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ABSTRACT

THE FORGOTTEN VALUE: A STUDY ON THE RESTRUCTURING
URBAN FABRIC WITH WA TER

G ¢ r sHamle
MasterofS c & elhrchkean Deségn én Céty and Reg:¢
SupervisorProf. Dr.M. Adnan Barlas

December 201,9145pages

Water is regarded asvital elementin almost all contexts in the world. From early
times, it has a significant role in both in nature and urban settlerfPemaisle from the

past to the present have always dealt withviater issudor their needsBasically

they are constantly trying to reach clean waterthis process Together with
individuals in the society, the perception of water in cities and in countries have been
changed in today's world. Generally, water is used in the urban areas ficipalyn
industrial or recreational purposes and then the water whose natural and clean
structure deteriorates, is removed from the city and discharged directly to nature.
When this process repeated for many yeasgether with the increasing population
and climate change, natural hydrologic cycle is damdgegdending orhis problem,

water management which includéeoding, heavy rain, sewerage and rainwater
systems, degradation of urban streamsstrts to become one of the major issue of

urban aras.

To mitigate the water related problems and most importantly water scarcity, water
should be a part of urban life instead of being seen a simple element. Urban planners
and designers should pay attention to water when working with urban spaces because
basic implementation from small scale to the wider scale can create a strong

connection between nature and urban environment whether used for exibgng



settlement®r a new area. Restablishing natural water cycles in the urban system is
created whié water quality and accessibility for all people are provided through
scaling inthe urbanfabric. For this reason, design with water has multiple benefits

from recreatiorand landscape quality to the sustainable growth.

The aim of thestudyis to show shaing urban form with water and this study
concludes the applicability of some significant urban design guidelines and tools to
restructure the urban fabric with water for the future practices together with applied
examples in the world and in the contektloree major scale: building scale, street
scale and region scale. For this reason, water is represented as a core for design

elements that shaping the urban spaces in this thesis.

Keywords:Water Sensitive Urban Design, Water management, Urban Design, Urban

Infrastructure, Open Spaces, Urliaevelopment, Retructure, Green Infrastructure

Vi
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CHAPTER 1

INTRODUCTION

Without water no life.
Water, is the most required source of mankind, has always been get in touch with
urban development. The early settlements were built in fertile areas where water was
accessible such as river valley or another water resources in the past. The main purpose
of this action in human history is obviously agriculture. From Mesopotamia to the Nile
and Indus Valleys, agricultural revolution spread with the permanent settlements
depending upon the water accessibility. The first intervention to the water was for
irrigation related with agricultural needs in the agricultural revolution. Irrigation
canals were the major point of this effort. However, the urban water systems were the

next step of the water concern issue.

Technology for water issue for the firstyccerters is based on Mohenjdaro, one

of the major urban centers of Bronze Age and Indus civilization. It was an intentionally
planned urban settlement which is established around 2450 B.C. (Jansen,1989). These
settlement appearances in a sam environmat. For this reason, it has 700 wells
which meet the needs of whole city. This means that one out of every three house has
a well. In addition to this, water consumption has an important role in this planned
city. There was a bathing platform in almost igvhouse and the Great Bath of
MohenjoDar o whi ch has an area of 1. 700mj ,
sewage system was built along the streets. So, the Indus civilization had improved

bathrooms in every house and sewer system in every street@fyth

In Early Greeks, there were advanced water distribution and management system such
as wells, rainwater collection, cisterns and fountains. Cisterns were used to store

runoff from surfaces. Greek Civilization and their cisterns, tanks and weksnaitar



to the Minoan but there is some variation about the engineering part of the system.
Aqueducts which transport water from highlands to the city center were diverged at
the entrance of the city and their purposes was feeding cisterns and pubtiarfeu
(Mays,2007).

Tjallingii (2012) mentioned that in the ancient Greek mytholdghand of Atlantis

was subject to a tale. It was thought that the waters fell to inside of the earth. After
that, they could reappear as a source of the stream or watawelaas the Nile River.

This story continues that when Vitruvius who was a Roman architect was in his bath
and a cold water drop from the stone roof fell on his body. Vitruvius noticed that hot
steam was concentrated and understood that in the watey rgtbnly earth but also

the air has significant role. This situation brings us the definition of the water cycle in
today. UNESCO (2006) created the definition of the water cycle. This definition is:

fiSuccession of stages through which water passestheratmosphere to the earth
and returns to the atmosphere: evaporation from the land or sea or inland water,
condensation to form clouds, precipitation, accumulation in the soil or in bodies of

water, and reevaporation 0

With respect to definition andlogr researches, we understand that the water is not a
mysterious and limitless source like iretmythology. On the contrary,is a depleted

and significant source of life cycle. It is a loop.
1.1.Problem Definition

I n todayds wor | d,bamesetsarrmany siffefeot waysl It gcambet he ur
observed in cities as storm water, groundwater, river water, drinking water, waste

water, flood and artificial water bodies like fountains, water basins. All of them

contribute the urban life and were highly etige on human life. Understanding the

water flow especially in cities is the major point of the water cycle. This is highly

related with urban development in the big picture. The second important point of water

flow is how it run through urban system amalv it can be directed for flexible uses.

Because water is not only a drinking water or using for irrigation purposes. There is



more than that: rainstorms, waste water, grey water, floods etc. are the other elements

of the hydrological system.

In naturalsystem, water cycle can be defined as water falls as rain to the earth, moves
through the environment, infiltrates to underground and is collected in the ground
water resources. After that, it moves through streams and evaporates to the atmosphere
and clow systems. This loop continues in the earth system. Throughout this process,
water interacts with natural systems. Transition part of the one to another can be done
by trees by catching rainfall or by soil cleaning storm water runoff before it goes to
the groundwater and finally vegetation transfer water to the air. In general, urban
development interrupts these natural processes through removing natural areas
aggregatelynd creating impermeable surfaces. The developed site collects all waters
with huge pe systems and these high level volumes is directly discharged lower
catchment areas or rivers. In other words, urban areas bypass natural systems in terms
of water management. It creates several negative results such as flooding, damaging

to natural syem etc.

Under normal conditions, water cycle which is continuing as precipitation, infiltration,
surface runoff, and evaporation is natural process. However, as mentioned earlier, in
urban settlements, this natural cycle cannot run properly. Urban Wwates polluted

by human and their actions cannot infiltrate because of paved and impermeable
surfaces. So, urbanization increases the surface runoff. It flows from one point to
another and the water is gathered in somewhere and discharged to natul@aand c
water sources. In this travel, unfortunatellysteps of water cycle is corruptess a

result, the natural cycle is broken, and water resourasised.

In this hydrological cycle, storm water directly drops to the city and runs through the
city or in an indirect way, elevations and highlands create precipitation, then rainwater
comes to the urban areas through the instrument of river water or groundwater. Related

with the amount of runoff, the city is a particular environment for storm water.



Tial i ngi i 6s study shows that a green | andscap
that falls into ground and almost 40% of it evaporates-&tttevel is minimum (10

%). On the contrary, in urban areas that have highly impervious landscape such as

asphaletc. 85% of the rainfall is ruaff and consequently evaporation and infiltration

level will decrease. Obviously, there are lots of differences urban areas depending on

the region. Not only climate, location and natural value but also urban density and

land use decisions create differences in this water system.

In any case, cities can adopt themselves according to source of water. Harvested water
can be used for irrigation of gardens, cleaning and washing etc. In this way
contributing to the water systemarc be provided in the urban scale. When we came

to the groundwater, it works in connection with storm water. Infiltration of rainfall is
highly important element of the system in order to protect and sustain groundwater
aquifers. The amount of permeabl@asgs in cities and related with the runoff issue,

the level of groundwater can change and according to the demand of cities it can be
affected. High level of impervious surface, lack of open and green areas and

conventional piped infrastructure networksidase storm water infiltration.

Today, over 25% of the developing worldds u
sanitation system (Tjallingii, 2012). After the Industrial Revolution, health condition

became the most common problem in cities which haadequate sewer system.

Basically there are 2 types of conventional sewage systems. First one is combined

system and the second one is separate system. However, in general urban areas have
combined systems because of some reasons such as economicedstrugttiral.

Moreover, storm water and wastewater are transported to the other water sources such

as rivers, lakes or sea. Because of this situation, water sources faced with serious

problems and it influenced the water cycle negatively in terms of wapgly and

accessibility. After that, treatment plants started to construct most cities in the world.
However, some of them stil!] donot have and
treatment plants are expensive and not easily applicable. It is a cental, s3@when

we think about the domestic level, it can be a problem in water efficiency.



Although urban water system is a small part of the regional cycle, effects of it creates
huge changes in the whole systedsustahn t he
the natural system become more difficult day by day in the world. While the total

vol ume of water on the gl obe doesndét che
location as precipitation, water, ice or cloud does change. Also, freshwatiutistr

on Earth can vary from region to region. Apart from natural reasons, manmade
activities in recent years such as urbanization, industry and technological development
effect the earth and create a significant pressure on water systems of planet. Thes
pressures are most often related with human development, economic growth and

climate change.

The most necessary and important human needs for water is drinking and eating to life
through. After that, cooking, washing of bodies and clothes and cleamniyitig

space are the secondary needs. According to the Wescoat and White (2003), drawing
on data from the World Health Organization (WHO) and other sources, for the purpose
of drinking and hygiene, a minimum daily consumption standard is about 25 L per
person per day, and 25 L for bathing and food preparation. This is subject to

tremendous variance according to differences in climate, people and mode of life.

One of t he mo s t cruci al Awat er decisio
Development Target sby the Millennium Assembly in 2000 at the global level. The

ma i n &adhatve,ibg20Ib, the proportion of people living in extreme poverty and

to halve the proportion of people who suffer from hunger and are unable to reach or

to afford safe drinkingvater resourcesd6 So, the water cycl e,
and urban areas draw attention in the international level. Many countries and their

maj or cities |l ead in the context of fAwat e
issue now and futuresome of them are not. The ques

solution?o

Many regions in the world have a sufficient supply of water when we consider the

population and amount of freshwater resources such as North America and Europe.



Thanks to the advance tewlogical development of water systems, supplying fresh

drinking water and transferring of it is now easier and also discharging wastewater is
applicableNeverthelessseveral countries of the world still have significant difficulty

with wateravailability and treatment. The Third World Water Development Report

(United Nations,2009) observed that in one hand, global water consumption is

growing, on the other hand more than 4 billion people still do not have access to fresh

water easilyandsafe.n addi ti on to that Worl the Water Cou
average daily water consumption in European countries is 220 liters per person. In

North America and Japan, it is 350 liters per person, while inSalbaran Africa only

10-20 liters per persnisusedd. Anot her water wuser that hav
consumption is India, China and the United States as well as Pakistan, Japan, Thailand,

Indonesia, Bangladesh, Mexico and the Russian Federation (United Nations,2009).

This means that in timates grow and water demands of cities also grow. Today,

unfortunately many of them almost reached the limits of carrying capacity of water

resources.

Global water demand is foreseen to increase significantly within next years. It is
influenced by popul@in growth, urbanization, food and energy sector, increasing life
standards and climate change. Over the past century, water resources were depended
by the demands of populations for food and energy. However, income growth and
rising living standards, espilly in the urban areas, led to powerful rises in water
usage and this water use is generally excessive and unsustainable. According to the
Managing Water Use in Scarce Environments which is published by 2030 Water
Resource Group, If the water managenagproaches continue in same way, in other
word there is no or less intervention, the difference between freshwater demand and
supply will be about 40% in the world by 2030.

In the end, the major concern is accessing the fresh water. However, population
growth is a significant factor that directly affects the demand for freshwater.
According to the Water Development Report in 2015, the relationship between

popul ation and water de m@vardhelastdecades,thé i near . T



rate of demanddf water has doubled the rate of population growth So, fr es hw

resources are under the risk of excessive usage and depletion.
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Figure 1.1. Thegap between existingatersupply and water withdrawals 030 ChartingOur
Water Future,2009)

In addition to that increasing urbanization is highly effective on freshwater resources.
Apart from daily usage, many activities need water in urban areas. According to the
United Nations World Water Developmdréport (2012), the ratio of people who live
in cities in the world is about 50% now and 30% of all city dwellers live in squatter
settlements. In the meantime, In the 2050, urban populations will be increase to 6.3
billion Which means there will be lots pkople in the city center and parallel with
there will be more water supply in the near future. And lastly, agriculture and energy
make more difficult water scarcity. For example, 70% of all freshwater sources in
global is used by agricultural (WWAP, 2014

According to the Third World Water Development Report (United Nations, 2009) one
the one hand, today more than 4 billion people do not have access to safe, fresh water,
on the other hand global water consumption increases day by day. With the growing
population of all around the world, regions of high water stress are also growing. In

2030, almost half of the population in globally will live in regions that have high level



water stress. Another remarkable point from The United Nations in 2017 is that two
thirds of the worldbés population is under th
month a year (WWDR, 2017).

Information mentioned above with excessive use of water make water quality and
wastewater current issue. Increased discharges of uctisatage, wastewater from
industry and agricultural runoff end up with degradation of water quality around the
world. In the wastewater issue, the 2017 World Water Development Report explained
that wastewater which is directly discharged to the natureutigmy healing process

is about 80% of waste water in worldwide. Pollution of water is getting worse in most
region such as Asia and Africa. All these numeric data, ratio and regions shows that
in different part of the world, there are several differemd lof problematic situations.
These situation, in the end, influence both living standards of people in urban or rural

areas and also affect the hydrologic cycle in total.

In addition to whole situation, under this circumstance, climate change is adact t
influence water resources in the world negatively. Climate change and impacts of it to
the earth have been discussing frequently around the world in recent years. Because,
after 1970s, climate change and its several significant impacts were moreableserv

in the international level. Its physical effects on earth have been increasing day by day.
In fact, historically, people have coped with natural disasters and environmental

changes. Humanity experiences now and will continue to deal with this gituatio

Climate change can be described as statistically significant changes that last for
decades or more in the average state of the
can be caused by natural or anthropogenic processes and external coemisnrfact

the. From the industrial revolution, especially from the-ai®th century, in addition

to the natural variability in the climate, human activiiegeenhouse gas emissions

above normal, wrong and excessive use of soil, water and biological esourc

negative practices affect climate. For this reason, climate change is described by

mainly taking into account of human activities. For example, according to United



Nations Framework Convention on Climate Change, which become valid in 1994,
fiClimate chaage means a change of climate which is attributed directly or indirectly
to human activity that alters the composition of the global atmosphere and which is in

addition to natural climate variability observed over comparable time periads

As a result of iginificant changes in the atmosphere originating from human activities,

the warming started at the surface temperatures at the end of the 19th century. Global
temperature is increasing almost every year, hotter than the previous year. Recent
global assessemts have also shown that warming in the climate system is
strengthened. There is an important result in terms of strengthening the regional
climate change signals. The observed tendency to warm up has accelerated in almost

all stations in the 1980s whatvthe level of urbanization, and has become a major

hot turn in the |l ast 20 years (Turkex, 21

In the international level, there were arranged a lot of conferences and established
several institutions for describing the consequences of climate chamgople and

other living creatures, urban and natural areas etc. In addition to that, several
conventions were prepared among less developed, developing and developed
countries in the international level. For this reason, there were several reseasahes ab
climate change, global warming, GHG emissions, sea level rising, extreme weather
etc. were conducted. According to location, these problems are generally flooding,
heavy rain, urban heat island, biodiversity problems, water management problems etc.
When we think about the relationship between climate and urban development, water
related environmental changes are the most significant ones for all cities in recent
days. Water availability, treatment and transport of wastewater and storm water,

supplying fesh water are the main issues for cities to meeting their needs.

So, how cities are affected? The most likely effects seen in the world are floods, storm
and temperature waves. This situation affects transportation systems, sewage systems
and even biodiersity. Climate change creates pressure on our "hard" infrastructure,

such as highways, homes and sewage systems. But at the same time, it creates pressure



on our "soft" infrastructures, like health systems. Related with this situation, another
significantproblem of climate change is water issues in cities such as water resources
management (waste water, storm water etc.), sea level rising and extreme weather
events. According to the Global Climate Change Impacts in the United States (2009),
after at leasR,000 years of little change, sea level rose by roughly 8 inches(20cm)
over the past century. Satellite data available over the past 15 years show sea level

rising at a rate roughly double the rate observed over the past century.

There are two reasonsathbehind the global warming issue effect the sea level. First

one is that as water warms, ocean water expands, and therefore it covers up more

space. Secondly, warming can cause the melting of ice in the northern part of the

planet. In that way, extra w&x is added to the oceans. On one hand, sea level rising

creates a risk for coastal cities, on the other hand several cities which is located in

more inner side of the land suffer from water scarcity, especially in terms of potable

water and irrigation war. Another water related example is that according to Floods

of Meri- River occurred in the last fifteen
River Basin, the floods that are due to extreme precipitation, snow melting and/or

released water from ¢hDams of Bulgarian Side are the most frequent example for

Edirne in where three rivers are combined (E

In the end, it doesn't matter that the reason is population, urbanization or climate
change, urban areas have to deal with watete® problems which is mentioned
above. Moreover, main concern is accessing the fresh water and closing the natural

water cycle in urban areas where occur high level disruption.
1.2. Aim of the Study and Research Questions

After all, whatever the reason, thater is scarce. So, how do cities adapt? The storm
water and wastewater collection systems are generally using mixed concept in many
urban areas. Managing the urban water infrastructure allows the system to keep up
with changes. Generally, positive and atdge environmental consequences of water

infrastructure is emphasized in the last30years. Before that, people mainly

10



focused on social and economic outcomes of urban infrastructure. This change in the
idea caused to a perception that the centraelscale system should be transformed

into alternative systems and water management should be practiced reasonable.

After all, urban water management is a new concern in worldwide. In the role of water,
interaction between urban and regional ecosysteasssignificant assignment. Not

only regional but also cities itself, water management is a problem waiting to be
solved. Developing a resilience solution and integrating water issue in plans can create
more sustainable environment and livable places iarutife. Because water can
create a significant opportunity to combine natural environment and urban

development.

Integrated urban water system; component of water cycle such as water supply,
wastewater transportation and treatment, storm water colieaticb disposal are taken
into consideration separately for their operation and institutional management. This

approach brings about to ineffective planning and problems of water related services.

To show the relationship of urban and natsmme conceptwill be shownand new
suggestions will be explained fthre design guidelines in the urban conteter the

next few decades, central, largeale systems will form the major component of water
infrastructure in many regions because they built alreadytas difficult to change

the system because of environmental, engineering and cost issues. The basic and
different small scale alternative systems will have an increasingly important role. In

the adaptation and mitigation process, they change thes aiticording to their needs.

