Provision of assthetic sewer infrastructure elements, manholes, outlets, fittings = 180
8= Are <10% of sewerpipline positioned in the flood plains; no 0.00
yes 1.50

8| Is the receiving sewer purification works clear =500m flood plains; no 0.0:0
yes 1.50

7. Is there Erosion protection provided near water course = o.00
yes 1.50

8|Waste effluent quality monitering measures in place no 0.0:0
yes 1.50

8| Are there measures taken to Minimize the obtrusivensss of pumping stations, sewer infrastructure no 0.00
and their environs yes 1.50
10|= Are there measures taken to control factors governing odour and noise emanating from pump no 0.00

stations and sewer infrastructure = 1.50
4.0 Economy 15.0

1|Some consideration of economy in the design of the service no 0.00
yes 1.36

2|= Are the intersection spacing’s and block lengths compatible with maximum manhole spacing's to no 0.00
minimize the number of manhales. yes 1.38
3|~ Is the level of service the most economical system for the target market no 0.0:0
yes 1.36

4|= Is the percentage of sewer is mid-block sewer =30% of the total length no 0.00
yes 1.36

5lAw Trench Depth <2m in owver total length no 0.00
yes 1.38

8| Is the av manhole spacing’s =50m no 0.00
yes 1.36

7| o . stesl, concrete 0.00
Fipe material - use of pva'hdpe vs. lconcratelstesl pvo, hdpe 138

8 brick 0.00
= manhole types- — 138
el . - yes 0.00
= Are there long lengths of sewers which cross or adjoin open space or undeveloped land. 0o T
10|= Are there shared trenches =30% no 0.0:d0
yes 1.38

11|= Are the reads or mid-block erf alignments as straight as possible to reduce sewer reticulation cosis no 0.00
and minimize the number of manholes. = 1.36
5.0 FUTURE MAINTENANCE 10.0

! Some consideration of maintenance in the design of the service it o.0o
yes 1.25

2 . . . . . no 0.00
= Are the pipe runs and cables in servitudes that are accessible for maintenance work. = 135

3 L. . no 0.00
Provisions for future expansion of the system = T o5
4= Was there a lifecycle cost analysis done of the pipe and materals no 0.0:d0
yes 1.25

5|Are pipeline susceptible to erosion protected no 0.00
yes 1.25

8= Does every erf have a rodding eye in addition of inspection eye no 0.00
yes 1.25

T|Are all services watertight no 0.0:0
yes 1.25

8|Are sleeves should be used where pipes cross the road no 0.00
yes 1.25
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6.0 Safety 10.0
! Some consideration of safety in the design of the service = n.oo
yes 1.87
2 . no 0.00
Trench Depth *3m in <10% of length yos 167
2 Mleasures to Reduce the incidence | spreading of diseases by waste ::5 ?$
4|Compatibility with storm water management no 0.00
yes 1.687
g|Manhole Depth =3m in <10% of length no 0.00
yes 1.87
no

Position of sewer pipe in relation to water pipe =00% of pipe not <im away

7.0 SOCIAL

0.00

1.67
5.0

l

1| Does every site have access 10 sewers no 0.00

yes 1.25

2 Educational Qutreach plan - health and sanitation = o.oo

yes 1.25

3 . ST . no 0.00
Public participation in all stages of the project

P P g proj ves 135

Provision of employment to local community =100 person days

8.0 RESOURCES

o
=
=

1|Conventional use of resources no 0.00
Vel 0.81

2|+ Dioes the development use onsite materials for bedding no 0.00
yes 0.81

3= Dioes the development use cnsite materials for backfill no 0.00
yes 0.81

4|Pipe material - use of pvc/hdpe vs. lconcrate/stzel stesl, concrete 0.00
pvc. hdpe 0.81

5 . . brick 0.00
= What manhale types are designed for - brick- precast recast 0o1

G| Does the development have pumpstations yes 0.00
no 0.81

7|dees the development have an imigation system, that the Recycled sewer effluent can be used for no 0.00
irfigaftion yes 0.81

8 . no 0.00
Dioes the development attempt to reduce the peak sewer demand (consumption = ool
8lls there Sewer attenuation no 0.00
VS 0.91

10|Was a Detailed investigation of existing services to assess the spare capacity of treatment woks, as no 0.00
well as the feasibility of upgrading underaken. yes 0.81
11|ls the Recycled sewage used for fertilizer no 0.00

2 0.91
8.0 CONSTRUCTION 50
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1|Sewer Management Plan no 0.00
yes 2.50
2| Sewer Operational plan no 0.00
yes 2.50




THE GREEN TOWNSHIP DESIGN MODEL
Project Tite Diata:
Clleni: o000 Compllad by:

[ NFRASTRUCTUREELEMENT.WATER [ |

1

Conventional systems that achieve minimum compliance

1.0 LAYOUT EFFECIENCY 10,0 0.0
1 - no 0.00
Typical service layout configuration — 100
2| Are the land uses which have high water demands and high fire risk located close to the water supply mains |no 0.00
fior the township WES 1.00
3= Are land uses with low water demand located on high ground to minimize the size of mains and the costof  |no 0.00
water towers WES 1.00
4|- Does the layout faclitate laying the water reticulation pipes as a network of linked loops with a balanced loss [no 0.00
of water pressure? WEE 1.00
8 Dioes the layout relate to the water pressure zones o 0.00
YEE 1.00
= Are the Bulk service routed on roads or minimum 5m senvitudes no 0.00
WES 1.00
7 Minimal no of dead-ends to ensure flushing/no stagnation o o.oo
YEE 1.00
&. Did the layout consider the positioning of trees in close procamity of semvices ::5 ?gg
“. Location & Spacing of Fire hydrants have a minimum overlap of<15% area ::5 ?gg
10|+ Is adequate space provided for the siting of resenoir, pump stations and mantenance depots, with allowable |p 0.00

0.00

n
¥

buifers when required? :5 1.00
2.0 FUNCTIONAL EFFICIENCY 20.0
o

1.33

2|= Can water loss be reduced by reducing velocity in pipe . Maximum velocity Pressure in the reticulation < no
3m's- leakage WES 1.33
3|Does the design attempt to monitor water supply by metering. Design of systems that both monitor and no 0.00
manage water consumption. WES 1.33
4|Pressure Management -Is the maxmum Pressure in the reticulation< 8 bar-in order to minimise leakage no 0.0o
YEE 1.33
5 . . no 0.00
Water efficient fittings yes 133
. Was the layout designed as a network of linked loops to faclitate a balanced loss of water pressure? ::5 ?gg
T|Does the design Reduce peak demand with the use of attenuationbulk reservoirs no 0.00
wes 1.33
E] L . no 0.00
Water-Efficient Imigation & landscaping measures = 153
2 - no 0.00

Use of Roof tank/int diate st

52 0 intermediate storage = 133
10| Dry Fire Hydrants. suction pipe systems from pondiextemal source no 0.00
WES 1.33
B Low impact Development technologies- Water i oo
WES 1.33
12 Watertight joints/compressicn type coupling’Seals quality ::5 ?gg
3 Efficient water systems design-Optimised flowivelocity in pipe not <0.2m/s ::5 ?gg
14 . no 0.0a
Water hammer analysis undertaken yes 133

15

Water reticulation designed to be self-cleaning

n

0.00

:5 1.33
3.0 Environmental quality 15.0

L¥]

=3

1|Some consideration for reducing envir impact. in the design n 0.00
y 1.67

2|Provisions made to increase Reliaba ty of water source at o.0o
wes 1.67

3. Does the design protect existing sources of water within townships for possible use for water supply. ::5 ?gg
4 Prowision of assthetic water infrastructure elements, manholes, outlets, fittings ::5 ?gg
N . . . no 0.00
Sicour valves pesitioned for safe discharge- erosion yes 167
&llow-level water audit camied out no 0.00
WES 1.67

T|Water-Wise Gardening no 0.00
WEE 1.67

B|Separate grey water/ black water-Reticulated recycled water supply no 0.00
YEE 1.67

3|Water quality monitoring measures in place no 0.00
wes 1.67
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Pipe material - pwc'hdpe ws. concrete/steel

5.0 FUTURE MAINTENANCE

Some consideration of maintenance in the design of the senice

4.0 Economy 15.0
1|Some consideration of economy in the design of the service no .00
YEE 0.00

ER Are high and moderate fire risk categories of development bocated close to bulk water supply points :5 ?gg
3. Are <20% of the fittings special fitlings, i e teesicouplings ; ﬁ'gg
#Use of shared trenches =20% of length iy a.oa
YEE 1.50

&|= Is the level of service the most economical system for the tanget market no 0.00
wes 1.50

8. Are the arwvalves , shut off valves in valve rings, compared to brick chambers ; ?gg
7| Are there cunvlinear roads with small radi, as this increases the cost of water reticulation due to the WES 0.00
necessity of providing additional pipe specials, fittings and thrust blocks to anchor all pipes. no 1.50
BlAv Trench Depth <1_2m in ower total length no 0.00
WES 1.50

El . no 0.00
Conduct Life-Cycle Cost Analyses — TE0
10 concrete/stes| 0.00

1.50

15.0
0.00

no
YES 0.00
2 . . . N . - no 0.00
Valves/Meters bocated in convenient positions- Qutside properties yes 178
* Are the valves located in convenient positions.> B0 at intersections :5 ?gg
4 Are =80% of the bulk services placed in the most accessible locations such as reads? :5 ?gg
5| Posiboning of frees - proximity of services no 0.00
¥EE 1.25
§|Flexible type coupling to permit ease in repar no 0.00
WES 1.25
T[Are all services wateright no 0.00
WES 1.25
E|Are sleeves should be used where pipes cross the road no 0.00
YES 1.25
BlAre the comodible pipes protected no 0.00
WES 1.25
10| Uniform type of fittings compared to non standard fittings no 0.00
YEE 1.25
11{Leak Detection devices in reticulation no 0.00
WES 1.25
12|Provisions for future expansion of the system no 0.00
- 1.25
6.0 Safety 10.0
1= ] ] ] . ] no 0.00
Some consideration of safety in the design of the service ves i
2 y no 0.00
=10% of length =3m Trench Depth — H
3. Is the high and moderate fire risk developments located close to bulk water supply points :5 ?gg
4. Is there supply capacity is compatible with the development's fire fighting requirements :5 ?gg
5|Fire risk -High/medum or low Highimedium 0.00
lowi 1.67

Pressure on pipeline<Bbar

7.0 SOCIAL

no

0.00

1.67
5.0

\

1]ls end user provided with access to free basic services, in terms of dermand no 0.00

wes 1.00
2 Educational Outreach plan - water consenvation IRE oo

WES 1.00
ER Are the standpipes located in convenient positions along walkways :5 ?gg
4. Will vehicular access to other parts of the residential area be blocked during the repair of services -:1%5 ?gg
s Provision of employment to bocal commanity =100 person days gs ?gg

104




8.0 RESOURCES 10.0
1|Conventional use of resources no 0.oa
WES 1.00

2|-Water demand management measwres - Does the design attempt to reduce the potable water consumption  |yes 1.00
by buiding octupants. Reduced demand no 0.00
3|Can the pump duty points/velocities in pipelines be reduced or optimised lves 0.00
no 1.00

4 . Wes 1.00
Zone and bulk smart metering o To0
] . ] ] no 0.00
Use of onsite matenals for Bedding — 100

g Use of Present & future water consumption figures :5 ?Eg
T|Dwoes the design attempt to use water efficient appliances and fittings no 0.00
wes 1.00

E|Use of Recycled materials no 0.00
WES 1.00

8- Dwes the design atternpt to reduce the consumption of potable water for landscape imigation is sourced from |no 0.00
non-potable water (e.g. ramwater, Recycled water effluent for imigation WES 1.00
m:a '|' += o d e TSR sEEE T e TS no 0.00
& feasibility of upgrading — 100

CONSTRUCTION
1|Water Operational Plan

0.00

[ 500 |
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APPENDIX 4: Detailed Green Infrastructure Rating report
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THE GREEN TOWNSHIP DESIGN MODEL

Project Title: Drate:
Client: xxxx Compiled by:

GREEN INFRASTRUCTURE ECO RATING REPORT

e F
(= -]
PERFORMANCE CATEGORIES EE‘“ ROADS | STORMWATER SEWER WATER
& £ 20% 20% 20%
1.0 LAYOUT EFFICIENCY [i] 0 [i]
10 {0 10
2.0 FUNCTIONAL EFFICIENCY 0 0 0
20 20 20
3.0 ENVIRONMENTAL QUALITY [i] i] [i]
15 15 15
4.0 ECONOMY 0 i [i]
15 15 15
5.0 FUTURE MAINTENANCE 0 0 0
10 10 15
6.0 SAFETY ] ] 0 ]
10 10 10
7.0 SOCIAL ; [i] 0 [i]
5 ] 5
8.0 RESOURCES 0 0 0
10 10 10
9.0 CONSTRUCTION ; 0 0 0
5 ] 5
TOTAL PTS. 100 100 105
WEIGHTED PTS. ACHIEVED . 0.a 0.0 0.0
WEIGHTED PTS. AVAILABLE ] 13.0 13.0 135
TOTAL ACHIEVED . a.a 0.0 0.0
TOTAL AVAILABLE J00.0 100.0 J00.0
LAYOUT EFFICIENCY
100
~~___ FUNCTIONAL
m"mumcﬂi': T~ 7\EFFICIENCY
Ay as b, .\ ENVIRONMENTAL
ResouRces (/S BTN N gy
&DCIAI."'C':.. N ; ' > EcoNomy
N/ \Furure
1) —
SAFE MAINTENAMNCE
s OWVERAL PROJECT = ROADS #— STORM WATER
—— SEWER —#— WATER & ORIGINAL GOAL
SCORE -PLAHHUM Best solution to the environment- Benchmark performance
0-24 Minimal interventions were undertaken- compliance based on regulations Bronze
25-44 Some considerations for environment- Applied conventional practice SILVER
50-74 Restricted damage to the environment with innovation and new technologies |GOLD
75-100 Best solution to the environment- Benchmark performance PLATINUM

107




APPENDIX 5: Construction Eco Analysis report
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CONSTRUCTION ECO-ANALYSIS REPORT

PROJECT NAME: CLIENT:

NO(D)

Enhance Marerial Recyclability

1

Are local matenals and product suppliers used?

2 = recycled Materials used
3 | Is there a formal Site Recycling Plan that is established, implemented, and maintained?
4 | Can products or services be combined fo reduce overall materials intensity?

Environmental Training Plan

5

Is there training of subconfractors and figld personnel on environmental issues?

Quality Management Sysiem

B

Is there a formal construction Cruality Control Plan which contains items to be monitored, testing
o be done (including testing standards, frequency and when comective action is required?

Construction Stormwater Management

7 | Are there devices installed to improve the Runoff Quality and munoff flow control?
8 | Are there erosion and sediment control measures installed?

Site Ecological

9 | Is more than 40% of the Site Vegetation affected?

10 | Are there habitat restoration plans in place?

11 | Is ecodogical connectivity maintained?

Pollution Prevention Plan (Erosion, Sediment and Materials Pollution Control)

Reduction of air pollution— Are there attempts to reduce air emissions from road and non-road

12 consfruction equipment
12 | Is there a Hazardous materials management plan in place?
14 Is there communication meetings for jobsite housekesping practices for the contractor any for

subcontractors on issuwes such as Littering and good housekesping .

Waste Management Plan

15 | Can packaging be reduced or eliminated?
16 | Can waste be reused on site or fransported elsewhers for reuse?
17 Does the Waste Management Plan cover the ffg- Type of construction waste, Expected (or
actual) tonnage, Destination of waste, Responsible party for hauling/ disposal site
Moise Mitigation Plan
Establish, implement, and maintain a formal Moise Mitigation Plan during construction for the
18 | prime contractor. Responsible party for noise mitigation activities, contact information. Project

location and distance to closest receptor of noise. List of proposed construction activities

TOTAL
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APPENDIX 6: Case Study 1: Green Goal Report
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THE GREEN TOWNSHIP DESIGH MODEL

Project Title: Bluebemy Hills- High Income Private Development Date: 04 April 2013
Client: xmooo Compiled by: SHIAN SAROOP

CIVIL INFRASTRUCTURE GREEN GOAL REPORT

STORM Weighted
FPERFORMAMNMCE CATEGORIES 40% WATER J0% SEWER 20% WATER 10%% e
1 LAYOUT EFFICIENCY 75 [Cesemsmin. o Eamagetnme 75 |damagettne | 75 10%
e environment amyirorment g
Festricted Resincied
2 FUNCTIONAL EFFICIENCY 100 (SEELSOMIND | 400 [mamagetome | 75 |amagetome | 75 | 20%
Envinonment Environment
Fesiricisd SOHTE Gome
75 |damageto the 75 |consigerazons 5 |considerations 50 15%
anvironment for envirorement Tor environment
Best solulon to Bast soiution o [Best solutlon 1o o
75 e emronment | 72 |me envionment | 72 |the ervrmamen: | 72 15%
Resincied Fesircted Some
75 |damageto the T5 |damage tothe T5 |considerations 75 10%
environment enyironment for envinonment
Some Minkmnum Mirimum
75 |considerations 5 |interventons to 25 |nerventonsio | 25 10%
for environment e undertakan D2 undanaken
Minimal Minimum Mirirmum
25 |interventions o 25 [intarventons to 25 |interventions o 25 5%
(=l
S0me Resiriciad
8 RESOURCES 100 oo e o | 100 consiceratons | 50 |aamagetome | 50 | 10%
. fior environment anyirohment
Minimal Minimal Mirimal
9 CONSTRUCTION 25 |nierveniorsto | 25 (Interventons to 25 |nierventiorsto | 25 5oy
& underaken e undertaksn D& undanaken
WEIGHTED SCORE [ 31 | [22.5] [11.8] [5.88] 100%
LAYOUT EFFICIENCY
1IEID. E
FUMNCTIOMAL
RESGHIRGES EFFICIENCY

ENVIRONMEMNTAL

SOCIALS QUALITY
SAFETY® ECONOMY ~=OVERAL PROJECT
—ROADS
: STORM WATER
ek ~w-SEWER
MAINTENAMNCE = \WATER
| SCORE | Ik |GOLD | Restricted damage to the environment |
Sustainable goal for development Range of implementation choices Status Sicore
Best solution to the envirenment Set new performance benchmark through new technological 75100
developments PLATIMLEA
Restricted damage to the environment Doing what is achievable- through innowvation and risk taking wath new 50-74
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APPENDIX 7: Case Study 1: Preliminary Green Infrastructure
Rating Report
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THE GREEN TOWNSHIP DESIGN MODEL

PRELIMINARY GREEN INFRASTRUCTURE RATING ANALYSIS

INFRASTRUCTURE ELEMENTS

ROADS | 40%] SEWER | 20%
Pts Av|Pts Ach Pts Av|Pts Ad

PC: LAYOUT EFFICIENCY 8 8 8 6
Typical service layout configuration 1 1 |Typical service layout configuration 1 1
landscaping and all public utilities 1 1 |Layout promote midblock sewer> 30% midblock 1 1
Promote concept of green streets 1 1 |<10% of length of Sewer pipeline in floodline 1 1
Ecological Connectivity-Open spaces and circulation system 1 1 |Avoidance of pumpstations 1

layout facilitates economical subdivision and min. intersections 1 1 |Alternative Route alignments 1 1
Design the internal street layout to inhibit through-traffic 1 1 |Catchment planning 1
Increased diversity in road reserve through distinction between sf 1 1 |Contour layout planning 1 1
Roads aligned with natural topography 1 1 |Sewer lines planned one catchment at a time 1 1
[RESOURCES 7 4 7 5
Alternative Surfacing technologies -Permeable pav/Grass blocks] 1 Backfill - non commercial source 1 1
Tree conservation <1tree/ha removed i 1 |Use of onsite materials for Bedding 1
Re-Use of Pavement Layerworks 1 1 |Manhole sealed in the floodline 1 1
Alt Transportation Options such as bicycles, light rail, NMT 1 Pipe material - use of pve/hdpe vs. /concrete/steel 1 1
Earthworks- balanced -Cut / Fill <20% spoil 1 1 |The avoidance of the use of pumpstations 1 1
Use of Recycled materials 1 Use of Recycled materials 1
Conventional use of resources 1 1 |Conventional use of resources 1 1
[ENVIRONMENT QUALITY 8 6 8 7
Some consideration for reducing envir impact. in the design 1 1 |Some consideration for reducing envir impact. in the des{ 1 1
Minimal of valley crossings < 1/km 1 1 |<20% pipeline positioned in the flood plains 1 1
ramps and paving 1 1 |manholes, outlets, fittings 1 1
Erosion control measures @ all outlets 1 1 |Measures to control factors governing odour and noise 1 1
Landscaping: Use of Water efficient plantings 1 Provision for protecting surface & sub surface water bodi] 1 1
Clearing and grading (Site Vegetation) limited to road footprintor] 1 1 |Flood protection of pumpstation and pipeline 1 1
Noise reduction through Quiet Pavement, traffic reduction onintd 1 Is the development density < the environmental capacity] 1 1
Habitat Restoration 1 1 |Waste effluent quality monitoring measures 1
FUNCTIONALITY EFFICIENCY 1 7 1 7
Conventional systems that achieve minimum compliance 1 1 |Conventional systems that achieve minimum compliancg 1 1
Use of Drainage and storage functions of roads 1 1 Primary greywater reuse 1 1
Use of Pedestrian / bicycle paths 1 1 |Qil/grease/grit separators 1 1
Is the av. road grad/m <5%/m 1 1 |Onsite sewage disposal-Recycle/composting 1
Innovation- eg. Use of Permeable pavements 1 Secondary greywater reuse 1

Low impact Development technologies- roads 1 Low impact Development technologies- Sewer 1
automatic right of way on higher order roads 1 1 |Nutrient resource recovery & reuse 1
Parking ratios/codes/parking lots 1 1 |Avoid Flat gradients (20% that is <1: 100)- stagnation 1 1
Use of street furniture for a positive contribution to area 1 Are the manholes that are in the 1:100 yr. floodline seale| 1 1
Roadway system design to be self-cleaning 1 1 |sanitation system design to have self-cleaning velocity 1 1
Additional lanes at major intersections-reduce peak quantity 1 Sewer attenuation-reduce peak quantity 1 1
FUTURE MAINTENANCE 8 6 8 7
Some consideration of maintenance in the design of the service 1 1 |Some consideration of maintenance in the design of the { 1 1
Maintenance of grass- pioneer grass used 1 1 |Provisions for future expansion of the system 1 1
Bank slopes must be gentle >1:1.75 1 1 |Are pipeline susceptible to erosion protected 1 1
Pavement lifecycle design >20yrs 1 1 |Service aligned with road/property boundary>80% 1 1
Site Vegetation-low water 1 1 |Services watertight 1 l
Alternative access for the repair of services 1 Easy access and room for the repair 1 1
Type of trees planted allows for minimal leaves to fall 1 Erf have a rodding eye 1 1
Street marking- high quality luminous paint 1 1 |Pipe loading in all areas checked 1
ECONOMY 7 6 7 6
Some consideration of economy in the design of the service 1 1 |Some consideration of economy in the design of the sery 1 1
Most economic system/service for target market 1 1 |Most economic system/service for target market 1 1
Minimized the number of road intersections 1 1 |Av Trench Depth <2m in over total length 1 1
Are narrower, shorter streets used 1 1 |Av. manhole spacing >50m 1 1
Too Curvilinear roads increases no of manholes 1 1 |Use of shared trenches> 30% 1 1
Conduct Life-Cycle Cost Analyses 1 erf alignments as straight as possible to reduce sewer m| 1

Is the area devoted to streets minimal- min road widths/reserves| 1 1 |Pipe material - pvc/concrete/hdpe. 1 1
SAFETY 7 6 5 5
Some consideration of safety in the design of the service 1 1 |Some consideration of safety in the design of the service] 1 1
Traffic calming measures 1 1 <10% of length >3m Trench Depth 1 1
Signage and pedestrian friendliness 1 1 |Position in relation to water pipe >1m away 1 1
the street is designed as a safe and unique public space 1 1 |Compatibility with storm water management 1 1
SCYTCGETS PUUSSITITS, GYCISTS at VoIS WiTers Ui 1 7 |TSeSOISS U IOUULS T TIGSHGS Spreauny ot 1 1
Road safety Audit 1

Safe Intersection-site distance, sidewalks, crosswalks, otherintef 1 1

SOCIAL 8 4 4 3
neighbourhoods 1 ERF access to sewers 1 1
Educational Outreach plan - road safety - to community 1 Educational Outreach plan -awareness on Health and sa] 1

Public participation in all stages of the project 1 1 |Public participation in all stages of the project 1 1
Public transport facilities and provision of street furniture 1 1 |Provision of employment to local community >100 persof 1 1
Universal access-layout cater for disabled-Wheelchairs and elde] 1 1

Provision of employment to local community >100 person days 1 1

Measures to preserve Cultural Heritage 1

Provision of social amenities to the community 1

CONSTRUCTION EFFICIENCY 6 2 1 0
Environmental management Process, plan and training 1 1 |Sewer Management Plan 1

Site Waste management plan 1

Pavement Management System 1

Quality Management System 1 1

Site maintenance plan 1

Equipment Emissions Reduction Plan 1

WEIGHTED SCORES 100 72 100 | 77.33

Best solution to the environment- Benchmark performance through new technological developments 77
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THE GREEN TOWNSHIP DESIGN MODEL
PRELIMINARY GREEN INFRASTRUCTURE RATING ANALYSIS

STORMWATER | 30% | WATER [ 10% ] 100% [Weighte
Pts Av|Pts Ach Pts Av|Pts Acd d
8 8 8 7 10%
Typical service layout configuration 1 1 |Typical service layout configuration 1 1
Use of Green corridors-Natural drainage paths 1 1 |Pipe route alignment- looped network efficiency 1 1
stormwater pipeline in floodline <10% of total length 1 1 |Water pipeline in floodline <10% of total length of pipe 1 1
Multipurpose Attenuation facilities-for retarding sw 1 1 |Location & Spacing of Fire hydrants have a minimum overlap| 1 1
land use intensities matched to landscape tolerances for sw{ 1 1 |layout relate to the water pressure zones 1
SWMP initiated at start of planning for land uses 1 1 |Minimal no of dead-ends to ensure flushing/no stagnation 1 1
servitudes for safe, acceptable points of discharge. 1 1 |Jland uses-high demands & fire risk close to water supply 1 1
Reduced SW concentration & hydrological impact 1 1 |Bulk service routed on roads or minimum 5m servitudes 1 1
7 5 7 5 10%
Pipe material - use of pvc/hdpe vs. /concrete/steel 1 1 |Water demand management measures 1
Use of onsite materials for Bedding 1 1 |Zone and bulk smart metering 1 1
Manhole types- brick/precast 1 Use of onsite materials for Bedding 1 1
Rain water harvesting and Reuse 1 1 |Use of Present & future water consumption figures 1 1
Runoff quantity control 1 1 |Promote use Water Efficient fixtures/Appliances 1 1
Recycled materials to construct of SW channels/manholes/| 1 Rain water harvesting 1
Conventional use of resources 1 1 |Conventional use of resources 1 1
8 7 7 3 15%
Some consideration for reducing envir impact. in the design| 1 1 |Some consideration for reducing envir impact. in the design 1 1
Post Development < Predev Flow 1 1 |Protect against water contamination 1 1
manholes, outlets, fittings 1 1 _|manholes, outlets, fittings that is not obtrusive 1
Recharge rates maintained 1 1 |low-level water audits 1
Protection measures of wetlands- stagnant water 1 1 |Scour valves positioned for safe discharge- erosion 1 1
Runoff quality-Constructed Wetlandsffilters 1 Reticulated recycled water supply 1
Minimize soil erosion; by good vegetation along the watercq 1 1 |Water-Wise Gardening 1
Increased roughness of drainage way to decrease the veloc| 1 1
11 9 11 i 20%
Conventional systems that achieve minimum compliance 1 1 |Conventional systems that achieve minimum compliance 1 1
Quality control at source-from residential rooftop by disconry 1 W ater-Efficient Irrigation & landscaping measures 1
SW attenuation-reduce peak quantity 1 1 |Use of Roof tank/intermediate storage 1
Stormwater Management Plan 1 1 |Pressure Management as part of design-Balanced loss/increal 1 1
Bioretention swales/ponds/infiltration berms 1 1 |Dry Fire Hydrants. suction pipe systems from pond 1
Low impact Development technologies- SW 1 1 |Water efficient fittings 1 1
Erosion control(Geotextile/cells, gabions) 1 1 |water attenuation-reduce peak quantity 1
Sediment control- Silt fences/Stilling basin 1 W atertight joints/compression type coupling/Seals quality 1 1
Is the av. channel grad/m <5%/m-high velocities 1 1 |Efficient water systems design-Optimised flow/velocity in pipe| 1 1
Use of roads & parking to control drainage & storage 1 1 |Water reticulation design to be self-cleaning 1 1
Are channels lined -earth,-grass, concrete, grass 1 1 |Water hammer analysis 1 1
8 7 8 7 10%
Some consideration of maintenance in the design of the ser{ 1 1 |Some consideration of maintenance in the design of the servi 1 1
Is the design-manholes, pipes and catchpits sized for maint] 1 1 |Sleeves used where pipes cross the road 1 1
Flood plain accessible 1 1 |Services Watertight joints/Seals quality 1 1
Pipe loading in all areas checked 1 Positioning of trees - proximity of services 1 1
Stormwater system design to be self-cleaning 1 1 |Isolation Valves/Meters located in convenient positions @ 909 1 1
Easy access and room for the repair of services 1 1 |Easy access and room for the repair of services 1 1
Positioning of trees in close proximity of services > 20m 1 1 |Leak Detection devices in retic. 1
Inlet/outlet design to reduce blockages 1 1 |Provisions for future expansion of the system 1 1
8 7 8 8 15%
Some consideration of economy in the design of the service] 1 1 |Some consideration of economy in the design of the service 1 1
Most economic system/service for target market 1 1 |Most economic system/service for target market 1 1
Non structural controls 1 1 |Use of shared trenches >20% 1 1
Use of shared trenches >20% 1 1 |Max. hydrants, airvalve spacing av spacing- 200m 1 1
Av. manhole spacing >50m 1 1 JAv Trench Depth <1.2m in over total length 1 1
Multipurpose stormwater facilities 1 Conduct Life-Cycle Cost Analyses 1 1
Pipe material - pvc/concrete/ndpe. 1 1 |Pipe material - pvc/concrete/hdpe. 1 1
Av Trench Depth <2m in over total length 1 1 JAre the air valves, shut off valves in valve rings 1 1
6 5 6 6 10%
Some consideration of safety in the design of the service 1 1 |Some consideration of safety in the design of the service 1 1
<10% of length >3m Trench Depth 1 1 | <10% of length >3m Trench Depth 1 1
Velocity /depth of stormwater flowing 1 1 |Supply sufficient for fire fighting requirements 1 1
Safe discharge routes 1 1 |Fire risk -High/medium or low 1 1
Design accommodates various storm frequencies 1 1 |located close to bulk water supply points 1 1
Flood warning signs 1 Pressure on pipeline<9bar 1 1
6 5 4 2 5%
convenience- minor system designed for high-frequency stoj 1 1 |Provision of employment to local community >100 person day] 1 1
Education and awareness- Rainwater harvesting 1 Educational Qutreach plan - water conservation 1
Public participation in all stages of the project 1 1 |Public participation in all stages of the project 1 1
No Inconvenience of overland flow and Temporary storage f| 1 1 |Standpipes located in convenient positions along walkways. 1
Is access to river walks and open spaces 1 1
Provision of employment to local community >100 persondd 1 1
2 1l 1 0 5%
Pre construction Stormwater Management Plan 1 1 |Water Operational plan 1
Siltation control with Sand and hessian bags or Silt fences 1
100 | 84.81 100 | 74.34) 77
Best solution to the environment- Benchmark performance through new technological developments PLATINUM | 77
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APPENDIX 8: Case Study 1: Detailed Green Infrastructure
Rating Analysis Report
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THE GREEN TOWNSHIP DESIGN MODEL