For example, sustainable water management, urban design and landscape design are
taken into consideration together. In the Water Sensitive Design for Storm water
guideline document of Aucklando@ncil (2015), there are somedervention scales

from the building to the open space to achieve sustainable water management. They
determined some implementation tools such as cistern, rain garden, bioswaiés, on

infiltration etc. for all scales. Restablish natural water cyclesthre urban system is

11



created while providing water quality and an open spaces and recreational areas in the

urban fabric are included.
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Figure 1.2. Water sensitive urban design examples (Auckland Counc8)201
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According to Resilient New Orleans Strategy reff@®l5) one of the most important
strategies is green infrastructure demonstration project. They determine some green
spaces in urban areas for both recreational purpose and flooding. In siuaiabn,

these green spaces are used for relaxing and amusement. However, in the time period
of flood which is caused by heavy rain or other extreme events, space is used by water.
In other words, flexible spaces are the key interventions for floodatoktajor point

of these strategies is that "we must not only adopt, we must tnamdfo

Figure 1.3. Urban Water Implementations and Solutions (Waggoner & Ball Architects, 2013)
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The integrated water managent should include all water resources, such as
wastewater, storm water, grey water etc. Morportantly, takingnto consideration

of integration of water and land use decisions and integration of human water use and
natural water cycle processes anddbeessible and fairly use of all water sources are
the main concern of the system. In the water management system, there is a
hierarchical process which generally requires consideration of issues at different

scales from general to local. Each of themdsedifferent kind of implementations.

Main hypothesis of this thesis is that, water is valuable and it is scarce. To solve this
problem, centralized water system is not sufficienthe whole city formIt should

be figured out with localize systems. $we aim of this thesis is to find the new trends
starting with the water management and shaping urban form in different
implementation scales. In other wordsstreucturing urban fabric with water sensitive
urban design in three main implementation scabeilding and lot level, street level

and finally urban leveln urban level, watershed management is significant but in this
study urban form will be considered. Watershed management detail will explain in
appendix partln total, all of them are connted with each other and this study claim
that we can shape urban environment with water and it can be a part of daily life. In

this context, research question is:

"How can water be used in-structuring urban fabric and space with respect to water

sensiive urban design?"

In accordance with the research question, sub questions are shown in following:

What are the types of water in urban and natural context?
What is the water cycle and elements of it?

What is urban infrastructure and how can we categénaze past to today?

= =4 4 =

What is conventional system (central), local system (decentralized) and

differentiations?

13



1 How can water be a design element for urban areas to sustain water source and

be a part of daily life?
1.3. Methodology of the Research

Both qualitatve and quantitative research data are used in this study as a mixed
method. While a lot of scientific and numerical data contribute the thesis to prove
existing situation in the world artd show the importancand causesf the problem

some qualitativeata such as water cycle, infrastructure systems etc. are mentioned to
define the structure and meaning of the study. Content analysis and categorizing the
ideas are also in qualitative part. Selected examples from all over the world can be
counted in mixednethod because of the calculation and success of implementation.
In addition to that both primary and secondary data are used. Primary data is used for
calculating a case study as an example and secondary data consist of the majority of
this study.

First of all, existing data are gathered from publications, books, articles, plans and
international decisions, guidelines and acts. In the beginning of the study, usage of
water from all over the world, demand and supply relations, distribution of water in

urban areas, countries and world were investigated. Then, the definition of problem is
formed according to observation and literature review that related with water. Some
common problems were realized in all content. Population, urbanization and climate
changeare the major problems that were determined in all context and in the end the

result is "water is scarce".

After categorizing the causes of the proldeand explaining the existing situation of

the system; definition of water cycle and elements of it, water types which include
storm water, wastewater, surface water and groundwater and finally and the most
importantly urban water infrastructure help taed their relations in the discussion.

To answer the problem statement, possible solutions are categorized according to the
specific urban scales which are building scale, street scale and region scale in the

adaptation of urban areas. With the implemeémeamples from different part of the
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world, resstructuring urban areas with water and relationships of these different types
of implementation scales are clarified and illustrated as design guidelines. These

guidelines are applicable for all urban areas.

Firstly, collection from Faculty of Architecture in METU for the building level
implementations are explained in order to show how can water collect effectively in
an existing structure and join to hydrologic cycle. Calculation and visualization were
doneby author from satellite view and there is a comparison between existing situation
in other words "built environment" and vacant land. Secoradiynplemented plan

and project which is New Orleans Urban Water Plan was analyzed and example of
street scalevere shown to explain the idea of water infrastructure in centralized or
decentralized system. Apart from the conventional infrastructure system, blue
corridors in other words linear open spaces were suggested as an alternative way in

the decentralized syem.

And finally, for the urban level solutions, two significant implemented project were
analyzed. Qunli Stormwater Urban Wetland Park and Yanweizhou Park in Jinhua City
were investigated. Data is gathered from plans and implementation projects that wer
published by official sites and architecture companies. All cases were selected
according to the similar problematic situation in the water context. Excess surface
flow, rainfall and flooding are the major reasons of that plans and projects.

After that,a hybrid water system which includes both centralized and decentralized
system is suggested fors&ucturing urban spaces for the completing and protecting
hydrologic cycle and water demasdpply issue for people. Suggested design
guidelines for the diierent scenarios in the context of rain water issue are illustrated.
Comparison with the literature and outcomes as design guidelines are evaluated in the

conclusion part.
1.4. Structure of the Study

This study consists of three main chapters differently frotnoduction and

conclusion parts. It starts with definitions, background, causes and results related to

15



water issue, then following with relationships between urban and water, then,
examines solutions and options parallel with cases, and concludes disittuasion
on water and ratructuring urban areas. The introduction part expresses the problem

definition, aim of the study, methodology and follow of the study.

The first part of this study examines the idea of water management, relationships
between than, water and planning. Definitions, backgrourfdrmation causes and
results of the water management are all discussed in this chapter. Cities and water
cycle are also presented in the first part of the thesis. The water cycle and relationship
with urban areas, elements of hydrologic cycle and impact of urbanization are the main
parts of it. In addition to that, water types in urban area, in other words, how many

different ways can water be found in the city will be explained in detail in this part.

The second part includes basically the urban water infrastructure and its function.
There is some scientific information about population and water association, also
some worldwide fact about water demaswpply and water scarcity. Historical
development ofwater will be clarified briefly and ended with technologic
development from past to present. In this part, the main infrastructure components will
be grouped as water supply, drinking water, wastewater and finally storm water. Most
importantly and finallywaste water and storm water relationships will be addressed
under the topic of conventional (central) and local (decentralized) systems which is

also the component of water management.

In the third part, restructuring the urban fabric with water is thgecific concern of

the concept of hybrid system and principles of urban water management. With the
"scaling" point of view, different kind of intervention methods under the urban design
concept will be emphasized. Since worldwide examples and projeceanalseed,;

urban, street and building level of implementations and scenarios are shown in this
part. Moreover, design guidelines which includes drawing, sketches and sections are

demonstrated in this chapter.
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And lastly, the conclusion part sums up theilesf the research and overall findings.
When we consider the earth's situation in terms of water scarcity, applicable design
solutions at different scales andsteucturing urban fabric with water summarizes the

situation in the last part of the thesis.
1.5.Brief overview: Nature will find its way

The destructive power of people against nature is increasing. With the use of
technology, urbanization, population, development, etc., the use of resources is
increasing in every region of the world. As the subjedbe discussed in this study,

as an output of human development, natural resources, especially water resources, are

overconsumed, polluted and the natural cycle is broken for various reasons.

Although the problems are mainly divided into populatiobanization and climate
change, the underlying issues are the current economic, political and social conditions.
As long as the conditions continue in this way and the world's carrying capacity is full,
the wear of the pleet is inevitable. Bookchin (2014aid that the destructive power

of this society has reached a level unparalleled in human history, and it has been used
almost systematically as an insensitive destruction tool on the whole living world and

its material foundations.

Over time, the deterration of society's unity with nature, the loss of this perception

in the scale of buildings, streets, neighborhoods and cities, the use of resources that
exceed the carrying capacity, the excessive consumption of natural resources,
especially water, andhé relationship between the city and nature ssgously

damaged. Bookchin (2014xplained this situation as follow:

"After the increasing weight of the city's against to the countryside and the ties to the
land in the face of blood ties, the emergeoicthe city disrupted this relationship."

Considering the urbanature relationship on the same subject, he said that the natural
environment turns into a huge factory and the city becomes a market place. Thus, the

existence of an order based on "consurhingoday's world is mentioned and clues

17



are given on the humamature relationshiplhe changing habits and the perspective
of the people and the events taking place in the cities are not only there, so
understanding of the rebalancing of the nature tdotss an important point. He

explained that:

"It is no longer enough to talk about new techniques to protect and strengthen the
natural environment; we must communally deal with the earth as a human collective
that does not recognize humanity's viewfefdnd private property barriers that have

distorted nature since tribal societiesAnd he continued

"From a broad perspective, thinking of ecology to a trade relationship does not save
anything. It will not be effective to exchange most of the plaitte few small pieces
of wild soil and small parks in a breathtaking world of concrete."

For this reason, planning and infrastructure systems which is considered with scaling
factor should be developed with a new understanding of needs. As a desigueyrin
the intervention forms determined on the building, street and regional scale should be

handled with a new understanding starting from the human scale.

Continuing to consume the natural resources used under these population conditions
and trying toprovide the exchange relationship on the planet through discourse
without putting into practice will not lead to a successful result. A new system that
replaces the existing traditional system should be established in order to save and
improve the rest otthe society and to develop society on the least damaged

environment.

In this study, it is clear that the traditional methods of water management do not
respond to the current needs of the society, in addition to that it cannot be an answer
to the needs goroblems in the coming years. From the scale of the building to the
scale of the region, determining the design principles which can be added to the
existing system or creating a new system depend aceeeis the basis of this study

to create a balandeetween urban areas and nature, othemasare will find its way.
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CHAPTER 2

SUSTAINING THE CIRCLE :URBAN WATER
CYCLE AND HYDROLOGIC COMPONENTS

The earth does not belong to man; ntetongs to earth.
Erlend Loe

This chapter focuses on the importance of water in urban areas. The water cycle in
nature and urban has different path to complete the circle. How this path is
differentiated with each other? The main aim of this part is twenthis question.

The concept of hydrologic cycle or water cycle and its elements will be explained in
detail. And then, impact of urbanization to the water resources and water cycle will be
mentioned briefly. Its importance for human, earth and envirahiued role of the

urban space are the essential perspective of the study.

Second part of this chapter is mainly focus on types of water which are located in an
urban area. According to the scale, water can be differed from each other. So, three
main scals which are came from literature view were determined and there are four
types of water resourceStorm water The Key Issue: Storage, Wastewater and
Pollution- The Key Issue: Reuse, Surface WatEhe Key Issue: Maintenance,

GroundwatefThe Key Issue: Rbarge
2.1.Water Cycle

The water cycle defines the different kind of waters and relationships betaekn
other It also known as the hydrological cycle or water circulation. Hydrological cycle
proceeds through the environment. Basically the water daliinwater, infiltrating

to groundwater, moving toward streams, evaporating to cloud systems, and so on.

When it moves through the environment, water can create natural systems. Most of

the earthds surface 1 s ¢ ownewhiehdsthebiggbst wat er
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and largest water reservoirs, in the atmosphere, as well as on and under the land

surface such agreamslakes, ponds, ice caps and groundwater. The transport of water

between these reservoirs in different phases playsagni f i cant role in t}
natural systems. Balasubramanian and Nag#&2&ji5)told that the duration of stay

and storage of water in every reservoir varies due to varying geological, environmental

and other conditions. This is called as the resie¢ince of water. Water moves from

one reservoir to the other. Tdmteolesnahisd6s r adi an

movement
2.1.1.Concept of Hydrologic Cycle

Water changes to different states such as from liquid to solid, liquid to vapor, vapor to
solid. There are some effective and regular ways to make this transformation like the

sundéds radiation, ability of the water to flo

Generally, the basic input to the worldds wa
or snow falls to the earth. Processes like infiltration moves the water down to the
groundwater systems. Some amount of water flows towards the sea as runoff. The
surface water which is collected in lakes, ponds and oceans evaporate into the
atmosphere. Alsovegetation transfers the water which is collected from the soil to
moisture. Evaporated and transported water come into the atmosphere as vapor.
Finally, this water vapor creates the form of clouds and precipitation falls to the earth
again. This infinie circulation of water is known as the hydrologic cycle. The
hydrological cycle can be considered that it consists of two parts; regional and global
cycle. Basically, their scales are different. On one hand regional hydrological cycle is
a formation of wadr resources on an area of land, river basin etc. On the other hand,

global hydrological cycle is related with global climate and other physical processes.
The major elementand processed the hydrologic cycle are:

1. Temperature 4. Infiltration process
2. Precipitation(rain, snow) 5. Surface Runofprocess

3. Evaporation 6. Topography
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Figure 2.1. A diagram and component of the hydrologic cy®agano & Sorooshian, 2002).

2.1.1.1.BasicElements of theWater Cycle

Figure 2.1 shows the basic components of the hydrologic cycle in natural and urban

areas. Each of them is briefly explained below.

TemperatureGenerally, urban areas have high temperaturendrdii7 UC t han |
surrounding. The high level of evaporation rates which is betwe2@9b in urban

areas is explained by these variations of temperature (Karamouzii and Nazif,

2010).

Precipitation: When there is a heavily rain in the cities, theydmee more vulnerable
structure. Insufficient infrastructure and land use planning decisions can cause high

level of urbanwater runoff (Karamouzyloridi and Nazif, 2010).

Both temperature and precipitation elements can affect the cycle because urbanization
causes the temperature rising and evaporation can be acceldfatesbver, it
influences the precipitation level in the urban contéatdeal with this problem, open

spaces and green areas should be increased in the city center to decrease temperature

and infiltrate excess rainfall.
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Evaporation:Because of the impervious surfaces, high level of activity and energy
consumption in the city centers, temperature is high, relatedly evaporation is higher

than its environment (Karamoudoridi and Nazif, 201Q)

Infiltration& Runoft Infiltration is the downward percolation of rainwater (or) snow
melt water into the soil horizons. The downward movement of water happens in the
topsoil layer, especially through the smaller pore spaces present in the soils

(Balasulbamanian and Nagaraju,2015)

Impervious areas such as asphalts, pavements, roof, parking lots etc. decrease
infiltration rate in the urban areas. So, impervious materials which is used for covering
the pavements, roads etc. create a high level runofbemuaireas (Karamoulzloridi

and Nazif, 2010).

2.1.2.Impact of Urbanization

I n todayds world, |l and devel opment or urbani
processes through some interventions such as vegetation clearance and soil
modificaion, impervioussurfaces etc. Because of theveloped site, wh impervious

surfaces angbipe systemswatertends to bypass naturahvironmentand change

amount of precipitation, infiltration or evaporation levels

50
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i j
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Figure 2.2. Increasingf bottled water as a main drinking water source in udyraas20002012
(United Nations2015
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Figure 2.3. Total renewable water resources per capita(2013)
(United NationsNorld Water Development Repo2015
In many urban areas around the world, the physical and chemical effects on the water
cycle resulted in negative and crucial depletion of water resources. Alterations of
main drainage canals from natu@marnrmade systems has a significant and negative
impact on runoff water. In addition to that, different negative impacts that is created
by the consequences of urbanization can be thought short and long term results in the

urban area and regional ecasys.

Together with the urbanization, population also affects hydrological cycle. More
people means that more water consume and much more usage of fresh water resources.
As mentioned earlier, increasing population and increasing water demand is not linear.
Apart from daily usage, many activities need water in urban areas. As mentioned
earlier, according to the United Nations (2012), the ratio of people who live in cities

in the world is about 50% now and 30% of all city dwellers live in squatter settlements
For the world to rehabilitate itself, the basic need is completing the water cycle

successfully.
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Figure 2.4. The water cycle plant and soitelations (Auckland Council, 2015)

Figure 2.5. Low level of catchment areaypassing natural systermsd flow directly to the water
basin (Auckland Council, 2015)

Figure 2.6. A Water sensitive desigapproachincreased the interaction of natural process and urban
areas and decrease tligects runofflfAuckland Council, 2015)
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As previously mentioned, water cycle in the natural world depends on temperature,
precipitation, infiltration, evaporation, runoff etc. It cha briefly summarized the

changing situations with urbanization:

1- Surface Runoff€hanges in the amount of rainfall, evaporation, and infiltration in
urban areas eventually ends up with characteristics of water cycle and associated with
surface runoff. For instance, in most of urban areas, storm water collects on
impervious surfaceske kerbs, pipes etc. Based on the research which is conducted
by Paul and Meyer in 2001, when catchment area in other words imperviousness level
is around 1€20%, storm water runoff increases two fold,-8®% increase in
impervious area will observe a tkfeld increase in storm water runoff; and if the
imperviousness level is around-I60%, there will be a 55% runoff which means
fivefold increase. So, this runoff gathers in kerbs, pipes or sewage systems in the city
and discharges to the nature in onenpaind at once. For this reason, the level of

impervious areas in an urban area affects the hydrologic cycle (Figure 2.7).

2-Infiltration: Depending upon the impervious area, infiltration level is also affected.
Like in the storm water runoff issue, if impious areas in the city increase,
infiltration rate will go down. That is to say, impervious surfaces and sewage systems
diminish the ability of rain to infiltrate to the groundwater. This infiltration process is
critical to sustain vegetation in the watycle.

3-Pollution: When surface runoff discharges to the nature in one point and the water
bypasses the infiltration process in the soil, pollution increase. Because, runoff water
collects all garbage, waste material, plastics or leaves along thénaegdition to

that, soil can clean up the water in its different layers until reaching groundwater.
Instead of this process polluted water collects in the catchment areas such as river,
lake or sea. In fact, according to the region, there can be sedmpflddems. Another
example of pollution is leakage from wastewater sewers to the soil and groundwater.

It is the point sources that bring about pollution.
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Figure 2.7. Relationship betweernyldrologic flowsandimpervious surfaceArnold & Gibbons
1996).

4-Groundwater:In general, groundwater is excessively used to meet the demand in
the urban area and this consumption is rising day by day because of increasing
population and activities. The urbanization ggss causes variation in groundwater
level because of a decrease in recharge and increased withdrawal. According to the
Todd & Mays (2005), there are three main conditions interrupt the underground

hydrological balance and cause decreasing groundwatés:leve

T Areduced groundwater recharge due to pave

=

increased groundwater discharge by pumping wells

=

decreased groundwater recharge due to export of wastewater collected by

sanitary sewers.o
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2.2.Urban Space and Water Cycle

In recentyears, some models related to water management and water cycle have been
developed in the literature. According to Tijagii (2012), as presented indtre 2.8

closing the circle and cascading is one of the important approach. This scheme is
called ecedevice model with is displayed by Van leaiwen and Van Wirdum. This
model basically shows an ecosysteithe eco device model of Figure 2.9
demonstrates the relationshgfslifferent scales anitows. Cities are ecosystems that
controlflows by input and oput. Moreover, they can collect a surplus of water and

use this storage to prevent shortage. In this understanding closing the circle means that
storing water and nutrients in this ecosystem. The main principle is an essential issue
for fresh water and wste water.For urban environmenthe first priority is

Aicascadi n gkéepinglwater lorger ansl kedping it clean

Closing the cycle

DA cnr
fet

Figure 2.8. Two guiding principles: Cascading and Closing the ci@gllingii,2012)

| ] region 1 i
[ > city r >
l : = \

Figure 2.9. Ecosystems, from buildings to regi¢fallingii,2012)
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In this debate, as illustrated in Figure 2.9, urban area consists of ecosystem levels.

there is a reasonable attitude which starist h ibot t omoé and end up wi
mai n point of t Hull potential ®ftthe lodalssituatisni andglocal h e i
populatioro . I n other words, the purpose of the p
initiatives, so we should start to usestlopportunity to create more sustainable and

integrated urban environments in terms of water management. In urban planning

proposals, this approach which contains the cascading and closing the circle principles

is a guiding models at different levels, fr@nuilding level to the region.

To give some examples (Tjallingii,2012), different situations were examined in the
context of bottorrup issue (Figure 2.10). First example is a skigtaily house
having a small garden. According to that, daily water condion of an average
family with no special environmental commitment is around 135 liters per person per
day. A reducing from 135 liters to 78 liters can be reached some combination of water
saving such as reuse of grey water from bath and toilet flusimragldition to that,
rainwater is used for watering the garden. This model guides the design process of
technical construction. Second example is in the street level which contains the two
models: conventional street and a green space with surface ®atéace water
contributes to the rainwater storages. Open channel or pipes carry runoff rainwater to
the purifying vegetation that is located in the banks. It creates safety for people and
decorative plants can survived easily and this zone create ayrmatthce water and
biodiversity and this path serves to the pedestrians and cyclist. Final and the third
example is the district level. The infiltration system is beneficial in this situations of
permeable soils. Generally, infiltration dykes or swales develop permeability.
Green structure in that area should contain a series of network between swales and

these swales should transfer water from one point to another.

All examples can be implemented to different situations and locations in the world
andt he common goal of all of them is fAcascadi

picture; water cycle or hydrologic cycle.
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Figure 2.10. Guidelinesfor urban water plannin@rijallingii,2012)

2.3.Water in Urban Area
2.3.1.Storm water- The Key Issue: Storage

Rainfall is the primary water source on earth and urban areas have significant
conditions for rai nwater coll ection. Tj &
completely sealed urban landscape, up to 85% ofahem f a | | wi || becon
The main reason is that evaporation and infiltration levels are very low. However, this
situation highly depends on cities and locations. Effects of climate, closeness to the

river, sea or mountains, density of building aredegel of open spaces etc. create

great differences between them. Variety of situations brings out different problems of

opportunities.

So, how do urban areas react to the rain? Basically, the reaction is related with the
paved surfaces or impermeableas. With their high percentage of impervious areas,
rainstorms are considered as a problem. According to the cities that means location or
climate, annual rainfall can reach 10 m or 0.1 m and cities respond to this condition

different way. In general, stm water is collected directly with pipes and sent to the
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sewage system. Conventional combined system is used by several cities around the
world. To make it clear, this system is a large network of underground pipes that
contain storm water, domestic wastger, industrial wastewater in the same pipe.
Systems quickly collect storm water runoff and drain it. However, in conventional
system, the rain water is polluted by wastewaters and transferred to treatment plants
or directly released to the nature. Adaliially, it reduces groundwater infiltration.
Thus, the level of groundwater decreases and available drinking water becomes
limited. During heavy rain periods, there can be the risk of flooding. Sewage systems

can intensify flood conditions.

While this isthe general attitude towards rain water, more sustainable technologies
and approaches are also gradually emerging. Cities are increasingly embracing design
principles such as sustainable technology and rainwater harvesting. At the building
level, rainwate cisterns that store rainwater for use as drinking water from the roof,

an old tradition in many parts of the world. Also, rainwater is used for watering
gardens and parks. Streets can transfer water to dykes or swales for the purpose of
infiltration. In this way, thanks to storm water, water demand of green spaces is met

and there is a positive effect in the part of water cycle discussion.
2.3.2.Wastewater and Pollution The Key Issue: Reuse

The Cloaca Maxima which means the greatest sewer is famous for its first wastewater

sewer in the city of Rome in the ancient time. Also, it is known that it brought clean

water to the city and is one of the most welbwn structure from the past. However,

after almost 2000 years, industrialized cities from all over the world realize that sewer

system and channels are the most crucial issue for urban areas and health condition.
Today, still over 25% of the develtoping wor

sanitation (Tjallingii,2012).

When we compare with urban and natural systems, it shows an increase in surface
flow, a significant decreasing in groundwater charge during precipitation and a lower

evaporation rate. Several cities establish a sewagersystt drains water to cope
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with surface runoff, water transfer or flooding. There are two types of sewage systems
in general. First one is combined sewerage systems. It consists of one channel which
is transfer both waste water and storm water togeth#retavaste water treatment

plants. After the cleaning process, it discharged to the aquifers like rivers. Second one

Is separate sewerage systems. In this system, storm water and wastewater are carried

in two separate channels.thiscase, althougthe storm water directly discharges to
the natural water resourceletwastewater isansferredo thetreatment plant. In the

following chapter, these two systems will be explained in detalil.

Sewage system i s the centrldlinthe beginneg, f or
most sewers originate from rainwater sewers developed for use as sanitary sewers.
First of all, they transferred storm water and wastewater to the river, sea, water
resources. This transfer was done by one combined pipes that inesihvater and

storm water. After that, sewage treatment plants were built, however because of the
challenges of changing the existing struefumost of the historicities still have the
combined sewage system. In treatment plants, not only sewage dysteatso
rainwater is cleaned with advanced treatment methods. This shows that facilities have
to cope with high level of water and they are oversized and expensive. Actually,
rainwater can be an obstacle for the treatment process because of havingvaezme
When there is a heavy rainfall, capacity of mixed or combined sewer systems can be
exceeded and flooding occurs. The water that polluted by wastewaters with sewer
sludge causes pollution of surface water. Source of pollution and in concern with

health problems are significant problem in urban areas.

As a solution against these problems, collecting the overflow water in storage
temporarily and using them later is the main issue. At first appearance, it makes sense
the idea that disconnecting the storm water from sewer system. When it came to the
implementation level, one option is constructing a new network of rain water.
However, it is highly expensive way. More importantly, this method decreases the use
of storm water directly near the source such as in building or gardens. The more

sustainable apprah is to guide rainwater to cisterns inside buildings or infiltration
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dykes or pools. This method is more cheap and applicable and is this way the water
becomes more visible and design issue. Because, there is no chance to recycle and
reuse the wastewat@rthe conventional system which means treatment plants. Home
based decentralized system is a significant alternative in this context. To give an
example, Tjallingii (2012) mentioned that Western Europe separated rainwater from
combined system to halve taemount of water that is sent to the treatment plants and

its annual precipitation is about 800 mm. in this way, they want to meet the domestic

water demand with separated storm water systems in a yeatr.
2.3.3.Surface Water The Key Issue: Maintenance
2.3.3.1.River Waters

Rivers are changeable sources. They can be a narrow form in summers, dry periods
and then after the season of winter, when snow start to melt or after rainy days, they
can reach the peak flow. If there is a heavy rain, flood can come to exist. According

to the dynamics of river, natural basins or a delta can show up. These water bodies

and formations create an environment for humans, animals and plants.

In the past, early settlements were established near the river by taking into
consideration to wateeVel and flood risk. They should be in the high enough to be
safe condition but close to the drinking water. Also, these areas had more fertile lands
for agriculture and had more livable spaces. As time progress, cities have developed
and some water relad problems emerged. Flood, water storage and water pollution
are the most important ones. Against these problems, the dam projects started to
suggest in general. In far from the cities, reservoirs and dams have some benefits such
as big storage areas,Wever there is evaporation problem that is a significant one

especially in the arid regions.

When we think about the irrigation issue, these dam projects are ahead of the game
but water quality problems due to wastewater discharge and runoff from agatult
|l ands started to appear. This become a
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Today, urbanization with increased impermeable surfaces, deforestation, channels and
related projects and climate change, all of them increase to risks for floods. The
implementation is to create higher ditches to protect urban areas in most situation.
However, higher dikes have negative effects on the system because they push the
waterway into narrow channels. On the other side of the dike, there is a land
subsidence becagiof drainage. So this case becomes riskier. The Netherlands and
New Orleans faced with these situations already (BeStwrt and Short 2008).

Urban areas and the waterbalance
RAINWATER
L
precipitation evapo-transpiration
SURFACE SURFACE
WATER = WATER
N
nvers
canals
plants
——) _._)
PIPED » WASTE
WATER WATER
natural springs infiltration
upward seepage
pumping v
GROUNDWATER

Figure 2.11. Urban areas and the water balait@llingii,2012)

From this point, more sustainable and applicable approaches have developed in recent
years. Instead of dam projects, smaller projects showed up within the urban areas. This
kind of projects have less risks and they are more practicable. Traditpprabah

that have one strict implementation opinion like constructing a dam shifts to the idea
o f i s p a c e NdwdOrleansfdotlaad and.Bangladesh have comprehensive
strategies for watdrecause of the close relation with water in a very long.time

Several river valleys in the whole world have an opinion that floodplains should be
cleaned from buildings and created spaces for water. Not all of them, but some
countries that suffered from flood control have tried to adopt sustainable strategies.

To give an example, the city of Curitiba which is located in Brazil, has a flood
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management program. The city waettled in a river &sinwhich is namedJpper

| g u,aewmtown of Curitibehas always been face with flood problemibe main

aim of this projectd create a space for flow. So correspondingly, the strategy is to
create new bypass channel for the river. As a reselifing a space for water is more
sustainablestrategy for river managememmstead of building higher dike@Vorld

Meteorological Orgnization, 2004).

2.3.3.2.Lakes and Wetlands

In addition to the river water, lakes and wetlands are other significant surface water
supplies in the earth. Less than 3% of all water on the is fresh but only 0.014 % is
readily available on the surface. Natural lakéghe world, on which millions of
people rely on their tap and drinking water, involve more than 50% of this total. Lake
Baikal and the Great Lakes in North America by themselves have more than 40% of
the water contained in the earth's freshwater laRa®g( et al.,1995). This shows that
amount and accessibility of fresh water is not same in everywhere. Some part of world
population can reach freshwater easily. However, other part of it cannot. Water is
limited.

The quality and amount of water in lakasd wetlands evolves from one place to
another depending upon the location, climate, water demand etc. Despite lakes
receives much more attention than wetlands in general, lately natural and artificial
wetlands start to become critical issue in water mamagt approach. According to

the Wescoat, Gilbert and White (2003), it is estimated that almost 92% of 191 million
km? of surface water in the earth consist of lakes and 60% of that volume is fresh

water, with salt water accounting for the rest.

Wescoat,Gilbert and White also mentioned that (2003) the significant features of
lakes in the earth are surface area and volume, landform, climate, water quality, plant
and animal life, human use of land, human use of water, human changes in natural

systems. Eacbf them has a different effect. According to Dinar et al. (1995), the main
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problem of | akes is theaeanthgy dbi hioty han
other words, they have more fragile ecosystem than rivers because of the lack of water
flow. Sg, they easily accumulate pollution. This situation makes them more vulnerable

and require much more attentions.

In urban areas, lakes serve as flood control features and waste disposal sites. They are
important elements of supplying foods, hydropower gy, tourism,
transportation, a source of drinking and irrigation water. In the hydrologic cycle, they
have several influence in terms of collecting storm water runoff, evaporation and

biological diversity, so they have a vital role in the process airgjthe circle.

The water comes from lakes cannot be used by humans depending on some criteria
and also, it is unsuitable even for fishing. On the contrary, some lakes are used by
human for irrigation purpose, transportation, fishing, recreation and tionaesl
industrial consumption. Depending on needs, some lakes are changed or destructed
severely but a few of them are preserved its natural condition. Also, this situation is
valid for wetlands. For example, about 100,000 lakes exist in the United,State
excluding Alaska. These water bodies can provide significant services for urban and
rural populations. Unlikely, comparison to the large lakes, small ones are more
sensitive to changes. They are affected by external factors easily such as pollution and
unhealthy development around them (Dinar et al.,1995).

The paper that is written by Dinar et al., in 1995 argues that the diversity of lake
management practices in the world in the 1990s was reviewed by the World Bank in
a policy statement. Institutiongkocesses should be improved to ecosystem based,
comprehensive and stakeholder driven strategies to maintain the resources.
Complicated problems can be solved such a comprehensive approach with the help of

the World Bank, UN agencies and other internalisopport organizations.

When we come to the wetland areas, there is a historical perspective on them and
noticeable changes in human perspectives in terms of their ecological value. Strabo

who is the Greek geographer mentions Roman drainage of we{faindbo,1917),

35



while Darby rebuilds the drainage of the wetlands in the UK from medieval to modern
times (Darby,1956). Although most counties and regions can take care of wetland
environments, from the lower Mississippi and upper Amazon floodplains ®hiie
al-Arab and Bengal deltas, negative attitudes towards these environments continued
until the twentieth century in the USRrince,199Y.

In the Convention of Wetlands was signed as an intergovernmental agreement in
Ramsar, Kran imert9,7lwetlinan dhs sweasgemadket er mi ned
fen, wetland or water, whether natural or artificial, permanent or salt, including areas

of marine water the depth of which at low tide does not exceed sixtneterd t was t he
first comprehensive action tdetermine types of wetland. There is no certain

estimation about overall wetlands in the earth. However, the World Conservation

Monitoring Center estimated that the total amount of wetlands is around 5.7 million

km?. 30% of them are bogs, 26 % are fen8%2swamps, and 15% floodplains

(Wescoat et al.,2003).

According to the World Bank Wetland Management Notes which is published in 2003,

there is a classification of wetland types in keeping with Ramsar Convention and

scientific literature. They can be segi@d into three major types as inland, marine

(coastal) and artificial or humanade wetlands. All wetlands in the earth cover almost

8.6 millionknfor 6.4 % of the worl dos | and surface c
1996)

Beside human activities likeshery and economic benefits, wetlands contribute to the
balance of hydrological features and natural services. Depending on the specific
conditions of each individual wetland, they are huge storage of water supply and
regulate the water table through intanance and refill the surface water and also
regulate the groundwater supply. Especially this situation is critical in arid and semi
arid regions where suffer from serious water problems. These areas are also storage of
flood waters when the water reashpeak levels. In addition to that, decontamination

function of wetlands is used for cleaning major pollutants such as organic and
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chemical sediments. With the help of the vegetation and organisms that live in this

habitat, cleanification process is ddmenatural way.
2.3.4.Groundwater-The Key Issue: Recharge

When the rain falls to theurface some of it flows to the rivers or lakes, and some is
absorbed by the soil. Some part of the absorbed water is used by vegetation, other part
of it returns to theair and even serious level of it infiltrate into the ground. Thus, the
level of water table under the ground decreasg®undwater is predominantly

reloading by rain water, snowmelt or some surface water such as lakes and rivers.

Groundwater can be fouradinost everywhere depending upon the several factors such
as quality of the area, the level of annual rainfall and recharge rates. Moreover, water
table can be found in different levels like deep or shallow. Heavy rains have a potential
to rise water tabland increase recharge. On the contrary, dry weather can bring on
the water table to fall. In addition to these, the quality of groundwater is generally in
good condition because the water is collected in the layers under the surface. In the
infiltration process, water that have contaminants is cleaned from surface to the
underground. According to Shiklomonov (2000) approximatelyraitof the stored
groundwater is estimated to be at depths of less than 200m and the rest of them is

estimated up to 2000 m.

Why is groundwater so important? Because according to the International
Groundwater Resources Assessment Centre
fresh water is depended on groundwater resources. Reminder of it (70%) consist of
mainly ice and snows fro mountains (69&) and 1% of them is river and lakes. It is

the major source for irrigation and food sector. Globally, irrigation explains more than
70% of total water withdrawal and 90% of consumptive water uses. And finally, 43%

of the total irrigation wier use comes from groundwater. As we understand, excessive

usage of groundwater is decreasing the fresh water supply to a large extend.

Mi ni steri al c¢ on Whklstgoucdegter #oyagetisovastdver 39% idf

fresh water reserves), its rate mplenishment is finite and mainly limited to the
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shallower aquifers, whose quality can also be seriously (and even irreversibly)
degraded. Excessive resource development, uncontrolled urban and industrial
discharges, and agricultural intensification ar@ausing increasingly widespread

degradation of aquifers

lcecaps &
Oceans & Seas Glaciers
97.00% . ‘ 2.06%

Lakes, Swamps
& Rivers

) 0.009%
Available

Fresh Water QOthers
0.94% 0.027%

Figure 2.12E a r t h 0 BistrMaidn €lmternational Groundwater Resources Assessment Centre,
July 2019)

The most important issue regarding the use of groundwater is to consider balance

between water withdrawal and ovexploitation of the aquifer level and to prevent

pollution of this important source because in the big picture this situation depends on

wate cycle that is mentioned earlier. In other words, water resources rely on natural

hydrologic cycle. To give an example, Russian hydrologists believed that
approximately 29% of the worl dodés freshwater
About 33% of hat is on the Asian continent and 23% in Africa, 18% in North America,

13% in South America, 6% Europe and 5% in Australia (Shiklomonov,2000).

Not only overexploitation but also pollution is another important problem in
groundwater issue. Water qualitgrcbe changed depending upon the contaminations
which is came from domestic and industrial wastewaters. Contamination can occur
waste discharging directly through wells or through filtration of surface materials into
ground waters. Irrigation can be thougls the largest volume of such pollution in

many aquifers accessible to surface drainage.
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2.4.Summary and Conclusion

In this chapter, urban water cycle and its components has been explained in detail to
understanding the importance of water for urban. Majestjon of this part is:How

urban areas affect the natural cycle and what is the differences between natural
hydrologic system and urban water systénE3pecially, components of urban water
cycle are similar to natural hydrological system. However, arbgstemincludes
specificintervention forms and decisions that require more attenfiogse questions

help us to reveal the problematic parts in the big picture. So, negative effects should
be considered for future plans and decisions in the urban design issue. The outcome
of this part of the study can be summarized that it is importanhderstand the
elements of water cycle and relationships among them in order to closing the natural

water cycle successfully and sustain fresh water from region to building.