Project Title: Blueberry Hills- High Income Private Development Date: 04 April 2013
Client: xooo Compiled by: SHIAN SARO

1 . ] . no 0.00
Typical service layout configuration — e IGE]

2 Does the layout promote concept of greenstreets L 0.00
yes 0.53 0.63

3 - . L . . no 0.00
Dioes the layout facilitate economical subdivisions, with the use of shared road infrastructure = e ]

4 = Layout integrates the circulation system with dwellings. landscaping and all public wutilities na 0.00
) yes 0.63 0.63

5 . . no 0.00
= the percentage township area devoted to roads, parking and footways <30% of total arsa — e TES

G|= Is there minimum interruption from access movements, intersections, to achieve good mobility, na 0.00
Access road >100m apart yes 0.63 0.63

T|= Provide public transport routes which minimize operating costs while satisfying user requirements |po 0.00

for convenience V=] 0.63

B|- Provide reserve widths and alignments which cater for all road users, for services for landscaping. |no 0.00
in the most economical way. yes 0.63 0.62

B|= Relate the spacing and layout of intersections to the probable vehicle type, the volume and na 0.00
direction of movement yes 0.63 0.563

10|~ Ecological Conmectivity-Open spaces and circulation system-imtegral part of the open space na 0.00
system and appropriate landscaping provided for yes 0.63 0.63

11 " ] " . no 0.00
= Are short-distance links { <1km) between adjacent neighbourhoods I 063 ]

12|= Does the road hierarchy requirements provide automatic right-of-way for traffic on higher order na 0.00
reads. additional lanes at intersections provided for to reduce peak fraffic with minimum interruption |yes 0.63 0.63

13| Design the intermal street layout to inhibit through-traffic na 0.00
yes 0.63 0.563

14|= Garages and urban collectors located away from residents, to minimize nuisance to residents from |ng 0.00
noise, dust and fumes yes 0.63 0.563

15 ) no 0.00
= Develop the road aligned to the natural topography = 0,63 e

16|= Increase diversity in road reserve. Design and make distinction between sidewalk zone, cycle na 0.00
areas, pedestrian area, refuse areas, planters, lighting, ete. 25 0.52 0.63

20  FUNCTIONAL EFFICIENCY

1 . . - " no 0.00
Conventional systems that achieve minimum compliance — 1.00 oo
2|The use of Innovative design techniques, such as the use geogrids to reduce layer thickness, na 0.00
increase pavement life, bearing capacity, differential settlement, etc. yes 1.00
3 ) - no 0.00
Th of L ot Devel t technol d
& Uuse ow impa evelopment technologies on roads e 1.00 oo
4|Are the street fumiture well designed items, and placed so as o make a positive contribution to the |no 0.00
total strest picture yes 1.00 1.00
5 no 0.00
Are th le |
e there cycle lanes — 100
G)Are there special details for the design of all road elements, including kerbing, channelling, ramps  |na 0.00
and different types of paving eq. Brick paving compared to concrete and asphalt as it creates wes 1.00 1.00
T . . no 0.00
Are landscaping and trees used to reduce the impact of large areas of asphalt = 100 100
B|ls the potential drainage function of roads maximized by co-ordinating their layouts with the drainage |no 0.00
systems. yes 1.00 1.00
] . ) . no 0.00
= Wh ate, th d ~<1.5m fo
ere appropriate, are the medians m for safety e 00 o0
10{= Is the maximum read crown slope(4% )-operation problem driving, wear of wehicles <20% of the na 0.00
total road length yes 1.00 1.00
1l Is the minimum road crown slope( 2% ) - prevents sediment loading <5% of the total road lemgth "::5 ?gg oo
12 - _— . y no 0.00
= Additional | t tersect -red k
itional lanes at major intersections-reduce peak quantity — 1.00
i3 = Is the average road grad/m less than 5%/m "::5 ?gg 100
14|= Are parking areas provided (according to Parking ratics/codes ) where road will be well trafficked  |[no 0.00
and where appropriate consist of grass blocks, gravel, paving fo give it a softer park like image yes 1.00 1.00
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Pedestrian routes

15 . L . I . no 0.00
= Do th destr L Iking dista d destn
o the pedestrian routes minimize walking distances and encourage pedestrian use — 100 T
18 . . . . no 0.00
= Are th st faciliti h id Ik d
re there pedestrian facilites (such as sidewalks and crossings) = 100 100
17 The project layout promotes walking and discourages the use of vehicles. :25 ?gg
Bus stops
18, Are bus bays provided at major bus stops to minimize delays to other traffic L o0.00
yes 1.00 1.00
18| Provide sheler against rain, sun, wind as well as benches or a space for resting or eating while  |[na 0.00
waiting for transportation and signage integrated with shelters =3 1.00
200, Are gradients designed appropriate to the models of transport using the bus route-<6% "':5 ?gg 100
3.0 Environmental quality 150 118
1|Some consideration for reducing envir impact. in the design no 0.00
Yes 1.07 1.07
2|Moise reduction through Quiet Pavement, traffic reduction on intemnal streets no 0.00
yes .07 1.07
3|= Use of surfacing on roads - Concrete vs. asphalt increases volumetric heat capacities, lower air  [no 0.00
termperatures yes 1.07
4|Habitat Restoration measures used no 0.00
yes 1.07 1.07
al. Provide aesthetic kerbing, channelling. pedestrian refuges, ramps and paving na 0.00
yes .07 1.07
&= Permeable road surface/parking lots -grass blocks- selection of surfacing that has a reduced nao 0.00
environmental impact relative to available alternatives. =3 1.07
7|Does the project layout provides a safe, convenient and attractive environment for walking. na 0.00
yes 1.07 1.07
B|- Preserve natural features such as gullies, outcrops, marshes and existing trees, shrubs and na 0.00
hedges in the layout to create interest, varety and surprise in the vistas along the and along the =3 1.07 1.07
@|Are erosion control measures used in the design of earthworks on steep areas, such as the use of |no 0.00
sand bags or Hessian sheets, rehabilitation of exposed soil areas, soil is protected from the =3 1.07 1.07
a Clearing and grading (Site Vegetation) - road footprinttopsail removed <50% of road reserve L ?gg T
pi=] i i
11|~ Is a variety of access street forms provided to avoid monotomy no 0.00
Yes 1.07 1.07
i2 - ; . pi=] 0.00
Id th be stock pil f soil oth terial e
WL ere be s piling of soil or amy other matenals near a watercourse = o7 o
13 ) . . Yes 0.00
Land: : Use of Water efficient planti
andscaping: Use ater efficient plantings = 0T
14|Are areas sensitive to erosion such as near water supply points and edges of slopes being yes 0.00

Economy

Some consideration of economy in the design of the service

yes 1.36 1.36
2|Most economic systemn/service for target market no 0.00
yes 1.36 1.36
3| Can the number of road intersections be minimized through layout configuration yes 0.00
no 1.36 1.36
4 Are the roads too Curvilimear roads- increased no of manholes, kerb lengths ::5 ?gg T
§|= Are the public ransport routes optimized; no 0.00
yes 1.36 1.36
(= Are the widths of roadways the minimum commensurate with the desired speed and expected no 0.00
volume and composition of traffic =3 1.36 1.36
7|= Is the alignment of readways utilise the maximum crtena in order to reduce earthworks, in with the (no 0.00
desired speed and expected volume and composition of traffic =3 1.36 1.36
B|= Is the pavement foundation design of readways the minimum commensurate with the desired na 0.00
speed and expected volume and composition of traffic = 1.36 1.36
8 Conduct Life-Cycle Cost Analyses ::5 ?gg T
"0 e anhworks- balanced-Cut / Fil <1000m3 spoi ;":5 ?;gg =
11|, ] L yes 0.00
Can the total length and cost of intermal reads be minimized = T T
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5.0 FUTURE MAINTENANCE 100 90

1|Some consideration of maintenance in the design of the service no 0.00
yes 1.00 1.00

2|+ Acceptable pioneer grasses| cynodindacioling and reeds where applicable no 0.00
yes 1.00 1.00

3|Type of trees planted allows for minimal leaves to fall and clog up drains no 0.00

= 1.00

4 (Landscaping: Use of Water efficient plantings no 0.00
yes 1.00 1.00

5 . _— no 0.00
= -Bank slopes must be gentle to allow access for maintenance =1:1.75 — 00 100

G|+ Life span of the road pavement =20 years no 0.00
yes 1.00 1.00

7| Street marking- high quality luminous paint no 0.00
b=l 1.00 1.00

B|Altemative access for the repair of road or road closure no 0.00
yes 1.00 1.00

B|High quality Street signage - minimal maintenance >2m from trees/shrubs no 0.00
yes 1.00 1.00

10|Are there subsurface water drainage systems in 80% of cuts >2m to protect read pavements - no 0.00

minimal maintenance of road layerworks = 1.00 1.00
10.0 80
6.0 SAFETY

1= . ) ) . . no 0.00
Some consideration of safety in the design of the senvice — e ET

2 |Adequate sight distances at intersections, horizontal curves and crests are commensurate with na 0.00
operating speeds yES 0.67 0.67

3= Universal access at Intersections-designed to be safe for pedestrians and vehicles. This includes |no 0.00
sidewalks, crosswalks, traffic signals and other intersection treatment yes 0.867 0.87

4 L L . no 0.00
= Inhibit through-traffic in internal streetsineighbourhoods = D67 a7

F|= Segregate pedestrians, cyclists and vehicles where traffic is concentrated or speeds and volumes |no 0.00

are high yes 0.867

6| Traffic calming measures used such as Speed humps, chicanes, street narmowing devices, change |(no 0.00
in the surface colour or texture, in the immediate vicinity of homes. YES 0.67 0.67

7|+ Provide access points to multiple units dwellings only at selected points to contrel and concentrate |no 0.00
traffic yes 0.87 0.67

B . . . . . ) no 0.00
= Provide tumning spaces which avoid the need for vehicles to reverse over long distances. — E T

8l Are there pedestrian cressings and sidewalks with adequate signage IR 0.00
yes 0.67 0.67

10 - no 0.00

Road safety Audit undertaken — e

11 . o . ) . . . . no 0.00
= Provide mutual visibility between pedestrians and moving wehicles with traffic on main roads; = D67 a7

12| . . ) . . yES 0.00
is there a potential conflict areas betwesn roads users, pedestriam and cyclists o nET a7

13|, Design soft mounds, and plant trees to separate pedestrian from buildings and road na 0.00
yes 0.67 0.67

14 |Convenience- Traffic-generating facilities located near entramces to residential areas or adjacent to |no 0.00

higher order roads yes 0.87

15 |Are the pedestrian system and parking areas located where they will be overicoked by dwellings or (no 0.00
passing fraffic and wel-it after dark for greater security yes 0.67 0.867
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7.0 SOCIAL 50 3d

1 Dioes the road contribute to development of previously underdeveloped areas na 0.00
yes 0.63 0.63

2 Educational Outreach plan - road safety ans £.00

yes 0.63

3. Ensure that pedestrian crossings on distributor reads are convenient to use e 0.00
yes 0.63 0.63

4 [+ Minimize distances of pedestrian routes <15min walking time; no 0.00

yes 0.63

[5 L. . - . no 0.00

Prowvision of social amenities to the commmunity = EE]

G| Does the layout cater for disabled and Wheelchairs and elders that may want to sit down no 000
yes 0.63 0.63

7 L. . no 0.00
Provision of employment to local community =100 person days — EE] EE]

B . [ .. . na 0.00
Use of Public transport facilities and provision of street fumiture = e EE]
8.0 RESOURCES o0 56

1|Conventional use of resources no 0.00
yes 1.11 1.1

2(Use of Recycled road materials in the layerworks no 0.00

yes 111

3|ls the Kerbing cast insitu or precast precast 0.00

insitu 1.1

4 (Design initiatives that increase the facilitate reused building materials, Recycled materials and no 000
yes 111 111

5|Tree conservation- no of trees <10/ha no 0.00
yes 111 111

G|Earthworks spoiled- <20% no 0.00
yes 1.11 1.11

T |Promoting Altermative Transportation Optioms such as bicycles, light rail, Mom Motorized Transport  |no 0.00

1.1

B|Use of altemative Surfacing other than hot mix asphalt, such as Permeable pave/Grass 1‘:;5 0.00

blocks/porous concrete = 1.11
8 Reuse existing materials onsite to minimise materials consumption ??t: 11
9.0 CONSTRUCTION 50 21

1|Environmental management Process, plan and training no 0.00
yes 0.71 0.71

2|5ite Waste management plan no 0.00

yes 0.71

3|Favement Management System no 0.00

yes 0.71

4 (Quality Management System no 0.00
yes 0.71 0.71

F|Site maintenance plan no 0.00

yes 0.71

5 |Equipment Emissions Reduction Plan no 0.00

yes 0.71

7| = Stockpiles <1000m3 (Hugh stockpiles create dust in wind) no 0.00
yes 0.71 0.71
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THE GREEN TOWNSHIP DESIGN MODEL

Project Title: Blueberry Hills- High Income Private Development Date: 04 April 2013
Client: xooo Compiled by: SHIAN SAR/
Scorng
1.0 LAYOUT EFFECIENCY 108 80
1 . . . no 0.00
Typical service layout configuration yes 100 100
2|+ Does the layout consider hydrological concerns with regands to sw runoff and relationship to plot size. |no 0.00
type of land use YES 1.00
3|~ Does the layout plan take into account the natwral drainage paths({Stream patterns). areas subjectte  |no 0.00
flooding YES 1.00 1.00
4 . . no 0.00
Are the land use intensities matched to landscape tolerances for swmp yes R il
*lare the stommwater faciiies Integrated with recreation areas; :; ?gg 100
|~ Dioes the swmp use open spaces for retarding or stormwater evaporation ponds to remove partialy no 0.00
treated water |yes 1.00 1.00
7| is the length of Storm water services located in special servitudes and not located in road reserve <10% [no 0.00
of total kength YES 1.00
8 stomwater pipeline in floodline <10% of total length o 0.00
YES 1.00 1.00
8|~ Dioes the layout reduce the hydrological mpact of the dewvelopment by reducing stormwater no 0.00
concentration YES 1.00 1.00
10 . . no 0.00
= Was the mdp nitiated at start of planning for land uses : =0 Rl
2.0 FUNCTIONAL EFFECIENCY
1 . . ) no 0.00
Conventional systems that achieve minimum compliance yes 074 072
2[= Provision of surface waler management system to enswre that e ulimate fiow from the development  [no 0.00
does not result in any negative impacts on downstream properties or watercourse and is managed within
the overall sie ¥e= 0.4 0.74
3|+ Has the Master drainage plans been prepared, in collaboration with adjoining commanities and ng 0.00
authorities, for the exasting and future development of the entire catchments YE5 0.74 0.74
4 . . no 0.00
Is. »70% of the road designed for sheetflow — 074 7]
5 . no 0.00
Is the maximum velocity <3m/s yes 074 R E
[} . o no 0.00
<10% of roads have a maximum road gradient »12% ves 074 Rz
7 . . no 0.00
What is the minimum road crown slope- <2%- sediment ves 0.74 074
8 . no 0.00
Is the maximum road crown skope- <3%-operation problem driving, ware of vehicles e 074 072
1] . . . no 0.00
« Are the potential drainage and storage functons of roads, roadside channels used — 074 Rz
10 y - . ne 0.00
Is. »50% of the road gradients <2% - used for retarding stormwater nun-off — 074 %7
11 . no 0.00
Is the post development limited to predevelopment yes 074 073
12 . . no 0.00
Is the roadside channels designed to prevent enosion ves 074 074
13 no 0.00
= Is the stormwater flow depths < 0.5m yes 074
14 . no 0.00
» Inlet- are the backwater effects designed for s 074
15, are the inlets/ipond have swing type gnds or are seff cleansing to prevent blockages ;:; ggﬂ
18| Quality control at the source-from residential rocftop by disconnecting downpipe, Rain Barmrels, ng 0.00
soakaway- Prevent poliutant dumping YES 0.74
17 L f . na 0.00
- Diges the reticulation limit runoff volumes with the use of bioswales filtering poliution ves 074 Rz
18|= Dioes the rebculation limit volumes with the use of retention basin no 0.00
¥Es 0.74 0.74
19 . . no 0.00
Are vebocities reduced with the use of Check dams e 074 072
20, Diges the reticulation limit runoff volumes with the use of Porous parking surfaces :; Egﬂ
21|= In areas where the subsoil and water table are switable, does the design the surfaces of storage areas  |no 0.00
allow for the re-charging of the underground water. YES 0.74 0.74
22|Are flood plains and watercourses protected from erosion with Gabions, dissipaters, Reno mafiress, no 0.00
stilling basins, Check weir, Riprap profection, Enengy reduction, Drop structures, Rip rap basins, YES 0.74 0.74
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pE] . L no 0.00
Are there measures bo prevent underground conduits from silting wp — 074
24 h no 0.00
« Are channels lined -earth ~grass, concrete, grass ves 074 074
25 no 0.00
Is the average channs slopes -<5% ves 0.74 072
28|= Are the stormwater outlet structures designed to decrease flow velocity by the use of velocity no 0.00
dissipaters WES 0.74 .74
27| e diment control- Silt fences/Stilling basin | E-Eﬂ

3.0 ENVIROMENTAL QUALITY

Erosion condrol measures

1|=ome consideration for reducing envir impact. in the design no 0.00
yes 1.15 1.15
2|+ Protection of environmentally sensitive ansas; n 0.00
YE5 1.15 1.15
3 o no 0.00
» Predevelopment ground water Recharge rates are maintained: ves 115 T8
4£|5W pipes steeper than 1:3 <10% of the total length no 0.00
yes 1.15 1.15
5 . i ne 0.00
Consolidate waterways and open space requirements; = e TTE
i L . | . no 0.00
Minimize soil erosion; by good vegetation along the water cowrses = e TTE
7l. Buffer zone=25m between hard and watercourse areas ne ':'.I]q =
yes 1.15 1.15
8. Rehabditation of exposed soil areas o ensure soil protection ;'; ??g
ER ’ YT 0.00
Remowval of vegetation on steep areas — s s
10|Protection measures of wetlands- stagnant water- may become health hazards-Is there a potential of no 0.00
Nufrient enrichment- eutrophication YES 1.15
B SW quality reatment with the use storage facilibies, Constructed Wetandsfiters ;'; ??g TTE
12, Increased roughness of the channel or drainage way to decrease the velocity [z G.I]q =
yes 1.15 1.15
13|, sunsurace disposal is not to closs to point of rainfall >200m oo s
4.0 ECONOMY
1[Some consideration of economy in the design of the senvice no 0.00
YES 1.67 1.87
5 >50% | g0
- What type of system is being used E;Irf;g
. 1.87 1.687
3 . ) - no 0.00
The use of non-strectural contred as in relation te structwral control of SW. yes 167 157
4. Diges the reticulation have multipurpose stormmwater facilities ;I; ?gg 157
&= Does the SWMF provide a few. large areas for retaining stormwater, rather than many smaler areas no 0.00
which are more problematic fo maintain. WES 1.87 1.687
G- Dioes the SWMP attempt to align open drainage systemns with natural drainage systems, to minimize the |no 0.00
cost of earthworks and pipe works. YES 1.67 1.67
7 . no 0.00
» Are the manhole spaced at an the Av. manhaole spacing »50m ves oCH CH
8 ls there >30% of shared trenches i relation to separate trenches [z £.oa
yes 1.87 1.87
g no 0.00

Trench Depth <10% of length =3m
5.0 FUTURE MAINTENANCE

Some consideration of mantenance in the design of the service

no
WES 0.87

2| Are there any senvices placed m a locabon that is not easily accessiole by public fo rmaintence YES 0.00
no 0.87 0.87

3 - . no 0.00
~ Was the mdp prepared in collaboration with authorzes for future developments ves 0ET EH

4 . . no 0.00
» Is the flood plain aceessible to public for mantenance yes G T
- 1s the design-manhales, pipes and catchpits sized for maintenancs ;I; ggg nET

gl. Are the bulk services routed on roads or minimum Sm servibedes i o.0a
YT 0.87 0.87

7 no 0.00

Pipe loading in all areas checked — T
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are there flood waming signs informing public of approaching hazards

[ ) o ] S no 0.00
If senvices are in midblock, s a 5m building line imposed = G T

[1] . ) - ] no 0.00
» Is. due regard for positioning of trees in close proximity of services > 20m — .67 087

10 . no 0.00
Are sleeves used where pipes cross the road = 0.7 0T

1| Are the m e o ) 4 no 0.00

e pipes susceptable fo erosion protects = 067

12 L ] no 0.00
Are the open drains in in *6% ned ves G a7

13 . no 0.00

pipes across road >1000 = 08T

141 is there an accepiable pioneer grass | cynodindactolin and reeds established where applicable :; ggg

15|+ Does the Inlet structures designed fo reduce clogging. self cleansing. not designed to overfiow no 0.00
= 0.87 0.87
6.0 SAFETY 10.0 8.0

Aam- Risk of loss of life and significant damage te properties from the run off from the exception heavy

1 . . . . . no 0.00
Some consideration of safety in the design of the semvice = oo T

2|+ Does the drainage system manage the planned development for the upstream areas, for stoms no 0.00
ranging from frequent to rare events? YES 1.00 1.00

3|~ Are there safe discharge routes prowvided for stormwater overdand flow. Would the overflow from no 0.00
storage areas protect the downstream property from being inundated, yes 1.00 1.00

4|» In areas susceptible to flooding. is the velocity andlor depth of stormwater flowing in or across streets is |no 0.00
within safe limits, with paricular attention to potential traffic hazard on higher speed roads. VES 1.00 1.00

§|= Are storms >1:20 yr frequencies accommeodated within the design; no 0.00

YES 1.00

[} ) ; ) ) no 0.00
-are the elevation of infrastructure & buldings above the 100y flondline ves 100 T

7 . . no 0.00
are the manhole covers sealing in flood sensitve areas ves 100 o0

a[. e . YES 0.00
are the any building that have Installation of pumps for stormwater o 0 T

g , no 0.00
<10% of length >3m Trench Depth = 100 100

10 no 0.00

= 1.00
7.0 SOCIAL 50 1.7
1|= Are the minor system designed for high-frequency storms; so that there is no inconvenience of overdand |no 0.00
flow routes YES 0.83
2|» Are the temporary storage areas for stormwater in places where the water would not causs no 0.00
moonvenience during or mmediately after storms. YES 10.83 10.83
3 } N no 0.00
= I5 access to nver walks and open spaces allowed: — IR
4 Education and awareness- Rainwater harvesting e £.00
YEs 0.83
5 ) . f no 0.00
Public participation in all stages of the project ves 0.83

» Provision of employment to local community =100 person days

8.0 RESOURCES

0.00

E]
me

0.83
10.0

[=t]
e =
O
B8 I

Recycled materials to construct of SW channels

9.0 CONSTRUCTION

1|Conventional use of resources no 0.00
yes 1.1 1.1

2|- Use of onsite materials for bedding - T
Y5 1.1 1.1

3 . . no 0.00
= Use of onsite materials for backfill yes 1.1 1.11

4 ] no 0.00
Rumnaff quanitity control measures yes 1.11 1.1

5|Rain water harvesting and Reuse -recycled stommwater for imgation n 10.00

YES 1.11

8 Fipe material - use of pyc/hdpe vs. jconcreteistes] :T ?Iﬁ

7 no 0.00
Does the sytem recharge growndwater yes 1.11 111

3 brick 0.00
manhale types- precast | 1.11 1.11

9 no 0.00

T
kn
b
~

1|Pre construction Stormwater Management Flan no 0.00

= 1.87
2|Education and awareness- Rainwater harvesting no 0.00

yes 1.87
3|Minimize erosion and control siltation wih Sand and hessian bags or Sit lences no 0.00

YE5 1.67 1.67
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THE GREEN TOWNSHIP DESIGN MODEL

Project Title: Blueberry Hills- High Income Private Development
Client: o
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Compiled by: SHIAN SARCC

123

1.0 LAYOUT EFFICIENCY 100 89

1 . . no 10.00
Typical senvice layout configuration — oK T

2|= Can purnpstabions be awoided through the layout reorientation [al=3 0.00

YES 111

3= Does the layout promcte midblock sawer nix 0.00
Y5 111 111

4|« Are aftermative sewer layouts considerad; no 0.00
WES 111 1.11

5|Are the Bulk senvice routed on roads or minimum Sm sendtudes no 0.00
If services are in midblock, 3 Sm building Fne imposad WES 1.11 1.11
8 Is there 3 Sewer Catchment Management Plan been done g ?E‘? KR
7|<10% of total length of Sewer pipeline in floodiine = e

8|~ Is the development Phassd in one catchrment at a time nie 0.00
YT 1.11 .11
d Did the layout consider the positicning of trees in close proximity of senvices =20m " ?E‘? 117

2.0 FUNCTIONAL EFFICIENCY

1 . ) L. . no 0.00
Conventional systems that achiewe minimem compliance — 118 RE

2|- Does the development contain a grey [/ black water water reuse system E ??g

3|+ Does the development contain Secondary greywater reuse no 0.00

WES 1.18

4|~ Are sewers designed to gradients which are steep enough to enswre adequate velocity for self- no 0.00
cleansing WSS 1.18 1.1

5|use of Odigrease/gnt separators no 0.00
WES 1.18 1.18

G|+ Does the development attempt to minimize discharge to the municipal sewerage system through sewer |no 0.00
attenuation e 1.18 1.18

7 Coes the system attempt Mutrient resource recovery & reuse by Recycle/composting E ??g

d|Are there 3 potential areas =200 of length that are flat (1: 100) hat can result in stagnation yes 10.00

ni 1.18

3|Innovative wastewater technology no 0.00
YES 1.18 1.18

10[= Was the Gectechnical condfions taken into account in the design no 0.00
WES 1.18 1.18

11|+ Does the Soil profile have good permeability no 0.00
Y5 1.18 1.18

12|Are the manholes that are in the 1:100 yr. flocdline sealed no 0.00
YES 1.18 1.18

13|= Does the evapotranspiration area in case of an overflow fall within the site ni: 0.00

YT i.18

14|= Does the evapotranspiration area in case of an overfiow fall within the wetland e 0.00
no 1.18 1.18

15|= Is the av. topography =12%-steep slope problematic for sewage wes 0.00
no 1.18 1.18

18|Are there Soakawsy'Sewer lines positioned =<7 .5m from drink water source b= 0.00
no i.18 1.18

17 = Soakaway Sewer ines postioned =5m from water table no 0.00
yEs 1.18 118




3.0 Environmental quality 15.0 12.0

1|Some consideration fior reducing envir imgaet. in the design nie 0.00
Y5 1.50 1.560

2[Design a layout which minimizes nuisance o residents, provides attractive and healthy Iving conditons, |po 0.00
and benefits the environment WES 1.50 1.50

3|Provision for protecting surface & sub swrface water bodies from sewage nix 0,00
Y5 1.50 1.50
4 Prowision of aesthetic sewer infrastructure elements, manholes, cutlets, fittings ; ?gg 150

&= Are <10% of sewerpipline positioned n the flood plains: no 0,00
WES. 1.50 1.50

6| s the recenving sewer purlication works clear »oo0m toed plains, no 0.00
Y5 1.50 1.50

T ] . . no 0.00
Is there Erpsion protection provided near water course = TED TED

3[Waste effiuent quality monitoring measures in place no 0.00

WES 1.50

9= Are there measures taken to Minimize the obirusiveness of pumping stations, sewer infrastructure and |no 0,00
their envirens WES 1.50 1.50

10 Are there measures taken to contnod Taciors governing coow and noise emanatng fmom pump statons |po 0.00

and sswer infrastructure =5 1.50
4.0 Economy 150 123

1|Some consideration of economy in the design of the senrvice no 0.00
Y5 1.36 1.36

2[= Are the intersection spacing’s and block lengths compatible with maximem manhole spacing’s to no 0,00
minimize the number of manholes. WES 1.36 1.36

3| Is the level of semnice the most economical system for the target market nc 0,00
WES. 1.36 1.36

4= Is the percentage of sewer 5 mid-oiock sewer =30°% of the total length no 0.00

WES 1.36

5(Aw Trench Depth <2m in over total length nie 0.00
= 1.36 1.36

G[= Is the ayv manhole spacing's =50m ng 0.00
Y5 1.36 1.36

7o - } stesl, 0,00
Pipe material - use of pychdpe vs. /concrete/stes] [pwe. hape | 136 T

2 [brick 0,00
manhole types- T3 T3
&l Are there long lengths of sewers which eross or adjoin open space or undeveloped land. -'::f’ ?gg 56

10{= Are there shared trenches =309 nie 0.00

Y5 1.36

11{= Are the roads or mid-biock erf alignments as straight as possible to reduce sewer reticulation costs and |po 0,00
minimize the number of manholes. =5 1.36 1.36
5.0 FUTURE MAINTENANCE 100 8.8

! ‘Some consideration of maintenance in the design of the senvice 0o 000
Y5 125 1.25
2, Are the pipe runs and cables in servitedes that are accessible for maintenance work. ; ?gg T

3 L . nie 0,00
Prowisions for future expansion of the system — .05 15

4« Was there a lifecycle cost analysis done of the pipe and materials no 0.00

WES 1.25

5[Are pipeline susceptible o erosion protected no 0,00
WES 1.35 1.25

G- Does every erf have a rodding eye in addition of inspecton eye no 0.00
WES. 1.256 1.25

7 [Are all seraces watsright no 0,00
WES 1.35 1.25

3[Are sheaves should be used where pipes cross the rosd no 0,00
= 1256 126
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= Do evapy Slie Mave ac0ess D Sewers

X Safety 100 5.0
! Some consideration of safety in the design of the semnvice I 000
WES 167 1.67
2 . no 0.00
Trench Depth =3m in <10% of length = 167
3 Measures to Reduce the incidence | spreading of diseases by waste E ?gg
4| Compatibility with storm water management nix 0.00
WES 1.67 1.67
§|Manhole Depth >3m in <10% of length no 0.00
WES 1.67
i " . ) . . no: 0.00
Positicn of sewer pipe in relation to water pipe >B0% of pipe not <1m away - 16T 167

1.25 125
2 0.00
Educational Ougreach plan - heaith and sanitation 1.28
3 0.00
Pubiic particpation In all siages of the project 1.25 1.25