Soures Types of Water: The Key Issue: Depending on: Problem:
Rain Storm water Storage Location and climate Flood, overflow,
street runoff
Habit of use, .
Used water Wastewater Reuse Economical activity Pollution of fresh
like industry water supply
Lakes, Rivers Surface water Maintenance Natural resources Drought, polution,
habitat destruction
Excessive depletion
Leakage Ground water Recharge Natural resources Pollution g?ﬁmh
water supply

Figure 2.13. SourcesTypes ofwater, The key issue and problems

In the following chapters, management of urban water infrastructure whichataly

four groups: water supply, drinking water, wastewater and storm water drainage
system will be defined. Related with the hydrologicalleymfrastructure system in

an urban area is a significant part becaudme rtatural flow of water in nature is

transformed into infrastructure systems in urban areas.
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CHAPTER 3

ROOM FOR THE WATER:
URBAN WATER INFRASTR UCTURE

AThe history of men is reflec
Victor Hugo (1892) es Miserables

This chapter focuses on the consequence of urban and water relationship. This
relationship or overlapping creates the concept of infrastructure. The definition o
infrastructure will be examined in this part in detail because main problems that are
mentioned previous chapter depends on basically urban water infrastructure. Current
status of the infrastructure in today's world and problematic situation will be
exenplified with specific numerical data from the significant report and studies that

are accepted in worldwide.

This part starts with the definition and historical development of the infrastructure, not
in detail but specifying the important points listory and explaining milestone
events. After that, urban water infrastructure components divided into four groups:
water supply, drinking water, wastewater and finally storm w&specially, storm

water and wastewater will be underlined in the urbartecd. For this reason, as the

next step, centralized (conventional) and decentralized (local) infrastructure system
will be clarified and compared. In the urban design concept, how these two systems
affect the urban environment will be discussed. Aftertaé main purpose of this
chapter is to express that in the current problematic situation, conventional system is
not sufficient and it cannot meet the needs, so a new concept will be suggested as a

solution that works with urban design guidelines.
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3.1.Urban Water Infrastructure

In order to preserve the significant role of water in society, we should understand the
water ecosystems in urban areas together with the tools of water infrastructure which
are very important for the nature and its balance. For Wwathr supply and sustain

the existence of water in urban areas and integrated urban water management,

developing a necessary infrastructure is the key point.

Management of water can be provided by some instruments which are referred to
urban water infrasticture. It contains supply of water, distribution, collection and
treatment. Also, taking into consideration the urban areas, all water cycle issue,
resources and components which are mentioned previous chapter end up with same
result. Dealing with watercreating a balance between demand and supply and
protecting the natural hydrologic cycle are highly complex topics. In one hand,
transfer and distribution of water to the users are main function of urban water
infrastructure. On the other hand, collectiofi sewage and wastewater and
transferring it to the treatment plants are the another function of this system. With the
development of technologies, water infrastructure is also improved. Especially in last
30 years, environmental outcomes of water inftestire gain importance instead of

social and economic outcomes which is thought previously on water infrastructure.

In the urban areas, the intense changes in the hydrological system was governed by
the construction of an urban infrastructure for seveealrs. It started with water
supply channel (aqueducts), after that rainwater and sewage collection showed up, and
finally wastewater treatment plants became an element of the infrastructure system.
Today it turns into interaction of the hydrologic cyateurrban areas. So, this system
influences the water cycle in an urban area. For example, according to Marsalek et al.,
introducing of drinking fresh water affects the urban water budget commonly.
Moreover, excessive storm water runoff should be controilladban areas with some
source control methods. However, it is made real by increasing carrying capacity of

natural channels or building new underground sewer systems. This implementation
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contributes to faster hydrological response of urban catchmentsasdtorm water
flows. In the end, more water is introduced into urban areas. This means that more

water is transferred to the wastewater which have to stored and purify (2006).

The interaction of these components of urban water system like resowegese
rainwater, treatment etc. are generally disregarded or underestimated. However, their
negative effects have been started to show up in the environment, ecosystems or in
this context urban water cycle. With the developing technology and excessive
consuming of urban water resources give rise to an alternative and sustainable urban
water system as an alternative to this central system. Particularly, sustainable system

keeps some significant basic goals (Marsalek et al.,2006):

provide a fresh and healtllyinking water to all people,

1 ensure the wastewater collection system to protect environment and people
from unhealthy conditions

1 reuse and recycling of water for different purposes like irrigation or watering

gardens.

In parallel with these goal, Sustable Development Goals aims at similar solutions
and results in 2018. SDG Reports (2018) mentioned that in 2015, drinking water
supplies should be required for the 29 % of the whole world and 61% of them did not
have safely managed sanitation servicessoAl27% of the population in less

devel oped countries had Abasic hand washi

Consequently, urban areas will suffer from different challenges in the upcoming years.
Urban water management emphases the provision of urban water services which
include water infrastructures. In the management part, urban water services and related
infrastructure that change the elements of the water cycle in urban areas should be
constructed. In general, urban water infrastructures can consist of three major
compaments. These are water supply, sewerage and storm water drainage. So, when
we deal with the urban and natural water cycle, components of the urban water

infrastructure and their relationships can be count as a particular concern.
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® 26%-50%
25% or less
Insufficient data or not applicable

Figure 3.1.Percentage ofadely managed and basic drinking watamnigation and hygiene services in
2015(The United Nations,2018)

According to the Sustainable Development Goals Report which is publishedtbyg U
Nation in 2018future water scarcity all over the wolliéhs a strong probability when

we look at the scientific researcHast Northern Africa and Westernsia will bethe

most affected. 22 countries mostly located in this region, water stress level is more
than 70%. Ths number shows the future water scarcity.
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Figure 3.2.Percentagef water stresaround 2014 (The United Nations,2018)
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The report #fAWater and islarciatlataican oinn ftolre g
(UN-HABITAT, 2003) shows some cities which have huge population in the
worldwide in 2000 in Table 3.1. As we can see in there, large variation in water use

per capita from 130 to 570 L/capita/day can changesagrdficantwaterlossesis

about 1556%. The main reason is related with the level of development in counties

and habit of water usage. Finally,7 cities among thstexdbelowwere in developing

countries.

Table3.1.Th e wo r odtdpapulate@itiesin water supply2000 data) (UNHABITAT, 2003)

City and Country Inhabitants in 2000 Water supply Water supply
(million) (m’fs) (L/captia/day)
Tokyo, Japan 279 81 250
Mexico City, Mexico 19.7 69 331
Sao Paulo, Brazil 17.8 63 306
Shanghai, China 17.2 81 407
New York, USA 16.4 57 300
Mumbai, India 16.4 25 130
Beijing, China 14.2 39 239
Lagos, Nigeria 13.4 (missing data) (missing data)
Los Angeles, USA 13.1 88 570
Calcutta, India 12.7 25 171

Water losses were reported just for S cities, ranging from 15 to 56%.

3.2. Historical Development

The first intervention to the water was for irrigation related with agricultural needs in
the agricultural revolution. Irrigation canals were the major point of this effort.
Howeve, the urban water systems were the next step of water concern issue. Some

importantissuesn theimprovemenbf modern water systems will be analyzed.

Technology for water issue for the first city centers is based on Mceh@ajo, was

the first city center that had significant technology for water issue, was one of the
major urban centers of Bronze Age and Indus civilization. It was an intentionally
planned urban settlement which is established around 2450 B.C. (Jansen,1989). These
settlement appearaesin a semiarid environment. For this reason, it has 700 wells

which meet the needs of whole city. This means that one out of every three house has
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a well. In addition to this, water consumption has an important role in this planned
city. Almost everyjhousen this settlementad a batland the Great Bath of MoheRjo
Daro which has an area bf700 nt, had a pool in the center. Also, the sewage system
was built along the streetSo, the Indus civilization had improved bathrooms in every
house and sewslystem in every street of the city

In the Early Greeks, there were advanced wells, cisterns fountains, water distribution.
In Greece, there was already a distribution system with bronze pipes for drinking water
before 3000 years ago than today. The Minsatilements also, managed rainfall
collection and cisterns. Cisterns were used to store runoff from roofs and impervious
surfaces and these cisterns was functional to the modern times. Aqueducts which
transport water from highlands to the city center vaiverged at the entrance of the
city and their purposes was feeding cisterns and public fountains (Jansen,1989).

Mays, Koutsoyiannis and Angelakis (2007) told that urban hydraulic systems
technologies developed during the Greek civilization and reacbveameed point at

the Hellenistic time. The Romans had high engineering technologies in that time and
were able to adopt these technologies on large scale and different kind of projects.
This progress of science and technology related to water issue tewdrse Roman
Empire fell. In the time of the Dark Ages, water sanitation system and water supply
concern and public health started to get worse in Europe. All wastewater and human
and animal wastes thrown out the streets. So, health condition in Eurcgpie adrad
condition. On the contrary, during the same time, there was a highly developed
civilization in a lot of Byzantine sites in Greece and Asia. Also, high levels of personal
hygiene because of the effect of religion was obligated in Islamic reByotine 19"
century, Europe achieved again good condition and high level of water supply and

waste water standards.

Hallidayés 2001 study (as cited in Baker, 20
London depended on Roman period in general. People fgreanaied water from

distribution points, however, people who were in high class and in wealth have some

46



employees who carried water from distribution point to houses. With the edrly 19
century, London and other cities improved their water systemgdnérally these
improvements were based on rainwater collection systems, not sewerage system.
Waste water was directly to the discharge sewage in latrines in that period. In 1810,
the city of London had almost 200,000 latrines. In any case, the idealdihgui
sewage system with underground channels was not used until tHthidentury.

In 1840s, there were some attempts related with storm sewer and sewage system like
forming the Metropolitan Commission of Sewers in 1848, which collected reports and
plans for the problems. After a while, Thames River was polluted because of
discharges sewage. In 1958, government provide some funding for a huge renovation
of its sewer system, after that health problems that caused by pollution were

disappeared.

Towards even stringent

CEEREESLRY The ageof sanitary enlightenment and the industrial revolution: | | environmental standards
i Early :,' """""""""""" i e spaeahsensnaan il b AT e (Rl !
| Historic if RomanTimes |i Sanitarydak |\ Developingthe basic :! The age of process development: i ||i Process |
E Times,  lfmmnsnmsnamemssemaeecd : E ages 1 (| ireatmentprocasses & mrsnmsRnRERTRATIARSRRARTAACANS i refinement |
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Figure 3.3. Evaluation of Sanitation (Lofrano& Brown, 2010)

On the other hand, construction of water system in the United States came to exist

late. The main reason is that supply of water in most households relied upon local
wells, rain cisterns and small watestitution The first urban water system in the

United States was built in Philadelphia in 1802, but there were only 598 municipal

water systems in 1880. In addition to that, almost all large U.S. cities throw their
sewage water into existing storm sewers
sewers. S0 some U. S. city didnoét have i mprov.
systems by 1850. But the major transformation started to show up aftei9thid
century. In 1940, only 57 % of United St
of settlements cdmued to discharged untreated wastewater for many years. Today,
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almost all major cities in the United States have developed water supply systems that
often run by the public (Tarr,1996 as cited in Baker,2009).

Some significant laws such as Clean Water thet is legislated in 1972, European
Union Drinking Water Directive in 1998 and then World Health Organization in 2004
affected the Water treatment and regulation issue. Clean Water Act especially had an
important effect on water quality standards forevaesources and waste waters with

the help of creating treatment standards. The main idea is that when urban runoff
management come to a sufficient and good condition, pollution in the urban water

system can be decreased.
3.3.The Main Components of Urban Water Infrastructure

In traditional urban water supply infrastructure issue, consideration of source water
characteristics is generally ignored. Treatment and distribution comes before.
However, when the natural waters interact with urban water infrastrutigdresh

water are affected by human decisions such as; land use decisions or external drivers
like climate change and effects of it but negative effects of this situation cannot be
recognized in short term depending on the level of interaction and arbas. They

can show up in long term.

The major aim of urban infrastructure is providing water to the settlements and
evacuating wastewater and storm water. In this providing and evacuating part, there
are some critical infrastructure components. Allttedm will be explained in the
following pages in detail in the context of urban dynamics and natural water cycle.

These components can be mainly divided into four part. These are:

water supply,
drinking water,

1
1
 wastewater
1

storm water
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3.3.1.Water Supply

Urban areas are highly complex and dynafarmations. Humans can change water
quality andquantityrapidly intentionally or unintentionally. However, when one little
intervention can affect the whole system especially in the context of water supply
issue.In the end, th components of the hydrologic cycle are influenced by human
activities. Basically, hey need water for aigultural, industry and residential uses
Urban use large amount of source already and industries and agriculture sector as an
important elements of urban areas also use large amount of whieh is usually
separate fronreatedwater (Baker,2009).

Marsalek et.al.(2006) explained that the municipal water involves residential usage
like apartments and houses, institutional usage suchoapitals and schools,
industrial usage and other water uses like watering green areas. The source of this kind
of usage is generally met by surface and groundwater sources. In addition to that,
washing, cooking, bath, toilet flushing, gardening etc. col@nestic water usage.
Public services water usage contains watering of open spaces, street cleaning, health
services, commercial buildings, government offices and educational institutions such
as schools, universities. Baker (2009) say that generaltyage water consumption

of a person in USA society is approximately 90 to 320 gallons (340 liters to 1210 liter)
of treated potable water that drinking and cooking water, toilets, bathing and

industries.
3.3.1.1.Conventional and NorConventional Water Resources

Water is not distributed equally in the world and also quality of it can change depend
upon the |l ocation. So, the quality and
popul ation. For example, 60% of the world
ony 36% of the worldoés freshwater (Zi mme
increases, urbanization is increasing. In this point, inequality of water shows up.
Parallel with inequality, water supply infrastructure, its sustainability and water

availability are also affected by rising population. Water is also affected by alteration
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of global climate. It also affects that changes in water temperatures and extreme events
will affect the water quality with changes in pollutant loads and natural system

transfamations.

The gap between the water needs of the society and the ability to meet these needs is
constantly expanding. Water supply is the key point of this gap. Water comes from
groundwater or surface water such as lakes, rivers which are called uniratgedr

raw water to the urban area. First, the water is usually transported to a water treatment

plant, after treatment, it is distributed by water channel network in cities.
Westerhoff and Crittenden (2009) defines water supply issue in below:

i Ri vlakessreservoirs, and groundwater all can store and serve as water supply
sources for urban uses. There are roughly 55,000 public water supply systems in the
USA. Approximately 64% of public water supplies are surface waters and 36% are

ground waters. o
After all, water supply issue is divided into two categories. These are:

1 Conventional (classic) methods; largeale

M Non-conventional methods;

Dam reservoirs, well and water channels can be counted as one of the conventional

methods of water supply in laxgcale facilities. These large water storage areas are

usually located far from cities and near rivers to fill the reservoirs. They have also
Afgateso at different depths to be able to di
a need. Dam reservoiase the most important source of water in a lot of cities around

the world and they are the most common ones for years. Karamouz et.al. (2010),

explain that he world has around 55.000 large dams and almost 50 % of them are used

only for irrigation purposesand some of them (ortbird of all) are used for

multifunctional such as both irrigation and electricity production. On the other hand,

water supply storage should not be considered as just dams that have huge and high
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capacity storage. When we think abtlue small scale, storage tanks can be used for

water supply for small scale settlements, neighborhood or even building scale.

When it comes to groundwater, it has a lot of advantages for the water supply point.
The first one is that there is no needdanogke construction like in the dam reservoirs.
Secondly, in the drought period, water comes from underground can be pumped easily
when compared to the large above ground reservoirs. Finally, water quality in
groundwater is better condition because of irdtlon process of surface water and
storm water by comparison with dams. For wells, earth is dug throughout the ground
with lots of meters to access the water. Westerhoff and Crittenden (2009) mention that
surface water or treated wastewater is rechamgshtionally into ground in many

cities especially in arid regions. The reason is increasing future groundwater level to
create sufficient water supply in long term and sustain the whole system.

Non-conventional methods of water supply basically invol&atieation, wastewater
reuse and rainwater harvesting. Essentially, it based on water reclamation and reuse.
In this way, better quality water can be available without consuming existing and

limited water aquifers.

Desalination: Especially in the arid regn, seawater desalination is being used
continuallyt o deal with water scar cdedalypation@haf f er
a water treatment process that removes salts from saline water using one of different
technologies to produce water that is lowtotal dissolved solidé. Desal i nat i o
seawater is being practiced in arid region such as Egypt in Mediterranean coast and
around the Red sea. Potable water for urban centers is provided by these desalination
plants. For example, more than 92.5 millicubic meters from fresh water per day is
generated into the desalination plants which is the total number is 19.372 in the world

(IDA, 2017).

Wastewater Reuse:Reuse means that the same water is used repeatedly after the
treatment processes for its fudunse. After the agricultural and urban usage, water

quality can decrease and this affect the management system because of direct
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discharge. Maximum use of wastewater should be made before discharge. Disposal
should be done in such a way that the watetityuaf the river basin or other water
sources will be maintained and the agricultural developments will not be put at risk.
So, properly treated water can be used for irrigation, gardening, recreation, industry,
the recharging of underground aquifers andecent years recycled wastewater have

been used for gardening or flushing in many cities.

Rainwater Harvesting: Rainwater harvesting is a n@onventional method but it is

the most common methods for water supply in the world especially for the small
settlements, islands, areas where have relatively high annual rainfall and also areas
which are located in arid region. Moreover, in highly developed urban areas, the usage
of runoff water for other purposes, gardening or irrigation is important issue for
supporting environmental sustainability. Because in the urban areas roofs are the most

widespread collecting surfaces. They diminish urban runoff and its impacts.

Today, Australia and India commonly use this system. Many rural settlements of
Australia thatre not linked to central water supply system because they are generally
met their needs from wells. In order to reuse rain water in the garden is a simple
system and sufficient. Many countries started to support this system because
environmental risk idow, and drinking water can be saved if rainwater which is
followed for water quality is used for toilet flushing or in the laundry, kitchen or

bathroom. (Karamouz et al., 2003).

In designing rainfall harvesting systems the following issues should bedecetbi
(Marsalek et al.,2006).

1 Quantity issues: The main problem of the rainwater collection systems is
insufficient storage tanks or cisterns. There can be leakages from tanks because
of the design fault, materials or construction. All of them createcditfi in
the rainwater collection system. In order to meet the needs, sufficient water is
essential for human. For the sustainability of society, there should be sufficient

and available quantity of water. Current daily demands and estimated
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consumptionsdr the future are the most significant concerns in urban areas.
In the planning process the amount of water supply and storage facilities
should be taken into consideration and calculated according to the estimated
maximum daily demand.

1 Quality issues:Gererally, the quality of rainwater all over the world is in good
condition. However, in the collection part, some problems can arise. If
inconvenient construction materials are used for tanks, cisterns, pipes or
catchment surfaces, there can be physicamated, and biological pollutions.
When there is a pollution concern, collected water can be used for gardening
instead of drinking or potable water. There are a lot of documents that
designate the quSafeiDtinking Water éAct insl@dd, h a s
amended in 1986 and 1999, is formed by U.S Environmental Protection
Agency. These are basic guideline for primary and secondary standards of

water
3.3.2.Drinking Water

On the earth, the total quantity of usable freshwater is only 1% of the total quantity of
waterand it is not evenly distributed around the world (Vanbrisen et al., 2013). This
creates a serious problem on availability of drinking water supply in the world. Some
nations are considered water rich and some are water stressed and others struggle
somewhee in between. Relatedly, it has been estimated that when population of the
earth exceeds nine billion people in 2050, lots of people could cannot meet basic daily

needs because of insufficient drinking water (Vanbrisen et al., 2013).

According to World Halth Organization report; Progress on Drinking Water,
Sanitation and Hygiene which is published in 2017, 71 % of the global population that
is approximately ion people can access safely managed drinking water service.
Secondly, 35% of total population whianeans 96 countries has safely managed
drinking water and finally, 1.9 billion people who live in rural areas can use fresh

drinking water. As can be seen in the figure below (Figure 3.3) in 2015, 7 out of 10
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people can access safely managed drinkingmaatd estimates of safely managed
drinking water services are available for four out of eight $Bgtons. Mainaim of
this report is increasing the accessibility of fresh and drinking water under the

Sustainable Development Goals.
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Figure 3.4. Safely managed drinking water servigesised by 7 people out of 192015(left) and
Estimates of waterondition foreight SDG regior(gight) (The United Nations,2018)
In developing countries, drinking water sup@ystem is a little bit problematic.
Generally, this problematic situation is caused by water quality and hygiene. There
are large variations in water quality in the urban context. Because reservoirs are poorly
protected and seldom cleaned. In additionthat old pipe system can cause
transferring the contaminated watémncreasing of diseases has high possibility in

these countries

So, public water must be potable in other words, it should be drinkable. The quality
of drinking water is determined by sormspecific standards which is established by
national and international rules. To evaluate the water quality, physical, chemical and
bi ol ogical content of wat er sSafebrinkhg b e
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Water Actin197d¢ was f or mérahmédntal Pidtec8on Egency (ERAand

some primary and secondary standards were determined. The primary standard is for
protecting public health by limiting the levels of contaminants in drinking water and
the secondary standard suggest enforceabldatds by determining the maximum

contamination levels.

World Health Organization (WHO) (2018), guidelines for drinking water quality is
the most reliable and respectable document on drinking water quality on the
international level. This document providegsic and practical guidance to help the
development of water quality. Countries with limited resources and that are
responsible for developing, implementing and enforcing drinking water quality
regulations and standards benefit from this document. Agetita are responsible

for this topic can vary from region to region but generally the ministry of health, or
ministry of environment are responsible for this topic. However, these guidelines do
not replace the regulations that take into account localsreadi priorities which are

related to economic and health benefits.
3.3.3.Wastewater Collection and Treatment

Pollution control and maintaining public health throughout history was the biggest
supporting idea behind the construction of the wastewater treattaatg.g~-rom the
beginning, it focuses to protect fresh water supply such as streams, lakes, groundwater
etc. So, especially in developing countries, construction of wastewater treatment
ended up with significant developments in the living standards ofl@eoyg their
environments. Another significant point is that when there is high intensity rainfall in
urban areas, local flooding can be occurred because of poorly designed drainage and
sewer systems. Floods are usually related with urban catchmentianpesjious

areas and surface runoff. The most important idea behind the waste water system is
that it should be affordable.

The Sustainable Development Goals Report (2018) shows that 39% of the total

population (estimates from 84 countries) use safely gehaanitation services in
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2015. On the other hand, there is a lack of basic sanitation service and 844 million
people which is 17% of the total population are affected from this situation. These
numbers shows that all over the world, water related proldestill trying to solve

with conventional methods in general.

Drinking water Sanitation
Australia and New Zealand * 100 [ e ] 32
Central and Southern Asia NG 3 . 50
Eastern and South-Eastern Asia » 94 | o — i |
Latin America and the Caribbean [N 31 63
Europe and Northern America | N 5 78 Y
Oceania® * 52 . 36
Sub-Saharan Africa [IIEZSEN 34 . 28
Northern Africa and Western Asia 9 I 53
Least developed countries 29 . 2
Landlocked developing countries INIEEIN 29 . 40
Small island developing States « 82 . 68
world I 7 HE >
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@ Safely managed drinking water services @ Safely managed sanitation services
Basic drinking water services Basic sanitation services
« Insufficient data to estimate safely managed « Insufficient data to estimate safely managed

Figure 3.5. Situation of safely managed and basic drinking water and sanitation 2015 (The United
Nations,2018)

And SDG Report (2018) continues to explain the current situation:

"Preliminary estimates from household data in 79 mostly -hagid highmiddle
income countries (excluding much of Africa and Asia) show that, in 22 countries, less
than 50 % of all househdlwastewater flows are safely treated. Of the 59% of
wastewater flows that are treated, 76% are households with a sewer connection, and

18% are treated through an esite facility, such as a septic tank."

59 % treated waste water seems a good ratio cosmpato the previous years, the
untreated part of waste water and several countries located in Africa and Asia also
affect the whole water cycle and urban relations. Urban areas have to deal with
sufficient sanitation and waste water management. Unforiyn#te main problem

is that because of the untreated wastewater, overall water quality decreases and it

creates a risk to public health and relatedly freshwater sources.
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Figure 3.6 Safelytreated watewater flows from households2015 (percentag€Yhe United
Nations, 2018)

If you need to givanore detailsGlobal Water Supply and 8Saation Assessment
Report which is published by WHO&UNICEF in 2000 showed thepopulationof
some part of the wid that have access tacilities increased frm 55% (2.9 billiorn)

in 1990 to 60% (3.6 billion) in 2000. In theeantime, totaworld populationgrew
from 5.2 billion to 6.1 billionln addition, henumberof peoplewho have some form
of developed watesupply also raiseffom 79% (4.1 billion) in 1990 to 82%#.9
billion) in 2000. However2.4 billion peopledid not connect to improved sanitation
system in 2000When it comes to 201%he number that have improved sanitation
systems was 5 billion peopli total, 8% of the populationvhich is equal t&600
million people usedmproved but shared facilities, in other words, they haded
sanitation servicedMeanwhile, the world population rdaed to 7.3 billion andnithe

end,about 68% of the totgdopulationhadbasic sanitation services in 2015.

For this first global SDG repoit T Wo out of five people gl o
thirds of those in urban areas (63 per cent) and 1 in 10 in rural areas (9 per cent)
report having sewer connections. Thésriseholds are classified as having safely

managed sanitation services if the toilets are not shared, and if the wastes flushed out
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of the household reach a treatment plant and undergo at least a minimum level of

treat ment . O
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Figure 3.7. The percentage of at least basic or limited sanitation services in 2015
(WHO&UNICEF,2017)

Globally, there are some large regional variations from region to region about people

who have sewerage system connections @mdite sanitation. The chart below

illustrates that some countries located in Africa generally ussitensanitation

systems (38%). However, when we look at the Northern America and Europe, this

ratio is 15% and mostly sewer system is used for managingastewater (83%).

36 World

43 Least Developed Countries
42 Landlocked developing countries
45 Small Island Developing States

38 Sub-Saharan Africa
32 Oceania
49 Central Asia and Southern Asia

43 Eastern Asia and South-eastern Asia

ON-SITE (TOTAL)

B SEWER (TOTAL)

31

27

Western Asia and Northern Africa

Latin America and the Caribbean

Northern America and Europe

Australia and New Zealand

Figure 3.8. The number of orsite and sewer systeiy region, 2018VHO & UNICEF,2017%)
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3.4.Technological Development

From past to present, some important improvement in the developnoemtilized,
decentralized and modern wastewater systems in the different part of the world are

summarized below: (Wolfe, 2000)

Wastewater treatment technologies were rapidly developed from the end of the 19th
century. Biological as well as chemical treatih systems have been consistently
improved and installed, removing solids, organic matter, and nutrients from the
wastewater. At the beginning of the 21st century, implementation of biological
treatment and different types of method started to attraamtaths. Some national

laws such as European Union Waste Water Treatment Directive were legislated for

the preservation of natural environment from wastewater discharge.
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Figure 3.9. A conventionalwastewatesystem(Marsalek et al,2006)

Lofrano and Brown (2010), Mesopotamian Empire in 3500 BC am&softhe first
civilization officially deal with sanitation problems in the society. For example, as far
as it was understood, houses were connectettheadrainage system of the city
according to the ruins. Harappa and Moheébjar o can be counted

first ur ban sanitation systemso about
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linked to drainage system and the wastewater was not disdhdirgetly to channels,

it was treated first.

In Egyptian period, finer houses that were in good condition in the city of Herakopolis

in 2100 BC. The settlements had bathrooms and toilets seats made of limestone. The
bathroom had a slightly sloping stofleor and the walls had a certain height with
battered stone slabs. A sink was placed under the floor in the bathroom and channels

that transfer waste water from bath to canal or desert.

When it comes to pioneer of modern sanitation systems, it was tle&GEoilets

which is similar to Egyptian were found in Knossos. They were linked to a sewer and
even today this system is still working after 4000 years. The ancient Greeks (300 BC
- 500 AD) had pipes that carried waste water and rainwater into a coilquind
outside the city. After, the wastewater was transmitted to agricultural fields with brick
lined pipes. According to some archaeological information, design of the water system
starts with that wastewater first flowed into pipe from the structuaddoger pipe in

the street and after that transferred to a single collector. Generally, crowded and
complex cities such as Athens, Thasos, Pergamum and Pompeii had integrated and

complex series of channels and pipes.

In the ancient Roman times, the mdaimous and impressive sewage system is
iCloaca Maxi mao WdentwyhWidthaos system iwast4.50 nm ands

height is about 3.30 m, and was about 12 m below the ground. After the Roman Empire

coll apsed, At he sani t darsevedlayeaks. Ideagyofwaler began ar

culture that means a source of health was left in this era. At the end of the 19th century,
just 50% of the society of Italy were used pipes for drinking water, and that more than
77% did not have sewerage system, summsriae importance of situation when
considering the complex and integrated water systems. In this period, major waste
disposal in European cities like Paris was simply throw out it to the streets. Cooper
(2001) said that the terms "Tout a la rue" (Pari&)] "l i n the road",
(Edinburgh) and "Gardyloo" (Glasgow) related with this period.
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Figure 3.10. Cloaca Maxima (Viollet,2010)

After the end of Dark Ages, there were some improvement abastewater topic.

Through the 18 century, because of the high level of industrial activities and

urbanization in Britain, pollution is the major problem of urban areas like London. For

instance, the Thames started to pollute from the beginning of tie ceftury.

However, in 1859, it created a crisis in London. Aiello, Larson and Sedlak (2008)

mentioned an interesting point in their studies:

filn the middle 1800s, the sanitarians of those years believed, quite mistakenly, that

di sease was scnaauss,eddd bfyoudldnmsinael | i ng

e mi

S S

matter. For example, swamps and poorly drained farmlands smelled bad in the

summer, just when people living near them became sick. Therefore, the sanitarians

reasoned that the bad air, or matia, musthave been responsible for the illness. The

sanitarians thought that experimental proof that controlling bad smells can control

diseases

In the 20th century, wastewater management, environmental science and pollution

became one of the important issuessidered in states, communities, academic

environments and society. Increasingly serious problems, water shortages, demands

of society and technological developments, as well as scientific research, social
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debates and the interests of government on wastewsanagement have become
issues to be considered. Another important step was taken with the Eighth Report
(1912) of the Royal Waste Water Disposal Commission. It has specific standards and
tests for sewage and wastewater, which have been implementedryy ather
countries. The application of fully activated sludge process in the US was more rapid
than United Kingdom. The main reason was First World War and very limited capital
for this process and after that The Second World War also delayed develafment

wastewater treatment until mi®50s (Cooper, 2007).

Shifrin (2005) as cited in Lofrano and Brown (2010), after 1950s, the perception of
pollution shifted to water quality standards waste management policy. After that
technologic evolution began. Ong bne primary treatment, secondary treatment,
advance treatment, disinfection practices and solid processing started to be
implemented. (Lutdzack and Ettinger,1962, as cited in Lofrano and Brown, 2010).

1 Primary treatment: removing of heavier solids by wmg gravity
sedimentation.

1 Secondary treatment changing the harmful materials in the wastewater to
carbon dioxide by using microrganisms

1 Advanced treatment preventing eutrophication in a biologic way (removing
nitrogen)

71 Disinfection processremoving pathogenic microorganisms for public health
Solid processing using waste solids as a fertilizer or renewable energy

sources

In the end, water treatment is a significant component of not only urban infrastructure
but also urban water cycle thughout the history. Wastewater treatment is affected by
both upstream and downstream components of this hydrologic cycle. Treatment of
wastewater creates a great opportunity for primary water sources and help to sustain

water cycle.
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3.4.1.Storm Water

Collectingand storing storm water is not a new idea. During the early civilizations,
harvesting surface water from rainfall was the main clean water supply especially for
people who lived in arid regions. After the collection part, storing was the second

issue. Thavater was storedinmeamade reservoirs or Ocister
KinkadeLevari o (2007) was ment i onaeldstoiical her b
document of the time mentions water cisterns and the habit of having at least one
rainwatercollecting cistern per home that would range in size from 35 to 200 cubic

meters . These cisterns were | ocated mostly
times, waterproof cisterns in other words tanks were firstly made up with sand and

rock lined with plasterrad in time they improved their skills like the Romans who

built comprehensive structures. To give an example, in the central Negev Desert in
Israel, the six urban centers that include Avdat, Mamshit, Nizzana, Shivta, Rehovot

and Haluza, rainwater harvesginystems were built for huge population ranging from

25.000 to 71.000 people during the NabatBgmantine times (Broshi, 1980;
Bruins,2002)Zuhair et al. (1999) have shown that rainwater harvesting can provide a
significant amount of freshwater in theabian Gulf States. Kuwait meets 12% of the

water demand for landscape agriculture and Muscat,Oman also provides 27% of the

water demand for industry.

In urban areas, storm water is mostly rainwater running of impermeable surfaces such
as streets, parkinigts, roads and roofs etc. The water is mostly collected by sewers
or open channels to prevent flooding. Consequently, storm water is polluted with
wastewater which comes from domestic and industrial flow during this process and
there is environmental coam because of its discharges into water body. Floods are
natural hydrological event that occur with high discharges leading to increase the
water level of streams, lakes or other sources but in the end it results in loss of people
and damages of settlemsnin the urban context, there are two types of floods that

are locally generated by excessive rainfall. Other floods may occur in coastal areas in
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the form of storm or tsunamis with catastrophic impacts. Only the first flood type,

locally generated, wilbe discussed here.
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H Other
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Figure 3.11. A schematics of runoff generation and pollutidpfarsaleket al.2006)

3.4.1.1.Storm Water Characterization

Urban storm water quality is very extensive in the literature. Marsglek (2007)
mentioned that more than 600 chemicals were identified in storm water and this list is
growing. In most cases, storm water is transferred by combined water channels,

together with domestic and industrial wastewaters. In this scenario,tbrghwater
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inflows can exceed the carrying capacity and excess water goes to the nearest
receiving waters. However, this combined sewer contains not only the storm water,
but also untreated wastewater; their direct discharges into water body resultah cruc
pollution problems. The combined sewer also affects the manner of wastewater
treatment plants (WWTP). When storm water mixed with domestic and industrial
wastewaters, the volume of water that have to be cleaned increased. So, working time
of WWTP haveto increased. In parallel with, process will extend and efficiency can

be an issue which have to be considered.

Excessive water runoff that comes from urban surfaces is carried by storm sewers
which is located under the ground to the nearest body of inatkter separate sewer
systems but water is not controlled or passed any treatment phase. Basically during
the last 30 years, the concept of storm water management has been introduced and
practiced all around the world. In order to enhance the storm guaéty, infiltration

of the storm water through soil is the key point. In the next part, storm water

management is explained comprehensively.
3.4.1.2.Storm Water Management

As an alternative water supply, storm water harvesting is the major one all over the
world. Because when it falls to the ground, it can be used second time with small or
no treatment process. In this way, municipal water can be saved for primary and high
quality water needs. According to Kinkatlevario (2007), fog con condensate and
rainwatercollection are the two water sources that need very little filtration but both
of them have different and specific techniques for collection. In the one hand, fog
collection depends on elevations of the region and geographic condition, large fog
collection pipes. It is a little bit painful process and require more effort when we
consider the rainwater collection system. In the other hand, efficient collection of
rainwater is more widespread and feasible but it also depends on several and

significant key fators.
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These factors can be approached in different ways. The basis of all is the recovery of
water while the methods or categorization may differ. One example is that because of
the excessive discharges of storm water, and pollutant concentrations and the

potential impacts on the environment, the storm water management have some

alternative techniques in last years including the following:

infiltration facilities,
pavements and pervious surfaces

1

1

1 ponds and wetlands,

1 swales, terraces and ditches,
1

phytoremediation and riparian buffers

The overall key component of storm water management is the drainage system, which

has the following key components (Urbonas and Roesner,1993):

T AThe removal of storm water from street
transportation arteries.
1 The drainage system controls the rate and velocity of runoff along gutters and
other surface to reduce the hazards to residents and the potential for damage to
pavement.
The drainage system conveys runoff to natural or manmade drajeways.
1 The system can be designed to control the mass of pollutants arriving at
receiving water.
1 Major open drainage ways and detention facilities offer opportunities for

multiple use such as recreation, parks, a

Comprehensie drainage plans should involve purpose of the study and the
background and drainage related problems. This plans also illustrate planning and
design methods, research of alternative drainage systems and design guidelines and
implementations. This procesan be applied easily in developed countries; however,

the situation in developing countries is more different and the principles or stages of

master drainage plans are hardly followed. Because urbanization processes in
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developing countries can take plaoe fast and unpredictably. In addition, generally
development proceeds from downstream to upstream. People who are in low income
group are settled illegally some public areas that have flood risk without any protection

or there are over construction besawf economic reasons.

Geiger, Marsalek, Rawls and Zuidema (1987) mentioned that urban drainage plans
should be prepared at two levels, short terri@%ears) and lonterm (2550 years).

Also, it should be contained a technical layout of the seweragensy, also included
drainage and sanitation for urban area. With respect to water, the master plans should
be a part of the system which includes the components of minor and major system. In
one hand, swales, open drains and surface and subsurfacesstsi@ge water sewers

etc. forms the minor system. On the other hand, the major drainage system consists of
much larger components such as natural streams, large swales, streets etc. In this

debate, in the management and design part, water should bechaordjgrehensively.
3.5.Discussion on Central and Local Systems

In the urban storm water management, there are two basic components that have be
taken into consideration. These are central or conventional system and distributed,

decentralized or in other worttscal systems.

The issue of urban infrastructure and supply of water services in developed countries
depends on long tradition and providing good services to urban dwellers in
infrastructure systems over centuries. It is also related with sufficientiymdthese
countries. As an alternative to these central systems, new approaches show up like
distributed systems in recently. Especially in developing countries without central

systems, building and maintaining the system may be a beneficial alternative.

In terms of system architecture, they can be designed as conventional centralized
systems, or less common distributed systems (Marsalek.et al,2006). There are many
types of water related with central or distributed (local) system. Kinkadario
definedthe followings (2007):
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Atmospheric water: rain and fog.