Provision of employment to local community =100 person days
RESOURCES

125

Corventional use of resources nix 0.00
WEs 0. 0.e1

2|- Dipes the development use onsite materials for bedding no 0.00

= 0.e

3| Does the development use onsite marerials for backill no 0.00
VS 0.0 0.e1

4|Pipe material - use of pychdps vs. /concrete/stesl steel 0.00
[pec, hdpe | 0.81 0.e1
3l What manhole fypes are designed for - brick- precast '%l gg? ST

@[+ Does the development have pumpstations WES 0.00

no 0.81

7 |does the development have an IMgabon system. fiat he Recycled Sewer efuent can be used for ni: 0.00

limigation WES 0.1
8 Cioes the development attempt to reduce the peak sewer demand (consumption E ggﬁ' g

Ois there Sewer attenuation no 0.00
VS 0. 0.e1

10|Was a Detailed mvestigation of existing services to assess the spare capacity of treatment woks, as well [no 0.00
as the feasibiity of upgrading undertaken. bl 0.81 081

11|lIs the Recycled sewage used for fertilizer ni 0.00

=5 0.81

CONSTRUCTION

1|S5ewer Management Plan ni: 0.00
WES 250 250

2[Sewer Operational plan no 0.00

Y5 250




THE GREEN TOWNSHIP DESIGN MODEL
Project Title: Bluebemy Hills- High Income Private Development Date: 04 April 2013
Client: xoooe Compiled by: SHIAN SARDC

LAYOUT EFFECIENCY

. ) . no 0.00
Typical senace layout configuration es 10 10

2= Arethe land uses which have high water demands and high fire risk located close to the water supply mains  (no 0.00
fior the towmnship = 1.00 1.0

3= Are land uses with bow water demand located on high ground to miremize the size of mains and the costof  [no 0.00
wEter towers b 1.00 1.00

&+ Tioes the Tayout Taciiaie [aying the water reliculaton pipes as a network o linked [oops with 3 balanced loss [no (4]
of water presswne? b 1.00 1.00

EDDESEEIa]u.rtrdahemﬂ'lemterpresarem E ?%

Gl= Are the Bulk service routed on rosds or minimum Sm sendtudes. ni: 0.00
WES 1.00 1.00

7 Mirimal no of dead-ends to ensure flushingno stagnation - ooo
s 1.00 1,00

B O . . . L. . N 0.00
Did the layout consider the positioning of trees in close proximity of senices ves 100 100

9. Location & Spacing of Fire hydrants have 3 minimum overlap of<15% area - ]

10|= Is adequate space prowded for the siting of resenvoir, purmp stations and maintenance depots, with alowable (no 0.00
[pasTers when required? =5 1.00 100

=
=S

FUNCTIONAL EFFICIENCY

Comventional systerms that achisve minimum compliiance E ?ﬁ 153
2|= Can water boss be reduced by reducing velocity in pipe . Maximum velocity Pressure in the reticulation < 3mfs{no
leakage s 1.33 133
3|Does the design attempt to moniter water supply by metering. Diesign of systems that both monitor and ni: 0.00
manage water consurmpbon b 1.33 1323
4|Fressure Management -s e masemum Fressure in Be rebeulation< B bar-in order to minimise leakage ni: 0.00
Wes 1.33 123
3] ] . nix 0.0
‘Water efficient fittings s 143 153
8. Was the Layout designed as a network of inked loops to faciitate a balancad loss of water pressure? = ?-g —
7|Dioes the design Reduce peak demand with the use of sferstonbulk resensoirs ni: 0.00
== 1.33
5l Water-Efficient Imgation & landscaping measures - im
g Lize of Rioof tank intemnediate storage E ?%
10{Diry Fire Hydranks. sucton pipe systems from pondiextemal source ni: 0.00
WES 1.33
" Lows impact Developrment technologies- Water E ?g
12 o . o, . no 0.00
Watertight jointsicompression type coupling/Seals quality s 143 153
13| Efficient water systems design-Optimised flovvelocty in pipe not <. 2mi's = ?-g —
14 . nix 0.00
'Water harmmer analysis undertaken — ) T
19 \Water reticutation cesigned to be self-cleaning — ?ﬁ

-
)]
=

3.0 Environmental quality

1|Some consideration for reducing envir impact. in the dasign ni 0.00
WES 1.67 167
2 . . .. ni 0.00
Provisions made to increase Reliability of water source — T
E » Dipes the design protect existing sources of water within townships for possibie use for waber supply. E ﬁ'% 5
4 . . . . no 0.00
Prowision of aesthetic water infrastructure elements, manholes, cutlets, fittings ves TET TET
5 L . . ni 0.00
Scour valves positioned for safe discharge- erosion — T 5
G[bow-lewel waber audit camed out ni 0.00
== 1.67

126



7| Water-Wise Gardening no 0.00
e 1.67
Bl Separate grey water! Hlack water-Feficulated recycled water supply N 0.00
e 1.67
B|Water guality monitoring measures in place no 0.00

Pipe matesial - puchdpe vs. concretesies]

WES 1.50
|- Are tigh and moderste fire risk categeries of development located ciose o bulk water supply points = e
3 . ] i . ] no 0.00
Are <20% of the fitings special fittings, ie tees/couplings — 150 TE0
4 no 0.00
L= of shared trenches =20% of length ves 150 150
o« ks the bewe of sennce the most economical system for the target market no 0.00
WEE 1.50 1.50
6 » Arethe air valves , shut off valves in valve rings, compared to brick chambers. E ?% ]
T[+ Are there cunvilinear roads with small radii, as this increases the cost of water reticulation due to the necassity [yes 0.00
of providing aditional pipe specials, fittings and thrust blocks 1o anchor all pipes. no 1.50 1.50
BlAv Trench Depth <1.2m in over total length no 0.00
e 1.50 1.50
B . no 0.00
Conduct Life-Cycle Cost Analyses s 180 ]
10 concrebelst] 0.00

FUTURE MAINTENANCE
Some consideration of maintenancs in the design of the senvice

=]

2]

e 0.00 0.83
- WalvesMeters located in comvenient positions- Dutside properties g Eg TES

3 ] g N ) . no 0.00
FAure the valves bocated in comvenient positions.> B07% at miersections — TEd HEE]
#| re E0% of the bulk services placed in he most accessible locations such as roads? E E-g —

B Fosfioning of rees - proxmity of senices no 0.00
e 0.B3 083

6| Flexibéz type coupling to pesmit ease in repair no 0.00
= 053 [1E:%]

T|Are all services watertight no 0.00
s D82 083

B|Are slesves should be used where pipes cross the road no 0.00
s D83 083

BlAre the comodible pipes protected no 0.00
s D83 083

10{Uniform type of fittings compared 1o non standard fittings no 0.00
WES 0.3 083

11|Leak Detection devices in reticulation no 0.00

e 0.83

12[Frosesions for future expansion of the syshem no 000

Some consideration of safety in the design of the senvice

6.0 Safety

no
WES 167
2 no 0.00
<107 of length =3m Trench Depth es 167 167
: » |5 the high and moderate fire risk developments bocated close to bulk water supply points E ?% 157
+ » |5 there supply capacity is compatible with the development’s fire fighting requirements E ?% 16T
5lFire risk -High'medium or low Highimedi | 0.00
o 1.67 187
G . i 0.00
Pressure on pipeline<Sbar yes 167 187
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5 & LSEr provi =€ DASIC SENNICES, M berms of oe no 0.00
¥ 1.00 1.00

2 B . no 0.00
Educational Cutreach plan - water consaniation ves 100 ]

3 . ] ) N no 0.00
Are the standpipes located i comvenient positions along wallways = 1M o]
1. Will vehicular access to other parts of the residential anea be blocked during the repair of services = E'g —
Eleﬁsimd’Eﬁl;ﬂnwmtnlmdmnﬂmempﬂamdaﬁ ?% 100
8.0 RESOURCES 10,0 7.0

1| Comentional use of resources no 0.00
¥E 1.00 1.00
2|-Waker demand management measures - Does the design atfempt fo reduce the potalble water consumption  [yes 1.00 1.00

oy building occupants. Reduced demand no 0.00

3|Can the pump duty points/velocities in pipelines be reduced or optmised WEE 0.00
no 1.00 11060

4 . e 1.00

Zone and bulk smart metering = ]

5 . ! ) no 0.0D

Lize of cnsite matenals for Bedding ves 100

“luse o Fresent & future water consumption figures no 000
e 1.00 1.00

7|Does the design aftempt to use water =ficient appliances and fitings no 0.00
YES 1.00 1.00

B|Use of Recyoled materials no 0.00
¥ 1.00 1.00

Bl» Dioes the design attempt toe reduce the consumpiion of potable water for landscape imigabon s scurced from [no 0.00
non-potable water (eg. rainwater, Recycled water effluent for imigation) WEL 1.00 1.00

10| was there 3 detaled investigation of existing services to assess the spare capacity of watermains, as well 5 [0o 0.00
the feasibility of upgrading ¥es 1.00 1.00

9.0 CONSTRUCTION
1|Water Operational Plan 0.00
500 |
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APPENDIX 9: Case Study 1: Detailed Green Infrastructure
Rating report
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THE GREEN TOWNSHIP DESIGHN MODEL

Project Title: Blueberry Hills- High Income Private Development Date: 04 April 2
Client: xoooo

GREEN INFRASTRUCTURE ECO RATING REPORT

]
Compiled by: SHIAN SARDOP

INFRASTRUCTURE ELEMENTS
g ROADS|STORMWATER| SEWER | WATER
PERFORMANCE CATEGORIES Infrastructune
Al I 20% 10% Weighting
1.0 LAYOUT EFFICIENCY , 8 ] g Feinis. Achizved
10 L[] L] Points. Avalable
2.0 FUNCTIONAL EFRACIENCY 15 14 13 Foinks. Achieved
20 20 20 Points. Avalabke
3.0 ENVIRONMENTAL QUALITY 13 12 7 Foints. Achizved
13 13 ] Pohnts. Avalablke
4.0 ECONOMY 15 12 15 Foints. Achizyeg
13 13 13 Ponts. Avalable
50 FUTURE MAINTENANCE r T 4 2 Foinks. Achizved
10 1] il Foints. Avalablke
6.0 SAFETY B 5 10 Fointz. Achizved
10 10 10 Ponts. Avalable
7.0 SOCIAL ; 2 E ] Foints. Achizved
3 L] 5 Points. Avalabke
8.0 RESOURCES 3 ] ] i Foints. Achieved
10 10 0 Foints. Avalable
9.0 CONSTRUCTION : 2 3 [i] Foints. Achisyed
] 5 5 Folnts. Avalabla
TOTAL PTS. 100 100 100 Sconng
WEIGHTED PT5. ACHIEVED 10.4 7 96
WEIGHTED PTS. AVAILABLE 13.0 13.0 13.0
TOTAL ACHIEVED 20.0 T4 FEN
TOTAL AVAILABLE 100.0 100.0 100.0
LAYOUT EFFICIENCY
100
FUMNCTIOMAL
T \ EFFICIENCY
_ , ENVIRONMEMNTAL

QuUaLTY
ECOMONY
—— £ FUTURE
AINTEMAMNCE
s O ERAL FRIOIECT »— ROWDE #— STORM WATER
—w— SEWER w— WATER CRIEINAL GOAL
Best solution to the environment- Benchmark
SCORE -PLATINUM ; i

25-49 Some considerations for envimonment- Applied conventional practice SILVER
50-74 Resiricied damage bo the envionment with Innovation and new 1E¢WudGOLD
75-100 Best solubion to the envimnment- Benchmark performance |PLATIHUM
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THE GREEN TOWHNSHIP DESIGN MODEL

Project Title: Sihahlala-Low Cost Housing Project

Client: xmoox

Date: 04 April 2013
Compiled by: SHIAN SAROOP

CIVIL INFRASTRUCTURE GREEN GOAL REPORT

FERFORMANCE CATEGORIES - 20% SEWER 20% WATER 0% vy
WATER Infrastnucture
Some Some Some
1 LAYOUT EFFICIENCY conslgerations 50 |consigerations 50 |consideraions 50 10%
Tor ervimnmeant Tor envinonmeant for errdironment
Some Some SOome ]
2 FUNCTIONAL EFFICIENCY conElgerations 50 |consieratons 50 |corsideraions 50 20%
Tor ervimnmeant Tor envinonmeant for errdronment
RegncEd ReeTiced REFUEC]
damage fo the T3 |damage o the 73 |damage o the 73 10%
Ernvimnment Ervironmst emWironment
Reszicted [Fesincted
Best soiution to :
100 [=amage to the 75 |damagefoihe 75 15%
e environment emirooment
Tome TAnITa Trimal
conElgerations 50 |merventionsto | 23 [interventonsio | 25 10%
for ervimnment b unterizken be uncertaken
Mirimum Minimum IRimum
merventiorsto | 25 |imerventionsto | 25 [Interventonsto | 25 10%
D ungerizken D ungerizken D2 uneriaken
ReGncEd ReeTicied REGUEE]
damage 1o the 75 |damage o the 75 |damage tothe 75 10%
ervimnment ervironmst emvironment
Minma Winima Nirimal
Interdentions to 23 |imerventions o 23 |Interventions o 23 10%:
be ungderizken D Lnterizken be undertaken
Tarima Tnima Trimal
Imerventiorsto | 25 |imerventionsto | 25 [interventonsto | 25 K%
be ungerizken b unterizken be uncertaken
12 108 10.8 100%:
LAYOUT
EFFICIEMCY
100
FUMNCTIOMAL
T3~ B
RE&DURI:’.‘ES.\ : A\ EFFICIENCY
. ENVIROMMENTAL
Y " auAauTy
=#=OVERAL PROJECT
SAFETY ECONOMY B AN,
STORM WATER
; —#—SEWER
FUTURE
MAINTENANCE gl
|score] 58 |GoLD | Restricted damage to the environment |

Sustalnable goal for devalopme Range of Implemantation cholcas Status Soora

Best salutlon i the environment Sel new pefformance benchmark through new technological 75 -100
develpments |PLATINUM

Fesiricied damage to ihe environmeant | Doing wnat 15 achievanie- Ihrough novatlon and fsk EKING with new S0 - 74
systems and technologles GoLD

Saome conslderations for environment Pgﬁ]l‘j‘ convenilonal and current Sta‘lE-CIT-prﬂlﬂ-E SILVER 25 - 45

|M|I1|ﬂ13| Interventions to be underaken Achleve compllance based on reguiations |Erenis 0-24
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THE GREEN TOWNSHIP DESIGN MODEL
PRELIMINARY GREEN INFRASTRUCTURE RATING ANALYSIS
INFRASTRUCTURE ELEMENTS
ROADS | 40%| SEWER | 20%
Pts Av|Pts Ach Pts Av|Pts Ad
[PC: LAYOUT EFFICIENCY [ 7 8 6
Typical service layout configuration 1 1 |Typical service layout configuration 1 1
landscaping and all public utilities 1 1 Layout promote midblock sewer> 30% midblock 1 1
Promote concept of green streets 1 1 |<10% of length of Sewer pipeline in floodline 1 1
Ecological Connectivity-Open spaces and circulation system 1 1 |Avoidance of pumpstations 1
layout facilitates economical subdivision and min. intersections 1 1 |Alternative Route alignments 1 1
Design the internal street layout to inhibit through-traffic 1 1 |Catchment planning 1
Increased diversity in road reserve through distinction betweensf 1 Contour layout planning 1 1
Roads aligned with natural topography 1 1 |Sewer lines planned one catchment at a time 1 1
RESOURCES 7 3 7 5
Alternative Surfacing technologies -Permeable pav/Grass blocks} 1 Backfill - non commercial source 1 1
Tree conservation <1tree/ha removed 1 1 __|Use of onsite materials for Bedding 1
Re-Use of Pavement Layerworks 1 Manhole sealed in the floodline 1 1
Alt Transportation Options such as bicycles, light rail, NMT 1 Pipe material - use of pvc/hdpe vs. /concrete/steel 1 1
Earthworks- balanced -Cut / Fill <20% spoil 1 1 |The avoidance of the use of pumpstations 1 1
Use of Recycled materials 1 Use of Recycled materials 1
Conventional use of resources 1 1 |Conventional use of resources 1 1
[ENVIRONMENT QUALITY 8 4 8 4
Some consideration for reducing envir impact. in the design 1 1 |Some consideration for reducing envir impact. in the des{ 1 1
Minimal of valley crossings < 1/km 1 1 |<20% pipeline positioned in the flood plains 1 1
ramps and paving 1 manholes, outlets, fittings 1
Erosion control measures @ all outlets 1 1 |Measures to control factors governing odour and noise 1
Landscaping: Use of Water efficient plantings 1 Provision for protecting surface & sub surface water bodif 1 1
Clearing and grading (Site Vegetation) limited to road footprint o] 1 Flood protection of pumpstation and pipeline 1 1
Noise reduction through Quiet Pavement, traffic reduction on int 1 Is the development density < the environmental capacity| 1
Habitat Restoration 1 1 |Waste effluent quality monitoring measures 1
[FUNCTIONALITY EFFICIENCY 11 6 11 3
Conventional systems that achieve minimum compliance 1 1 |Conventional systems that achieve minimum compliancg 1 1
Use of Drainage and storage functions of roads 1 1 Primary greywater reuse 1
Use of Pedestrian / bicycle paths 1 Qil/grease/grit separators 1
Is the av. road grad/m <5%/m 1 1 |Onsite sewage disposal-Recycle/composting 1
Innovation- eg. Use of Permeable pavements 1 Secondary greywater reuse 1
Low impact Development technologies- roads 1 Low impact Development technologies- Sewer 1
automatic right of way on higher order roads 1 1 |Nutrient resource recovery & reuse 1
Parking ratios/codes/parking lots 1 1 |Avoid Flat gradients (20% that is <1: 100)- stagnation 1
Use of street furniture for a positive contribution to area 1 Are the manholes that are in the 1:100 yr. floodline sealef 1 1
Roadway system design to be self-cleaning 1 1 |Sanitation system design to have self-cleaning velocity 1 1
Additional lanes at major intersections-reduce peak quantity 1 Sewer attenuation-reduce peak quantity 1
[FUTURE MAINTENANCE 8 3 8 7
Some consideration of maintenance in the design of the service | 1 1 |Some consideration of maintenance in the design of the{ 1 1
Maintenance of grass- pioneer grass used 1 1 |Provisions for future expansion of the system 1 1
Bank slopes must be gentle >1:1.75 1 Are pipeline susceptible to erosion protected 1 1
Pavement lifecycle design >20yrs 1 Service aligned with road/property boundary>80% 1 1
Site Vegetation-low water 1 Services watertight 1 1
Alternative access for the repair of services 1 Easy access and room for the repair 1 1
Type of trees planted allows for minimal leaves to fall 1 Erf have a rodding eye 1 1
Street marking- high quality luminous paint 1 1 |Pipe loading in all areas checked 1
[Economy 7 5 8 5
Some consideration of economy in the design of the service 1 1 |Some consideration of economy in the design of the serq 1 1
Most economic system/service for target market 1 1 |Most economic system/service for target market 1 1
Minimized the number of road intersections 1 Av Trench Depth <2m in over total length 1 il
Are narrower, shorter streets used 1 1 |Av. manhole spacing >50m 1
Too Curvilinear roads increases no of manholes 1 1 |Use of shared trenches> 30% 1 1
Conduct Life-Cycle Cost Analyses 1 erf alignments as straight as possible to reduce sewer m{ 1
Is the area devoted to streets minimal- min road widths/reserves] 1 1 |Pipe material - pvc/concrete/hdpe. 1 1
1
SAFETY 7 6 5 3
Some consideration of safety in the design of the service 1 1 |Some consideration of safety in the design of the service|] 1 1
Traffic calming measures 1 1 <10% of length >3m Trench Depth 1 1
Sighage and pedestrian friendliness 1 1 Position in relation to water pipe >1m away 1 1
the street is designed as a safe and unique public space 1 1 |Compatibility with storm water management 1
SPUITYEt PN e, LR VSIS e Ui 1 =T ™ T T TS ey o 1
Road safety Audit 1
Safe Intersection-site distance, sidewalks, crosswalks, other inte{ 1 1
SOCIAL 8 4 4 3
neighbourhoods 1 ERF access to sewers 1 1
Educational Outreach plan - road safety - to community 1 Educational Outreach plan -awareness on Health and sa| 1
Public participation in all stages of the project 1 1 |Public participation in all stages of the project 1 1
Public transport facilities and provision of street furniture 1 1 |Provision of employment to local community >100 persor] 1 1
Universal access-layout cater for disabled-Wheelchairs and elde§ 1 1
Provision of employment to local community >100 person days 1 1
Measures to preserve Cultural Heritage 1
Provision of social amenities to the community 1
CONSTRUCTION EFFICIENCY 6 2 1 0
Environmental management Process, plan and training 1 1 |Sewer Management Plan 1
Site Waste management plan 1
Pavement Management System 1
Quality Management System 1 1
Site maintenance plan 1
Equipment Emissions Reduction Plan 1
WEIGHTED SCORES 8.15] 4.75 745] 415
WEIGHTED SCORES 100 | 58 100 | 55.7
Restricted damage to the environment with some innovation and new technologies 62
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THE GREEN TOWNSHIP DESIGN MODEL

PRELIMINARY GREEN INFRASTRUCTURE RATING ANALYSIS

|STORMWATER | 20% | WATER [ 20% ] 100% [weighte
Pts Av|Pts Ach Pts AvPts Acl d
0 8 6 0 8 5 10%
Typical service layout configuration 1 1 |Typical service layout configuration 1 1
Use of Green corridors-Natural drainage paths 1 1 |Pipe route alignment- looped network efficiency 1 1
stormwater pipeline in floodline <10% of total length 1 1 |Water pipeline in floodline <10% of total length of pipe 1 1
Multipurpose Attenuation facilities-for retarding sw 1 1 |Location & Spacing of Fire hydrants have a minimum overlap| 1
land use intensities matched to landscape tolerances for sw| 1 layout relate to the water pressure zones 1
SWMP initiated at start of planning for land uses 1 Minimal no of dead-ends to ensure flushing/no stagnation 1 1
servitudes for safe, acceptable points of discharge. 1 1 |land uses-high demands & fire risk close to water supply 1
Reduced SW concentration & hydrological impact 1 1 |Bulk service routed on roads or minimum 5m servitudes 1 1
7 3 7 4 10%
Pipe material - use of pvc/hdpe vs. /concrete/steel 1 Water demand management measures 1
Use of onsite materials for Bedding 1 1 |Zone and bulk smart metering 1
Manhole types- brick/precast 1 Use of onsite materials for Bedding 1 1
Rain water harvesting and Reuse 1 Use of Present & future water consumption figures 1 1
Runoff quantity control 1 1 |Promote use Water Efficient fixtures/Appliances 1 1
Recycled materials to construct of SW channels/manholes/f 1 Rain water harvesting 1
Conventional use of resources 1 1 |Conventional use of resources 1 1
8 6 U 3 10%
Some consideration for reducing envir impact. in the design] 1 1 |Some consideration for reducing envir impact. in the design 1 1
Post Development < Predev Flow 1 1 |Protect against water contamination 1 1
manholes, outlets, fittings 1 manholes, outlets, fittings that is not obtrusive 1
Recharge rates maintained 1 1 |low-level water audits 1
Protection measures of wetlands- stagnant water 1 1__|Scour valves positioned for safe discharge- erosion 1 1
Runoff quality-Constructed Wetlands/filters 1 Reticulated recycled water supply 1
Minimize soil erosion; by good vegetation along the watercq 1 1 |Water-Wise Gardening 1
Increased roughness of drainage way to decrease the velocf 1 1
11 8 11 6 20%
Conventional systems that achieve minimum compliance 1 1 _|Conventional systems that achieve minimum compliance 1 1
Quality control at source-from residential rooftop by disconry 1 Water-Efficient Irrigation & landscaping measures 1
SW attenuation-reduce peak quantity 1 1 |Use of Roof tank/intermediate storage 1
Stormwater Management Plan 1 1 |Pressure Management as part of design-Balanced loss/increa] 1 1
Bioretention swales/ponds/infiltration berms 1 Dry Fire Hydrants. suction pipe systems from pond 1
Low impact Development technologies- SW 1 1 |Water efficient fittings 1 1
Erosion control(Geotextile/cells, gabions) 1 1 |water attenuation-reduce peak quantity 1
Sediment control- Silt fences/Stilling basin 1 Watertight joints/compression type coupling/Seals quality 1 1
Is the av. channel grad/m <5%/m-high velocities 1 1 |Efficient water systems design-Optimised flow/velocity in pipe| 1 1
Use of roads & parking to control drainage & storage 1 1 |Water reticulation design to be self-cleaning 1 1
Are channels lined -earth,-grass, concrete, grass 1 1 |Water hammer analysis 1
8 6 8 6 10%
Some consideration of maintenance in the design of the sery 1 1 |Some consideration of maintenance in the design of the serviq 1 1
Is the design-manholes, pipes and catchpits sized for mainf| 1 1 |Sleeves used where pipes cross the road 1 1
Flood plain accessible 1 1 |Services Watertight joints/Seals quality 1 1
Pipe loading in all areas checked 1 Positioning of trees - proximity of services 1 1
Stormwater system design to be self-cleaning 1 1 |lsolation Valves/Meters located in convenient positions @ 909 1 1
Easy access and room for the repair of services 1 1 |Easy access and room for the repair of services 1 1
Positioning of trees in close proximity of services > 20m 1 1 |Leak Detection devices in retic. 1
Inlet/outlet design to reduce blockages 1 Provisions for future expansion of the system 1
8 7 8 6 15%
Some consideration of economy in the design of the service] 1 1 |Some consideration of economy in the design of the service 1 1
Most economic system/service for target market 1 1 |Most economic system/service for target market 1 1
Non structural controls 1 1 _|Use of shared trenches >20% 1
Use of shared trenches >20% 1 1 |Max. hydrants, airvalve spacing av spacing- 200m 1 1
Av. manhole spacing >50m 1 1 _|Av Trench Depth <1.2m in over total length 1 1
Multipurpose stormwater facilities 1 1 |Conduct Life-Cycle Cost Analyses 1
Pipe material - pvc/concrete/hdpe. 1 Pipe material - pvc/concrete/hdpe. 1 1
Av Trench Depth <2m in over total length 1 1 |Are the airvalves , shut off valves in valve rings 1 1
6 3 6 6 10%
Some consideration of safety in the design of the service 1 1 |Some consideration of safety in the design of the service 1 1
<10% of length >3m Trench Depth 1 1 | <10% of length >3m Trench Depth 1 1
Velocity /depth of stormwater flowing 1 Supply sufficient for fire fighting requirements 1 1
Safe discharge routes 1 1 [Fire risk -High/medium or low 1 1
Design accommodates various storm frequencies 1 located close to bulk water supply points 1 1
Flood warning signs 1 Pressure on pipeline<9bar 1 1
6 4 4 2 10%
convenience- minor system designed for high-frequency sto§ 1 1 |Provision of employment to local community >100 person dayy 1 1
Education and awareness- Rainwater harvesting 1 Educational Outreach plan - water conservation 1
Public participation in all stages of the project 1 1 |Public participation in all stages of the project 1 1
No Inconvenience of overland flow and Temporary storage f§ 1 Standpipes located in convenient positions along walkways. 1
Is access to river walks and open spaces 1 1
Provision of employment to local community >100 person dd 1 1
2 1 1 0 5%
Pre construction Stormwater Management Plan 1 1 |Water Operational plan 1
Siltation control with Sand and hessian bags or Silt fences 1
7.8 | 55 7.45] 4.7 | 100%
100 ] 70.51 100 | 63.1 62
Restricted damage to the environment with some innovation and new technologies GOLD | 62
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THE GREEN TOWNSHIP DESIGN MODEL
Project Title: Sihahlala-Low Cost Housing Project Date: 04 April 2013
Client: »xooo Compiled by: SHIAN SAR:

UT EFFICIENCY

1 N . o 0.00
Typical service layout configuration — 053 e
2 Does the layout promote concept of greenstreets L= 0.00
yes 063 0.63
3 Does the layout facilitate economical subdivisions, with the use of shared road infrastructure ;:; ggg =
41+ Layout integrates the circulation system with dwellings, landscaping and all public utilities 1:3 g-gg .
3 the percentage township area devoted to roads, parking and footways <30% of total area 1:3 ggg =
6[* Iz thers minimum interruption from access movements, intersections, to achieve good mobility, no 0.00
Access road =100m apart yES 0.63 0.63
7|* Provide public transport routes which minimize operating costs while satisfying user requirements (no 0.00
fior convenience YES 0.63
8[* Provide reserve widths and alignments which cater for all road users, for senvices for landscaping, (no 0.00
in the most economical way. YES 063 0.63
4|* Relate the spacing and layout of intersections to the probable vehicle type, the volume and no 0.00
direction of movement yeS 0.63 0.63
10|* Ecological Connectivity-Open spaces and circulation system-integral part of the open space no 0.00
system and appropriate landscaping provided for yes 0.63 0.63
11], N . - ) . no 0.00
Are short-distance links | <1km) between adjacent neighbourhoods — ) I
12|* Does the road hierarchy requirements provide automatic right-of-way for fraffic on higher order no 0.00
roads. additional lanes at intersections provided for to reduce peak traffic with minimum interruption | yes 0.63 0.63
13| Design the intemal street layout to inhibit through-traffic no 0.00
yes 063 0.63
14|* Garages and urban collectors located away from residents, to minimize nuisance to residents from [no 0.00
noise, dust and fumes yES 0.63 0.63
151 Develop the road aligned to the natural topography L 0.00
yes 063 0.63
16|* Increase diversity in road reserve. Design and make distinction between sidewalk zone, cycle o 0.00
areas, pedestrian area, refuse areas, planters, lighting, etc. ¥yES

20 FUNCTIONAL EFFICIENCY

1 . i . - . no .
Conventional systems that achieve minimum compliance = 100 00
2| The u=e of Innovative design techniques, such as the use geogrids to reduce layer thickness, no 0.00
increase pavement life, bearing capacity, differential settlement, etec. yeS 1.00
3 The use of Low impact Development technologies on roads ‘L:E ?gg 100
4| Are the street furniture well designed items, and placed so as to make a positive contribution to the [no 0.00
total street picture yES 1.00 1.00
5 o 0.00
Are there cycle lanes ves 100
6| Are there special details for the design of all road elements, including kerbing, channelling, ramps (N0 0.00
and diffierent types of paving.eq. Brick paving compared fo concrete and asphalt as it creates YES 1.00 1.00
7 Are landscaping and trees used to reduce the impact of large areas of asphalt 1:3 ?gg 100
8|l= the potential drainage function of roads maximized by co-ordinating their layouts with the drainage|{no 0.00
systems. yES 1.00 1.00
9. Where appropriate, are the medians-<1.5m for safety — 0.00
' ) yes 1.00 1.00
10(* Is the maximum road crown slope(4%-operation problem driving, wear of vehicles <20% of the o 0.00
total road length YES 1.00 1.00
. Is the minimum road crown slope( 2%) - prevents sediment loading <5% of the total road length :s ?gg 100
7
2. Additicnal lanes at major intersections-reduce peak guantity 1::; ?gg
13, .o - ) 0.00
Is the average road grad/m less than 5%/m — 100 100
14| Are parking areas provided (according to Parking ratios/codes ) where road will be well trafficked no 0.00
and where appropriate consist of grass blocks, gravel, paving to give it a softer park like image ¥YES 1.00
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Pedestrian routes

15 Do the pedesfrian routes minimize walking distances and encourage pedestrian use 1::; ?gg 00
18], . L o L no 0.00
Are there pedestrian facilities (such as sidewalks and crossings) — 100 T
17 ! - ) ) no 0.00
The project layout promotes walking and discourages the use of vehicles. s 700 T
Bus stops
18 . ; L no 0.00
* Are bus bays provided at major bus stops to minimize delays to other traffic = 100 00
19|+ Provide shelter against rain, sun, wind as well as benches or a space for resting or eating while  [no 0.00
waiting for transportation and signage integrated with shelters YES 1.00
201, Are gradients designed appropriate to the modefs of transport using the bus route <6% _ ?gg 00

3.0 Environmental quality

1[Some consideration for reducing envir impact. in the design no 0.00
yes 1.07 1.07

2| MNoise reduction through Quiet Pavement, traffic reduction on intemal streets no 0.00
yes 1.07 1.07

3|* U=e of surfacing on roads - Concrete vs. asphalt increases volumetric heat capacities, lower air  |no 0.00

temperatures yes 1.07

4|Habitat Restoraion measures used no 0.00
yes 1.07 1.07

3. Provide aesthetic kerbing, channelling, pedestrian refuges, ramps and paving 1:3 ?gg

G[* Pemeable road surface/parking lots -grass blocks- selection of surfacing that has a reduced no 0.00

environmental impact relative to available altematives. yES 1.07

7|Does the project layout provides a safe, convenient and aftractive emvironment for walking. no 0.00
yes 1.07 1.07

B[+ Preserve natural features such as gullies, outcrops, marshes and existing trees, shrubs and no 0.00
hedges in the layout to create interest, variety and surprize in the vistas along the and along the YES 1.07 1.07

9| Are erosion control measures used in the design of earthworks on steep areas, such as the use of |no 0.00
zand bags or Hessian shests, rehabilitation of exposed soil areas, soil is protected from the YES 1.07 1.07

10 Clearing and grading (Site Vegetation) - road footprinttopsoil removed =50% of road reserve ;:; ?gg

11|* Iz a variety of access street forms provided to avoid monotony no 0.00

yes 1.07

12 would there be stock piling of soil or any other materals near a watercourse ¥ES 0.00
no 1.07 1.07

13| Landscaping: Use of Water efficient plantings '-‘r:f ?gg

14| Are areas sensitive to erosion such as near water supply points and edges of slopes being yes 0.00

no

developed.

Some consideration of economy in the design of the service

no
yes 1.36 1.38
2[Most economic systemiservice for target market no 0.00
yes 1.36 1.36
3[* Can the number of road intersections be minimized through layout configuration = 0.00
no 1.36
4 Are th - - o - YES 0.00
e roads too Curvilinear roads- increased no of manholes, kerb lengths o 136 T35
5(* Are the public transport routes optimized; no 0.00
yes 1.36 1.38
G* Are the widths of roadways the minimum commensurate with the desired speed and expected no 0.00
volume and compeosition of traffic YES 1.36 1.36
T|* Is the alignment of roadways utilise the maxdmum criteria in order to reduce earthworks, in with the |no 0.00
desired speed and expected volume and composition of traffic YES 1.36 1.36
g[* Is the pavement foundation design of roadways the minimum commensurate with the desired no 0.00
speed and expected volume and composifion of traffic yes 1.36 1.36
9 . . . no 0.00
Conduct Life-Cycle Cost Analyses = 136
10 " ! ! no 0.00
Earthworks- balanced-Cut / Fill <20% spoil = 136 T
11, . L YES 0.00
Can the total length and cost of intemal roads be minimized - T T
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50 FUTURE MAINTENANCE 0.0 50

1[Some consideration of maintenance in the design of the service no 0.00
yes 1.00 1.00

2|» Acceptable pioneer grasses( cynodindactolin) and reeds where applicable no 0.00
yes 1.00 1.00

3| Type of trees planted allows for minimal leaves to fall and clog up drains no 0.00

yes 1.00

4|Landscaping: Use of Water efficient plantings no 0.00

yes 1.00

3. -Bank slopes must be gentle to allow access for maintenance =1:1.75 I 0.00
o yes 1.00 1.00

g|* Life span of the road pavement >20 years no 0.00

yes 1.00

T|* Street marking- high quality luminous paint no 0.00
yes 1.00 1.00

gl Alternative access for the repair of road or road closure no 0.00

yes 1.00

9|High quality Street signage - minimal maintenance =2m from trees/shrubs no 0.00
yes 1.00 1.00

10| Are there subsurface water drainage systems in 80% of cuts =2m to protect road pavements - no 0.00

minimal maintenance of road layerworks ES 1.00

10.0

1 . ) . . ] o 0.00
Some consideration of safety in the design of the service ves 0ET e

2| Adequate sight distances at intersections, horzontal curves and crests are commensurate with no 0.00
operating speeds Wes 0.67 0.67

3[* Universal access at Intersections-designed to be safe for pedestrians and wehicles. This includes (no 0.00
sidewalks, crosswalks, traffic signals and other intersection treatment yes 067 0.67

El N . ) no 0.00
Inhibit through-traffic in intemal strests/neighbourhoods — 5T T

5| Segregate pedestrians, cyclists and vehicles where traffic is concentrated or speeds and volumes (no 0.00

are high ¥ES 0.67

6| Traffic calming measures used such as Speed humps, chicanes, street namowing devices, change (no 0.00
in the surface colour or texture, in the immediate vicinity of homes. Wes 0.67 0.67

7|* Provide access points to multiple units dwellings only at sslected points to control and concentrate [no 0.00
fraffic yES 067 0.67

8, ) . ! ) ! ) o 0.00
Provide tuming spaces which avoid the need for vehicles to reverse over long distances. = D& e

9, N - " - . 1] 0.00
Are there pedestrian crossings and sidewalks with adegquate signage — 05T e

10 ) no 0.00

Road safety Audit undertaken — 5T
11|+ Provide mutual visibility between pedestrians and moving vehicles with traffic on main roads; = e

12|, ) " . - WE5 0.00
is there a potential conflict areas betwesn roads users, pedestrian and cyclists o D& e
3. Design soft mounds, and plant trees to separate pedestrian from buildings and road ; ggg e

14| Convenience- Traffic-generating facilities located near enfrances to residential areas or adjacentto |no 0.00

higher order roads yes 067

15| Are the pedestrian system and parking areas located where they will be overlocked by dwellings or [no 0.00

passing traffic and well-lit after dark for greater security 5 067 0.67
7.0 SOCIAL 50 338

1 . ) no 0.00
Does the road confribute to development of previously underdeveloped areas ves R )

2 ' o 0.00

Educational Cutreach plan - road safety = 053

3, . . ] ) no 0.00
Ensure that pedestrian crossings on distributor roads are convenient to use ves 063 =)

4[* Minimize distances of pedestrian routes <15min walking time; no 0.00
yes 0.63 063

5 Provizion of social amenities to the community ; ggg

B[* Does the layout cater for disabled and Wheelchairs and elders that may want to sit down no 0.00
Wes 063 0.63

7 Provision of employment to bocal community =100 person days 1L 0.00
¥ES 0.63 063

8 ) L . _ no 0.00
Use of Public fransport facilities and provision of street fumiture = 03 )
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9 Reuse existing materials onsite to minimise materials consumption

8.0 RESOURCES 100 44

1| Conventional use of resources no 0.00
yES 1.1 1.11

2|Use of Recycled road matenals in the layenworks no 0.00

yes 1.11

3{l= the Kerbing cast insitu or precast precast | 0.00

insitu 1.1

4| Design initiatives that increase the facilitate reused bwilding matenals, Recycled matenials and no 0.00
yES 1.1 1.11

5| Tree conservation- no of trees <10vha no 0.00
yES 1.11 1.11

6| Earthworks- balanced -Cut / Fill =20% spail no 0.00
yES 1.1 1.11

T|Promoting Altemative Transportation Options such as bicycles, light rail, Mon Motorized Transport  |no 0.00

yES 1.11

8[Use of alternative Surfacing other than hot mix asphalt, such as Pemeable pave/Grass no 0.00

blocks/porous concrete yes 1.11

no 0.00

9.0 CONSTRUCTION

1|Environmental management Process, plan and training no 0.00
yES 0. 0.71
2| Site Waste management plan no 0.00
yES 0.
3| Pavement Management System no 0.00
YEE 0
4| Quiality Management System no 0.00
yES 0.1 0.71
5| Site maintenance plan no 0.00
yES 0.
6| Equipment Emissions Reduction Plan no 0.00
yES 1l |
7| = Stockpiles <1000m3 (Hugh stockpiles create dust in wind) no 0.00
yES 0. 0.7
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THE GREEN TOWNSHIP DESIGN MODEL

Project Title: Sihahlala-Low Cost Housing Project Date: 04 April 2013
Client: xooo Compiled by: SHIAN SAR(

[ INFRASTRUCTUREELEMENT-STORMWATER [ |

1.0 LAYOUT EFFECIENC 100 &0
| . . . no 0.00
T | I t configurati
ypical service layout configuration yes 00 100
2| Does the layout consider hydrological concemns with regards to sw runoff and relationship to plot size, |no 0.00
type of land use YES 1.00
3|+ Does the layout plan take into account the natural drainage paths(Stream patterns), areas subject to no 0.00
floeding YES 1.00 1.00
4. Are the land use intensities matched to landscape tolerances for swmp ;:E ?gg
5 _ § . no 0.00
the st ter faciliti Int; ted with 1t »
are the stormwater facilities Intagrate recreation areas yos .00 100
6| Does the swmp use open spaces for retarding or stormwater evaporation ponds to remove partially no 0.00
treated water YES 1.00 1.00
T|is the length of Storm water services located in special servitudes and not located in road reserve <10% |no 0.00
of total length yES 1.00
] L . no 0.00
stormwater pipeline in floodline <10% of total length = 100 100
4| Does the layout reduce the hydrological impact of the development by reducing stormwater no 0.00
concentration YES 1.00 1.00
101, Was the mdp initiated at start of planning for land uses n5 ?Eg
2.0 FUNCTIONAL EFFECIENCY 200 1259
! Conventional systems that achieve minimum compliance L 0.00
yEs 0.74 0.74
2 T TOWISTONT OT STTTI5EE WALET TITATNTagETIieT Il SYSTENT IO S5 0UTE UTdL e UrhiTTEacE oW TTONT OTE OEWETOETITETTD no D DG
d ot It i tive i cis on d tr rii t d i d withi -
+:Jf~i: ,_,:.Ef:,, in any negative impacts on downstream properiies or watercourse and is managed within = 0.74 074
3|+ Has the Master drainage plans besn prepared, in collaboration with adjpining communities and no 0.00
authorities, for the existing and future development of the entire catchments YES 074 074
4 . no 0.00
=
Is =70% of the road designed for sheetflow yes 074 074
5 . . no 0.00
Is the maximum welocity <3m's = .74 07
g\ . ’ no 0.00
< >
10% of roads have a maximum road gradient =12% = 074 074
T . - ) no 0.00
. <
What is the minimum road crown slope- <2%- sediment = 074 074
B Is the maximum road crown slope- <3%-operation problem driving, ware of vehicles = 0.00
pe- =ak-op P 8. yes 074 | 074
a . . . . no 0.00
» Are the potential d d sto fumcti of road dside ch I ed
re the potenfial drainage and storage functions of roads, roadside channels usi yes 074 ET
10 Is »50% of the road gradients <2% - used for retarding stormwater run-off o £.00
g d yes 0.74 | 0.74
11 - no 0.00
- Is th t dewvel nt limited to dewvel i
s the post development limite predevelopmen yes 074 7a
12 . . . no 0.00
» Is th dside ch Is o d t it
s the roadside channels designed to prevent ercsion yes 074 074
13 . nio 0.00
» |s the stormwater flow depths < 0.5m = 074
141, Inlet- are the backwater effects designad for L 0.00
yES 0.74
151, are the inlets/pond have swing type grids or are self cleansing to prevent blockages = 0.00
P g g str s yes 0.74 0.74
18| Quality control at the source-from residential rooftop by disconnecting downpipe, Rain Barrels, soakaway{mo 0.00
Prewvent pollutant dumping YES 074
171, Droes the reticulation limit runoff volumes with the use of bicswales filtering pollution ::5 3 Ei
18]- Does the reticulation limit volumes with the use of retention basin no 0.00
yes 0.74
19 Are velocities reduced with the use of Check dams L 0.00
YES 074
20 . N ) ) no 0.00
= Dpes the reticulation limit runoff volumes with the use of Porous parking surfaces = 074
21|- In areas where the subsoil and water table are suitable, does the design the surfaces of storage areas  |no 0.00
allow for the re—charging of the underground water. YES 0.74
22| Are flood plains and watercourses protected from erosion with Gabions, dissipaters, Reno mattress, no 0.00
stilling basins, Check weir, Riprap protection, Energy reduction, Drop structures, Rip rap basins, YES 0.74 0.74
23 ’ - no 0.00
» Are th to t und d duits frol i
re there measures to prevent underground condui m silting up ves 074 ves
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T = o 000
« Are chiannels lined -=anh, -Jrass, concrata, BE
: 3 o= Es 172 | 072
= . no .00
Is the average channel slopas —<5% = S R
28|, are e stormwater outiet structures designed to cecrease Nlow velooly Dy e use of velocty MSsipaterns ::G . ?f"" _—
27| semment cantrok St fences/Stilling basin i o
3.0 ENVIROMENTAL QUALITY 150 9.2
Erosion confral measures
1|Some conslderaton for reducing envir Imgact. In he design no 000
yes 115 | 115
2|+ Protection of envinnmentally sensliive areas; na 000
yes 115 | 115
-k Pregavelopment ground water Recharge rates are malntainad; — £.00
ki ; : yes 115 | 115
4|SW pipes sie=per than 1:3 =10% of the wial lEngih no L.00
yes 115 | 115
3 « Consoligats watsra and opsn space Liremenis; - il
bl o L el yes 115 | 115
B, . . F i 0U00
Minimize soll eroskon; by good vegetation along the water courses e e e
"\« Bummer zone=25m between hard and walercouss areas ];":5 E'Eg
E . na 000
« Rehabilitatan I:ITEIFIN-H =0l areas o ensure =all Fm’.Eﬂul:ll'l YEE 1.15
*|. memaoval of vegetation on steep areas == E'E'g
10|Protection measures of wellands- slagnani watel- may become heallh hazares-Is here a patential of na 0.00
Mutrient endchmeni- eutrophlcation VES 1.15
"= quanrty treatment with the use storage faciities, Constructed Wetlands Miters _:‘G E'E';
1z . o na 000
Increased roughness of the channed or drainage way to decrease the velocily = T e
13, Subsurtace disposalis not to ciose to point of rainfall ~200m E"E'; —
4.0 ECONOMY 150 133
1[Some consideration of economy In the design of the sarvica ng 0.00
yes 167 | 167
; =% | oo
+ What type of system Is belng used —;5510‘9—;'.
167 | 167
piged
% The use of non-struciural controi as In refation bo strectural control of SW. i il
yes 167 _| 167
Fl . no L.00
- Doas the reticulation have multipuwpose stormwater faclifies = =
2|~ Do2g the SWMP pm’-’l:ﬁe aTew, |IgE arsas TWFEEH'HFIQ sipmnwater, rather than many smallar arsas g 000
which are more problematic o malniain. YES 1.67 1.67
B[+ Does the SWMP atiemgt to allgn open drainage systems with natural dralnage systems, to minimize the [na 0.00
£0st of earihworks and plpe works. yes 167 | 167
7 no .00
Are the manhole spaced at an the Av. manhole spacing =50m . T
E na 0.00
5 there =30% of sharad trenchas In redation to E-EFlmtE renchas vee 15 167
L] . . i 0.00
Trench Depth <10% of length >3m 1
5.0 FUTURE MAINTENANCE 10,0 73
1|Some conslderation of malrtenance In the design of the senvice ng 0.00
Yes Ter | 067
2|+ Are there any sarvices placed I a locabon Mat 15 not easlly accessibie by pubilc To mMalnience yES 0.00
no i
3. was the ma red In collaboration with authorizes for future developments Lt =L
NN ; ik Yes LEr | 0E7
4 i : ng 0.00
« |5 the food Fll\]"'I accegsinleto ;'JIJM.C for maintznancs vEe e 0ET
5 na 000
“ls § - naint
Is the deslgn-manholes, plpes and catchplts slzed for malnienance == =mET
8| . Are the bul services routed on roads or minmum Sm serviubes = i
yes L67 | 067
7. m . na 0.00
Plpe lpading In all areas checked — =
B no L.00
if services are In midbiock, Is @ Sm bullding line Imposad = ==
%.Postianing of trees In ciose proVmity of SEnicas = 20m — L
yes L67 | 067
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Alm- Rlsk of |05 of Iife and significant damage o properties from the nin off from the excaption eavy

T : o .00
v Are glesves Used where FHFIE*E- cross the road =3 e TET
T o 0.00
v Are e B BLUBCE bée to erosion protected
Plpe pia p = 1T
12 no 0.00
Are the open dralns In In =6% lned = T T
) no 0.00
- &5 AciEs rad = 1000
Pip = yEs 067
4. 15 thers an accepiable ploness grass | cynodindactaling and re=ds estanllshed whers appicable :“E gﬁ
15[+ Does the Inket structures designed o reduce clogging, saif cleansing, not designed o overflow ng 0.00
0.67 | 067

are there flood waming signs Informing public of approaching hazands

7.0 SOCIAL

"|zome consideration of safety In e design of the sendcs ;':5 E’ﬁ —

2|+ Dpes the drainage system manage the planned develppmend for the upstream areas, for stems ranging [no D.00

from frequent io rafe evenis? YES 1.00

2|~ Are there s3%e mmm routes Flrﬂ'l‘.ﬂeﬂ for stormwater overland fow. Wolulkd the overfiow from El:amge g 0.0a0
areas protect the GOWNETeam property from being Inundated, YEE 1.00 | 1.00

4|~ In areas Euml:mtllﬂ'tl:l nﬂ':lﬂng. I= the \'EID-GIW andar ﬂEP“J‘ of 5-1m“3terﬂ':l'ﬂﬂg Ir or acrsEs sirests =5 (N 0.0a

within sat= imits, with particular stention to polential s hazard an higher spead roads. ez 00

B[+ Are sborme =120 yT requencies accommofated within The oesigr, no ]

Ve 100

B.-are the slevation of Infrastruciure & buldings above te 100yr foodine il N
Vet 100 | 700

7 no 0.00
» are the manhole covers sealing In lopd sensiive arcas - I W

; « dre e any Dl.llll.'lng that have Installation DTernps Tor shonmwaier e AL
' o 100 | 700

5 o 500
<10% of lengtn >3m Trench Degtn Ly 2L -

T no 0.00

« Are the minar system designed for high-fraquancy storms; so that here ks ne Incorvenlence of overland |ng I
flow routas YES DLE3
2|+ Are the Empml}' El:ﬂmge areas for stormmvater in FI|HE‘5- wihere the water would not cause (14 000
Inconvenience wnng ﬂr|mmEﬂatE|j' aftar sioems. YES 0i.B3
3 : ng 0.00
+ |6 AcoeEs o nver walks and n spaces alowsd,
ol VES L.E3
8 Edwcatiaon and awarsness- Ralnwatar hm‘es‘dng i L.og
yES L.E3
5 pumile paricipation In all stages of the project = il
yes D.E3
E - ~ {i1] 0.0a
« Provislon of employmeni to local community =100 person days - W
8.0 RESOURCES 10.0 5.6
1|Conveniional wse of resources g 0.0a
yes 111 | 111
z no 0.00
Use of onsite matenals for bedmng e T
3. no .00
Use of onsite materals for backl = e
a no 0.00
RunDAT quantily contro measures — T
E[Fain water harvesling and ReUse -Tecycied siormwater Tor Imgaton na 0,00
Yes 11
3 2 = stesl, | 0.0
Plpe material - use of pyc/hdpe v, fconcrede/steel = ==
7 no .00
it
Does the syiem recharge groundwater = T R
E bk B0
» manhale ypes- 1
*|Recycied materals o construct of SW channeis E"E’? —
9.0 CONSTRUCTION 58 17
1[Pre consiruction Stormwater Managament Plan na 0.0d
[ 1.67
Z|Educalion and awareness- Ralnwater harvesing no 0.0a
yes 167
3| Minimize enoslon and controd slitaton with Zand and hesslan bags ar it fencas (104 0,00
yes 167 _| 167
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THE GREEN TOWNSHIP DESIGN MODEL

Project Title: Sihahlala-Low Cost Housing Project Diate: 04 April 2013
Client: xooox Compiled by: SHIAN SARD
[ INFRASTRUCTUREELEMENT-SEWER [ ]
1.0 LAYOUT EFFICIENCY 10.0 89
1 . . . no 0.00
Typical senvice layout configuration = T T
2|+ Can pumpstations be avoided through the layout recrientation no 0.00
yes 1.11 1.11
3|+ Does the layowt promote midblock sewer no 0.00
yes. 1.11 1.11
4|+ Are altemative sewer layouts considered; no 0.00
yes 1.11 1.11
5l&re the Bulk service routed on reads or minimurm 5m servitudes no 000
If services are in midblock. a Sm building line imposed yes 1.11 1.11
g Is there a Sewer Catchment Management Flan besn done ;"; ?Iﬁ
7|<10% of total length of Sewer pipeline in floodiine ;‘; ﬁ'—ﬁ"i‘ —
8l Is the development Phased inone catchment at a ime no 0.00
yes 1.11 1.11
“ Did the layowt consider the positioning of trees in close procdmity of senvices =20m ?Iﬁ 111
2.0 FUNCTIOMAL EFFICIENCY 20.0 106
1 . , . . . no 0.00
Coreentional systems that achieve minimum compliance = 118 T8
2-IIh:\-Es the development contain a grey ! black water water reuse system :"?E ??g
3+ Does the development contain Secondary greywater reuse no 0.00
= 1.18
4+ Are sewers designed to gradients which are steep enough to ensure adequate velocity for seif- no 0.00
cleansing b= 1.18 1.18
Bluse of Cil'grease/grit separators no 0.00
yes 1.18
B[ Does the development atternpt to minimize discharge to the municipal sewerage system through sewer|no 0,00
attenuation == 1.18
7 Does the system attempt Nutrient resource recovery & reuse by Recyclelcomposting ur; ??‘;
8lAre there a potential areas =»30% of length that are flat (1: 100) that can result in stagnation = 000
no 1.18 1.18
B(Innovative wastewater techmology no 0.00
s 1.18
10(= Was the Geotechnical conditions taken into account in the design no 0.00
s 1.18 1.18
11|+ Does the Sail profile have good permeability no 0.00
yes 1.18 1.18
12|Are the manholes that are in the 1:100 yr. fioodline sealed no 0.00
yes 1.18 1.18
13|+ Does the evapotranspiration area in case of an overfiow fall within the site no 000
= 1.18
14|~ Does the evapotranspiration area in case of an overfiow fall within the wetland lyes. 0.00
no 1.18
15| Is the av. topography = 12%-steep slope problematic for sewage b= 0.00
no 1.18 1.18
16|Are there Soakaway' Sewer ines posiioned <7 .5m from drink water source s 0.00
no 1.18 1.18
17|= Soakaway'Sewer lines positioned =5m from water table no 0.00
Environmental qu ality
1|Zome consideration for reducing envir impact. in the design no 000
yes 1.50 1.50
2|Design a layout which minimizes nuisance to residents, provides attractive and healthy living conditions, |no 000
and benefits the environment = 1.50 1.50
3[Provision for protecting suface & sub surface water bodies from sewage nc 0.o0
s 1.50 1.50
4 Frovision of aesthetic sewer infrastructure elements, manholes, outlets, fittings ; ?%
B+ Are <10% of sewerpipline positioned in the flood plains; no D:uﬂ
s 1.50
= Is the receiving sewer purfication works cear =500m flood plains; no 0.00
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6.0 Safety

yes 1.50
Tl Is there Erosion protection provided near water course :; ?g TED
8|Waste effluent guality monitoring measures in place no 0.00
yes 1.50
8|+ Are there measures taken to Minimze the cbitrusiveness of pumping stations, sewsr infrastructure and |no 0.00
their environs yes 1.50
10(= Are there measures taken to control factors gowverning odour and noise emanating from pump stations |no 0.00
and sewer infrastructurs =5 1.50
4.0 Economy 150 123
1|Some consideration of econonny in the design of the service no 0.00
s 1.38 138
2|- Are the intersection spacing’s and block lengths compatible with maximum manhole spacing's to no 0.00
minimize the number of manholes. yes 1.38 136
3| Is the level of service the most economical system for the target market no 0.00
yes 1.38 1.38
4| |5 the percentage of sewer is mid-block sewsr =30% of the total length no 0.00
==l 1.36
5|Aw Trench Depth <2m in owver total length no 0.00
yes 1.38 1.38
|- Is the av manhole spacing's =50m no 0.00
s 1.38
T . steel, 0.00
Fipe matenal - use of pvo'hdpe vs. concrete/steel pve, hal 138 150
8 brick 0.00
- hole types-
e precast | 136 | 138
8. Are there long lengths of sewers which cross or adjoin open space or undeveloped land. ]f ?£ T
10|= Are there shared tremnches =30% no 0.00
yes 1.38 1.38
11|= Are the roads or mid-block erf alignments as straight as possible o reduce sewer reticulation costs and|no 0.00
minimize the number of manholes. =5 1.36 1.38
5.0 FUTURE MAINTENANCE 10.0 63
1 ‘Some consideration of maintenance in the design of the service no 0.00
s 1.25 125
2 . . . . ) no 0.00
Are the pipe nuns and cables in senitudes that are acocessible for maintenance work, ves 125 138
3 L ] no 0.00
P fior furtu of th
rovisions for re expansion = Sysiem = 195
4)= Was there a lifecycle cost analysis done of the pipe and materials no 0,00
==l 1.25
5|Are pipeline susceplible to erosion protected no 0.00
yes 1.25 125
8|- Does every erf have a rodding eye in addition of inspection eye no 0.00
s 1.25 125
T|Are all services watertight no 0.00
yes 1.25 125
8|Are sleeves should be used where pipes cross the moad no 0.00

8.3

7
= w
= i

. . i . ] no 0.00
Some consideration of safety in the design of the senvice = 16T 15T
2 P no 0.00
Trench Depth =3m in <10% of length ves 167 157
3 Mleasures to Reduce the incidence , spreading of diseases by waste ;; ?$
4|Compatibility with storm water management no 0.00
yes 1.87 1.67
§|Manhole Depth =3m in <10% of length no 0.00
yes 1.87 1.67
ﬂPcrsrr.n" of ipe in relation to water pipe >80% of pipe not <1 = ooo
n of sewer pipe in relation tow pipe pipe not <1m away = 187 15
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7.0 SOCIAL

1| Does every site have access o sewers nio 0.00
Vs 1.25 1.25
2 Educational Outreach plan - health and sanitation L 0.00
=l 1.25
3 . o ) no 0.00
Fublic participation in all stages of the project = 195 158
4 Provision of employment o local community =100 person days 0.00
8.0 RESOURCES
1|Cormventional use of resources no .
yes 0.91 0.
2|+ Does the development use onsite materials for bedding no 0.00
yes 081 0.81
3|+ Does the development use onsite materials for backfill no 0.00
yes 091 0.
4|Pipe materal - use of pyvo'hdpe vs. lconcrete/steel =12l 0.00
pec, hdpe [ 0.91 0.
5 . ) brick 0.00
What manhdle types are designed for - brick- precast Dot T
(= Does the development have pumpsiations =l 0.00
no 0.91
7 |does the development hawve am imgation system, that the Recycled sewer efffuent can be used for no 0.00
irmigation =l 081
8 Does the development attempt to reduce the peak sewer demand (consumption E gg? T
8ls there Sewer attenuation no 0.00
YES 081
10|Was a Detailed investigation of existing senvices fo assess the spare capacity of treatment woks, as well [ng o.o0
as the feasibility of upgrading undertaken YES 08 0.81
11|ls the Recyced sewage used for fertilizer N 0.00
= 0.91
9.0 CONSTRUCTION 50 25
Sewer Management Flan no 0.00
s 280 250
2(Sewer Operational plan N 0.00
YES 250
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THE GREEN TOWNSHIP DESIGN MODEL
Project Title: Sihahlala-Low Cost Housing Project Date: 04 April 2013
Client: xxxx Compiled by: SHIAN 5AR

1.0 LAYOUT EFFICIENCY 10.0 6.0
1 ) ) ) no D.00
Typical service layout configuration = 100 100
2|+ Are the land uses which hawe high water demands and high fire risk located dose to the water supply mains  |no 0.00
far the township yes 1.00 1.00
3|+ Are land uses with low water demand bocated on high ground to minimize the size of mains and the cost of no 0.00
wiater towers yes 1.00 1.0
4|+ Does the layout faclitate laying the water reficulation pipes as a network of linked loops with a balanced loss  |no 0.00
of water pressure? yES 1.00 1.00
5 Does the layout relate to the water pressure zones ::5 ?gg
G|+ Are the Bulk service routed on roads or minimum 5m servitudes no 0.00
yes 1.00 1.0
T Minimal no of dead-ends to enswre flushing/no stagnation = 0.00
yES 1.00
& Did the layout consider the positioning of trees in close proimity of services ::5 ?gg
9. Location & Spacing of Fire hydrants have a minimum overlap of<15% area ;e"g -
10|- Is adequate space provided for the siting of resensor, pump stations and mantenance depots, with allowable (Do 0.00
basffers when required® 2 1.00
2.0 FUNCTIONAL EFFICIENCY 20.0
1 ! . . ) no 0.00
‘Conwenticnal systems that achiewe minimum compliance — 133 13
2|+ Can water loss be reduced by reducing velocity in pipe . Maximum velocity Pressure in the reficulation < 3m's{no
leakage ¥es 133 133
3|Does the design attempt to monitor water supply by metering. Design of systems that both monitor and no 0.00
manage water consumpticn. = 1.33 1.33
4|Pressure Management -Is the maximum Pressure in the rebeulabions @ bar-in order to minimise leakage no 0.00
yes 1.33 133
5 . i no D.00
‘Water efficient fittings — TS T
El. Was the layout designed as 3 network of finked loops to facilitate 3 balancad loss of water pressure? y”e“s E'gg —
T|Does the design Reduce peak demand with the use of attenuation/bulk reseneoirs no 0.00
yes 1.33
[] . . ] no D.00
'Water-Efficient Imigation & landscaping measures = 153
9 Use of Roof tank/intermediate storage L= 0.00
= 1.33
10| Dry Fire Hydrants. suction pipe systems from pond/extemal sowrce no 0.00
yes 1.33
" Low impact Development technologies- Water - 0.00
yes 1.33
1z ‘Watertight joints/compression type couplingSeals quality L= 0.00
= 133 133
13 _ PO ! o B no 0.00
Efficient water systems design-Optmised flow'velocity in pipe not <0.2mis — T8 ]
14 ] no 0.00
‘Water hammer analysis undertaken = 153 133
15 no 0.00