Blue water: water from aquifers, rivers and lakes.

Storm water: rainwater that has hit the ground.

Grey water: wastewater from a laundry, bathtub, shower.

Black water: water from toilets and kitchsimks.

= =4 A 4 A -

Reclaim water: water that has gone through a sewer treatment process and has
been filtered and proceed for reuse in various ways, including large scale

irrigation.

All these elements are the component of the system and each of them has a different
role in the interaction of nature and urban concept. So, they will be examined both

centralized and local systems in context of urban design and implementation concept.
3.5.1.Centralized Systems

Wastewater collection systems typically consist of a network ospape pumping
stations for transporting wastewater to a final destination. In general, cities that have
a centralized seweragessgm consist of the same basic compon&utiection of the
wastewater in or near the houses, transfer by gravity sewergssupe sewer to a
treatment plants and discharges to the water bodies. And the key point of this system
is that domestic (grey water, black water etc.) and industrial wastewatdteisted

with storm water in combineckntralizedsewers. In principle, vaewater collection

and treatment systems are similar in all large cities of the watlidhe beginning of

the 1800s, wastewater systems have considered with centralized systemsand it
considered as a primary rokt the moment, most cities have a cernibed sewerage
system with in different parts of the world. However, poor countries or cities and most
of squatter settlements in Africa, Asda other part of the worldre the exceptions.

They have different kind of wastewater systems.
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To wastewater treatment plant

Figure 3.12. Schematic of centralized wastewasgstem Bakir,2001)

Although many developing countries have centralized sewerage systems and sewage
treatment, it is often reported that the facilities are not operating properly because of
lack of management, funding and training. Dealing with water from the point of
quantiyy and quality is mostly compelling process. The reason is that variability and
uncertainty of water by location. Amount of wastewater depending upon the rituals of
people, climate and relatedly rainfall, urbanization and industrial facilities highly

affectthe wastewater management and sewerage system in centralized systems.

Besides, sewerage systems in many developing countries are limited. For this reason,
management with only centralized system may not be a solution for water resources.
Centralized andonventional water systems come up against limitation of capacity in

some countries. Mays indicates that (2009):

"In Palestine about %24 of the total population is served by a central public urban
sewerage system with around 73% of households using tsemsgiseptic tanks, and
3% having 1 sanitation systermn Turkey about 50% of the urban population is
connected to sewerage systems (Post, 2006)."
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3.5.2.Decentralized (Local) Systems

Decentralized system is frequently defined that water is collected, treategsad

next to the source (Wilderer and Schreff, 2000). Water also requires to be collected in
this system, but the usage of large and long pipes is not necessary. Besides, creating a
more composite collection system network is the key point of this.igsusher
definition about the decentralized systems is that (Bakir,2001) water is managed as
close as the place where it is generated and it should be reused. In this case, not only
waste water but also rain water can be collected, treated and reusedinidnas its

own practical application.

Conventional (centralized) systems are common in the central parts of largest cities,

but the approaches to wastewater management are quite different in small towns or in

the periurban areas on the outskirts dfies. In addition to that, new approaches

which includes decentralized (distributed) systems towards to water management

issue become more widespread in the world to provide sustainability because
wastewater or rainwater aurec e&® nisn dteacay @ass

* Consisting of a sewer system collecting wastewater
Centralisation that is conveyed to a wastewater treatment plant
generally located outside of the limits of the city

STP - Satellite Treatment Plant facilities are integrated with
centralised systems for solids processing

]

SESATS + SEmi-centralized Supply And Treatment Systems

i

« Wastewater from individual buildings (e.g. schools)
Great Block can be managed with complete recycle systems

i

* Typically, 4 to 12 or more houses are grouped to fom

Cluster a cluster system for improved wastewater management

* The extreme scenario: treatment systems vary from
conventional to advanced

Individual

Figure 3.13. Treatment scalingrom centralization to decentralizatigfiibralato, Ghirardini, &
Avezzu,201)
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() Wastewater treatment plant
<] Wastewater reuse stream within

* Wastewater reuse stream outside or disposal

Figure 3.14. Differentdecentralized wastewater managementcepts for a settleme(Bakir,2001)

Figure 3.14 shows that the schematic diagram of decentralized wastewater

management concept for a smammunityBakir,2001)

"(a) subsystem for residential and commarcenter

(b) Subsystems for residential neighborhoods.

(c) Subsystems for industrial development.

(d) Subsystem for individual residences.

(e) Subsystem for new development.

(f) Subsystems for establishments or clusters of homes."

As we can see in thiitbagram, decentralization can work both individuaktte system

and a series of clusters. In other words, treatment or reuse of water from building level
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like single house or an apartment to some group of houses 1iReéb8ildings can be
applicable. Iraddition to that, schools, commercial centers or health centers can apply
easily and support the whole system. Each unit uses its own waste water or harvesting
water. When they came together in the upper level, they create a comprehensive and
combined deadralized system. To give an example, Kimura et al., mentioned that in
Japan, about 2500 individual buildings havesde waste water and rainwater
harvesting systems. Water is used for flushing, garden watering, cooling and fire
protection in these buiidgs. Among these buildings, 25.9% is public offices, 12.5%

is business offices and 15.7% is schools (Lazarova Valenti, 2013)

So, cheaper and easily applicable implementations are searched for the management
of water in several countries all over the woltkamples of such technologies in the
distributed (local) system are listed below and they will be explained in detail in the

following part of the study:

1 Rainwater harvesting from roofs and other surfaces
1 Waste water and rainwater infiltration

M Construceéd wetlands such as swales etc.

1 Phytoremediation areas

3.5.3.Centralization or Decentralization: Which is the best?

In this context, there is a continuously discussion about centralized and decentralized

systems for water usage, wastewater reuse and whidl trebest option. The first

debate is that although conventional centralized system has a significant advantage

like central control of the operation, there are also some critical weaknesses. One of

them is the huge investment required for the pipe métsvand the treatment plants

and unfortunately for the cities that have some financial difficulties and sprawled

settlements, building a central system is a little bit compelling situation. In this context

Baker (2001) poi nt Theuxcostohconventiohal sewelsispighr spect i v
and their cost becomes even higher when provided to sparsely populated small

communities . We understand that when there i s an
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urban center of the community, a conventional central systedntreatment are
become more efficient and system works properly but storm water collection is still a
problem that should be coped with in the near future. On the contrasife@ystems
which include infiltration, ponds, wetlands and phit@atmentireas works properly
in the underpopulated neighborhoods in terms of economical and perception of

accessibility.

Secondly, decentralized system is easily applicable to various levels of urban form
from individual to whole community. However, in the cehtsgstem, usage of
wastewater at the building level (in situ) in terms of recycle and reuse, it almost
impossible. So, negative effects of discharging wastewater at one point on water
bodies can be reduced. In this way, some part of the problem can éx sodhomestic

level. There is an extreme example about the centralized and decentralized debate. It
is rainwater harvesting. In Southern Australia, rainwater tanks are used as a main
source of water supply in Southern Australia because of economic reaxbrise

ratio is about 42% of total households (Heyworth et al. 2001, as cited in Libralato,
Gihirardini and Avezzu, 2011).

In the centralized systems, water transfer from one point to another with pipes and this
distance is not short. However, waternmertks that consist of channels and pipes are
vulnerable. Leakage is the main problem in this system especially when the system is
old. Rehabilitation and decreasing the level of leakage is not a simple issue. So, in
some cases decentralized water suppdgesys can be thought as more effective and
more sustainable. The main reason behind this idea is that eves§ $lars,
collection and distribution systems (pipes and channels) have to be renewed
periodically (Maurer et al., 2006, as cited in LibralataleR011).

The last point of view about decentralized system is that it gives an opportunity to
urban areas for creating an open environment. Vegetation, public parks and green
spaces serve as an infiltration and treatment spaces for wastewater angatrm

In the urban context, they can be categorized as a passive catchment. So, these
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environments can be used both cleaning, catchment and storage purposes and social

and recreational purposes.

In this perspective, the challenges in the current urbaasiméicture started to change

by the reason of mainly population and climate change and the shift in the perception
from centralized large scale systems to decentralized systems ends up with a new
concept. Mixsystems or hybrid systems can be acceptedsadution according to
location and time. The whole system can be controlled easily by natural to engineered
water infrastructure. However, centralized large scale systems are more dominant
infrastructure type all over the world because of history ofég@n, in other words,
infrastructure is there and this system is difficult to change because of engineering,
environmental, economic, political and social reasons. For example, it is too difficult
to change dams and also is costly to replace to comptetelgystem and alternatives.
There are some challenges of installing a completely new alternative system. First one
is economic reasons. Replacing centralized system and clear it away is highly
expensive way to solving the problem. Existing systemsnatitk until this time and

from this point, to maintenance the sustainable environment and close the circle there
should be an alternative system integrated with existing one. Doing so at the same

time, ensuring the public health is the another significhallenge of it.
3.6. Summary and Conclusion

Water is valuable component of the urban areas in terms of its positive contribution.

It i s an essenti al el ements of the |ife cyc
part o, water s howsrban @geas b this chapteg mdintyurbanur e i n
water infrastructure system discussed. Current situation and its problematic ways

explained from past to present. Discussion continued with timeline of water
infrastructure and types of it. Components of watéastructure ended up with the

most important two groups. These are waste water and storm water management.

Water will have a new meaning thanks to dealing with these two in a proper way under

the decentralized system concept.
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It is significant to note tha problems caused by water cannot be solved with
conventional methods such as dams, wastewater treatment plant or sewage system in
the current situation. Problems of population, urbanization and climate which is
mentioned previous chapters should be swidn the new urban design concept for

the sustainability of urban water supply structure. They started to construct hundred
years before today but supply of infrastructure, water availability and accessibility of
fresh water face with critical problems.mew approach for sustainable urban water

infrastructure will ensure fresh, safe and accessible water for population into the

future.
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CHAPTER 4

LET WATER IN:
RESTRUCTURING URBAN

You've to plant the water before you plant thedre
Human Rights, United Nations,2002

This part presents a critical physical implementation of decentralized water systems
on both existing system: centralized water infrastructure and a new water system.
Also, it underlines that how centralized and decentralized local systems can get
together Dealing with centralized water, stormwaterd wastewatefior urban areas

is not a new issue that was mentioned in previous part of the study. Although it is
common practices for centuries, alternative practlmegin to gain importanca

urban water maagemenin terms ofefficiency and it get involved in a part of the

solution.

In recent years, there is an understandivay increasing population, climate change

and water supply can conflict with one another. Related with it, natural water cycle
and uban water cycle are connected with each other and also affected. Countries,
cities, natural areas and managers face with several and different challenges that is
mainly depend on available water resources and linieplacing the old one
completely a dilerent and a new one is a complicated and huge process and it affects
not only economy but also environmet.this perspective, hybrid system can be
considered as an alternative to the conventiopatralized system. Sapkota et al.
(2015) said that comimation of decentralized system into the centralized
infrastructureis creatinginteractiors betweensome significancomponents of the

water cycle such agastewater and storm water
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The bag concept includes harvesting of storm water and waste watgment and
reusing in the new system with some tools such as water tanks, swales etc. So, this
part emphasizethe understanding the effexcof hybrid water systems in practice, its
principles and some examples that was applied in the different locétiloa world.

This study identifies an important research and implementation gaps related with
centralized and decentralized urban water systanally, how this water sensitive

system rebuilt the urban structure in different scales will be explained
4.1.A New Way: Centralized-Decentralized (Hybrid) Water Supply Systems

In the literature, definition of hybrid systems is explained in different aspect. There
are lots of debate about its positive and negative effects on development. One example
of the generalized definition of hybrid system is made by Daigger and Crawford
(2007). According to thenfihybrid water supply systems can be defined as systems
provided for water services through a centralized water supply system in combination
with decentralized water supply options such as rainwater tanks, storm water

harvesting, ad water reuse .

Anot her p hr anscerdgralized supply and treatrmefBieker,Cornel and
Wagner,2010),fdistributed water supply systémfi s edrdcentral i zed syste
(Wang,2014) are also internationally accept@dmparison withhesedefinitions of

hybrid systemsendi e Soft Path of Water o -8mthr oach men
and Gleick in 2012ysesnot onlycentralizedvater systenbut alsasometoolswhich

are integrated with each othém.this concept, similarly iconventionakentralzed

systems,tb filpaho d§é wat er dconsi st of centralized inf
such as treatment plants, underground channels, large dams and re&utv/airany

case, all of them have one common point and indicate the same idea: Fresh and

accessible water is scarce. These systems can provide fresh water in local scale, easily

applicable and working efficient considering with dominant central system. It helps to

reduce the volume of wastewater and storm water discharge into the environment.
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In order to achieve this, there are some basic types of intervention as mentioned shortly
in the previous section. These are the basic tools used to shape the urban form with
water and explained in detail I ramglee i s pal

and different implementation scales.

Rainwater harvesting, wetlands, phytamediation areas, rain gardens, surface runoff
and pervious paving, all these basic applications constitute input in complementary
planning scales. From upper scale to losezale, it should contain scales of the region
like urban level, the catchment like street level and the site: building level. Each of

them involve active and passive methods in itself.

The Royal Commission Findings on Auckland Governance (Salmon et08DB) 2
development of the region should be supported with strong, conceived and viable
planning. At the regional scale, main aim is the supplying clean, mass and accessible
water for the people who live in the urban and rural areas as a whole. On the other
hand, hybrid water system contributes to
the circled. It protects and cure the f
collection in regional scale, phyteeatment regions or riparian areas solve water

probdems as close to source as possible associated with creating large scale wetlands.

For the process of implementation of scale principles, the scale of catchment affects
the volume of water and relatedly affect the beneficial spatial planning. Because there
is a direct causal link between storm water runoff in a specific catchment boundary.
So, planning process should be proceeded with respect to different scale of catchment
area. According to the Auckland Council (2015), catchment areas are defined by
topogaphic boundaries and catchment planning should need an understanding of three

connected processes.

1 ALand use practices generating storm water runoff and contaminants
1 The means in the catchment (natural or structural) to retain, treat, convey and

decreasig storm water runoff

The values, natural functions and intended uses of receiving environments.
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Figure 4.1. Scaling of catchment areas (lllustrated by author,2019)

As mentioned before, aim of the catchment areas is filtration. Catchment areas make

a decision indirectly because of the environmental effects. The location of land uses

is specified with location of catchments and natural lands. A treatment and filtration
process can be ensured with elements of the catchments such as landscape areas, rain

gardens, swales, etc. So it addresses storm water effects as close to source as possible.

bullding

building lot

lot

Increasing
the Infiltration
surface
€-7 - &
sticet street
Figure 4.2. Buildingl ocation in a |l ot (lllustrated by a&ét

The best way to implement the principles at the catchment scale can be done by the
integration of planning processes with infrastructure systems and catchment areas. To
create a balance between built aradural areas, this plans should change classical
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infrastructure to a new system. Storm water management, ecology, natural water cycle
and urban design should be considered in this new system, it should not be ignored

and waited to get better by itself. @ags will be explained in the next pages.

x

Figure 4.3. Catchment areas in an urban block (lllustrated by author,2019)

And finally, the site scale supports both architecture and a development layout that
avads valuable or sensitive ecosystems. These systems can guard the area from
potential negative impacts of storm water runoff. A layout of site can maximize
pervious surfaces and thus reduce storm water runoff. Figure 4.2 shows that building
location in lotcan affect the filtration of water because of the pervious surface. The
excess water can be grabbed and treated near the source and used in the layout when
it will need as irrigation or potable water, where runoff occurs. The storage area of
storm water § generally a cistern or a tank in the site scale just like in the old

settlements where rainwater harvesting was a primary water supply quite a long time.
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Figure 4.4. Water management from privatepablic spaces (lllustrated by author,2019)
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In addition to this scaling factor, there are two main branches in the horizontal
perspective of the rain water collection in terms of design inputs. First one is active
rainwater catchment system and the secomai® the passive storm water catchment

system.

While it comes to the water collection from any hard surfaces such as concrete, metal

or asphalt surfaces, rooftop catchments which means rainwater catchment or

harvesting is the most common and the easiethoad for harvesting. Kinkade

Levari o ( 20@picaly, enad tide rainhhistthe round it is no longer

referred to as rain, but as storm wateb S o ; |l andscape, green ar
parking lots can also be evaluated as catchment areas &iothewater. However,

storm water collected directly from ground has high level of contamination, for this

reason, it should not be used potable purposes because of health issue if there is no

purification system.

In the literature, on the one hand hatireg rainwater from roof is generally named
active rainwater catchment system, on the other hand, landscape holding area is

essentially a passive storm water distributi
is mostly related with manmade catchment withiung pi pe s, tanks etc.
mor e, Apassive catchmento is mainly referrec

plants etc. It is also explained that is used to irrigate plants through an overland flow
system: water infiltrates through the soilasdit hen conserved in a pl al

green watefor its consumptive use (Kinkadeevario,2007).

In Design for Water (Kinkadéevario,2007) indicate that the volume of collected
water relies on some criteria such as slope, catchment size, surface, tegtuious
surface. Depending on the material of catchment surface, runoff efficiencies may be
expected to vary from 90 to 30 percentage due to runoff material absorption,
evaporation and inefficiencies in the collection process.
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Table4.1. .Estimated Runoff Efficiencies for Urban SurfaiéakadeLevario2007)

Estimated Runoff Efficiencies for Urban Surfaces

Sraooth, irpervious roof swrface, such as metal, tile,
built-up and asphalt shingle roof

90%

80% | Gravel roof and paved swrfaces

60%, | Treated soil

30% | Natural soil

In any case either rooftop or groundwater level, this systam providea self
sufficient and high quality water supply that is close tq#@ple Harvesting systems

are easy to conduct, cheaper than other water resources.
4.1.1.Active Rainwater Catchment Systems

Active rainwater catchment means that water collect actively, then filter and finally
store. Storage is the mascti we@npdaitcaat
Cisterns and large storage tanks which capture water from roofs or other surfaces such
as terraces, walkways or parking lots, provide water quality treatment and generally
use pumps for a distribution system. Water which isect#d from surfaces in the
active system is generally used for irrigation, gardening, toilet flushing etc.
Implementation of this active system requires some principles. First one is
determining the cistern/tank size according to water demand. Secamellg,i$ a
decision about the location of tank and finally configuration of pipe and distribution

system for harvested water.

There are six primary components in rainwater harvesting and storm water catchment
systems. These components include catchmentyegance, filtration, storage,
distribution and purification. Purification is only required for portable systems. If the

water is used for irrigation and gardening, this phase is not strictly necessary
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(KinkadeLevario,2007).In this case, catchment mearmsofi conveyance means

pipes, filtration is gutter, storage is tank, distribution means gardening with pipes.

g @%’L W,
£o0 NI |4 E’\
__ distribution

cistern T/
overflow

collection backyard

Figure 4.5. Active rain water collectiosystem(lllustrated by author,2039

4.1.2.Passive StormWater Catchment: Earthwork

In this part, catchment area means landscape or garden use. Water harvesting is done
by earthworks in passive storm water catchn
implies that earth works. Landscapes, rain gardens, infiltratsms$, terraces and

water flows are the elements of this system.