'Water reticulation designed to be self-deaning 13 ]

3.0 Environmental quality 15.0

n
\V

1|5ome consideration for reducing envir mpact in the design no 0.00
yes 1.87 187

: Provisions made bo increase Reliability of water source ;':5 ?gg
3. Dioes the design protect existing sowces of water within townships for possible use for water supply. ::5 ?gg 5

4 Provision of aesthetic water infrastructure elements, manholes, outlets, fittings ::5 ?gg

5 o I ) no D.00
Scour valves positioned for safe dischange- erosion = e 5

Glowe-lewed water audit camied out no 0.00

yES 1.87
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T|Water-Wise Gardening no 0.00
yEs 1.87
E|Separate grey water! black water-Reticulated recycled water supply no 0.00
yES 1.87
B W ater quality monitoring measures in place no 0.00
2 1.87
4.0 Economy 150 120
1|Some consideration of economy in the design of the service no 0.00
== 0.00 1.50
2. Are high and moderate fine risk categories of development located close to bulk water supply points ;:'5 Elgg T
3 . . ] . . no 0.00
- Are <20% of the fittings special fittings, i teesicouplings — 150 150
#Use of shared renches =20% of length Y"'e’s E'gg
5|+ Is the lewel of senvice the most economical system for the target market no 0.00
yes 1.50 1.50
¢ + Are the air walves |, shut off valves in walve rings, compared to brick chambers ::5 ?gg 150
T|» Are there curvilinear roads with small radii. as this increases the cost of water reticulation due to the necessity |yes p.00
of providing addibonal pipe specials, fittings and thrust blocks to anchor all pipes. no 1.50 150
E|Aw Trench Depth <1.2m in over total length no 0.00
== 1.50 1.50
2 . no 0.00
Conduct Life-Cycle Cost Analyses = T30
10(__ i , concret | 0.00
Fipe material - pychdpe vs. concrete/stesl m—— 150
5.0 FUTURE MAINTENANCE 150 113
[] . ) ] . . ) no 0.00
Some consideration of maintenance in the design of the service — a0 T=E
2 . ) . . ] no 0.00
WahvesMeters bocated in convenient positions- Outside properties — 195 175
E] . ) . o . no 0.00
Are the valves bocated in convenient positions > B0 at intersections = 95 T
4 Are »B0% of the bulk senvices placed in the most accessible kacations such as roads? ;:'5 ?gg T
5|Positioning of trees. - proximity of senvices no 0.00
yES 1.25 125
G|Flexible type coupling to permit ease in repair no 0.00
yes 1.25 125
T|Are all services watertight no 0.00
yEs 1.25 125
E|Are sleeves should be used where pipes cross the road no 0.00
== 1.25 125
BAre the comodible pipes protected no 0.00
yes 1.25
10|Uniform type of fitings compared to non standard fittngs no 0.00
== 1.25 125
11]|Leak Detection devices n reticulation no 0.00
yes 1.25
12|Provisions for future expansion of the system no 0.00
2 1.25
6.0 Safety 10.0 10.0
[] ; ) ] ] . no 0.00
Some consideration of safety in the design of the service — 5 TE
2 no 0.00
<10% of length =3m Trench Depth = T TE
3. Is the high and moderate fire risk developments located close to bulk water supply points ":'5 ?gg &
4. Is there supply capacity is compatible with the development’s fire fighting requiremsents ;:'5 ?gg T
5|Fire risk -High/mesdiem or low Highim | 0.00
low 1.87 167
[] L no 0.00
Pressure on pipeline<Sbar — 187 15T
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7.0 SOCIAL 50 3.0

1|ls end wser provided with access to free basic services, in terms of demand no 0.00
e 1.00 1,100

2 Educational Outreach plan - water conservation L= 0.00

yes 1.00

3. Are the standpipes located in convenient positions along walkways _:;5 ?%
4. Wil wehicular access o other parts of the residential area be blocked duning the repair of senvices ?_EE ?% o0
5 Provision of employment to local community =100 person days ?% T
8.0 RESOURCES 10,0 5.0

1|Conventional use of resowrces no 0.00
yES 1.00 1100

2|«Water demand management measwres - Does the design atternpt to reduce the potable water consumption  |yes 1.00

by baulkding ccoupants. Reduced demand no D.00

3|Can the pump duty pointsivelocities in pipelines be reduced or optimised s 0.00
no 1.00 1.00

4Zunea'idhulk smart metering HEs 1.00

nic 0.00

[ . . ) no D.00
Use of onsite materials for Bedding ves o0 ]

g Use of Present & future water consumption figures = 0.00
yES 1.00 1100

7|Does the design attempt to use water efficient appliances and fittings no 0.00
yES 1.00 1,100

E|Use of Recycled materials no D.00

yES 1.00

8|+ Does the design attempt to reduce the consumption of potable water for landscape imigation is sourced from (o D.00

non-potable water (e.g. ranvwater, Recycled water effluent for imigation) yES 1.00

10|Was there a detailed investigation of existing services to assess the spare capacity of watermains_ aswellas  |no 0.00
the feasibility of upgrading £ 1.00 1.00

1|Water Operational Plan
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APPENDIX 13: Case Study 2: Detailed Green Infrastructure
Rating report
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THE GREEN TOWNSHIP DESIGN MODEL

Project Title: Sihahlala-Low Cost Housing Project Date: 04 April 2013
Client: xxxxx Compiled by: SHIAN SAROOP

GREEN INFRASTRUCTURE ECO RATING REPORT

gE
PERFORMANCE CATEGORIES | § 5 BOADSISTORMWATER| SEWER] WATER |Lnfrastructure
20% 20% 20% Weighting
1.0 LAYOUT EFFICIENCY B g 5 Pts. Achieved
10 10 10 Pts. Available
2.0 FUNCTIONAL EFFICIENCY 13 11 13 Pts. Achisved
20 20 20 Pts. Available
3.0 ENVIRONMENTAL QUALITY ] g 5 Pts. Achieved
15 15 15 Pts. Available
4.0 ECONOMY 13 12 12 Pts. Achieved
15 15 15 Pts. Available
5.0 FUTURE MAINTENANCE 7 B 11 Pts. Achicved
10 10 15 Pts. Available
6.0 SAFETY 6 B 10 Pts. Achieved
10 10 10 Pts. Available
7.0 SOCIAL 1 4 3 Pts. Achicved
] 5 5 Pts. Available
8.0 RESOURCES 6 B 5 Pts. Achieved
10 10 10 Pts. Available
9.0 CONSTRUCTION 2 2] 0 Pts. Achieved
5 5 5 Pts. Available
TOTAL PTS. 100 100 105
WEIGHTED PTS. ACHIEVED 81 B0 85
WEIGHTED PTS. AVAILABLE ; 725 125 13.0
TOTAL ACHIEVED 548 64.3 5.3
TOTAL AVAILABLE 100.0 100.0 100.0
LAYOUT
EFFICIENCY

100
FUNCTIONAL

CONSTR UCTIG'P:!_, EFFICIENCY

s % EMVIRONMEMNTAL
RESOURCES (—__/ : —
[ & \“_l QUALITY
&
SOCIAL' < ' ~ ECONOMY
\~" FUTURE
SAF :
MAINTEMANCE
i JERAL PROJECT «— ROADS #— 5TORM WATER
—w— SEWER —e— WATER o ORIGINAL GOAL
Restricted damage to the environment with innovation
SCORE - GOLD and new technologies
0-24 Minimal interventions were undertaken- compliance based on regulations|Bronze
25-40 Some considerations for environment- Applied conventional practice SILVER
50-74 Restricted damage to the environment with innovation and new techno
75100 Best solution to the environment- Benchmark peformance bglFLA'I'INUH
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APPENDIX 14: Case Study 3: Green Goal Report
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THE GREEN TOWNSHIP DESIGN MODEL

Project Title: Bloemfontien Industrial Park Date: 04 April 2013
Client: a0 Compiled by: SHIAN SAROODP
CIVIL INFRASTRUCTURE GREEN GOAL REPORT
STORM Weighted
PERFORMANCE CATEGORIES 40%| arpp |20%| SEWER |20%| WATER (20%|
Best solution to Restncied Restricted -
1 LAYOUT EFFICIENCY 75 i eovironment | 100 |EMmagetotne | 765 |damagetotne | 75 10%%
Emvironment enviranment
Best soiution to Restncied Resiricted )
2 FUNCTIONAL EFFICIENCY 10p [BestEoMN D | 405 | mageome | 75 |damagetotne | 75 | 20%
Emvironment environment
Some Some
100 (P55 T | 100 |consioeraons | 50 |consiveratons | 50 | 15%
for ervinonment fior envirarmeant
Best solutian to Best soiution fo Best soiution to -
100 |, enronment | 120 ine envroament | 1%0 |ime emvionment | 100 15%
Some Some Same
75 |consicerations | 50 [consigerations | 5O [considerations | 50 10%%
for enviranment for envimnment for enviranment
Mirimum Mirirmum Minkmum
75 |merentions to | 25 [mterventionsto | 25 |interventions o | 25 10%
e ungertaken De ungenaken be unoertaken
Some Mirimum
50 |consigerations | 50 [mterventonsto | 25 ;Db:i::;::n 1] 10%%
for enmvironment be underiaken
Restrcied Resiricted
100 [Pes: souron 1o | 100 [mamagetome | 75 |samagetothe | 75 10%
Enmvironment enyiranment
Mirimal Mirimal Minimal
9 CONSTRUCTION 25 |mterventionsto | 25 |mterventionsto | 25 (interventionsto | 25 0%
be undartaken be undertaken be undertaken
WEIGHTED SCORE E [165] [12.5] [ 12|  100%
LAYOUT EFFICIENCY
100
FUMCTIOMNAL
RESCURCES
EFFICIENCY
EMVIROMNMEMNTAL
SOCIAL ¢ QUALITY
SAFETY =PECONOMY
L~ = OVERAL PROJECT =— RDADS
FUTURE STORM WATER —w—SEWER
MAINTENAMCE —#— WATER
[score] 76 |PLATINUM | Best solution to the environment
Sustainable goal for development Range of implementation choices Status Score
Best solution to the environment Set new performance benchmark through new technological 75 -100
developments |PLATINUM
Restricted damage to the environment | Doing what is achievable- through innowation and risk taking with 50 - 74
|new systems and technologies GOLD
Some considerations for environment | Apply conventional and current state-of-practice SILVER 25 -40
Minimal interventions to be undertaken  |Achiewe compliance based on regulations |Bronze 0-24
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APPENDIX 15: Case Study 3: Preliminary Green Infrastructure
Rating Report
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THE GREEN TOWNSHIP DESIGN MODEL

PRELIMINARY GREEN INFRASTRUCTURE RATING ANALYSIS

INFRASTRUCTURE ELEMENTS

ROADS | 40%] SEWER | 20%
Pts Av|Pts Ach Pts Av|Pts Ag

[PC: LAYOUT EFFICIENCY 8 8 8 7
Typical service layout configuration 1 1 |Typical service layout configuration 1 1
landscaping and all public utilities 1 1 |Layout promote midblock sewer> 30% midblock 1 1
Promote concept of green sireets 1 1 |<10% of length of Sewer pipeline in floodline 1 1
Ecological Connectivity-Open spaces and circulation system 1 1 |Avoidance of pumpstations 1

layout facilitates economical subdivision and min. intersections il 1 |Alternative Route alignments 1 1
Design the internal street layout to inhibit through-traffic 1 1 |Catchment planning 1 1
Increased diversity in road reserve through distinction between s 1 1 |Contour layout planning 1 1
Roads aligned with natural topography 1 1 |Sewer lines planned one catchment at a time 1 1
|RESOURCES 7 4 7 4
Alternative Surfacing technologies -Permeable pav/Grass blocks] 1 Backfill - non commercial source 1 1
Tree conservation <1tree/ha removed 1 1 |Use of onsite materials for Bedding 1
Re-Use of Pavement Layerworks 1 1 |Manhole sealed in the floodline 1 1
Alt Transportation Options such as bicycles, light rail, NMT 1 Pipe material - use of pvc/hdpe vs. /concrete/steel 1 1
Earthworks- balanced -Cut / Fill <20% spoil 1 1 |The avoidance of the use of pumpstations 1 0
Use of Recycled materials 1 Use of Recycled materials 1
Conventional use of resources 1 1 |Conventional use of resources 1 1
ENVIRONMENT QUALITY 8 8 8 4
Some consideration for reducing envir impact. in the design 1 1 |Some consideration for reducing envir impact. in the desi| 1 1
Minimal of valley crossings < 1/km 1 1 <20% pipeline positioned in the flood plains 1 0
ramps and paving 1 1 |manholes, outlets, fittings 1 0
Erosion control measures @ all outlets 1 1 |Measures to control factors governing odour and noise 1 0
Landscaping: Use of Water efficient plantings 1 1 |Provision for protecting surface & sub surface water bodi{ 1 1
Clearing and grading (Site Vegetation) limited to road footprint o] 1 1 |Flood protection of pumpstation and pipeline 1 1
Noise reduction through Quiet Pavement, traffic reduction oniintg 1 1 |Is the development density < the environmental capacity | 1 0
Habitat Restoration 1 1 |Waste effluent quality monitoring measures 1 1
|FUNCTIONALITY EFFICIENCY [ 8 [ 5
Conventional systems that achieve minimum compliance 1 1 |Conventional systems that achieve minimum compliance| 1 1
Use of Drainage and storage functions of roads 1 1 Primary greywater reuse 1 0
Use of Pedestrian / bicycle paths 1 1 |Oil/grease/grit separators 1 1
Is the av. road grad/m <5%/m 1 1 |Onsite sewage disposal-Recycle/composting 1
Innovation- eg. Use of Permeable pavements 1 Secondary greywater reuse 1

Low impact Development technologies- roads 1 Low impact Development technologies- Sewer 1
automatic right of way on higher order roads 1 1 |Nutrient resource recovery & reuse 1
Parking ratios/codes/parking lots 1 1 |Avoid Flat gradients (20% that is <1: 100)- stagnation 1 0
Use of street furniture for a positive contribution to area 1 Are the manholes that are in the 1:100 yr. floodline seale{ 1 1
Roadway system design to be self-cleaning 1 1 |Sanitation system design to have self-cleaning velocity 1 1
Additional lanes at major intersections-reduce peak quantity 1 1 |Sewer attenuation-reduce peak quantity 1 1
[FUTURE MAINTENANCE 8 8 8 7
Some consideration of maintenance in the design of the service 1 1 |Some consideration of maintenance in the design of the 1 1
Maintenance of grass- pioneer grass used 1 1 |Provisions for future expansion of the system 1 1
Bank slopes must be gentle >1:1.75 1 1 |Are pipeline susceptible to erosion protected 1 1
Pavement lifecycle design >20yrs 1 1 |Service aligned with road/property boundary>80% 1 1
Site Vegetation-low water 1 1 |Services watertight 1 1
Alternative access for the repair of services 1 1 |Easy access and room for the repair 1 1
Type of trees planted allows for minimal leaves to fall 1 1 |Erf have a rodding eye 1 1
Street marking- high quality luminous paint 1 1 |Pipe loading in all areas checked 1
|[EcoNomy 7 6 7 | 6
Some consideration of economy in the design of the service 1 1 |Some consideration of economy in the design of the serv] 1 1
Most economic system/service for target market 1 1 |Most economic system/service for target market 1 1
Minimized the number of road intersections 1 1__|Av Trench Depth <2m in over total length 1

Are narrower, shorter streets used 1 1 |Av. manhole spacing >50m 1 1
Too Curvilinear roads increases no of manholes 1 1 |Use of shared trenches> 30% 1 1
Conduct Life-Cycle Cost Analyses il erf alignments as straight as possible to reduce sewer mij 1 1
Is the area devoted to streets minimal- min road widths/reserves|] 1 1 |Pipe material - pvc/concrete/hdpe. il 1
SAFETY 7 6 5 4
Some consideration of safety in the design of the service 1l 1 |Some consideration of safety in the design of the service| 1 1
Traffic calming measures 1 1 <10% of length >3m Trench Depth 1
Signage and pedestrian friendliness 1 1 |Position in relation to water pipe >1m away 1 1
the street is designed as a safe and unique public space 1 1 |Compatibility with storm water management 1 1
SSYISYAS POUSSITIATS; TYCISTS < VEniorss WIS aamy 1 1[I I ISUnLS S MUUS RS SpToauy Ot 1 3
Road safety Audit 1

Safe Intersection-site distance, sidewalks, crosswalks, other inte§ 1 i

SOCIAL 8 4 4 B
neighbourhoods 1 ERF access to sewers 1 1
Educational Qutreach plan - road safety - to community 1 Educational Outreach plan -awareness on Health and saf 1

Public participation in all stages of the project 1 1 |Public participation in all stages of the project 1 1
Public transport facilities and provision of street furniture 1 1 |Provision of employment to local community >100 persor] 1 1
Universal access-layout cater for disabled-Wheelchairs and eldef 1 1

Provision of employment to local community >100 person days il 1

Measures to preserve Cultural Heritage 1

Provision of social amenities to the community 1

CONSTRUCTION EFFICIENCY 6 2 1 1
Environmental management Process, plan and training 1 1 |Sewer Management Plan 1 1
Site Waste management plan 1

Pavement Management System 1

Quality Management System 1 1

Site maintenance plan i

Equipment Emissions Reduction Plan 1

WEIGHTED SCORES 100 | 81 100 | 65.33

Best solution to the environment- Benchmark performance through new technological developments 76
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THE GREEN TOWNSHIP DESIGN MODEL

PRELIMINARY GREEN INFRASTRUCTURE RATING ANALYSIS

|STORMWATER | 20% | WATER | 20% ] 100% |Weighte
Pts Av[Pts Ach Pts AvpPts AcH  d
8 8 8 8 10%
Typical service layout configuration 1 1 |Typical service layout configuration 1 1
Use of Green corridors-Natural drainage paths 1 1 |Pipe route alignment- looped network efficiency 1 1
stormwater pipeline in floodline <10% of total length 1 1 |Water pipeline in floodline <10% of total length of pipe 1 1
Multipurpose Attenuation facilities-for retarding sw 1 1 JLocation & Spacing of Fire hydrants have a minimum overlap{ 1 1
land use intensities matched to landscape tolerances for sw| 1 1 |layout relate to the water pressure zones 1 1
SWMP initiated at start of planning for land uses 1 1 |Minimal no of dead-ends to ensure flushing/no staghation 1 1
servitudes for safe, acceptable points of discharge. 1 1 |land uses-high demands & fire risk close to water supply 1 1
Reduced SW concentration & hydrological impact 1 1 |Bulk service routed on roads or minimum 5m servitudes 1 1
7 5 v 5] 10%]
Pipe material - use of pvc/hdpe vs. /concrete/steel 1 1 |Water demand management measures 1
Use of onsite materials for Bedding 1 1 )Zone and bulk smart metering 1 1
Manbhole types- brick/precast 1 Use of onsite materials for Bedding 1 1
Rain water harvesting and Reuse 1 1 JUse of Present & future water consumption figures 1 1
Runoff quantity control 1 1 |Promote use Water Efficient fixtures/Appliances 1 1
Recycled materials to construct of SW channels/manholes/| 1 Rain water harvesting 1
Conventional use of resources 1 1 ]Conventional use of resources 1 1
[ 8 7 3 15%
Some consideration for reducing envir impact. in the design| 1 1 _|Some consideration for reducing envir impact. in the design 1 1
Post Development < Predev Flow 1 1 |Protect against water contamination 1 1
manholes, outlets, fittings 1 1 |manholes, outlets, fittings that is not obtrusive 1
Recharge rates maintained 1 1 Jlow-level water audits 1
Protection measures of wetlands- stagnant water 1 1 |Scour valves positioned for safe discharge- erosion 1 1
Runoff quality-Constructed Wetlands/filters 1 1 |Reticulated recycled water supply 1
Minimize soil erosion; by good vegetation along the watercq 1 1 |Water-Wise Gardening 1
Increased roughness of drainage way to decrease the veloc| 1 1
11 9 11 i 20%
Conventional systems that achieve minimum compliance 1 1 ]Conventional systems that achieve minimum compliance 1 1
Quality control at source-from residential rooftop by disconr] 1 Water-Efficient Irrigation & landscaping measures 1
SW attenuation-reduce peak guantity 1 1 |Use of Roof tank/intermediate storage 1
Stormwater Management Plan 1 1 |Pressure Management as part of design-Balanced loss/increaj 1 1
Bioretention swales/ponds/infiltration berms 1 1 |Dry Fire Hydrants. suction pipe systems from pond 1
Low impact Development technologies- SW 1 1 |Water efficient fittings 1 1
Erosion control(Geotextile/cells, gabions) 1 1 Jwater attenuation-reduce peak quantity 1
Sediment control- Silt fences/Stilling basin 1 1 |Watertight joints/compression type coupling/Seals quality 1 1
Is the av. channel grad/m <5%/m-high velocities 1 1 |Efficient water systems design-Optimised flow/velocity in pipe | 1 1
Use of roads & parking to control drainage & storage 1 0 |Water reticulation design to be seli-cleaning 1 1
Are channels lined -earth.-grass, concrete, grass 1 1 |Water hammer analysis 1 1
] 4 8 i 10%
Some consideration of maintenance in the design of the ser] 1 1 |Some consideration of maintenance in the design of the serviq 1 1
Is the design-manholes, pipes and catchpits sized for mainf 1 1 |Sleeves used where pipes cross the road 1 1
Flood plain accessible 1 1 |Services Watertight joints/Seals quality 1 1
Pipe loading in all areas checked 1 0 JPositioning of trees - proximity of services 1 1
Stormwater system design to be self-cleaning 1 1 |lsolation Valves/Meters located in convenient positions @ 909 1 1
Easy access and room for the repair of services 1 0 |Easy access and room for the repair of services 1 1
Positioning of trees in close proximity of services > 20m 1 0 ]Leak Detection devices in retic. 1
Inlet/outlet design to reduce blockages 1 0 |Provisions for future expansion of the system 1 1
] 7 8 8 15%
Some consideration of economy in the design of the service] 1 1 |Some consideration of economy in the design of the service 1 1
Most economic system/service for target market 1 1 |Most economic system/service for target market 1 1
Non structural controls 1 1 JUse of shared trenches >20% 1 1
Use of shared trenches >20% 1 1 |Max. hydrants, airvalve spacing av spacing- 200m 1 1
Av. manhole spacing >50m 1 1 JAv Trench Depth <1.2m in over total length 1 1
Multipurpose stormwater facilities 1 1 |Conduct Life-Cycle Cost Analyses 1 1
Pipe material - pvc/concrete/ndpe. 1 1 |Pipe material - pvc/concrete/hdpe. 1 1
Av Trench Depth <2m in over total length 1 Are the air valves , shut off valves in valve rings 1 1
6 4 6 5 10%
Some consideration of safety in the design of the service 1 1 |Some consideration of safety in the design of the service 1 1
<10% of length >3m Trench Depth 1 <10% of length >3m Trench Depth 1 0
Velocity /depth of stormwater flowing 1 1 |Supply sufficient for fire fighting requirements 1 1
Safe discharge routes 1 1 |Fire risk -High/medium or low 1 1
Design accommodates various storm frequencies 1 1 |located close to bulk water supply points 1 1
Flood warning signs 1 Pressure on pipeline<9bar 1 1
6 5 4 2 5%
convenience- minor system designed for high-frequency sto] 1 1__JProvision of employment to local community >100 person dayy 1 1
Education and awareness- Rainwater harvesting 1 Educational Outreach plan - water conservation 1
Public participation in all stages of the project 1 1 |Public participation in all stages of the project 1 1
No Inconvenience of overland flow and Temporary storage f| 1 1 |Standpipes located in convenient positions along walkways. 1
Is access to river walks and open spaces 1 1
Provision of employment to local community >100 persondd 1 1
2 1 1 1 5%
Pre construction Stormwater Management Plan 1 1 |Water Operational plan 1 1
Siltation control with Sand and hessian bags or Silt fences 1
100 | 81.65 100] 75 76
Best solution to the environment- Benchmark performance through new technological developments PLATINUM | 76
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APPENDIX 16: Case Study 3: Detailed Green Infrastructure
Rating Analysis Report

157



THE GREEN TOWNSHIP DESIGN MODEL

Project Title: Bloemfontien Industrial Park
Client: xoo0oc

0 OUT EFFICIENCY

Date: 04 April 2013
Compiled by: SHIAN S5AR(

2.0 FUNCTIONAL EFFICIENCY

1 . ] ) no 0.00
Typical service layout configuration = e R
2 no 10.00
Doz the layout ot of strests
Syout pramets concept of green ves 063 | 062
3 Dz the layout facilitate economical subdivisions, with the use of shared road infrastructure L 0.0o
yes 10.63 0.63
4 . . ) . . . A— no 0.00
= Layout integrates the circulation system with dwellings, landscaping and all public utilities = 0,63 063
5 . ) no 0.00
= th tage townsh devated t ds, park d footways <30% of total
= percantage ip area ed to roads, parking an VS area — 063 e
g[= Is there minimuwm intermuption from access movements, intersections, to achisve good mobility, no 0.00
Access road =100m apart yes 0.63 0.63
7|~ Prowide public transport reutes which minimize operating costs while satisfying user reguirements |no 0.00
for convenience yES 0.63
8| Provide resenwe widths and alignments which cater for all noad users, for sendces for landscaping, |no 0.00
in the most economical way. Y25 0.83 0.63
8- Relate the spacing and layout of intersections to the probable vehicle type. the volume and no 0.00
direction of movement yES 0.63 0.63
10|= Ecological Connectivity-Open spaces and circulation system-integral part of the open space no 0.00
system and appropriate landscaping provided for yes 0.83 0.63
1. are shortdistance links { <1km) between adjacent neighbourhoods :5 g-gg
12(= Dioes the road hierarchy requirements provide automatic ight-of-way for traffic on higher order no 0.00
reads. additional lanes at intersections provided for to reduce peak traffic with minimum interruption |yes 0.63 0.63
13| Design the internal street layout to inhibit through-traffic no 0.00
yes 0.63 0.63
14| Garages and urban colleciors located away from residents, to minimize nuisance to residents from |no 0.00
noise, dust and fumes == 0.63 0.63
15 . no 10.00
Develop the road aligned to the natural topography — R 5
18|= Increase diversity in road reserve. Design and make distinction between sidewalk zone, cycle no 0.00
areas, pedesirian area, refuse areas, planters, lighting, efc. z 0.63 0.63

i . . L . no 0.00
Comeenti | tems that ach I
entional systems that achieve minimum compliance = 00 o0
2|The use of Inmowative design techniques, such as the use geogrids to reduce layer thickness, no 0.00
increase pavement life, bearing capacity, differential seftlement, etc. yES 1.00
3 ) ) no 0.00
The use of Low impact Development technologies on roads — 100 o0
4|Are the street furniture well designed itemns, and placed so as to make a positive contibution to the |no 0.00
total sirest picture yES 1.00 1.00
5 no 0.00
Are th le |
e there cycle lanes - 1 00
B|Are there special details for the design of all mad elements, including kerbing. channelling. ramps  |no 0.00
and different types of pavimg.eg. Brick paving compared fo concrete and asphalt as it creates yes 1.00 1.00
7 . . no 0.00
Are landscaping and trees used to reduce the impact of large areas of asphalt = .00 100
8|ls the potential drainage function of roads maximized by co-ordinating their layouts with the no 10.00
drainage sysiems. yES 1.00 1.00
e ) i no 0.00
Where appropriate, are the medians-<1.5m for safety = 1.00 100
10(= Is the masdimum roed crown slope(4% operation problem driving, wear of wehicles <20% of the no 0.00
total road length yes 1.00 1.00
. Is the minimum road crown slope] 2%) - prevents sediment loading <5% of the total road length :5 ?gg o0
12 - _ . . no 0.00
= Additicnal lanes at major intersections-reduce peak guantity = 100 100
13 ; no 0.00
= |5 the d grad’m less than 5%/
= average road grad'm less than m = T 00 o0
14| Are parking areas provided (according to Parking ratios/codes) where road will be well traficked  |no 0.00
and where appropriate consist of grass blocks, gravel, paving to give it a softer park like image yes 1.00
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Pedestrian routes

1=, D the pedestrian routes minimize walking distances and encourage pedestrian use ;:5 ?gg 100
18], Are there pedestrian facilities (such as sidewalks and crossings) L 0.00
yes 1.00 1.00
17 The project layout promotes walking and discourages the use of vehicles. ;:5 ?gg
Bus stops
18, Are bus ba movided at major bus stops to minimize delays to other traffic = 0.00
YER ! i Y ves 100 | 1.00
18- Prowide shelter against rain, sun, wind as well as benches or a space for resting or eating while  [no 0.00
waiting for fransportation and signage integrated with shelters yes 1.00
=0, Are gradients designed appropriate to the models of transport using the bus route-<6% 5 ?gg o0

3.0 Environmental quality

1|Some consideration for reducing envir impact. in the design no 0.00
yes 1.07 1.07

2|Moise reduction through Quiet Pavement, traffic reduction on intermnal streets no 0.00
yes 1.07 1.07

3|- Use of surfacing on roads - Concrete vs. asphalt increases volumetric heat capacities, lower air  (no 0.00

temperatures yas 1.07

4|Habitat Festoration measures used no 0.00
yes 1.07 1.07

3. Prowvide aesthetic kerbing, channelling, pedestian refuges. ramps and paving = 0.00
) ) ) yes 1.07 1.07

8= Permeable road surface/parking lots -grass blocks- selection of surfacing that has a reduced no 0.00

envircnmental impact relative to available altermnatives. ye5 1.07

7|Does the project layout provides a safe, convenient and attractive environment for walking. no 0.00
yes 1.07 1.07

8= Preseree natural features such as gullies, outcrops, marshes and exsting trees, shrubs and no 0.00
hedges in the layout to create interest, variety and surprise in the vistas along the and along the yes 1.07 1.07

o|Are enosion control measures used in the design of earthworks on steep areas, such as the use of |no 0.00
sand bags or Hessian sheets, rehabilitation of exposed soil areas, soil is protected from the Was5 1.07 1.07
10 Clearing and grading (Site Vegetation) - road footprinttopsail removed <50% of road resene ;:5 ?gg o7

1]~ Is a wvarety of access street forms provided to awoid monotony no 0.00
yes 1.07 1.07
12 would there be stock piling of soil or any other materials near a watercourse 1‘:5 ?gg o

13 Landscaping: Use of Water efficient plantings 23 0.00
no 1.07 1.07

14|Are areas sensitive to erosion such as near water supply points and edges of slopes being yes 0.00

develop

Some consideration of economy in the design of the senvice

yes 1.38 1.38
2|Most economic system/service for target market no 0.00
YE5 1.28 1.38
3= Can the number of road intersections be minimized through layowt configuration yes 0.00
no 1.38 1.38
N Are the roads too Curvilinear roads- increased no of manhaoles, kerb lengths 1";5 ?gg T8
F|= Are the public transpaort routes optimized; no 0.00
ye5 1.38
8|~ Are the widths of roadways the mimimum commensurate with the desired speed and expected no 0.00
volume and composition of traffic yes 1.38 1.38
7|= Is the alignment of roadways utilise the maximum criteria in order to reduce earthworks, inowith the (no 0.00
desired speed and expecied volume and composition of traffic YES 1.38 1.28
8|~ Is the pavement foundation design of roadways the minimum commensurate with the desired no 0.00
speed and expected volume and composition of traffic Was5 1.38 1.28
g . no 0.00
Conduct Life-Cycle Cost Anal
yes SysEs ves 138 | 138
10 ) - no 0.00
Earthworks- bal d-Cut / Fill =1000m3 |
oS- helance ' =Pl yos 138 | 138
11 . N yes 0.00
Can the total length and cost of intemal noads be minimized o 138 T
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! Some consideration of safefy in the design of the service

0.00

5.0 FUTURE MAINTENANCE 100 20

1|Some consideration of maintenance in the design of the service no 0.00
yes 1.00 1.00

2|= Acceptable picneer grasses( cynodindactoling and reeds where applicable no 0.00
yes 1.00 1.00

3| Type of trees planted allows for minimal leaves to fall and clog up drains no 0.00

yes 1.00

4|Landscaping: Use of Water efficient plantings no 0.00
yes 1.00 1.00

3l -Bank slopes must be gentle to allow access for maintenance >1:1.75 = £.00
o yes 1.00 1.00

g+ Life span of the mad pavement =20 years no 0.00

yes 1.00

7|~ Street marking- high quality luminous paint no 0.00
yes 1.00 1.00

8|Altemative access for the repair of road or read closure no 0.00
yes 1.00 1.00

B|High quality Street signage - minimal maintenance *=2m from trees/shrubs no 0.00
yes 1.00 1.00

10|Are there subsurface water drainage systems in B0% of cuts =»2m to protect road pavements - no 0.00
minimal maintenance of read layenworks e 1.00 1.00

sing traffic and well-it after dark for greater secun

7.0 SOCIAL

no
yes 0.87 067

2| Adeguate sight distances at intersections, horzontal curves and crests are commensurate with no 0.00
operating speeds yES 0.87 087

3= Universal access at Intersections-designed to be safe for pedestrians and vehicles. This includes |no 0.00
sidewalks, crosswalks, traffic signals and other intersection treatment Vel 0.87 0.67

4 L L . no 0.00
= Inhibit through-traffic in intemnal streetsineighbourhoods — e TET

§|» Segregate pedestrians, cyclists and vehicles where fraffic is concenirated or speeds and volumes (g 0.00
are high YES 0.87 0867

8| Traffic calming measures used such as Speed humps, chicanes, street narmowing devices, change |no 0.00
in the surface colour or texture, in the immediate vicinity of homes. w5 0.87 0.67

7|= Prowvide access points to multiple units dwellings only at selected points to contrel and concentrate |no 0.00
traffic yes 0.87 067

a ; ) ) ; . ) no 0.00
Prowide tuming spaces which awoid the need for wvehicles to reverse over long distances. — 067 a7

8. Are there pedestrian crossings and sidewalks with adeguate signage o 0.00
yes 0.87 067

10 , no 0.00

Road safety Audit undertaken voo e

1 . e . . . . . no 0.00
= Prrovide mutual visibility between pedesirians and moving wehicles with traffic on main roads; — 057 0T

12| is there a potential conflict areas between roads users, pedesirian and cyclists yes 0.00
no 0.87 067

13 . . - no 0.00
= Design soft mounds, and plant trees to separate pedestrian from buildings and road — T 95T

14| Convenience- Traffic-generating facilities located near entrances to residential areas or adjacent to [no 0.00

higher order roads yES 0.87

15|Are the pedestrian system and parking areas located where they will be overooked by dwellings or (o 0.00

0.67

0.67

1 . . no 0.00
Does the road contribute to development of previously underdeveloped areas = nEa e
2 ) no 0.00
Educational Outreach plan - road safety — 063
3. Ensure that pedestrian crossings on distributor reads are convenient to use = 0.00
g ves 063 | 063
4= Minimize distances of pedestrian routes <15min walking time; no 0.00
yES 0.83
5 .. . - i no 0.00
Pro of I ities to th
wision of social amenities = community — 063
8|~ Does the layout cater for disabled and Wheslchairs and elders that may want to sit down no 0.00
yes 0.83 0.63
7 Provision of employment to local community >100 person da = 0.00
ploy ty >100 p= ys ves 062 | 063
a ) o . . no 0.00
Use of Public t faciliti d of strest fumit
se ublic transport facilities and provision of 5 miture = ) R
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8.0 RESOURCES 100 586

1| Comventional use of rescurces no 0.00
yes 1.11 1.11

2|Use of Recycled rmad matenals in the layenworks no 0.00

yEs 1.11

3|ls the Kerbing cast insitu or precast precast | 0.00

insitu 1.11

4|Design initiatives that increase the facilitate reused building materials, Recycled materals and no 0.00
yes 1.11 1.11

5| Tree conservation- no of trees <i10/ha no 0.00
yE5 1.11 1.11

B|Earthworks- balanced -Cut / Fill <20% spoil no 0.00
yes 1.11 1.11

7|Promoting Altemative Transportation Options swch as bicycles, light rail, Mon Motorized Transport  |no 0.00

YES 1.11

8|Use of altemative Surfacing other than hot mix asphalt. such as Permeable pave/Grass no 0.00

blocks/pomus concrete yES 1.11
Reuse existing matenals onsite to minimise materals consumption ??? 11
9.0 CONSTRUCTION 50 24

1|Emvironmental management Process, plan and training no 0.00
yes 0.7 0.7

2| Site Waste management plan no 0.00

yes 0.7

3|Pavement Managament System nao 0.00

yEs 0.71

4| Quality Managemeant System no 0.00
yes 0.71 0.71

F|Site maintenance plan no 0.00

yes 0.7

8|Equipment Emissions Reduction Plan no 0.00

yE5 0.71

7| = Stockpiles =1000m3 (Hugh stockpiles create dust in wind) na 0.00
yes 0.71 0.71
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THE GREEN TOWNSHIP DESIGN MODEL
Project Title: Bloemfontien Industrial Park Date: 04 April 2013
Client: xoxxx Compiled by: SHIAN S5ARO

1.0 LAYOUT EFFECIENCY

Typical service layout configuration

[ves 1.00 1.00
2|« Does the layout consider hydrolegical concems with regards to sw runoff and relationship to plot size, |E':' 0.00
type of land wse yes 1.00
4]+ Does the layout plan take into account the natural dranage paths(Stream patterns), areas subject o [no 0.00
flooding |yes 1.00 1.00
4. - . [mo 0.00
Are the |and use intensities matched to landscape tolerances for swmp = 100 o0
o . ] (o 0.00
are the stormwater facilities Integrated with recreation areas; — 100 1o
G- Does the swmp use open spaces for retarding or stormwater evaporation ponds to remaowe partially no 0.00
treated water yES 1.00 1.00
T| s the length of Storm water services located in special servitudes and not located in road reserve <10% [no 0.00
of total kength [yes 1.00
[ . [mo 0.00
stormwater pipeline in floedine <10% of total length = 100 o0
8= Does the layout reduce the hydrological impact of the development by reducing stormwater no 0.00
concentration yes 1.00 1.00
. Was the mdp mitisted at start of planning for land uses [ne ?gg o0
2.0 FUNCTIONAL EFFECIENCY
1 . no 0.00
Conventional systems that achieve minimum compliance = 074 071
B R L e e e e e L e R R Ino 0.00
does not result in any negative impacts on downstream properbes or watercourse and is managed within
tro morarsll citg |3"E’5 074 | 074
3= Has the Master drainage plans been prepared, in collaboration with adjoning communities and [mo 0.00
authorities, for the existing and future development of the entire catchments [yes 0.74 074
4 . . no 0.00
Is =70 of the road designed for sheetilow |;e-5 074 074
5 ) . \ [mo 0.00
Is the maximum wvelocity <3mis lyes 074 073
[] , . ) [no 0.00
<10% of roads have a maximum road gradient »12% = 072 T73
T L . no 0.00
What is the minimum road crown shope- <29%- sediment yes 074 07a
8] : o - . [no 0.00
Is the maximum road crown slope- <3%-operation problem driving, ware of vehicles = 072 071
EN - . [no 0.00
Are the potential drainage and storage functions of roads, readside channels used = 074 071
1 ) o ) [mizs 0.00
Is =50 of the road gradients <2% - used for retarding stormwater run-off Im 074 074
11 . no 0.00
= |5 the post development Bmited to predevelopment = 074 071
12 ; [mo 0.00
Is the roadside channels designed to prevent erosion = 074 073
13 [mo 0.00
Is the stormwater flow depths < 0.5m lyes 072 W]
14 no 0.00
Infet- are the backwater effects designed for |;e-s 074
15 ) . . . [no 0.00
are the inketsipond hawe swing type grids or are self cleansing to prevent blockages = 072 T73
16| Qualty control at the source-from residential rocftop by disconnecting downpipe. FRain Bamels, soakaway-|no 0.00
Prevent pollutant dumping [ves 0.74
7. Does the reticulation limit runoff volumes with the use of bioswales filtering pollution |£':I 0.00
yes 0.74 0.74
18| Does the reticulation limit wolumes with the use of retention basin [no 0.00
[ves 0.74 0.74
13 . [mizs 0.00
Are velocities reduced with the use of Check dams = 074 71

= Dioes the reticulation limit runoff wolumes with the wse of Porous parking surfaces

21| In areas whers the subsoil and water table are suitable, does the design the surfaces of storage areas |E':' 0.00

allow for the re-changing of the underground water. yES 0.74 074
2| Are flood plains and watercourses protected from erosion with Gabions, dissipaters, Reno mattress, [no 0.00

stilling basins, Check weir, Riprap protection, Energy reduction, Drop structures, Rip rap basins, [yes 074 | 074
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2. Are there measures to prevent underground conduits from silting up I; 3?3
4. } [mo 0.00

Are channels lined -earth,-grass, concrete, grass = 074 oTa
25| " [no 0.00

Is the average channel slopes -<5% [yes 07 7]
8. Are the stormwater outlet structures designed to decrease fiow velocity by the use of velocity dissipaters I%ZE 0 gfu 074
v

[ 0.00

Sediment control- St fences/Stilling basin - 072
3.0 ENVIROMENTAL QUALITY 12.7

Erosion confrol measures

==
&n
=]

1|Some consideration for reducing envir impact. in the design no 0.00
yes 1.15 1.15

2| Protection of environmentally sensitve areas; [ 0.00
[yes 1.15 1.15

3. Predewvelopment grownd water Recharge rates are maintained; [no 0.00
' [ves 1.15 1.15

4|5 pipes steeper than 1:3 <10% of the total length |£|:| 0.00
|1re5 1.15 1.15

5 . i no 0.00
= Consolidate waterways and open space requirements; = T8 T

= . . } [mo 0.00
Minimize sol eresion; by good vegetation along the water courses = 115 s

I Buffer zone=25m between hard and watercourse areas [ IZI.IZIIE
[ves 115 | 1.15

&, Rehabilitation of exposed soil areas to ensure soil protection ; ??g

ER . yes 0.00
Removal of vegetation on steep areas = % T

10|Protection measures of wetlands- stagnant water- may become health hazards-|s there a potential of [no 0.00

Mutrient enrichment- eutrophication [yes 1.15
1 SW quality treatment with the use storage facilities, Constructed Wetlandsfilters I%ZE ??g 115
2. Increased roughness of the channel or drainage way to decrease the velocity IE ??g 115
3. Subsurface disposal is not to close to point of rainfall »200m |n ??g T

4.0 ECONOMY
1|Some consideration of econemy in the design of the semvice no 0.00
1.67 1.67
o 0.00
= What type of system is being used
167 167
3 The use of non-structural controd as in relation to structural control of SW. ?gg 5
4. Oioes the reticulation have multipurpose stormwater faclities ?gg 16T
E|- Dioes the SWHMFP prowide a few, large areas for retaining stormwater, rather than many smaller areas 0.00
which are more problematic to maintain. 1.67 1.67
G- Does the SWMP attempt to align open drainage systems with natural drainage systems, to minimize the 0.00
cost of earthworks and pipe works. [ 1.67 1.67
. Are the manhole spaced at an the Av. manhole spacing =50m ?gg 15T
& Is there »30% of shared frenches in relation to separate trenches ?gg
2 0.00
Trench Depth <10% of length »3m = Ti T
5.0 FUTURE MAINTENANCE
1|Some consideration of maintenance in the design of the sennice no 0.00
yes 0.67 067
2|= Are there any services placed in a bocation that is not easily accessible by public fo maintence yEs 0.00
no 0.67 067
] ) ; ; (e 0.00
Was the mdp prepared in collaboration with authorizes for future developments = G 5T
4 . . . . no 0.00
= |5 the flood plain accessible to public for maintenance |;E5 067 nET
5. Is the design-manholes, pipes and catchpits sized for mamntenance IE ggg
g. Are the bulk services routed on roads or minimum 5m senitedes [no 0.00 =
[yes 067 | 067
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7. Pipe loading in all areas checked IE ggg

&l If services are in midblock, is a S5m bulding ne mposed IE ggg 067

Bl s due regard for positioning of trees in close proximity of services > 20m IE ggg 0.67
10), Are slesves used whers pipes cross the road |$:5 ggg 0.67
. Are the pipes  susceptable to enosion protected o ggg 067
"2|. Are the open drains . in >8% Fnsd 333
3. pipes across road >100D ggg 0.67

14

- is there an acceptable pioneer grass | cynodindactoling and reeds established where applicable

= Does the Inlet structures designed to reduce clogging. seff cleansing, not designed to overflow

Airm- Risk of loss of Ife and significant damage to properties from the run off from the exception heavy

Some consideration of safety in the design of the service

1.00 1.00
2|+ Does the drainage system manage the planned development for the upstream areas, for storms ranging [no 0.00
from frequent to rare events? yes 1.00 1.00
3]« Are there safe discharge routes provided for stormwater overand flow. Would the overfiow from storage [no 0.00
areas protect the downsiream property from being inundated, [ves 1.00 1.00
4] In areas susceptible to flooding, is the velocity andior depth of stormwater flowing in or across streets is [no 0.0o
within safe limits, with particular attention to potential traffic hazard on higher speed roads. [yes 1.00 1.00
5[ Are storms =1:20 yr frequencies accommodated within the design: [n 0.00
[wes 1.00
6 =-are the elevation of infrastructure & buildings abowe the 100yr floodline |no 0.00
|ves 1.00 1.00
. are the manhole covers sealing in flood sensitive areas |no 0.00
yes 1.00 1.00
&L are the any building that have Installation of pumps for stormwater ﬁ ?Eg T
&l <10% of length >3m Trench Depth ?Eﬂ

are there flood waming signs informing public of approaching hazards

= Are the minor system designed for high-frequency storms; so that there s no inconvenience of overland

flow routes 0.83
2= Are the ternporary storage areas for stormwater in places where the water would not cause 0.00
inconvenience during or immediately after storms. 0e3 | 083
3 . . 0.00
= |5 access to river walks and open spaces allowed; 0E3 05
4 Education and awareness- Rainwater harvesting ggg
[] . S . 1.00
Public participation in all stages of the project = TE3 T
[] .. . no 0.00
Provision of employment to kocal community =100 person days |;es 083 e
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8.0 RESOURCES

1| Conventional use of resources no 0.00
[yes 1.11 1.11

4. Use of onsite materials for bedding |no g.0o
[yes 111 [ 1.1

3. Use of onsite materials for backfill o o.00
yes 1.11 1.11

4 ! [me 0.00
Runoff quantity controd measures = 111 T

5| Fain water harvesting and Reuse -recycled stormwater for imgation no 0.00

yes 1.11

& Pipe material - use of pye'hdpe vs. lconcrete’stesl HEE‘M ?Iﬁ

T no 0.00
Dioes the sytem recharge groundwater = 111 T

g [Eerick 0.00

manhole headwal types- - T

0.00

e Recycled materials to construct of SW channels/imanholesheadwalls

9.0 CONSTRUCTION

Pre construction Stormwater Management Plan

[yes 1.67 1.67
2|Education and awareness- Rainwater hanvesting [me 0.00

[ves 167
3| Minimize erosion and control silkaton with Sand and hessian bags or Silt fences |Eﬂ 0.00

yes 1.67 1.87
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THE GREEN TOWNSHIP DESIGN MODEL

Project Tithe: Bloemfontien Industrial Park Date: 04 April 2013
Client: x0000 Compiled by: SHIAN SAROD(
[ INFRASTRUCTUREELEMENT-SEWER [ |
1.0 LAYOUT EFFICIENCY 100 7.8
1 . § . no 0.00
Typical service layout configuration = T T
2|» Can pumpstations be awoided through the layout recrientation no 0.00
= 1.11
3|~ Does the layout promote midblock sewer no 0.00
s 1.11 1.11
4= Are alternative sewer layouts considered; no 0.00
yec 1.11 1.11
5| Are the Bulk service routed on roads or minimum Sm senvitudes no 0.00
If services are in midblock, a 5m building line imposed yes 1.11 1.1
6 Is there a Sewer Catchment Management Flan been done ;'; ?Iﬁ T
7| <1096 of total length of Sewer pipeline in ficodiine ;'?E ??ﬁ'
B~ Is the development Phased in one catchment at a time no 0.00
s 1.11 1.11
“ Did the layout consider the positioning of trees in close proximity of services »20m o ?Iﬁ T
FUNCTIONAL EFFICIENCY
1 Conventional systems that achiewe minimum compliance na 0.00
yec 1.18 1.18
3- Dioes the development contain a grey | black water water reuse system ;'; ??g
3|~ Does the development contain Secondary greywater reuse no 0.00
= 1.18
4= Are sewers designed to gradients which are steep enough to ensure adequate velocity for self- no 0.00
cleansing yES 1.18 1.18
Sluse of Qiligrease/gnt separators no 0.00
yes 1.18 1.18
G|~ Dioes the development attempt to minimize discharge to the municipal sewerage system through no 0.00
Sewer atenuaticon = 1.18 1.18
T Dipes the systemn attempt Mutrient resource recovery & reuse by Recyde/composting :'; ??g
B|Are there a potential areas »30% of lemgth that are flat (1: 100} that can result in stagnation yES 0.00
no 1.18
Bl Innowvathve wastewater technology no 0.00
yes 1.18 1.18
10{= Was the Geotechnical conditions taken into account in the design no 0.00
oo 1.18 1.18
11(= Does the Soil profile have good permeability no 0.00
s 1.18 1.18
12| Are the manholes that are inthe 1:100 yr. floodline sealed no 0.00
yes 1.18 1.18
13- Does the evapotranspiration area in case of an overfiow fall within the site no 0.00
yes 1.18
14{= Does the evapotranspiration area in case of an overflow fall within the wetland lyes 0.00
no 1.18
15|= Is the av. topography =12%-steep slope problematic for sewage yES 0.00
no 1.18 1.18
16| Are there SoakawaySewer lines positioned <7.5m from drink water source lyes 0.00
no 1.18 1.18
17|~ Soakaway/Sewer lines positioned =5m from water table no 0.00
yec 1.18 1.18
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Environmental quality

1| Some consideration for reducing envir impact. in the design no 0.00
= 1.50 1.50

2|Design a layout which minimizes nuisance to residents, provides attractive and healthy living conditions, |no 0.00
and benefits the envircnment = 1.50 1.50

3| Prowision for protecting surface & sub surface water bodies from sewage no 0.00

= 1.50

4 Prowision of aesthetic sewer infrastructure elements, manholes, outlets, fittings :; ?g

5|+ Are <10% of sewerpipline posifioned in the flood plains; no ﬂ:m

= 1.50

G|- Is the receiving sewer purification works clear >500m flood plains; no 0.00

yes 1.50

Fi . . . no 0.00
Is there Erosion protection provided near water course — TED TED

B|Waste effiuent quality manitorng measures in place no 0.00
= 1.50 1.50

B Are there measures taken to Minimize the obirusiveness of pumping stations, sewer infrastructure and |no 0.00
their envimons = 1.50 1.50

10|+ Are there measures taken to control factors governing cdour and noise emanating from pump stations |no 0.00

and sewer infrastructure = 1.50
4.0 Economy 150 109

1| Some consideration of economy in the design of the service no 0.00
yes 1.36 1.38

2|= Arethe intersection spacing's and block lengths compatible with macdmunm manhole spacing's to no 0.00
minimize the number of manholes. V= 1.38 1.38

3|~ Is the level of service the most economical systemn for the target market no 0.00
= 1.36 1.38

4= Is the percentage of sewer is mid-block sewer >30% of the total length no 0.00

= 1.36

5| & Trench Depth <2m in ower total length no 0.00

S 1.38

§|= Is the av manhole spacings =50m no 0.00
= 1.38 1.38

T . steal, 0.00
Pipe material - use of pvc'hdpe vs. /concrete/steel — = 138 138

B brick 0.00
manhale types- precast 136 | 138
4. Are there long lengths of sewers which cross or adjoin open space or undeveloped land. -“E ?% 158

10{- Are there shared trenches =30% no 0.00

V= 1.38

11|+ Are the roads or mid-block ef alignments as straight as possible to reduce sewer reticulation costs no 0.00

amd minimize the number of manholes. = 1.36 1.38
5.0 FUTURE MAINTENANCE 100 8.8

1 Some consideration of maintenance in the design of the senvice L 0.00
= 1.25 1.25

2 . . . . . no 0.00
= Are the pipe runs and cables in servitudes that are accessible for maintenance work. = 195 T

3 . . . no 0.00
Prowisions for future expansion of the system — 155 T8

4= Was there a lifecycle cost analysis done of the pipe and materials no 0.00

= 1.25

5| Are pipeline susc=ptible to erosion protected no 0.00
YES 1.25 1.25

G- Does every erf have a rodding eye in addition of inspection eye no 0.00
yes 1.25 1.25

T|Are all services watertight no 0.00
yEs 1.25 1.25

B|Are sleeves should be used where pipes cross the road no 0.00

1.25

6.0 Safety 5.0

:
= = Mt
= (Ll

1 . . . . . na 0.00
Some consideration of safety in the design of the senvice = T 5

2 . no 0.00

Tremch Deptih =3m in <109 of l=ngth = e

3 L ] ] no 0.00

Measures to Reduce the incidence , spreading of diseases by waste = LET

4| Compatibility with storm water management no 0.00
= 1.67 1.67

A|Manhole Depth =3m in <10% of length no 0.00
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= 1.67
[3] . . R . . no 0.00
Position of sewer pipe in relation to water pipe =80% of pipe not <1m away :
7.0 SOCIAL
1]» Dioes every site have access to sewers no ]
b= 1.25 1.35
2 Educational Cutreach plan - health and sanitation Ay 0.00
= 1.25
3 . s . no 0.00
Public participation in all stages of the project = 195 155
4 Prowision of employment to local community =100 person days 0.00
8.0 RESOURCES 100 55
1| Conventional use of resources no 0.00
e 0.8 0.81
2|= Does the development use onsite materials for bedding no 0.00
= 0.81 0.8
3|= Does the development use onsite maternials for backill no 0.00
= 0.81
4|Pipe material - use of pyc’hdpe vs. lconcrete/stesl steal, 0.00
pve, hdpe | 0.81 0.8
5 . . brick 0.00
What manhole types are designed for - brick- precast — 0.0 T
= Does the development have pumpstations = 0.00
no 0.81
7|does the development havwe an imigation systemn, that the Recycled sewer effluent can be used for no 0.00
imgation yes 0.81
8 Does the development atternpt to reduce the peak sewer demand (consumption :; Egﬁl
B|l=s there Sewer attenustion no 0.00
= 0.2 0.
10[Was a Detailed investigation of existing Senices to assess the spare capacity of reatment woks, as wellno 0.00
as the feasibility of upgrading undertaken. = 0.81 081
11|Is the Recyded sewage used for fertilizer no 0.00
= 0.81
8.0 CONSTRUCTION 50 25
1| Sewer Management Plan no 0.00
yes 250 250
2| Sewer Operational plan no 0.00
= 2.50
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THE GREEN TOWNSHIP DESIGN MODEL

Project Title: Bloemfontien Industrial Park Date: 04 April 2013
Client: xxxxx Compiled by: SHIAN SARC
Secoring

1.0 LAYOUT EFFECIENCY 100 8.0

1 ] ) - no 0.00
Typical service layout configuration — 100 o0

2|» Are the land uses which have high water demands and high fire risk located close to the water supply  |ne 0.00
mains for the township YEeS 1.00 1.00

3[* Are land uses with low water demand located on high ground to minimize the size of mains and the cost |no 0.00
of water towers Ves 1.00 1.00

4 (* Does the layout facilitate laying the water reticulation pipes as a network of linked loops with a balanced |no 0.00
loss of water pressure? yes 1.00 1.00

5 Does the layout relate to the water pressure zones Ly 0.oo

Yes 1.00

G |* Are the Bulk service routed on roads or minimum 3m servitudes no 0.00
yes 1.00 1.00

Tlywi . 8 ng 0.00
Minimal no of dead-ends to ensure flushing/no stagnation yes 100 o0

Bl Did the layout consider the positioning of trees in close proximity of services I 0oo
YES 1.00 1.00

9 } 5 - - no 0.00

* Location & Spacing of Fire hydrants have a minimum overap of<15% area yes 100

10|* |s adegquate space provided for the siting of reservoir, pump stations and maintenance depots, with no 0.00
allowable buffers when required? Bs 1.00 1.00

20 FUNCTIONAL EFFICIENCY

1 . N - . . . no 0.00
Conventional systems that achieve minimum compliance yes 133 193
2[* Can water loss be reduced by reducing velocity in pipe . Maximum velocity Pressure in the reticulation <|no
3mis- leakage Vs 133 1.33
3|Does the design attempt to monitor water supply by metering. Design of systems that both monitor and  [ne 0.00
manage water consumpfion. VES 1.33 1.33
4|Pressure Management -Is the maximum Pressure in the reticulation= 9 bar-in order to minimise leakage |no 0.00
YES 133 1.33
5 - - no 0.00
Water efficient fittings yes 133 133
Bl Was the layout designed as a network of linked loops to facilitate a balanced loss of water pressure? ;23 E:U’»g 133
7|Does the design Reduce peak demand with the use of attenuation/bulk reservoirs no 0.00
yes 1.33
8 . N : ng 0.00
Water-Efficient Imigation & landscaping measures yes 133
9 Use of Roof tankfintermediate storage = 0.00
yes 133
10|Dry Fire Hydrants. suction pipe systems from pondiextermnal source no 0.00
YEeS 1.33
11 ) . no 0.00
Low impact Development technologies- Water yes 133
12 R . . . no 0.00
Watertight jointsfcompression type coupling/Seals quality yes 133 133
13 Efficient water systems design-Optimised flow/velocity in pipe not <0.2mi/s = 000
) Yes 133 1.33
14 - ng 0.00
'Water hammer analysis undertaken ves 133 133
15 ) . ] . ng 0.00
‘Water reticulation designed to be self-cl
ater reticulation designed to be self-cleaning — 133 133
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3.0 Environmental quality 15.0 6.7
1|Some consideration for reducing envir impact. in the design no 0.00
Yes 1.67 1.67
2 Provisions made to increase Reliability of water source LY o0.0a
yes 1.67
3. Does the design protect existing sources of water within townships for possible use for water supply. ;:s Egg 15
4 Provision of aesthetic water infrastructure elements, manholes, outlets, fitings — 0.0a
yES 1.67 1.67
5 N . . no 0.00
5 I itioned for safe disch
cour valves positioned for ischarge- erosion ves e T
G |low-level water audit camed out no 0.00
YES 1.67
T|Water-Wise Gardening no 0.00
yes 1.67
8|Separate grey water/ black water-Reticulated recycled water supply no 0.00
yes 1.67
9|W ater guality monitoring measures in place no 0.00
4.0 Economy
1|Some consideration of economy in the design of the service
2. Are high and moderate fire risk categories of development located close to bulk water supply points ::s Egg
3|, ] ] . ] ] ; no 0.00
Are <20% of the fittings special fittings, i.e teesicouplings — 150 TE0
4 no 0.00
Use of shared trenches =20% of length — 150 150
5[ Iz the level of service the most economical system for the target market no 0.00
yES 1.50 1.50
Bl Are the air valves , shut off valves in valve rnings, compared to brick chambers — 0.00
! ' yES 1.50 1.50
7| Are there curvilinear roads with small radii, as this increases the cost of water reticulation due to the yES 0.00
necessity of providing additional pipe spedials, fittings and thrust blocks to anchor all pipes. no 1.50 1.50
B|Av Trench Depth <1.2m in over total length no 0.00
yes 1.50 1.50
9 - no 0.00
Conduct Life-Cycle Cost Analyses — 150
10| ) concrete/ | 0.00
Pipe material - pvc/hdpe vs. concretelsteel Y 150
5.0 FUTURE MAINTENANCE 100 9.2
1 ) . . . . ; no 0.00
Some consideration of maintenance in the design of the service — G 0
2 ‘Valves/Meters located in convenient positions- Outside properties I 0.00
YES 0.83 0.83
3 Are the valves located in convenient positions.= 80% at intersections Ly 0.0a
) yes 0.583 0.53
4 Are =80% of the bulk services placed in the most accessible locations such as roads? Ly 0.0a
yes 0.83 0.83
5|Positioning of trees - proximity of services no 0.00
yes 0.83 0.83
G [Flexible type coupling to permit ease in repair no 0.00
yES 0.83 0.83
T|Are all services watertight no 0.00
YES 0.83 0.83
8|Are sleeves should be used where pipes cross the road no 0.00
YES 0.83 0.83
S|Are the comodible pipes protected no 0.00
yes 0.583 0.53
10|Uniform type of fittings compared to non standard fittings no 0.00
yes 0.83 0.83
11|Leak Detection devices in reticulation no 0.00
yes 0.83
12|Provisions for future expansion of the system no 0.00
yes 0.83 0.83
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6.0 Safety 10.0 67

1 ) A . . ) no 0.00
Some consideration of safety in the design of the service — 16T 15

2| no 0.00
=10% of length >3m Trench Depth yes 167 167

I Iz the high and moderate fire sk developments located close to bulk water supply points ;:s Egg
4. |s there supply capacity is compatible with the development's fire fighting reguirements ;:s Egg 5

S|Fire rizk -High/medium or low High/med| 0.00

low 1.67

[ - no 0.00
Pressure on pipeline<Sbar = 167 167
7.0 SOCIAL 50 3.0

1|ls end user provided with access to free basic services, in terms of demand ne 0.00
yes 1.00 1.00

2 Educational Qutreach plan - water conservation L 0.0o

yes 1.00

3 ) . . . no 0.00

* Are the standpipes located in convenient positions along walkways = 100
4. Will vehicular access to other parts of the residential area be blocked during the repair of services :ens Egg o0