The relationships between building and lots, street and infrastructure, and urban basin

and nature in terms of rai nwater collection
system. Buildingsrpofs) and catchment areas are the main design guidelines for water
management from the smallest part of urban area which is buildings and lot to the

urban scale are going to be explained and exemplified in this chapter.
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Figure 4.6. Passive stormwater collection system (lllustrated by author,2019)

Basic logic behind earthwork is increasing the time of flow and infiltration which
starts from surface to the ground or water tanks, in other words fromestousink.

In the conventional system, water has direct and quick flow from source to traditional
storm water infrastructure. In the end, this direct flow creates some problems in
todayods wurban areas such as over a&andow or
excessive usage of natural body of water. So, from source to sink idea is parallel with

the idea of fAclosing the circleo which i

M —
Source Source

Sink Sink

Figure 4.7. Fast and diretly water flow to the landscape (left) and thig zag method increases the
time of water flow and water travels more distance and the level of infiltration increases from source
to sink(right) (Lancaster,2006)

85



According to Lanchester, overflow shouldtrme treated as a problem or a waste.
Instead, design the overflow route so that surplus water becomes a resource. Overflow
water starts to filling and then overflowing one earthwork to fill another and another.
Creating a wetland ithe key factor of the system. In the wetland processes, water is
passing through vegetated areas and filtering process of sediments and pollutants is

realized.

Ralnwater:

Figure 4.8. Overflow water fills one earthwk and then surplus water starts to fill another to another
(llustrated by author,2019)

Micro basins, swales, french drains, rain gardens, permeable pavements, curbs etc. are

the most common ways to direct, store and infiltrate the storm water. Plaonthgsf

earthworks requires an integrated design process. The following pages describe and

illustrate various techniques that can be used in designing process.

Earthworks consist of some significant component in order to sustain water flow,
collecting andfiltration. The first one isinfiltration basins or rain gardens.
Rainwater runoff from roofs and other surfaces can be collected in the planted and
shallow areas. They are basically planted with vegetation that can hold water on the
land. Another definitbn of rain garden that is explained by Bayside City Council
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( 2 0 Or8in gardeii is a specially designed garden bed that takes rainwater directly

from a roof or any outdoor surface that produces-aif It has a sand base and can

be planted with a rangef @lant species. S o , infiltration basi.
work both flat landscapes like terraced basin, water harvesting tree wells.Similarly, in

the storage tanks or cisterns, rain gardens also can be located in ground or above
ground as a planter bdxut the function is same. It should be located as close as
possible to water source which means gutters, downspouts, rain chain, tank overflow

or driveway. This will help the minimizing water loss and provide convenience for

reuse of water in gardening.

The size of your rain garden is an another issue. Melbourne Water published a
guideline and instruction sheet for people who want to build their own rain gardens in
2010. According to them the size of the rain garden should be approximately 2% of

the runoff area.

Bioswalesor swales serve the same goals as rain gardens by slowing and filtering
storm water. According to the definition of Brad Lancastwales are gently sloping
trenches meant to slow sheet flow and to allow longer standing /infiltrpgands.

They are best for low to medium volumes of storm w&eythey are designed to deal

with a high amount of runoff from a large impervious area, such as a parking lots,
streets or roadways. On the contrary, rain gardens, generally, are usesidfemtral
systems. In addition to that, bioswales are deeper than rain gardens, because they
should be a huge shelter for much greater quantities of storm water. Similar to rain
gardens, bioswales are vegetated with aquatic plants which can absorb endrstor

off water or drought according to the location and climate.

Figure 4.9. Bio-swales examples throughout the streets (Waggoner & Ball Architects, 2013)
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Figure 4.11. A series of infiltration basins intercepting and infiltrating rainfall and runoff from adjoin
street and footpatfLancaster,2006)
French drain interrupts storm water with a trench or basin that is covered with porous
materials. In other words, french drains are enveloped with rocks and gravels. These
porous material which have minimal spaces between them can permit water into the
ground or rootzone of the soil. French drains can be constructed with or without
perforated pipe and can be dug vertically or horizontally (Lancaster,2006). This pipe
transfer water from roof to porous material. Water is directed away from building and
filtered. In addiion to that these french drains can be used not only roof but also tree

pits in the lots to reach same purpose.
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AT

Figure 4.12. An example of french drain with gravédDTU Teknokent (Personal Archive,2019)

(left) French drain infiltrating intercepted runoff from a roof and pétiancaster,2006) (right)
Anothercomponent which is highly effective way of catching and infiltrating high
level of rain water iserraces.According to LanchestdP006) a terracesometimes
called a bench, should be built in a gently sloped areas. However, if there is an extreme
slope, there should be a low wall for the purpose of border and capturing storm water.
't i s al so def i nTertaceamhatelsanemedifis pupdséssuclo f s o i
asgardens, orchards d@mther plantingsin this system, water flows through terraces
incrementally. In this way, infiltration and remediation process are successfully
completed and the level of water that is kept by soil @egktation is increased.
However, depending on the terrain, water needs to be bordered by low walls, if the

slope is high, or berms for lower slope.

Other significant component of the systemigrian areas that create the physical
and ecological links étween natural land and settlements. They cover much bigger

areas and in the world, there are some laws and regulations related with the riparian
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buffers to retain or repair the natural areas like vegetation. Moreover, they restrict

some decision of landse in order to preserve water quality and ecosystems.

S,
: «

19¢ slope . ng' Y/ 45°5lope
Terraces w/o AN Y ’g‘ : Densely
retaining walls Lot 3 ™ Fi Vegetated

29° slope
Terraces with
retaining walls

Figure 4.13. Different terracing strategies for different grades of siijamcaster,2006)

According to the National Research Council (2002),

AFor over 10 QOipasiae khas Iseen closklyassoa@atedrwith water law. A
riparian water right generally provides a landowner whose property borders a
stream, river, or other body of water the right to use a portion of that water for various

purp o s.es o0

And Council continued to explain the issue as in the urban or regional scale, riparian
areas consist of streams, rivers and lakes. Riparian areas receive water from three main
sources: groundwater discharge, direct precipitation and overland atidwsh
subsurface flow from adjacent uplands, and finally flow from the adjacent surface
water body. However, groundwater recharge and evapotranspiration are the major
losses of riparian buffers.
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Figure 4.14. Riparian Buffer (lllustrated by author,2019)

So, interaction and relationship with riparian buffers and development areas effects
the urban water cycle positively in the background of the system. They are secret and
invisible elementresl e fNisksoeindrele sely

necessary and vital.

And lastly, other significant method is phyteeatment regions. TheJ.S.
Environmental Protection Agency(2002) explain that the concept of
phytoremediation a s b e¢hle denm phytorepsdiation (phyto = plant and
remediation = correct evil) is relatively new, coined in 1991. Basic information for
what is now called phytoremediation comes from a variety of research areas including
constructed wetlands, oil spills, and agricultural plantcamulation of heavy
metalsd Many countries all over the world clean up the huge sites with these methods
in recent years. These remediation areas serve as both cleaning purpose and recreation
purpose in the urban and region context. Because of theatiegeind plants that is

used in this system, there is no health or odor problems and phytotreatment regions
have high applicability and the cost is low. In the end, interaction of the whole system
in the city ends up with phytoremediation areas. Thiseblutology and landscape

area that absorb the almost whole wastewater and storm water which come from urban

land count as a significant passive water catchment area.
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Figure 4.15. Phytoremediation areas with pedestrian access(Adopted from
https://events.development.asia/system/files/materials/20PB/BE05shanghahoutanparklandscapdiving-
system.pdf

Above Ground Raingarden Below Ground Raingarden

[\ cocoamitantini(\) Pt SN

Pervious Paving French Drain {pipe is optional)

Terrace Riparian Areas Phyto-Treatment

Figure 4.16. Design Guidelines for Passive StortWater Collection "Earthworks(illustrated by
author,2019)
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4.2.Scaling of Design
4.2.1.In Building Level

In existing system, all buildings have a roof, gutters and downspouts and most of them,
one way or another, can be adapted for the water collection system. For this reason
most of the elements of a rooftop rainwater harvesting system were already built in
the structure. Most houses, apartments or commercial buildings also have landscapes
and the structure have irrigation systems. For this reasons, the largest investment in a
rainwater harvesting system will be a cistern or a storage tank because in the most
houses or commercial buildings, this system was not built with a storage system

primarily. Storage systems can be divided mainly into two classes:

1 Surface, agrade or abowground cisterns

1 Below-grade, underground (including partially underground) tanks

Storage of the rainwater can be in abgveund or belowgrade cisterns as mentioned
earlier but the belowgrade storage would be more suitable because of the valuable
land especially in the city centers where have limited spaces. So, land provides
buildings, green areas or parking lots. On the other hand, if there is an enough land for
harvesting and other activities, above ground tanks can be used in the rural settlements

or suburban.

Figure 4.17. Above-ground water tank (left) and belegrade water tank (right) (lllustrated by
author,2019)
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Gutters, downspouts and rain chains are the most commonly used methods for
transferring the captured water from roof to the storage area. Generally, gutters and
downspaits carry rainwater from roof surfaces to cisterns and storage tanks. They also
transpet rain water away from fragile areas suchwadkways,doorsand protected

soils and protect buildings from water damage. On the other hands, rain chains are
used mainly in the passive storm water catchment process because they direct water
from rooftop to the landscape area by minimizing splash. Gutters and davisispn
becountedas standard household construction materials. Kinkadario(2007) also

s ay duttees should have an outer edge higher than thesrdefedge, havsplash

guards at roof valleyso.
“Earthworks™
Discharge
Pollution Overiicy
Non-potable] Cardening
Use Cleaning
Catchment Roof Storage
(grec;) —P| Washing [P Tanks
fole!
- Potable
Purification [——3p Use

Figure 4.18. Rainwater Harvesting Proce@Bustrated by author,2019)

Shingles _

Gutter protector

7 0 s
Gutter /" VL

Gutterclip ./

Figure 4.19. Gutter and its protector. Gutter protection is necessary to keep some materials away like
leaves. Kinkade Levario 2007)
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Building arain garden is a simple tool to collect and filter water and help the
environment due to water scarce. It is a garden which is designed to filter rain water
comes from roofs or other surfaces in the building lots. There are two types of

raingarden in general. Firshe is planter box (Figure 4.17) and the other one is in

ground raingarden system (Figure 4.18).

Plants
30 cem

Gravel Mulch

Sand/Soil mix
95 em
height

Building

Sand

oo @w:onecﬁon to

stormwater drain Planter box

Figure 4.20. Above ground aingardenPlanter Box (Adopted from Melbourne Water,2009)
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of building
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Figure 4.21. Below ground raingardennground (Adopted from Melbourne Water,2009)

According to the Melbourne Water (2009), the most important pohgraond
rainwater is relationship between existing footing of building aashgarden
minimum distance from building. If the building depth is 15cm, 25cm, 35cm and
45cm, minimum distance of raingarden should be in order 80cm, 70cm, 60cm and

50cm.The required information is given in the table below.
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Table 4.2. Building raingarden standardMelbourne Water,2009)

Existing House Raingarden Min.
Area of Raingarden Founddtion Distance

Runoff(m?) Size {mt) Depth{cm) from Footing (cm)
50 1 15 30
100 2 25 70
150 3 35 80
200 4 45 50
250 3 55 40
300 é 45 30

The second important component of the systefrersch drain or in other words dry
well. The aim is stopping storm water with a trench or basin filled with porous
materials such as gravel. Thanks to this spaces between material, water can be filtrated

in a proper way.

French drains can be constructed both horizamtaertical. In any case, the function

of it does not change. In vertical type of french drain, pipe can transfer water deeper
into soil and encouraging root growth. This can increase plant survival in basins up to
65 % (ancaster,2006 French drain witout pipe generally are built in horizontally.
Overflow water is transferred directly to the infiltration basin like raingarden or tree

pits.

‘T'W
"Lfa 29

Building Roof

Figure 4.22. French drain in a building lots and its fiion-horizontal(lllustrated by author,2019)
(left), Vertical french drain example (Lancaster,2006) (right)
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French Drain
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Water inl

Figure 4.23. French drain without pip&orizontal (lllustrated by author,2019)
Basically, ifpermeablesurfacesare used instead of concrete or asphalt surfaces for
driveways or parking area in the lots, estimated runoff efficiency of paved surfaces
will be %80 (Lancaster,2006). Relationship with parking space and the rest of lot
should be provided with curbs andmngly slope land.

Figure 4.24. Building level water harvesting with rain gardens and permeable surfaces (lllustrated
by author,2019)
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Figure 4.25. Permeableurfaces (gravel) and pavement with vegetat@D T| Te k-K&k e h e r
Building (Personal Archive,2019)

4.2.1.1.Water Budget

When we came to the amount of water that can be collected from surfaces or

catchment area, its estimated calculation depends on sorablesr The calculated

water determines that the water wil/ meet th
area. So, water budget helps us to understand the size of the storage area or tanks and

a supply and demand analysis can be estimated by watert londgeveekly, monthly

or yearly.

Lancaster(2006) calculated the amount of water on a specific catchment area

according to this formula:

fiLot size or catchment arefin square meter) x Average annual rainfall (in
millimeters) = Total rainwater falling © a catchment area in an average year (in

liters)o

However, runoff efficiencies for urban surfaces can differ from each other. In other

words, water collects in different percentage when it falls.
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Table4.3. Estimated Runoff Efficiencies for Urb&urfacegKinkadeLevario 2007)

Estimated Runoff Efficiencies for Urban Surfaces

Sraooth, impervious roof swrface, such as raetal, tile,
built-up and asphalt shingle roof

90%

80% | Gravel roof and paved surfaces

60%, | Treated soil

30% | Natural soil

KinkadeLevario (2007) explain that the first step is to multiply the catchment area in
square feet or meter by the average annual rainfall and then this number is multiplied
by the pecent efficiency afforded by the collection surface. The result is the amount

of rainwater collected from the catchment area. Thus;

fiCatchment area (in square meter) x Average annual rainfall (in millimeters) x
Efficiency = Total rainwater falling on a celtment arean an average year (in

l'iters)o

After the catchment area is determined as a roof or pavement for car parking etc., if
there are some excess storm water, it
Generally, the earthwork elements for birlgland lot scale are rain gardens, french
drains and parking areas.

30m
1“ » a 2 . P 2

&

A C ¢ loh Point

15m

House

w
3

x¢Low Point

Low Point f
E é

Figure 4.26. Site map 600 fproperty (left) and a rainy day (righjlustrated by author,2019)
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Site map of a 600 frproperty has driveway, house and a few trees. When the rain

drops, water flows according to the land through the street.

A- 32400 liters runoff lost from 120 Smetal or concrete roof having a 90 % runoff

efficient.
B- 36000 liters of runoff lost frort50 nt gravel surfacéaving 80 % runoff efficient.
C- 5670 liters of runoff lost from 2m? asphaldriveway having 90 % runoff efficient.

In an average year of 300 mm of rainfall, this area can collect 74070 liters of rainfall.
If the landscape is chandiethe total volume of water from this site can be increased.
Let's say the total area excepted house and driveways is abouf,3@€cording to

the formula below, collected storm water is about 27000 liters if there is natural soil
having a 30 % efficien Thus, total volume can be increase 101070 liters from 600 m

site.
4.2.2.Case: Rainwater Collection from Faculty of Architecture in METU

Total roof catchment area of the faculty is about 608@md total car parking area is
about 2300 rh In addition to thataccording to the Turkish State Meteorological
Service (2018), annual rainfall of the city of Ankara is about 388 mm. So, the

calculation:

60007 x 388 mnx 0.90= 2095200Total rainwater falling on a catchment aréa

an average year (in liters)

23007 x 388 mmx 0.80= 713920Total stormwater falling on parkingreain an

average year (in liters)

When external factors are taken into consideratiarh as high temperature, drought,
the total volume of water can be counted 2000 tons from roof and 78drton
surface of parking area. And the total amount is about 2700 ton.

And the total water that is joined in water cycle by infiltration and evaporation:
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6000n7Y x 388 mnmx 0.10= 232800 in an average year (in liters)
2300m?x 388 mnx 0.20= 178480 inan average year (in liters)

So, the total amount of water is about 411280 litérate assume that there is no
development in that land, total area is 8300tmat is consist of natural soil which

have 30% of eghated runoff efficiencies. So, water hastiag calculation is that:

8300 x 388 mm x 0.30 = 9661 Zotal stormwater falling on thareain an average

year (in liters)
And the water that is joined in water cycle by infiltration and evaporation:
8300nM?x 388 mm x 0.70 = 2254280 in an averagarygn liters)

As a result, differences between developed and undeveloped area in terms of water

cycle issue

22542801 411280 = 1843000 liters in an average yeBor this reason, 1843 tons of
water in the current situation that is in developed land shbategained by active

rainwater harvesting from the building roof.

Figure 4.27. Satellite Image of Faculty of Architecture (Google Earth,2019)
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4.3. Street Level

Apart from the buildings and lots; road®ulevards and streets also cover a huge area

in urban areas. For this reason, their harvesting and catchment role cannot be
underestimated. In the conventional system, they, actually, transfer water and other
harmful materials in it to aquifers, riverstogatment facilities. However, in this water
sensitive system, they do not only transfer water. Also, roads and streets slow down
storm water and filter some part of it and then carry to aquifer or large scale urban
catchment areas such as phytoremediato riparian ecosystems. They are all
connected with each other. Connection is ensured with swales, curbs, tree pits or

trenches, parking space, pervious paving and street and front garden relations.

Curb —

\

Sidewalk sloped R Swale or microbasin
toward adjacent ‘ used to slow and
\ Iandicaped area direct runoff

Figure 4.28. Passive rainwater harvesting: parking lot basin accepts site runoff and irrigates
vegetationLancaster,2006)

Bioswales or swales serve slowing and filtering storm water as mentioned earlier.
They have gently slope trenches which slow down and hold the storm water. So, they
should be placed next to sidewalks, paths and roads in different size to directly transfer
water to vegetation and away from streetslaumttings.Figure 4.24 shows that if the
sidewalksloped to drain itsvater runoff to the street, there will be overflow or flood

in the road. However, if thr@dewalk wisely sloped to drain its runoff to tkesesinand

swale which is located next to the pathway, overflow water will be moved away from

the road and it directed to swales
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Figure 4.29. Street section with bioswale, pervious pavement and colle¢tlrstrated by

Road
sidewalk

Figure 4.30. Sidewalk wastefully sloped wrain its runoff to the street (left) anilewalk wisely

sloped to drain its runoff to adjoining tree bagight) (lllustratedby author,2019)
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Detention/filtration zone

Retention/recharge zone )

Figure 4.31. Typical cross section of a swdlEexas A&M Agrilife Extention,2012)

A typical swale should have some zones for successful infiltrating and harvesting. As
it is seen in the dweing above, pool zone which has vegetation, filtration zone and
recharge zone with gravels and rocks. Filtrated water can be collected with pipes or
directly infiltrated by earth.