5 Provision of employment to local community =100 person days L1 0.00
es 1.00 1.00
8.0 RESOURCES 10.0 50

1|Conventional use of resources no 0.00
yes 1.00 1.00
2 "W ater demand management measures - Does the design attempt to reduce the potable water yes 1.00 1.00

consumption by building cccupants. Reduced demand no 0.00

3|Can the pump duty points/velocities in pipelines be reduced or optimised YES 0.00
no 1.00 1.00

4 . yes 1.00

Zone and bulk smart metering o 000

5 Use of onsite materials for Bedding e .00

yes 1.00

[ . no 0.00
Use of Present & future water consumption figures — 100 00

T |Does the design aitempt to use water efficient appliances and fittings no 0.00
yes 1.00 1.00

B|Use of Recycled materials no 0.00

yes 1.00

g(* Does the design attempt to reduce the consumption of potable water for landscape imigation is sourced |no 0.00

from non-potable water (e.q. rainwater, Recycled water effluent for imigation) yes 1.00

10|Was there a detailed investigation of existing services to assess the spare capacity of watermains, as well|no 0.00
as the feasibility of upgrading eg 1.00 1.00

CONSTRUCTION

1|Water Operational Plan noe 0.00
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THE GREEN TOWNSHIP DESIGN MODEL

Project Tithe: Bloemfontien Industrial Park

Client: xxxxx

Date: 04 April 2013
Compiled by: SHIAN SAROOP

GREEN INFRASTRUCTURE ECO RATING REPORT

EE ROADS |STORMWATER| SEWER WATER
PERFORMANCE CATEGORIES | 5'5 Infrastructure
20% 20% 20% Weighting
1.0 LAYOUT EFFICIENCY B 8 8 Pts. Achieved
10 10 10 Pts. Available
2.0 FUNCTIONAL EFFICIENCY 16 13 13 Pts. Achieved
20 20 20 Pts_ Available
3.0 ENVIRONMENTAL QUALITY 13 E 7 Pts. Achieved
15 15 15 Pts. Available
4.0 ECONOMY 13 11 12 Pts. Achigved
15 15 15 Pts. Available
5.0 FUTURE MAINTENANCE ) [F] 0 Pts. Achieved
10 10 0 Fts. Availabke
6.0 SAFETY 7 5 7 Pts. Achieved
10 10 10 Pts. Available
7.0 SOCIAL Y 4 4 3 Pts. Achieved
5 5 5 Pts. Available
8.0 RESOURCES 5 5 5 Pts. Achieved
10 10 10 Pts. Available
9.0 CONSTRUCTION y 3 e 0 Pts. Achizved
5 5 5 Pts_ Available
TOTAL PTS. 100 100 100
WEIGHTED PTS. ACHIEVED 10.4 8.4 8.5
WEIGHTED PTS. AVAILABLE 13.0 13.0 13.0
TOTAL ACHIEVED B0.0 64.3 65.4
TOTAL AVAILABLE 100.0 100.0 100.0

LAYOUT EFFICIENCY

CONSTRUCTION

RESOURCES Lg.— ;

o QUALITY
e VERAL PROJECT
ROADS \
4 STORM WATER SOCIAL ™, : CECONOMY
=i SEWER
o WATER SAFETY" “EUTURE MAINTENANCE

o DRMZIMAL GOAL

- FUNCTIONAL EFFICIENCY

\, ENVIRONMENTAL

Restricted damage to the environment with innovation and

SCORE - GOLD

new technologies
0-24 Minimal interventions were undertaken- compliance based on regulations |Bronze
25449 Some considerations for environment- Applied conventional practice SILVER
50-74 Restricted damage to the environment with mnovation and new technologid GOLD
75-100 Best solution to the environment- Benchmark performance PLATINUM
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APPENDIX 18: Case Study 4: Green Goal Report
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THE GREEN TOWNSHIF DESIGN MODEL

Project Title: Sunmyside-1ow Cost Howsing Project

Client: oo

Diate: 04 April 2013
Compiled by: SHIAN SARCOP

CIVIL INFRASTRUCTURE GREEN GOAL REPORT

STORM z Weighted
PERFORMAMCE CATEGORIES WATER 20%| SEWER |20%| WATER |20% Infractrack
Mnmal Minima
1 LAYDUT EFFICIENCY ntereertions i | 25 [itereentons b | 25 |Melm=rEmees | g 10%
Be indsriaken be undsriskan i —
Minimial kini=ial Minimal
2 FUNCTIONAL EFFICIENCY niereentions 0 | 23 |ntereentonste | 23 (inteventions o | 23 20%
bE undertsken ne uncertken be underssTEn
Mnmal Minia
nereeptionz o | 23 |nerenborste | 25 :D'Db':ﬂmh'; 1] 10%
be undertaien be uncertaken i
Mnmal Minma Minimal
niereentions o | 23 |ntereentonste | 23 (inferventions o | 23 15%
e ungeriaken pe ungertaken be underaen
Minimial kini=ial Minimal
niereertions o0 | 23 |ntereentonste | 23 (ingeventions o | 23 10%
be undertsken o= undertaben be understEn
Mnmal Minma Minimal
ntervenbons o | 25 |nbereentionsto | 25 |ferventionsio | 25 10%
e ungeriaken pe ungertaken be underaen
Mnmal Minima Minimal
Intereentions fo 25 |nbereenbonsbo | 25 |inferventionsio | 25 10%
be underiaben Deunderiaken | |De yngertaken
Minimial kini=ial Minimal
8 RESOURCES ntereentons .o | 23 |ntersentions to Interventions to | 29 10%;
e undertsken ne undertsken be undersEn
Mnmal Minima Minimal
9 CONSTRUCTION nizreertions o0 | 23 |ntereentonste | 23 (inferventionsio | 23 Hog
e ungeriaken pe ungertaken be ungeraen
O e T P T T P O T 1
WEIGHTED SCORE [4.75] [4.75] [38] 100%
LAYOUT
EFFICIEMCY
100
FUMCTIOMAL

REZCUJRCES

EFFICIENCY

ENVIRONMENTAL

SOEAL QUALITY
SAFETY ECONONMY == OVERAL PROJECT
= ROADS
STORM WATER
FUTURE cro ot
MAINTENANCE Se=BIER
[ SCORE | 23 |Bronze | Minimal interventions to be undertaken |
Sustalnable goal for development  |Range of Implementation choloes Siabus Score
Best soiution to the ermdnment Sl new performance benchmiark through new technoliogleal T5-100
developments PLATINUM
Resiricted damage to the envimnment | Doing what s achievable- firowugh Innowvation and risk taking with 50 - 74
new systems and technologies GOLD
SOMe CONGHIETAoNS ToF enVINNMIERT | APQIY conventional and curmant state-of-practice BILVER 25-40
Mnimal imtenentions to be undertalien (Achieve compliance based on requiations Bronze ;

175



APPENDIX 19: Case Study 4: Preliminary Green Infrastructure
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FNFRASTRUCTURE ELEMENTS

| ROADS 40%] SEWER 20%
I_ Pts Av|Pts Ach Pts AvPts Acl
PC: LAYOUT EFFICIENCY 8 2 8 1
Typical service layout configuration 1 1 [Typical service layout configuration 1 1
landscaping and all public utilities 1 Layout promote midblock sewer> 30% midblock 1
Promote concept of green streets 1 <10% of length of Sewer pipeline in floodline 1
Ecological Connectivity-Open spaces and circulation system 1 Avoidance of pumpstations 1
layout facilitates economical subdivision and min. intersections 1 1 |Alternative Route alignments 1
Design the internal street layout to inhibit through-traffic 1 Catchment planning 1
Increased diversity in road reserve through distinction between 4 1 Contour layout planning 1
Roads aligned with natural topography 1 Sewer lines planned one catchment at a time 1
RESOURCES 7 1 7 1
Alternative Surfacing technologies -Permeable pav/Grass blocks] 1 Backfill - non commercial source 1
Tree conservation <1tree/ha removed 1 Use of onsite materials for Bedding 1
Re-Use of Pavement Layerworks 1 Manhole sealed in the floodline 1
Alt Transportation Options such as bicycles, light rail, NMT 1 Pipe material - use of pve/hdpe vs. /concrete/steel 1
Earthworks- balanced -Cut / Fill <20% spoil 1 The avoidance of the use of pumpstations 1
Use of Recycled materials 1 Use of Recycled materials 1
Conventional use of resources 1 1 |Conventional use of resources 1 1
ENVIRONMENT QUALITY 8 1 8 1
Some consideration for reducing envir impact. in the design 1 1 |Some consideration for reducing envir impact. in the des| 1 1
Minimal of valley crossings < 1/km 1 <20% pipeline positioned in the flood plains 1
ramps and paving 1 manholes, outlets, fittings 1
Erosion control measures @ all outlets 1 Measures to control factors governing odour and noise 1
Landscaping: Use of Water efficient plantings 1 Provision for protecting surface & sub surface water bodf 1
Clearing and grading (Site Vegetation) limited to road footprinto] 1 Flood protection of pumpstation and pipeline 1
Noise reduction through Quiet Pavement, traffic reduction oninty 1 Is the development density < the environmental capacity| 1
Habitat Restoration 1 Waste effluent quality monitoring measures 1
FUNCTIONALITY EFFICIENCY 1 1 11 1
Conventional systems that achieve minimum compliance 1 1 |Conventional systems that achieve minimum complianceg 1 1
Use of Drainage and storage functions of roads 1 Primary greywater reuse 1
Use of Pedestrian / bicycle paths 1 Oil/grease/grit separators 1
Is the av. road grad/m <5%/m 1 Onsite sewage disposal-Recycle/composting 1
Innovation- eg. Use of Permeable pavements 1 Secondary greywater reuse 1
Low impact Development technologies- roads 1 Low impact Development technologies- Sewer 1
automatic right of way on higher order roads 1 Nutrient resource recovery & reuse 1
Parking ratios/codes/parking lots 1 Avoid Flat gradients (20% that is <1: 100)- stagnation 1
Use of street furniture for a positive contribution to area 1 Are the manholes that are in the 1:100 yr. floodline seale] 1
Roadway system design to be self-cleaning 1 Sanitation system design to have self-cleaning velocity 1
Additional lanes at major intersections-reduce peak quantity 1 Sewer attenuation-reduce peak quantity 1
FUTURE MAINTENANCE 8 1 7 1
Some consideration of maintenance in the design of the service] 1 1 |Some consideration of maintenance in the design of the | 1 1
Maintenance of grass- pioneer grass used 1 Provisions for future expansion of the system 1
Bank slopes must be gentle >1:1.75 1 Are pipeline susceptible to erosion protected 1
Pavement lifecycle design >20yrs 1 Service aligned with road/property boundary>80% 1
Site Vegetation-low water 1 Services watertight 1
Alternative access for the repair of services 1 Easy access and room for the repair 1
Type of trees planted allows for minimal leaves to fall 1 Erf have a rodding eye 1
Street marking- high quality luminous paint 1
[Economy 7 2 7 1
Some consideration of economy in the design of the service 1 1 |Some consideration of economy in the design of the sery 1 1
Most economic system/service for target market 1 1 |Most economic system/service for target market 1
Minimized the number of road intersections 1 Av Trench Depth <2m in over total length 1
Are narrower, shorter streets used 1 Av. manhole spacing >50m 1
Too Curvilinear roads increases no of manholes 1 Use of shared trenches> 30% 1
Conduct Life-Cycle Cost Analyses 1 erf alignments as straight as possible to reduce sewer m{ 1
Is the area devoted to streets minimal- min road widths/reserves] 1 Pipe material - pvc/concrete/ndpe. 1
[SAFETY 7 1 5 | 1
Some consideration of safety in the design of the service 1 1 |Some consideration of safety in the design of the servicg 1 1
Traffic calming measures 1 <10% of length >3m Trench Depth 1
Signage and pedestrian friendliness 1 Position in relation to water pipe >1m away 1
the street is designed as a safe and unique public space 1 Compatibility with storm water management 1
SO LSS TS, T TS S, TS LS ST, 1 SIS T SO U1 IS Sy TS sy o1 1
Road safety Audit 1
Safe Intersection-site distance, sidewalks, crosswalks, other inte] 1
[SOCIAC B 2 | 1
neighbourhoods 1 ERF access to sewers 1
Educational Outreach plan - road safety - to community 1 Educational Outreach plan -awareness on Health and sa] 1
Public participation in all stages of the project 1 1 JPublic participation in all stages of the project 1
Public transport facilities and provision of street furniture 1 Provision of employment to local community >100 perso 1 1
Universal access-layout cater for disabled-Wheelchairs and elde] 1
Provision of employment to local community >100 person days 1 1
Measures to preserve Cultural Heritage 1
Provision of social amenities to the community 1
CONSTRUCTION EFFICIENCY 6 0 1 0
Environmental management Process, plan and training 1 Sewer Management Plan 1
Site Waste management plan 1
Pavement Management System 1
Quality Management System 1
Site maintenance plan 1
Equipment Emissions Reduction Plan 1
WEIGHTED SCORES 100 | 15 100 ]12.86
Minimal interventions to be undertaken- Achieve compliance based on regulations 23
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[STORMWATER 20% | WATER | 20% | 100% | Weighte
Pts Av|Pts Ach Pts Avpts Ac d
] 1 8 4 10%
Typical service layout configuration 1 1 |Typical service layout configuration 1 1
Use of Green corridors-Natural drainage paths 1 Pipe route alignment- looped network efficiency 1
stormwater pipeline in floodline <10% of total length 1 Water pipeline in floodline <10% of total length of pipe 1 1
Multipurpose Attenuation facilities-for retarding sw 1 Location & Spacing of Fire hydrants have a minimum overlap| 1 1
land use intensities matched to landscape tolerances for s 1 layout relate to the water pressure zones 1
SWMP initiated at start of planning for land uses 1 Minimal no of dead-ends to ensure flushing/no stagnation 1
servitudes for safe, acceptable points of discharge. 1 land uses-high demands & fire risk close to water supply 1
Reduced SW concentration & hydrological impact 1 Bulk service routed on roads or minimum 5m servitudes 1 1
¥ 1 7 3 10%]
Pipe material - use of pvc/hdpe vs. /concrete/steel 1 Water demand management measures 1
Use of onsite materials for Bedding 1 Zone and bulk smart metering 1
Manhole types- brick/precast 1 Use of onsite materials for Bedding 1 1
Rain water harvesting and Reuse 1 Use of Present & future water consumption figures 1 1
Runoff quantity control 1 Promote use Water Efficient fixtures/Appliances 1
Recycled materials to construct of SW channels/manholes/| 1 Rain water harvesting 1
Conventional use of resources 1 1 Conventional use of resources 1 1
3 1 7 & 10%
Some consideration for reducing envir impact. in the designl 1 1 |Some consideration for reducing envir impact. in the design 1 1
Post Development < Predev Flow 1 Protect against water contamination 1 1
manholes, outlets, fittings 1 manholes, outlets, fittings that is not obtrusive 1
Recharge rates maintained 1 low-level water audits 1
Protection measures of wetlands- stagnant water 1 Scour valves positioned for safe discharge- erosion 1 1
Runoff quality-Constructed Wetlands/filters 1 Reticulated recycled water supply 1
Minimize soil erosion; by good vegetation along the water¢{ 1 Water-Wise Gardening 1
Increased roughness of drainage way to decrease the velod 1
11 2 11 2 20%.
Conventional systems that achieve minimum compliance 1 1 |Conventional systems that achieve minimum compliance 1 1
Quality control at source-from residential rooftop by discon] 1 Water-Efficient Irrigation & landscaping measures 1
SW attenuation-reduce peak gquantity 1 Use of Roof tank/intermediate storage 1
Stormwater Management Plan 1 Pressure Management as part of design-Balanced loss/increal 1
Bioretention swales/ponds/infiltration berms 1 Dry Fire Hydrants. suction pipe systems from pond 1
Low impact Development technologies- SW 1 Water efficient fittings 1
Erosion control(Geotextile/cells, gabions) 1 water attenuation-reduce peak quantity 1
Sediment control- Silt fences/Stilling basin 1 Watertight joints/compression type coupling/Seals quality 1
Is the av. channel grad/m <5%/m-high velocities 1 Efficient water systems design-Optimised flow/velogity in pipe| 1
Use of roads & parking to control drainage & storage 1 Water reticulation design to be self-cleaning 1 1
Are channels lined -earth,-grass, concrete, grass 1 1 |Water hammer analysis 1
8 2 8 1 10%
Some consideration of maintenance in the design of the sef 1 1 |Some consideration of maintenance in the design of the servig 1 1
Is the design-manholes, pipes and catchpits sized for main] 1 Sleeves used where pipes cross the road 1
Flood plain accessible 1 1 |Services Watertight joints/Seals quality 1
Pipe loading in all areas checked 1 Positioning of trees - proximity of services 1
Stormwater system design to be self-cleaning 1 Isolation Valves/Meters located in convenient positions @ 9094 1
Easy access and room for the repair of services 1 Easy access and room for the repair of services 1
Positioning of trees in close proximity of services > 20m 1 Leak Detection devices in retic. 1
Inlet/outlet design to reduce blockages 1 Provisions for future expansion of the system 1
8 2 8 3 15%
Some consideration of economy in the design of the servicd 1 1 |Some consideration of economy in the design of the service 1 1
Most economic system/service for target market 1 Most economic system/service for target market 1
Non structural controls 1 Use of shared trenches >20% 1
Use of shared trenches >20% 1 Max. hydrants, airvalve spacing av spacing- 200m 1
Av. manhole spacing >50m 1 Av Trench Depth <1.2m in over total length 1
Multipurpose stormwater facilities 1 Conduct Life-Cycle Cost Analyses 1
Pipe material - pvc/concrete/hdpe. 1 Pipe material - pvc/concrete/hdpe. 1 1
Av Trench Depth <2m in over total length 1 1 JAre the air valves, shut off valves in valve rings 1 1
6 1 6 5 10%
Some consideration of safety in the design of the service 1 1 |Some consideration of safety in the design of the service 1 1
<10% of length >3m Trench Depth 1 <10% of length >3m Trench Depth 1 1
Velocity /depth of stormwater flowing 1 Supply sufficient for fire fighting requirements 1
Safe discharge routes 1 Fire risk -High/medium or low 1 1
Design accommodates various storm frequencies 1 located close to bulk water supply points 1 1
Flood warning signs 1 Pressure on pipeline<9bar 1 1
6 2 4 1 5%
convenience- minor system designed for high-frequency st 1 Provision of employment to local community >100 person day] 1 1
Education and awareness- Rainwater harvesting 1 Educational Outreach plan - water conservation 1
Public participation in all stages of the project 1 Public participation in all stages of the project 1
No Inconvenience of overland flow and Temporary storage{ 1 Standpipes located in convenient positions along walkways. 1
Is access to river walks and open spaces 1 1
Provision of employment to local community >100 persond{ 1 1
2 1 1 0 5%
Pre construction Stormwater Management Plan 1 1 |Water Operational plan 1
Siltation control with Sand and hessian bags or Silt fences 1
100 ] 19.33 100 345] 23
Minimal interventions to be undertaken- Achieve compliance based on regulations Bronze | 23
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APPENDIX 20: Case Study 4: Detailed Green Infrastructure
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THE GREEN TOWNSHIP DESIGN MODEL

Project Title: Sunnyside-Low Cost Housing Project Date: 04 April 2013
Client: xooo Compiled by: SHIAN SAR(

1.0 LAYOUT EFFICIENCY

1 ) . . no 0.00
Typical service layout configuration — 083 03
2 no 0.00
Does the layout promote concept of greensirests — R
3 Does the layout facilitate economical subdivisions, with the use of shared rad infrastructure no 0.00
yES 0.63 0.63
4, ayout integrates the circulation system with dwellings, landscaping and all public utilities 1::5 ggg
5- the percentage iownship area devoted to roads, parking and footways <30% of total area :5 ggg
|- Is there minimum interruption from access movemnents, intersections, to achieve good mobility, no 0.00
Acocess road >100m apart yes 0.63
7| Prowide public transport routes which minimize operating costs while satisfying user requirements  [no 0.00
fior comvenience yes 0.63
8| Provide reserve widths and alignments which cater for all road users, for services for landscaping, [no 0.00
in the most economical way. yes 0.63
o= Relate the spacing and layout of intersections io the probable vehicle type, the volume and direction |no 0.00
of movement yes 0.63
10| Ecological Connectivity-Open spaces and circulation system-integral part of the open space system (no 0.00
and appropriate landscaping provided for yes 0.63
11, Are short-distance links [ <1km) between adjacent neighbourhwoods :5 ggg
12| Does the road hierarchy requirements provide automatic right-of-way for traffic on higher order no 0.00
roads. additional lanes at intersections provided for to reduce peak traffic with minimum intermuption  |yes 0.63
13| Design the internal street layout to inhibit through-traffic no 0.00
yes 0.63
14(- Zarages and urban colleciors located away from residents, to minimize nuisance to residents from  |no 0.00
noise, dust and fumes yes 0.63
15 - no 0.00
= Develop the road aligned to the natural topography = R
18|~ Increase diversity in road reserve. Design and make distinction between sidewalk zone, cyde no 0.00
areas, pedestrian area, refuse areas, planters, lighting, etc. = 0.53

2.0 FUNCTIONAL EFFICIENCY

1 . - - . no 0.00
Conventional systems that achieve minimum compliance = 00 100
2|The use of Inmowvative design techniques, such as the use geogrids to reduce layer thickness, no 0.00
increase pavement life, bearing capacity, differential settlement, etc. yes 1.00
3 The wse of Low impact Development technologies on reads 1::5 ?gg
4|Are the street furmniture well designed items, and placed so as o make a positive contribution to the  [no 0.00
total street picture = 1.00
5 Are there cycle lanes L 0.00
yes 1.00
8| Are there special details for the design of all road elements, including kerbing. channelling, ramps no 0.00
and different types of paving.eg. Brick paving compared to concrete and asphalt as it creates yes 1.00
7 Are landscaping and trees used o reduce the impact of large areas of asphalt 1::5 ?gg
8(ls the potential drainage function of roads maximized by co-ordinating their layouwts with the drainage [no 0.00
systemns. yes 1.00
g. Where appropriate, are the medians-<1.5m for safety :5 ?gg
10{= I= the maximum road crown slope(4% operation problem driving, wear of vehicles <20% of the no 0.00
total road length yes 1.00
1, Is the minimum road crown slope( 2%) - prevents sediment loading <5% of the total road length :5 ?gg
12, Additional lanes at major intersections-reduce peak quantity 1::5 ?gg
3. Is the average road grad/m less than 5%/m :5 ?gg
14(- Are parking areas provided (according to Parking ratios/codes) where road will be well trafficked no 0.00
and where appropriate consist of grass blocks, gravel, paving to give it a softer park like image yes 1.00
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Pedestrian routes

13]. Do the pedestrian routes minimize walking distances and encourage pedestrian use ;:5 ?gg
18], Are there padestrian facilities (such as sidewalks and crossings) :5 ?-gg
17 . . . . no 0.00
The project layout promotes walking and discourages the use of wehicles. = 00
Bus stops
18 } . L no 0.00
= Are bus bays provided at major bus stops to minimize delays to other traffic = 00 0
18|~ Prowide sheler against rain, sun, wind as well as benches or a space for resting or eating while no 0.00
waiting for transporation and signage integrated with shelters yes 1.00
=01, Are gradients designed appropriate fo the mode/s of transport using the Bus route (<G9%) 5 ?gg o0

3.0 Environmental quality

1|Some consideration for reducing envir impact. in the design no 0.00
yES 1.07 1.07

2|Moise reduction through Quiet Pavement, traffic reduction on intemnal streets no 0.00
yES 1.07 1.07

3|- Use of surfacing on roads - Concrete vs. asphalt increases volumetric heat capacities, lower air no 0.00

temperatures yes 1.07

4|Habitat Restoration measures used no 0.00

yes 1.07

5 ) . . ) . . no 0.00

= Provide aesthetic kerbing. channelling, pedestrian refuges, ramps and paving = 0T

8- Permeable noad surface/parking lots -grass blocks- selection of surfacing that has a reduced no 0.00

environmental impact relative to available altematives. yes 1.07

7|Does the project layout provides a safe, convenient and attractive environment for walking. no 0.00

yes 1.07

8| Preserve natural features such as gullies, outcrops, marshes and existing trees, shrubs and hedges |no 0.00

in the layout to create interest, vanety and surprise in the vistas along the and along the streets. yES 1.07

ol Are erosion control measures used in the design of eartheorks on steep areas, such as the use of  |no 0.00

sand bags or Hessian sheets, rehabilitation of exposed soil areas, soil is protected from the yes 1.07

10 Clearing and grading (Site Vegetation) - road foctprinttopseil removed <50% of road resenve :5 ?gg

11]- Is a wvariety of access sireet forms provided to avoid monotony no 0.00

yes 1.07

12 would there be stock piling of soil or any other materials mear a watercourse 1‘:5 ?gg

12 Landscaping: Use of Water efficient plantings -“E ?gg

14|Are areas sensitive to emosion such as near water supply points and edges of slopes being lyes 0.00
developed. no 1.07 1.07

1|Some consideration of economy in the design of the service no 0.00
yes 1.38 1.36

2|Most economic systemiservice for target market no 0.00
YES 1.38 1.36

3] Can the number of road intersections be minimized through layout configuration yes 0.00

no 1.36

4 Are the roads too Curvilinear reads- increased no of manholes, kerb lengths -“E ?gg

5| Are the public tansport routes optimized; no 0.00

= 1.38

B[= Are the widths of readways the minimum commensurate with the desired speed and expected no 0.00
volurne and composition of trafic yes 1.38 1.36

7|~ Is the alignment of roadways utilise the maximum criteria in order to reduce earthweorks, in with the  |no 0.00
desired speed and expected volume and composition of traffic yes 1.38 1.38

8|~ Is the pavement foundation design of roadways the minimum commensurate with the desired speed|no 0.00
and expected volume and composition of traffic yes 1.38 1.38

g . no 0.00

Conduct Life-Cycle Cost Analyses = T

10 Exrtiworks- balanced-Cut / Fill <1000m3 spoil — 0.00

yES 1.38

11, . L yes 0.00
Can the total length and cost of intemal roads be minimized o 58 T
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5.0 FUTURE MAINTENANCE 100 10
1|Some consideration of maintenance in the design of the senvice no 0.00
yes 1.00 1.00
2| Acceptable pioneer grasses( cynodindactolin} and reeds where applicable no 0.00
yES 1.00
3| Type of trees planted allows for minimal leaves to fall and clog up drains no 0.00
yes 1.00
4|Landscaping: Use of Water efficient plantings no 0.00
e 1.00
8- -Bank slopes must be gentle to allow access for maintenance =1:1.75 :5 ?gg
8| Life span of the noad pavement =20 years no 0.00
yes 1.00
7|= Street marking- high quality luminous paint no 0.00
yes 1.00
8| Altem ative access for the repair of noad or road closure no 0.00
yES 1.00
8|High quality Street signage - mimimal maintenance =2m from trees/shrubs no 0.00
yes 1.00
10| Are there subsurface water draimage systemns in B0% of cuts =2m to protect road pavements - no 0.00

rminimal maintenance of road layenworks =] 1.00
6.0  SAFETY o

7.0 SOCIAL

1 . ) . } ) no 0.00
Some consideration of safety in the design of the senvice ves 0BT 05T
2|Adequate sight distances at intersections, honizontal curves and crests are commensurate with no 0.00
operating speeds yes 0.67
3= Universal access at Intersections-designed to be safe for pedestrians and vehicles. This indudes  |no 0.00
sidewalks, crosswalks, traffic signals and other intersection treatment e 0.87
4. Inhibit through-traffic in intemal streets/neighbourhoods ;":5 e
5| Segregate pedestrans, cyclists and vehicles where traffic is concentrated or speeds and volumes  |no 0.00
are high e 0.67
8| Traffic calming measures used such as Speed humps, chicanes, street narmowing devices, change in |no 0.00
the surface colour or texture, in the immediate vicinity of homes. yes 0.67
7|= Provide access points to multiple units dwellings only at selected points to control and concentrate  |no 0.00
traffic yes 0.867
8 } i - . . . no 0.00
= Provide tuming spaces which avoid the need for vehicles to reverse over long distances. = 0ET 0ET
4. Are there pedestrian crossings and sidewalks with adequate signage ;:5 ggg
10 . no 0.00
Road safety Audit undertaken — CE
11|, Prowide mutual visibility between pedestrians and moving vehicles with traffic on main roads; :5 ggg
12, is there a potential conflict areas between roads users, pedestriam and cyclists 1‘;5 ggg
13 . — no 0.00
= Design soft mounds, and plant trees to separate pedestrian from buildings and moad = 0BT
14| Convenience- Traffic-generating facilities located near entrances to residential areas or adjacentto  |no 0.00
higher order roads yES 0.87
15(4re the pedesirian system and parking areas located where they will be overiooked by dwellings or (o 0.00
passing traffic and wellit afier dark for greater secun =5 0.67

1 . . na 0.00
Does the road contribute to development of previously underdeveloped areas = 63 R

2 ) no 0.00

Educational Outreach plan - noad safety = 083

3 . . L ) no 0.00

= Ensure that pedestrian crossings on distributor reads are convenient to use = R

4|= Minimize distances of pedestrian routes <15min walking time; no 0.00

yES 0.63

5 Provision of social amenities o the community 0o 0.00

yes 0.63

8| Does the layout cater for disabled and Wheelchairs and elders that may want to sit down no 0.00
yes 0.63 0.63

7 Provision of employment to local community =100 person days na 0.00
YES 0.63 0.63

8 Use of Public ransport facilities and provision of street fumiture = 0.00
yes 0.63 0.63
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8.0 RESOURCES 100 22
1| Comventicnal use of resources no 0.00
yes 1.11 1.11
2|Use of Recyded road materials in the layerworks no 0.00
yes 1.11
3|Is the Kerbing cast insitu or precast lprecast | 0.00
insitu 1.11
4|Design initiathves that increase the facilitate reused building materials, Recycled materials and no 0.00
YES 1.11
5| Tree conservation- no of frees <10/ha no 0.00
yes 1.11
§|Earthworks- balanced -Cut / Fill <20% spail no 0.00
¥es 1.11
T|Promoting ARemative Transportation Options such as bicycles, light rail, Non Motorized Transport no 0.00
yes 1.11
8|Use of altemative Surfacing other tham hot mix asphalt, such as Permeable pave/Grass no 0.00
blocks/porous concrete YES 1.11
¢ Reuse existing materials onsite to minimise matenals consumption 5 ??? 1

9.0 CONSTRUCTION

1|Emvironmental management Process, plan and fraining no 0.00
¥e5 0.71 0.71
2| Site Waste management plan no 0.00
yes 0.71
3| Pavement Management System no 0.00
YES 0.71
4| Cuality Management System no 0.00
yes 0.71
£ | Site maintenance plan no 0.00
YES 0.71
&|Eguipment Emissions Reduction Plan no 0.00
YES 0.71
7| = Stockpiles =1000m3 (Hugh stockpiles create dust in wind) no 0.00
yes 0.71
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THE GREEN TOWNSHIF DESIGN MODEL

Project Title: Sunnyside-Low Cost Housing Project Date: 04 April 2013
Client: xooo Compiled by: SHIAN !
[ INFRASTRUCTUREELEMENT-STORMWATER [ |
1.0 LAYOUT EFFECIENCY 08 10
1 . . no 0.00
Typical senvice layout configuratio = “oo 1900
2|« Dpes the layout consider hydrelogical concemns with regards to sw runoff and relationship to plot size. type [no 0.00
of land use yes 1.00
3|« Does the layout plan take into account the natural drainage paths(Stream patterns), areas subject to no 0.00
fiooding yes 1.00
4 . . - no 0.00
= Are the land use intensities matched to landscape tolerances for swmp = T
5 are the stormwater faclities Integrated with recreation arsas; ;::»5 ':'gg
G- Dpes the swmp use open spaces for retarding or stormwater evaporation ponds to remove partially treated |no 0.00
water YES 1.00
T| s the length of Storm water services located in special servitudes and not located in road reserve <10% of |no 0.00
total length yEs 1.00
£ stormwater pipeline in flopdline <10% of total length o oog
yes 1.00
“|- Doss the ayout reduce the hydrological mpact of the development by reducing stormwater concentration ::»5 ﬂgg
10, Was the mdp initiated at start of planning for land uses ':'gg
2.0 FUNCTIONAL EFFECIENCY
1 - I no 0.00
Conventional systems that achieve minimum compliance ves 174 (672
2]+ Prowision of suface water management system to ensure that the ulbmate flow from the development does]no 0.00
not result in any negative impacts on downstream properties or watercourse and is managed within the 074
owerall site e )
3|~ Has the Master drainage plans been prepared, in collaboration with adjoining commamities and authorities, |no 0.00
fior the existing and future development of the entire catchments yES 0.74
4 Is =70% of the road designed for sheetilow L= 0.00
yES 074
5 b no 0.00
Is the maximum velocity <3m's — 074
g =10% of reads have a maximum read gradient >12% = ooa
yes 0.74
. What is the minimum road crown slope- <2%- sediment = o.00
yes 0.74
8 Is the maximum road crown slope- <3%-operation problem driving, ware of vehicles ::-5 ggﬂ
©\+ Are the potential dra nage and storage functions of roads, roadside channels used ::»5 gg‘:
10 e . o . . no 0.00
Is =50% of the road gradients <2% - used for retarding stormwater run-off = 074
11 . no 0.00
=I5 th t nt limited to pred t
s the post development limi o predevelopmen = 272 (072
12 _ . no 0.00
Is the roadside channels designed to prevent erosion = 074
13 no 0.00
. <
Is the stormwater fiow depths < 0.5m = 074
14, Inket- are the backwater effects designed for = 0.00
yes 0.74
15 , . . no 0.00
= are the inkets/pond have swing type gnds or are self cleansing to prevent blockages S 074
18| Quality control at the source-from residential reoftop by disconnecting downpipe, Ram Bamels, soakaway- |no 0.00
Prexvent pollutant dumping yes 0.74
171, Does the reticulation limit runoff volumes with the use of binswales filtering pollution ::.5 ggﬂ
18|- Does the reticulation limit volumes with the use of retention basin no 0.00
bid 0.74
12 Are velocities reduced with the use of Check dams no £oa
YES 0.74
20, Dioes the reticulation limit unoff volumes with the use of Porous parking surfaces xﬁ ggﬂ
21|« In areas where the subsoil and water table are suitable, does the design the surfaces of storage areas o .00
allow for the re-charging of the underground water. yes 0.74
22|Are fiood plains and watercourses protected from erosion with Gabions, dissipaters, Reno mattress, stilling  |no 0.00
basins, Check weir, Riprap protection. Energy redwction. Drop structures. Rip rap basins, yes 0.74
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23, Are there measures to prevent underground conduits from siting up na oo
YES 0.74
24 - no 0.00
Are channels lined -sarth,-grass, concrete, grass = 074
25 , no 0.00
= Is th ch | 5l -<5%
s the average channel slopes = 07a
28, Are the storrmwater cutlet structures designed to decrease flow velocity by the use of velocity dissipaters ::5 i ?f':'
7| sediment control- St fences/Stilling basin =
3.0 ENVIROMENTAL QUALITY 15.0 1.2
Erosion control messunes
1| Some consideration for reducing envir impact. i the design no 0.00
Yes 1.15 [1.15
2|+ Protection of environmentally sensitve areas; no 0.00
YES 1.15
ER Predevelopment ground water Recharge rates are maintained; ;:'5 ??E
4|5W pipes steeper than 1:3 <10% of the total length no 0.00
YES 1.15
&, Consofidate waterways and open space requirements; :;5 ??E
g, Minimize sod erosion; by good vegetation along the water courses ;:'5 ??E
. Buffer zone>25m between hard and watercourse areas ;:'5 ??E
ElN Rehabilitation of exposed sold areas to enswre soil protection :‘ﬁ ??E
g, Removal of vegetation on steep areas I‘-ﬁﬁ ??E
10| Pratection measures of wetlands- stagnant water- may become health hazards-Is there a potential of no 0.00
Nutrient enrichment- eutrophication ves 1.15
1 SW guality treatment with the use storage faciliies, Constructed Wetlands/filters ;Eﬁ ??E
12, Increased roughness of the channel or drainage way to decrease the velocity :;5 ??E
13, Subsurface disposal is not to close to point of rainfall >200m ??E
4.0 ECONOMY 158 17
1|Some consideration of economy in the design of the senvice no 0.00
YES 1.87 | 1.87
5 ’TE’E”d% 0.00
= What type of system is being used L
<50%
. 1.87
piped
3 . ! N no 0.00
The use of non-structural control as in relation to structural contnol of SW. — o
4, Does the reticulation have multipurpose stormwater facilities :’E ?gg
5| Does the SWMP provide a few, large areas for retaining stormwater, rather than many smaller areas which [no 0.00
are more problematic to maintain. YES 1.87
G- Does the SWMP attemnpt to align open dranage systems with natural drainage systems. to minimize the no 0.00
cost of earthworks and pipe works. yes 1.87
. Are the manhole spaced at an the Av. manhole spacing =50m :;5 ?gg
B Is there »30% of shared trenches in relation to separate trenches ;:'5 ?gg
“|Trench Depth <10% of length =3m ?gg
5.0 FUTURE MAINTENANCE 100 13
1|Some consideration of maintenance in the design of the senvice no 0.00
e 087 [D&T
2| Are there any services placed in a location that is not easidy accessible by public fo rmaintence YES 0.00
no 0.87
3 . . no 0.00
= Was the mdp prepared in collaboration with authorizes for future developments — 0AT
4 . . . no 0.00
Is the flood plain accessible to public for mantenance = G
5 . . . . no 0.00
Is the design-manholes, pipes and catchpits sized for maintenance — 0AT
g. Are the bulk services routed on roads or minimum Sm servitudes ;:'5 ggg
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Aim- Risk of loss of life and significant damage to properties from the mn off from the excepbion heavy

7| o . o 0.00

Pipe loading in all areas checked !v_es 067

[ . . = A no 10.00

i services are in midblock, is a 5m building line mpossd = Sl

gl ks due regard for positioning of trees in close proximity of services = 20m I:S ggg

10 no 0.00

« Are sleeves used where pipes cross the rosd ves 067

L - Are the pipes susceptable to erosion protecied = 0.00

[yes 0.87

12 .. [ne 10.00

Are the open drains in in =0% lned [yes Sl

13 o 0.00
- pipes across rosd »1000 ’y_es 087 (05

14 is there an acceptable pioneer grass | cynodindactoling and reeds established where applicable I:S ggg

15(= Diwes the Inlet structures designed to reduce clogging. seff deansing, not designed to overfow [ 0.00

are there fiond waming signs informing public of approaching hazards

7.0 SOCIAL

! Some consideration of safety in the design of the senvice I:S ?gg T
2| Does the dranage system manage the planned developrment for the upsiream areas, for SIOTS rangmg F 10.00
from freguent to rare events? YES 1.00
3|+ Are there safe dischange routes prowided fior stormwater oweriand flow. Would the overfiow from storage  [no 0.00
areas protect the downstream property from being inundated. [ves 1.00
4]+ kv areas susceptible to fiooding, is the welocity andlor depth of stormwater flowing in or across streets is  [no 10.00
within safe imits, with particular attention toe potential traffic hazard on higher speed roads. [yes 1.00
&= Are storms =120 yr frequencies accommodated within the desagn; |E' 10.00
yes 1.00
8 . L . [ne 10.00
~are the elevation of infrastructure & buildings abowve the 100y ficodline = 100
T, are the manhole covers sealing in floed sensitive areas o 0.00
WES 1.00
o are the any bulding that have Installation of pumps. for stommwater -E ?gg
g [mea 10.00
=10% of length =3m Trench Depth lyes 100
10 [mo 10.00

8.0 RESOURCES

1|= Are the minor system designed fior high-Teguency storms; so that there s no inconvenience of overfand  |po 0.00
flow routes [ves 10.83
2+ Are the termporary storage areas for stommwater in places where the water would not cause nconvenience [no 10.00
during or immediately after storms. [yes 10.83
3 . . no 10.00
ks access to river walks and open spaces allowed; lws 083
B no 10.00
Education and awareness- Ramwater harvesting = IR
5 L . [ne 10.00
Public participation in all stages of the project = IR

8 - Prowision of employment to local community =100 person days ggg 05

Recycled materials to construct of SW channels
9.0 CONSTRUCTION

1|Conventional use of resources [ 10.00

[yes [N T
2|. Use of onsite materials for bedding [no 0.00

[yes 1.11
3|- Use of onsite materials for backes F .00

YES 111 1.1
*|Runof quantity control measures I:s '-1'1'??
5|Rain water harwesting and Reuse -recycled stonmwater for imigation o 10.00

WES 1.11
B Pipe material - use of pyc/hdpe vs. lconcrete/stee ﬁ ?'ﬁ
7|Does the sytem recharge groundwater I; '-1':"3?
31, manhale types- | ?ﬁllil
g 10.00

1|Pre construction Stomwater Management Plan na 0.00
[ves 1.67
2|Education and awareness- Rainwater harvesting [ 10.00
|yes 1.87
3|Minimize erosion and contrel siltation with Sand and hessian bags or Silt fences }E‘ 10.00
YES 1.87
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THE GREEN TOWNSHIP DESIGN MODEL

Project Title: Sunnyside-Low Cost Housing Project
Client: xooox

Date: 04 April 2013

Compiled by: SHIAN SAR1

2.0 FUNCTIONAL EFFICIENCY

1.0 LAYOUT EFFICIENCY 100 33
1 . . . no 0.00
T I layout confi fi
ypical service layout configuration — 137 X
2| Can pumpstations be avoided through the layout recrientation no 0.00
V= 1.11
3| Does the layout promote midblock sewer no 0.00
YES 1.11 1.11
4| Are altemative sewer layouts considerad; no 0.00
V= 1.11
F|Are the Bulk service routed on roads or minimmum Sm servitudes no 0.00
If services are in midblock, @ Sm building line imposed V= 1.11
g Is there a Sewer Catchment Management Plan been done ::5 ???
T <10% of total length of Sewer pipeline in flocdline ::5 ???
B|= Is the development Fhased im one catchment at a time no 0.00
YES 1.11 1.11
. . L . . . no 0.00
Did the layout consider the positioning of trees in close proximity of services =20m - 111

1 . . L. . no 0.00
C tional systems that ach |
onventional systems that achieve minimum compliance — 118 T
2. Does the development contain a grey / black water water reuse system ::5 ??g
3| Does the development contain Secondary greywater reuse no 0.00
V= 1.18
4|= Are sewers designed to gradients which are steep enough to ensure adequate velocity for self- no 0.00
cleansing V= 1.18
Fluse of Qillgrease/grit separators no 0.00
V= 1.18
| Does the development atternpt to minimize discharge to the municipal sewerage system through no 0.00
sewer attenuation V= 1.18
T Does the system attemnpt Mutrient resource recovery & reuse by Recycle/composting ::5 ??g
B|Are there a potential areas >30% of length that are flat (1: 100) that can result in stagnation yes 0.00
no 1.18
Allnnovative wastewater technology ng 0.o0
V= 1.18
10(= Was the Geotechnical conditions taken imto account in the design no 0.00
V= 1.18
11| Does the Soil profile have good permeability no 0.00
yes 1.18
12|Are the manholes that are in the 1:100 yr. floodline sealed no 0.00
V= 1.18
13| Does the evapotranspiration area in case of an overflow fall within the site no 0.00
V= 1.18
14|- Does the evapotranspiration area in case of an overflow fall within the wetland yes 0.00
no 1.18
15|= Is the av. topography =12%-steep slope problematic for sewage V= 0.00
no 1.18
16|Are there Soakaway Sewer lines positioned <7.5m from drink water source V= 0.00
no 1.18
17| Soakaway'Sewer lines positioned >5m from water table no 0.00
25 1.18
3.0 Environmental quality 150 1.5
1|Some consideration for reducing envir impact. in the design no 0.00
V= 1.50 1.50
2|Design a layout which minimizes nuisance to residents, provides attractive and healthy living conditions. |na 0.00
and benefits the environment V= 1.50
3|Provisicn for protecting surface & sub surface water bodies from sewage no 0.00
V= 1.50
4 .. . . ) no 0.00
Provision of aesthetic sewer infrastructure elements, manholes, outlets, fittings — 15D
5= Are <10% of sewerpipline positioned in the flood plains; no 0.00
yES 1.50
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6| Is the receiving sewer purfication works clear =500m flood plains; no 0.00

yes 1.50

. Is there Erosion protection provided mear water course na o.oo

yes 1.50

B|Waste effluent quality monitoring measures in place no 0.00

yes 1.50

@ Are there measures taken to Minimize the obtrusiveness of pumping stations, sewer infrastructure and |no 0.00

their environs YES 1.50

10| Are there measures taken to control factors governing odour and noise emanating from pump stations |no 0.00

and sewer infrastructure £ 1.50
4.0 Economy 150 4.1

Some consideration of economy in the design of the service no 0.00
yes 1.38 1.38

2| Are the inmtersection spacing’s and block lengths compatible with maximum manhole spacing'’s to no 0.00

minimize the number of manhales. yES 1.38

3| Is the level of service the most economical system for the target market no 0.00

yes 1.38

4= Is the percentage of sewer is mid-block sewer >30% of the total length no 0.00

yes 1.38

F|Av Trench Depth <2m in over total length no 0.00

yes 1.38

G| Is the av manhole spacings >50m no 0.00

yes 1.38

T Pipe material - use of pvc/hdpe vs. /concrete/steeal steel, o.oo

pve, 1.38

B birick 0.00
- manhole types- precast | 136 | 136

9], 4 ) . yes 0.00

= Are there long lengths of sewers which cross or adjoin open space or undeveloped land. = T30

10[= Are there shared trenches =30% no 0.00
yes 1.38 1.38

11|~ Are the roads or mid-block erf alignments as straight as possible to reduce sewer reticulation costs no 0.00

amd minimize the number of manholes. £ 1.38

FUTURE MAINTENANCE

1= . ] . ) ] . no 0.00
Some consideration of maintenances in the design of the sernvice — 135 T35

2 & . . . . . no 0.00

= Are the pipe runs and cables in servitudes that are accessible for maintemance work. = T8

3 .. . no 0.00

Provisions for future expansion of the system — 128

4 (= Was there a lifecycle cost analysis done of the pipe and materials no 0.00

yes 1.25

F|Are pipeline susceptible to erosion protected no 0.00

yes 1.25

| Does every erf have a redding eye in addition of inspection eye no 0.00

yes 1.25

7|Are all services watertight no 0.00

yes 1.25

B|Are sleeves should be used where pipes cross the road no 0.00

z 1.25
6.0 Safety 100 17

e . . . . . na 0.00
Some consideration of safety in the design of the service — TET TE
2 S no 0.00
T h Depth =3 <10% of length
rench Dep m in =ng — TET
3 Measures to Reduce the incidence , spreading of diseases by waste = ?gg
yes /
4 (Compatibility with storm water management no 0.00
YES 1.67
F|Manhole Depth >3m in <10% of length no 0.00
YES 167
g Position of sewer pipe in relation to water pipe =80% of pipe not <1m away :5 ?gg
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7.0 SOCIAL

3.8

1|= Does every site have access to sewers no
yes 1.26 1.25
2 Educational Outreach plan - health and sanitation = 0.0o
yES 1.25
3 ] L ) no 0.00
Pubi riicipati Il st of th ect
ublic participation in all stages e proj = T ToE
4 no 0.00

Prowision of employment to local community =100 person days

8.0 RESOURCES

Conventional use of resources

no
yes 0.1 0.81
2| Does the development use onsite materials for bedding no 0.00
yes 0.8
3|- Does the development use onsite materials for backfill no 0.00
yes 0.81 0.81
4 |Pipe material - use of pyc'hdpe vs. fconcretelsteel sueel, 0.00
pvc. 0.21 0.81
5 . . brick 0.00
= What manhole types are designed for - brick- precast — Y 0o
G| Does the development have pumpstations = 0.00
no 0.1
T|does the development have an imigation system, that the Recycled sewer effluent can be used for no 0.00
irmigaticn b 0.21
B Dioes the development atternpt to reduce the peak sewer demand (consumption :;5 gg?
@|ls there Sewer attenuation no 0.00
yes 0.81
10|Was a Detailed investigation of existing services to assess the spare capacity of treatment woks, as well|ng D.oo
as the feasibility of upgrading undertaken. yes 0.21
11]|ls the Recycled sewage used for fertilizer no 0.00

9.0 CONSTRUCTION

1|Sewer Management Plan no 0.00
yEE 250
2|Sewer Operational plan no 0.00
yes 250
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THE GREEN TOWNSHIP DESIGN MODEL

Project Title: Sunnyside-Low Cost Housing Project Date: 04 April 2043
Client: xoo00c Compiled by: SHIAN SAR

|

1.0 LAYOUT EFFECIENCY 100 1.0
1 ) . . ng 0.00
Typical senice layout configuration = 100 100
2| Are the land uses which have high water demands and high fire risk located close to the water supply [mo 0.00
mains fior the township ] 1.00
3|~ Are land uses with low water demand located on high ground to minimize the size of mains and the cost (no 0.00
of water towers WS 1.00
4= Dio=s the layout facilitate laying the water reticulstion pipes as a network of linked loops with a balanced  [mo 0.00
loss of water pressure? yes 1.00
5 no 0.00
Dioes the layout relate to the water pressure zones — 100
|= Are the Bulk service routed om mads or minimum Sm servitudes no 0.00
RS 1.00
7 Minimal mo of dead-ends to ensure flushing/no stagnation ; ?$
8. Did the layout consider the positioning of trees in close proximity of services ; ?%
€. Location & Spacing of Fire hydrants have a minimum overiap of<15% area ; ?‘$
10|~ Is adequate space provided for the siting of reservoir, pumnp stations and maintenance depots, with no 0.00
allowable buffers when required? - 1.00
2.0 FUNCTIONAL EFFICIENCY 200 13
i . . .. . na 0.00
Conventional systems that achieve minimum compliance — T ]
2|» Canwater loss be reduced by reducing velocity in pipe . Maximum velocity Pressure in the reiculation < |mg
Im's- leakage RS 1.33
3|Does the design attempt to monitor water supply by metering. Design of systems that both monitor and  [mo 0.00
manage water consumption. ] 1.33
4| Pressure Management -Is the maximum Pressure in the reticulation< B bar-in order to minimise leakage |mo 0.00
RS 1.33
5 . ] no 0.00
Water efficient fittings vos 133
g, Was the layout designed as a nebwork of linked loops to facilitate a balanced loss of water pressure? E ?%
T|Does the design Reduce peak demand with the use of attenuation/bulk reservoirs no 0.00
RS 1.33
] . o . no 0.00
Water-Efficient | & land
r- ient |migation SCARING Measures == T
9 Use of Roof tankfintermediate storage ; ?g
10| Dry Fire Hydrants. suction pipe systems from pondiextemal source no 0.00
yes 1.33
" Low impact Development technologies- Water I 0.00
WS 1.33
12)\Wisteriight joints/compression type coupling/Seals quality ; ?-%
"3\ Efficient water systems design-Optimised flowvelocity in pipe not <0.2m/s ; ?-%
4 Water hammer analysis underaken nd 0.00
RS 1.33
"3l wster reticulation designed to be saff-cleaning ?%
3.0 Environmental quality 150 1.7
1|Same consideration for reducing envir impact. in the design no 0.00
yes 1.87 1.87
2 Prowisions made to increase Reliability of water source I 0.00
WS 1.67
3. Diges the design protect existing sources of water within townships for possible use for water supply. ; ?$
4 Prowision of aesthetic water infrastnucture elements, manholes, cutlets, fittings ; ?$
5 Scour valves positioned for safe discharge- erosion ; ?g
Bl low-evel water audit camied ocut no 0.00
yes 1.87
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7| Water-Wise Gardening no 0.00
WES 1.67
B| Separate grey waten/ black water-Reticulated recycled water supply o 0.00
yes 1.87
B Water guality monitoring measures in place o 0.00

4.0 Economy
Some consideration of economy in the design of the service o 0.00
yes 0.00 1.50
2. Are high and moderate fire risk categories of development located diose to bulk water supply points ; ?%
3. Are <20% of the fittings special fittings, i.e tees/couplings : ?g
¥ Use of shared trenches >20% of length ; ?-g
Al Is the level of service the most economical system for the tanget market no 0.00
WES 1.50
[ . . . . no 0.00
= Arethe airvabves , shut off vakves in vale rings, compared to brick chambers — TED
T|» Are there curvilinear roads with small radil, as this increases the cost of water reticulation due to the |yes 0.00
necessity of providing additional pipe specials, fitings and thrust blocks fo anchor all pipes. o 1.50
B|&w Trench Depth <1.2m im over total length no 0.00
WES 1.50 1.50
a - o 0.00
Conduct Life-Cycle Cost Analyses yes TED
10 concret | 0.00

1 ) ) . . . . no 0.00
Some consideration of maintenance in the design of the service — o000 138
2 R R . . . no 0.00
VahesMeaters located in convenient positions- Outside rtie
E i nient pos properties = o8 T3
3 Are the valves located in convenient positions > 50% at intersections : ?%
4 Are >80% of the bulk services placed in the most accessible locations such as roads? :5 ?% 158
5| Positioning of trees - proximity of services no 0.00
S 1.25
G| Flexible type coupling to permit ease in repair o 0.00
YES 1.25
T|Are all services watertight no 0.00
HES 1.25
B|Are sheeves should be used whers pipes cross the road o 0.00
YES 1.25
B Are the cormodible pipes protected no 0.00
HES 1.25
10| Uniform type of fittings compared to non standard fittings o 0.00
WES 1.28
11|Leak Detection devices in reticul ation o 0.00
WES 1.25
12| Prowisions for future expansion of the system no 0.00

: 125
6.0 Safety 100 33

1 ) . . . . no 0.00
S deration of the d of th
Mne Consi n of safety in =sign = senice = T T
e . o 0.00
10% of length =3m Trench Depth ves 16T 157
3. Is the high and moderate fire risk developments located close to bulk water supply points ; ?g
4. Is there supply capacity is compatible with the development's fire fighting requirements ; ?g
5| Fire risk -Highfmediurm or low Highfm | 0.00
how 1.67
[] L no 0.00
Pr line<Skba
esEure of pipelin r — TET
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7.0 SOCIAL 5.0 20
1|l= end user provided with access to free basic senvices, interms of demand o 0.00
yES 1.00 1.00
2 Educational Outreach plan - water conservation Lo 0.00
WES 1.00
3 . . . - no 0.00
= Are the standpipes located in convenient positions along walkways = 100
4. Will wehicular access to other parts of the residential area be Bocked during the repair of services f ?E
g Prowvision of employment to local commmunity =100 person days ?% 100
B.0 RESOURCES 100 00
1| Conventional use of resources no 0.00
= 1.00
2[-Water demand managemsnt measures - Does the design atempt o reduce the potable water lyes 1.00
consumption by building occupants. Reduced demand mo 0.00
3| Can the pump duty pointsfwelocities in pipelines be reduced or optimised e 0.00
mo 1.00
4 . |ves 1.00
Zone and bulk smart metering — 0.00
3| use of onsite materials for Bedding = 0.0
yes 1.00
g Use of Present & future water consumnpticn figures :5 ?%
T|Dioes the design atternpt to use water efficient appliances and fittings o 0.00
yes 1.00
B|Use of Recycled materials mo 0.00
yes 1.00
8= Dizes the design attempt to reduce the consumption of potable water for landscape imgation is sourced  |mo 0.00
from non-potable water (e.g. raimavater, Recycled water efflusnt fior imigation) e 1.00
10|WWas there a detailed imvestigation of existing services to assess the spare capacity of watermains, as well [no 0.00
as the feasibility of upgrading =
CONSTRUCTION
Water Operational Flan ]
5.00
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APPENDIX 21: Case Study 4: Detailed Green Infrastructure
Rating report

193



THE GREEN TOWNSHIP DESIGN MODEL

Project Title: Sunnyside-Low Cost Housing Project
Client: xxxax

Date: 04 April 2013
Compiled by: SHIAN SARQOP

GREEN INFRASTRUCTURE ECO RATING REPORT

2
=
PERFORMANCE CATEGORIES | §5 DOADS | STORMWATER | SEWER | WATER |infrastructure
& § 40% 20% 20% 20% Weighting
1.0 LAYOUT EFFICIENCY 1 3 1 Pis. Achieved
10 ia i0 Pts. Available
2.0 FUNCTIONAL EFFICIENCY 1 1 1 Pts. Achieved
20 20 20 Pts. Available
3.0 ENVIRONMENTAL QUALITY 1 2 2 Pts. Achieved
15 15 15 Pts. Available
4.0 ECONOMY 2 4 5 Pts. Achiewed
15 15 15 Pts. Available
5.0 FUTURE MAINTENANCE 1 1 4 Pts. Achieved
10 1Q 15 Pts. Available
6.0 SAFETY 1 2 3 Pts. Achiewed
10 10 10 Pts. Available
7.0 SOCIAL 1 4 2 Pts. Achieved
5 5 5 Fis. Available
8.0 RESOURCES 2 4 i Pts. Achieved
10 ia 10 Pts. Available
9.0 CONSTRUCTION [i] ] i Pts. Achieved
5 5 5 Pts. Available
TOTAL PTS. 100 100 105
WEIGHTED PTS. ACHIEVED 1.3 2.2 2.0
WEIGHTED PTS. AVAILABLE 12.3 12.3 12.8
TOTAL ACHIEVED 10.3 17.8 15.8
TOTAL AVAILABLE 100.0 100.0 100.0

LAYCOUT EFFICIENCY

=
CONSTRUCTION — 55 |
RESOURCES f— 5

FUNCTIOMAL

M\ EFFICIENCY

ENVIRONMENTAL
' QUALITY

" economy

&

" FUTURE

MAINTENAMCE

= .. “u.
SOCIAL <. I
", ", i !
" Y
\ I
SAFETY
e OVERAL PROJECT =— ROADS
=== SEWER w— WATER

#— STORM 'WATER
+ ORIGINAL GDAL

SCORE - Bronze

Minimal interventions were undertaken- compliance based
on regulations

0-24 Minimal interventions were undertaken- compliance based on regulations Bronze
2548 Some considerations for environment- Applied conventional practice SILVER
50-74 Restricted damage to the environment with innovation and new technologies |GOLD

75-100 Best solution to the environment- Benchmark performance PLATINUM
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Journal Publications

Journal of the Institution of Municipal Engineering of Southern Africa

Saroop, S. H. and Allopi, D. 2012. Greener townships: Towards softer solutions on
infrastructure projects. Journal of the Institution of Municipal Engineering of Southern
Africa, 37(4), 23-25.

Journal of the South African Institution of Civil Engineers

Saroop, S. H. and Allopi, D. 2011. The need to implement green technology on
municipal infrastructure projects. Journal of the South African Institution of Civil
Engineers, 19(9), 43.

Journal of the Institution of Municipal Engineering of Southern Africa

Allopi, D. and Saroop, S. H. 2014. Designing infrastructure projects with the use of
eco efficient sustainable criteria. Journal of the Institution of Municipal Engineering of
Southern Africa, 39(12).

International Journal of Chemical & Environmental Engineering, 2013
Saroop, S. H. and Allopi, D. 2013. Designing environmentally sound engineering
solutions on infrastructure projects. International Journal of Chemical &

Environmental Engineering, 4(6), 411-413.

International Journal of Science and Technology

Saroop, S. H. and Allopi, D. 2014. Developing eco sensitive infrastructure solutions
with the use of sustainability criteria. International Journal of Science and
Technology, 3(2), 121-126.

American International Journal of Research in Science, Technology,
Engineering & Mathematics

Saroop, S. H. and Allopi, D. 2015. Measuring infrastructure sustainability with the use
of eco efficient performance criteria. American International Journal of Research in

Science, Technology, Engineering & Mathematics, 9(3), 323-327.
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International Journal of Innovative Research in Engineering & Multidisciplinary
Physical Sciences

Saroop, S. H. and Allopi, D. 2015. Developing a Green Infrastructure Tool for
implementing environmental friendly township services. International Journal of
Innovative Research in Engineering & Multidisciplinary Physical Sciences,
(Accepted).

International Journal of Sustainable Development and Planning
Saroop, S. H. and Allopi, D. 2015. The use of eco efficient criteria in the design of
infrastructure projects. International Journal of International Journal of Sustainable

Development and Planning, (Accepted)
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Conference Presentations

International Renewable Energy and Environment Conference, 2011

Saroop, S. H. and Allopi, D. 2011. Environmentally sound infrastructure solutions on
projects. Proceedings of the International Renewable Energy and Environment
Conference, 24-26 June 2011, Kuala Lumpur, Malaysia.

Southern African Transport Conference, 2012

Saroop, S. H. and Allopi, D. 2012. Establishing a green rating system on civil
engineering infrastructure projects. Proceedings of the Southern African Transport
Conference, 9-12 July 2012, Pretoria.

International Conference on Sustainable Development and Planning, 2013
Saroop, S. H. and Allopi, D. 2013. Enhancing sustainable infrastructure with the aid
of the Green Infrastructure Toolkit. Proceedings of the 6th International Conference
on Sustainable Development and Planning 2013 (SDP13) Conference, May 27-29,
Kos, Greece

Southern African Planning Conference, 2014

Saroop, S. H. and Allopi, D. 2014. Enhancing environmentally quality settlements
through eco sensitive infrastructure interventions. Proceedings of the Southern
African Planning Conference, 2014, Durban.

Southern African Transport Conference, 2014

Saroop, S. H. and Allopi, D. 2014. Conceptual framework of environmental
Sustainable interventions with the use of green infrastructure design criteria on
projects. Proceedings of the Southern African Transport Conference, 2014, 9-12 July
2014, Pretoria

Institution of Municipal Engineering of Southern Africa Conference, 2015
Saroop, S. H. and Allopi, D. 2015. Designing eco efficient infrastructure projects with
the use of sustainable criteria and greener engineering solutions. Proceedings of the
Institution of Municipal Engineering of Southern Africa Conference, 2015, 27-29
October 2015, Cape Town.
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