Pathways should be elevated as regards the path which is folloveentfage water.
While raised pathways design can help people to access from one point to another, in
the meantime water can transfer from drive and walkway to planted areas. So,

pedestrian way can be protected from surface flow.

plonis‘ walk ‘ plants drive ‘ plants ‘ drive ’planis

walk ’plonfs

Figure 4.32. Rised pathway and drivewdWlustrated by author,2019)
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In order to capture the overflow water in the street level, another design strategy is
building a french drain beside a driveway. Like in the implementation ofeswal
stormwater is filtrated by gravel and rocks and overflow can transfer to the ground or

depending on the volume of water it can be directed to vegetated areas.

Figure 4.33. A pipeless fench drain beside drivewy (left) and tree pits (right(lllustrated by
author,2019)

As it seen in the below (Figure 4.28 and Figure 4.29), when the permeable surfaces
increase, filtration of water starts to become easier. Thasg water is involved in
thehydrologiccycle Thismethod tries to use as many surfaces as possithle street

level to achieve maximum efficiency for collectidn addition, angular particles are

more porous and stable compared to mixed size particles.

Figure 4.34. Parking lot with permeable pavement and planting of {teexaster,206)
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Figure 4.35. Mixed size particles (left), Angular particles (middle) and big Regular particles
(Illustrated by author, 2019)

Blocks and open joints

W

Bedding of

ﬁ gravelrocks etc

Concrete edge'

Figure 4.36. Typical open jointed pavement (lllustrated by author, 2019)

4.3.1.Case: New Orleans Urban Water Plan

The Greater New Orleans Urban Water Plan consist of seasesd infrastructure and
urban design proposals. Because the area has always deal with flooding from rainfall.
In addition to that, in the near future the city will face with some new problems such

as rising seas, climate change and population density because of the coastal location.

The Urban water plan is not about a single solution for the water related problems.
Longterm strategies which includes region, street and neighborhood level
implement#ions. In this part of the study, street scale design strategies and guidelines
will be explained.

Many streets are in poor condition in terms of dealing with overflows. This plan
proposes a "Lafitte Blueway Corridors" which is a linear open spacesludées
pedestrian way, bicycle path and recreational amenities throughout the streets. This

corridor creates an opportunity within the heart of the city by collecting and storing
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the water. Waggoner and Ball Architecture (2013) explain'ttieg Blueways a key
element of a sustainable water management system, necessary for mitigating flooding,

recharging groundwater, and improving water quality."

4

French
Quarter

Figure 4.37. Lafitte Blueway Context Map (Waggoner & Balféhitects, 2013)

Figure 4.38. Existing situation (left) and potential (right)
(Waggoner & Ball Architects, 2013)

Another example is "Eastern Water Walk" which is sited in a commercial area of New
Orleans.Water Walk searches to identify the design conflict between stormwater
management and economic development. To define stormwater demasités tns
proposal integrates a system for stormwater collection in the street. This main street
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is considered ake main spine of the system with swales and tree pits which is located

on both side of the street and pedestrian way.

Figure 4.39. Water Walk stormwater conceptual (left) and potential implementétigint)
(Waggoner & Ball Architects, 2013)

4.4.Region a Urban Level

In the region or urban level, the system ends up with a much bigger spaces where
rehabilitative and comprehensive water system is sustained. These areas can be
located both in the city centarear the city and close to water resources like river or
lakes. It can be thought that these regional scale design implementations are buffer
areas between urban and natural areas. Negative effects of urban settlements can be
decreased in this kind of ea and consolidation of water system can be provided.
Street scale and building scale implementations need a wider perspective in this
system. How do these small scale design parts affect urban in total and what is needed
for completion of the system? Catislation of water cycle system highly depends on
supplementary region. So, relationship from building to regional scale

implementations have a significant role.

In this study, there are mainly two types of regional scale implementation. First one is

riparian areas and the second one is pltisgatment or phytoremediation areas.

Riparian areas are highly vegetated to retain and repair the natural water systems. They
can create a physical and ecological link between urban settlements and natural land
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and ae mainly located near streams, lakes and water resources. This regional part of
the system collect water from three major sources: groundwater discharge, direct

rainfall and subsurface flow from uplands.

Figure 4.40. Riparian areas as an example of passive treatment of storm water (Auckland
Council,201%

In this hybrid and integrated system, storm water can be a significant supply because
storm water is not collected with waste water in the conventiofiaktructure system
mainly. Excess water and floods can be handled in this kind of natural large scale
implementations. Also, riparian buffers balance environmental systems and habitat.
Water is transferred beyond rooting zone in vegetated areas wjhnadledrained

soils. However, there is an excess surface water in arid landscapes which have low

permeability (Figure 4.41).

SURFACE
STREAM

Y

SURFACE
STREAM

y

Figure 4.41. With riparian (left) and without riparian regions (right) (Adopted frational
Academy of Sciencez002)
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When it comes t@hyto-remediation areas, it is a little bit different than riparian
areas. These remediation areas consist of some kind of pool, water and vegetation
which can grow in water and absorb contaminations. They work as a treatment plant
but it is a natural system and more ecarmcompared to treatment plants. According

to the slope, it can be designed with terraces method. Thus, water can be slow downed

and captured easily.

Figure 4.42. Phytoremediation pools in theystem Souce: Pinterest, Accessed in March 2019)

Phytotreatment areas can clean both wastewater and storm water according to the
needs and design guidelines in the system. Remediation areas also cover huge area but
it can work small scale implementation. Vegetation which is selected according to
climatecondition can decontaminate the water in a sustainable way and cleaned water

can be used for gardening, irrigation and toilet flushing.

Like riparian areas, phyitveatment regions can create a physical and ecological link
between urban settlements andtural land. The water which are collected by
earthworks in small scale implementation transferred to remediation areas in this
integrated system. When the water is cleaned up, in the meantime people can use this

area as a recreational purpose. It contabuhe idea of "closing the circle".
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4.4.1.Case: Qunli Stormwater Urban Wetland Park

In 2006, Qunli New Town was planned as a new urban settlement which cover 2733
hectares near the Haerbin City of North China. However, 16.4 % of the land was
designed as perrable green space. The area has 567 mm annual rainfall in June

through August and water problems have been showed up before (Turenscape,2010).

Figure 4.43. Qunli Stormwater wetland paffurenscape Landscapechitecture,201p

So, planners decided to design a park that cover almost 34 hectares in the city center.
Selected area is a former wetland but it is under the threat of disappear because of
wetland is surrounded by roads and dense urban developmembt€ot the natural

wetland area, decision makers transform the area into the urban stormwater park.

@ Qunli
.-~ Wetland Park

Figure 4.44. Location of the wetland park in the urban af€arenscape Landscape
Architecture,201p
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Solution is basically cut and fill technique to create ponds but major core of wetland
will be maintained as it.i§he major implementation will be done mainly periphery

of the site, in other words, ponds and mounds surrounds the area. Moreover, network
of the site is created with pathways, skywalks and bridges between ponds and wetland.
Planners explain the idea (2010):

"The pondand-mound ring surrounding the periphery of the wetland creates a
stormwater filtrating and cleansing buffer zone for the eeetland, and a welcoming

landscape filter between nature and city."

Stormwater that comes from built area is collected with pipes around the wetland parks
and then filtrated and stored, finally the water is transferred to ponds and wetland.

There are also native vegetation and trees to filtrate and clean the water in this site.
This project shows that on one hand, remediation areas in the city center protect the
natural land, on the other hand, ecosystem services used by people are swgtborted

this kind of regional wetlands.

¥ Design Concept

1
Skywalk, pavillons
and towers

Ground Level
Path Network

l

Cut and Fill

! Existing Wetland

Figure 4.45. Master plan of the sitelurenscap&andscape Architecture,201L0
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4.4.2.Case: Yanweizhou Park in Jinhua City

The park is located in the center of dengelgulated Jinhua City, China and it locates
at the intersection of three 100 meter wider rivers (Turenscape,2010). So, there is a
bridge connection for city and nature. Total natural wetland area is about 26 ha and
this place had remained undeveloped wniltural activities (concert hall and green
spaces) begin to take place. One of the main question in this project is that how can
the existing structure be integrated into surrounding environment to create sustainable

and riparian landscape?

Figure 4.46. Existing site (left) and the site plan for a resilient landscape (right)
(Turenscape Landscape Architecture,2014

For this reason, it is a successful example for riparian areas in the scale of region. To
achieve successful project, they used some adaptive strategies. First one is using
existing riparian areas and vegetation to protect habitat. Second strategy is that, instead
of concrete floodwalls which destroy the ecosystem, they used a "cut anat@fgtr

by implementing water resilient terraced river embankment that contain flood adapted
native vegetation. This terraces works not only for flood but also remediate and filtrate

the stormwater from the pavement.
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Figure 4.47. Preexisting site in 2011 (left) and transformation in 2014 (right)
(Turenscape Landscape Architecture,2014

In addition to the terrace strategy, permeable space strategy is created in the inland
area of this park. The surface oktinland area is mainly covered with permeable
surfaces. Gravel that is reused material from the site, bioswales and vegetation can
filtrate the water and protect the cultural centers and pedestrian areas. Permeable
concrete pavement is used for driveway @arking areas. The terraces create safety

zone for people to use that area as a recreational purpose.

Also, there are some inner ponds on the inland area. The reason behind its construction
is allowing water to infiltrate from the river through the grbhayers, thus water can

clean up and become swimmable.
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Figure 4.48. Permeable surfaces from inland area
(Turenscape Landscape Architecture,2014

Figure 4.49. Inner pond and pathways in terraces
(Turenscape Landscape Architecture,2014
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CHAPTER 5

CONCLUSION

Arguments over water are resolved by rain.

Japanese proverb

The final chapter discuss that wassarcity and fresh water supply start to become
primary concern for sustainable urban life in today's world. Because accessing fresh
water is not equal for everyone. It mainly depends on location, climate, existing water
resources, population and density.addition to that, people's habit can also affect
water needs. So, urban and nature should be in balanced relationship to maintain the
fresh water. When nature and urban areas come across, urban water infrastructure
appears. Apart from conventional wasgstem, new sustainabtaplementations also
started to appear. In this part of the study, main concern of the thesis which is "design
with water" discussed and it includes evaluation of the study, a summary of design

guidelines, contribution ardnitation of the study.

5.1.A Summary and Evaluation of the Thesis

First of all, the framework of the study has been defined in the introduction part.
Importance and meaning of water for human and environment has been discussed and

in this sense, problemdeni ti on which is determined as
emphasized. When built environment and natural areas come across with each other,

we can recognize the reflection of effects in a negative way into both urban and natural
areas. In this case, thnegative effects show up as water related problems. This is

why this study focuses on urbarater relationshipSo, tis thesis is consisted of four

major section:

-Aim of the study

-Urban water cycle and hydrologic components
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-Urban water infrastructure

-Re-structuring urban with water

In the second part, definition of water cycle and its components have been identified

in detail. This section is an important issue in terms of understanding the different

kinds of water and relationships witheach her 6 s .

Hydrol ogi c

cycl e

water cycle, in nature and urban settlements differentiated because of the path that is

followed by water. Moreover, in general opinion, urban areas change the water cycle

concept in a negative way or it set @ude to flow of water. While water cycle and its

basic elements which are temperature, precipitation, evaporation, infiltration and

runoff were mentioned, impact of urbanization and land development also examined.

The most significant point is imperviousirfaces in urban settlements. Because,

handicap as mentioned earlier as an obstacle is decreasing hydrologic flow in cities.

So, water types which are located in urban areas have explained in four parts: storm

water, wastewater, surface water and grounervat

Table 5.1. SourcesTypes of water, The key issue and probl@hustrated by author,2019)

Soures Types of Water: The Key Issue: Depending on: Problem:
Rain Storm water Storage Location and climate Flood, overflow,
street runoff
Habit of use, .
Used water Wastewater Reuse Economical activity Pollution of fresh
like industry water supply
Lakes, Rivers Surface water Maintenance Natural resources Drought, polution,
habitat destruction
Excessive depletion
Leakage Ground water Recharge Natural resources Pollution of fresh
water supply

All water types and relationships end up with infrastructure issue in the urban context

for water management. The following section has focused the infrastructure concept.

Stormwater, wastewater surface water and groundwater are related with infrastructure

but especially, wastewater and stormwater are the most problematic ones in urban
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settlements. Historical development of infrastructure system shows that people have

always marvelous ability to deal with water.

Towards even stringent

csesnaEeYs The ageof sanitary enlightenment and the industrial revolution: | |environmental standards
| Early L A S o st i St E b || .
| Historic E ! RomanTimes i1 Sanitarydark ! Developing the basic ! | The age of process development: ! E Process !
{ Times  ferssssssssesessssesd I ages 1 | droatmentprogesges § mRnRnRRRRERRRTRARRIRRARERAN 1 refinement !
_________________________________________________ '] | S — -al

| | |1 | | 1 &

| [ | | { | I
3500 800 0 476 1800 1914 1965 2000

Figure 5.1. Sanitation Timeline (Brown & Lofrano,2010)

Components of the urban water infrastructure can be summarized as water supply,
drinking water, wastewater and finally storm water. For the water supply issue,
conventional and nenonventionalwater resources have explained because water is
not distributed equally in the world and quality of water also can change. For this
reason, the gap between water demand and supply is a component of water
infrastructure. The other subject is drinking wat®ecause freshwater supply is
primarily used for municipal, industrial and irrigation purposes, drinking water supply
system is a little bit problematic. When it comes to wastewater collection and
treatment, public health is the major concern. From pgstetgent, general trend for
solution is building a treatment plants for municipal and industrial wastewaters.
However, in todayés world there are a
wastewater treatment and management. 76% of high andmhdytle income
countries,excluding much of Africa and Asia, have a sewer connection and 18% of
them used osite facilities like septic tank (UN,2018). Most importantiygstewater

is treated together with stormwater because they are combined in the infuastruct
systems in the urban area. From there, we come to a discussion on central and local
management and system. There are some positive and negative sides both centralized
and decentralized system. Building completely a new system has some difficulties
suchas economic and environmental because of the existing conventional system.

Thus, from decentralized building scale to centralized regional scale, each phase has

119



some significant implementations and all of them can be practicable for sustain fresh

water spply and natural water cycle.

Table 5.2. Enter Water in Physicagocial, Ecologicaind EconomidMeaninglllustrated by

author,2019
MEANING OF WATER
PHYSICAL SOCIAL ECOLOGICAL ECONOMIC

-Landuse decision -Sense of place -Closing the circle -Easily applicable for
-Architectural decision | -Open spaces -Habitat everyone
-Infrastructure -Green areas -Rehabilitation of -More cheaper than

-Recreational areas and | Mature treatment plants and

flexible uses conventional waier

infrasiructure

Finally, let water in! In the last chapter, water is allowed to entecitiifdor shaping

Aurbano. It is not seen as something to preyv
into the city. To illustrate how water can be a tool for urban design and implementation

guidelines, worldwide applied examples were examined aalyzed. The water is

not only a recreational and aesthetic value but also it is a need for people and
environments. It is easy to manage water in nature but in the urban settlemests it ne

more attentions. The methasl dividing urban settlements somdfetient scales.

These arduilding scale street scalegegion scale

Following that, there are two main branches in this vertical perspective of the system.

These are active rainwater and passive stormwater catchment system. While active
collectionneeds a specific intervention such as tanks and pipes, passive collection
system can collect, filtrate and transfer we
People and society should try to understand the land as a whole and think that rain can

be aprimary water source for specific usage. The new understand should include

starting at the top point @latchment area and following tilee down.So, runoff and
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overflow water can be slowed down and infiltrated with native vegetation, trees and

soil.
REGION Figure 5.2. Vertical and horizontal scaling

( The main hypothesis of this study is that

Active Passive i
water is valuable but scarce. No matter
CoIIecfion% . —)Collecﬁon

the location, region or country; whole

l world is suffering from scarcity and it
¢ will i ncrease because of demasupply

S relation, population and climate change.
;|

So, aim of this thesis

Active for water in the urban areas. The idea has

Passive
Collection™~~— -

Collection

been supported by literature review and
applied examples in the world as case

¢ studies. Researel on water sensitive

| BULDNG design from region to building level has

showed the impact of water on urban

, 111 :
Active Passive areas. The problem of water supply
Collection a0 ﬂﬂ )Collecﬁon

issue can be solved successfully through

R a new approach

5.2.Design with Water: Re-structuring Urban Fabric Design Guidelines

At the end of the study, it is concluded that urban areas can be shaped with these design
guidelines. They consist of both active and passive collection types in the three major
scales which is building, street and region. All implementations can besdddptost

in any scale and in the end these three scale dimensions form the integrated urban
design. Major aim of implementation is that first slowing down the water, after that
capturing and finally reusing the water according to neledsign guidelinegocus

on the water in the urban areas not under the urban settlements.
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Figure 5.3. Centralized (under the city)Decentralized (in theity) urbanareas

Table 5.3. Comparison with Active Stormwater Collection and Passive Rainwater Collection

ACTIVE STORMWATER COLLECTION

PASSIVE RAINWATER COLLECTION

EARTHWORKS TANKS / CISTERNS
Caiches large quantity of water Water quality can change according to
Water uses and supply high quality rainwater catchment surface and tank material
for garden and landscape It provides water for drinking, gardening,
washing and toilet flushing,
Water collection | From roofssireeis,vegetated areas, Mostly metal and tiled wof surfaces.
areas gardens, grey water from bath etc
a Lal\ge potenﬁal because of soi], Capacity is l.imitedby the size of tanks
ter storage infiliration is high and roofs. Excess water transfers io
“earthworks™.
B Consiruction is not expensive. You can It is more expensive than earthworks
08 shape earth with basic tools. because it changes according to
construction of tanks, materials, pipes eic.
It should not be located with in 3 m It can be located within 3 m of wall or
Location of wall or building, It is difficult to use ~ building, also located in ground or
in very small yards. in building.
Storage Water can he stored for a short time. Water is available fora long time.
It can be used after storage process.
It can capture large volumes of watex, It can caich low to moderate volumes of
Impacts onurban|  decreasing need for municipal water, water, it also reducing demand for
infrastructure stormwater ireatment and decreasing municipal water, storm water treaatment
overflow. and decreasing overflow.
Efecis on water It can recharge waterto the It reduces groundwater depletion
cycle groundwatex, highly positive effects because of using rainwater storage
on pollution conirol instead of municipal water
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Figure 5.4. Active rainwater collectiosystemAbove and Below ground tar{K lustrated by
author,2019)

Figure 5.5. Passive stormwater collection design guidelifidastrated by author,2019)
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